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ABSTRACT

A field study was conducted over a three year period with various
crops to evaluate the effect of magnesium fertilization on crop yield
and mineral composition. Fourteen different crops were grown on 37
different soil types in 41 counties of Michigan.

Trea.tment‘s consisted, for the most part, of two soluble magnesium
carriers applied broadcast at the rate of 100 pounds elemental magnesium
per acre. Soil samples collected previously to fertilization were
analyzed for exchangeable bases, and fresh plant samples, collected
during the growing season and dried plant tissue collected at harvest,
were analyzed for magnesium, potassium, and calcium.

In general, yields of most crops at the 125 locations were un-
affected by soil treatments of magnesium from either magnesium source.
In a few cases, yields were increased 10 percent or more by one of the
magnesium sources, but rarely did this occur with both magnesium
carriers for the same trial. Depressions in yield occurred in about as
many instances as yield increases.

Soil test results showed that over one-half of the coarse textured
soils sampled contained less than five percent magnesium on the exchange
complex in the surface layer. In contrast, the exchange complex of
about three-fourths of the fine textured soils had a magnesium
saturation of 10 to 20 percent. - About 15 percent of the coarse textured

" soils and five percent of the fine textured soils showed calcium-
magnesium ratios exceeding 20:1. In spite of the fact that many of the
soils were relatively low in native magnesium and contained wide

calcium-magnesium ratios, crop yields were not affected.

iv



Chemical analyses of the fresh and dry plant tissue revealed
that the magnesium content of most of the crops was appreciably in-
creased at many of the locations by applications of one or both magnes-
ium carriers. Significant increases in magnesium composition occurred
in fresh potato tissue in 1957 with magnesium sulfate applications and
in dry potato tissue with both magnesium sulfate and Sul-Po-Mag in
this same year. In addition, a significant increase in the uptake of
magnesium was observed in dry cucumber plants by applications of
both magnesium carriers in 1957. The application of 400 pounds of
magnesium per acre as magnesium sulfate in 1958 to field corn and sweet
corn showed a significant increase of magnesium content in both the
fresh and dry tissue tests. These changes in magnesium composition
failed to affect the yield.

Results show that the magnesium composition of the plant was
affected, to some degree, by the amount of exchangeable magnesium in
the soil. A significant correlation between soil and plant magnesium
occurred in the case of dry field bean and potato plants.

No definite relationship between magnesium and potassium in the
dry plant tissue was observed with the exception of potatoes. Here, a
significant negative correlation of these two elements was obtained
with the magnesium sulfate treatment. The potassium-magnesium
ratios in the dried plant material varied from 3:1 to 11:1 for different
crops.

The results of this investigation would indicate that the application
of soluble magnesium on most agronomic crops grown on the fine tex-
tured soils in Michigan is not necessary at this time. Tests do show
that many coarse textured soils of the state are relatively low in
exchangeable magnesium, and applications of either dolomitic limestone
where lime is needed, or use of fertilizer which contains magnesium
could insure against possible magnesium deficiencies occurring in the

future.
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I. INTRODUCTION

Magnesium, a divalent cation, is an essential element in the
growth of plants. In acid soils of the humid region in the United States,
magnesium ranks third in order of adsorbed cations, being exceeded
only by hydrogen and calcium ions. It is found in varying proportions
as the carbonate in dolomite and in primary silicate soil minerals
as biotite, hornblende, augite, and olivine. Magnesium is a crystal
constituent of secondary silicates including talc, serpentine, chlorite,
vermiculite,. illite, and montmorillonite. In addition to the above
mineral sources, plants obtain their magnesium from that in exchange-
able form adsorbed on the surface of clay particles and organic matter.

Although the magnesium ion usually exceeds potassium on the
exchange complex of most soils in the humid region, it usually follows
calcium and potassium in percent composition of the plant ash.

Magnesium is relatively more abundant in the leaves, young
growing tips, and seeds than in the stems er roots. As a constituent
of chlorophyll, magnesium enters into the composition of green plant
tissue, and thus, differs from most other cations required for plant
growth. - Although the chlorophyll molecule contains 2.7 percent
magnesium, this is only a small part of the total magnesium content
of leaves. In addition, magnesium is found in protoplasm and in soluble
form in cell sap.

It has been suggested that magnesium ions may be used over and
over in growth so that the total supply needed by a plant is not great.

If the theory of cation constancy holds in plant composition, it
would be expected that certain relationships would occur between

magnesium, calcium,. potassium, and sodium. Also, the accumulation



of magnesium and phosphorus in the seed and other storage organs of
the plant indicates there is a relationship between magnesium and
phosphorus in reproduction and growth. These ideas will bé developed
further in the next phase of this paper. .
Most mineral soils contain a sufficient supply of available

magnesium for most of the crops commonly grown. If a soil is lacking
in magnesium, certain physiological disorders in plants appear which
differ between various crop species. Generally, these symptoms are
characterized by an interveinal chlorosis first occurring on the older
leaves. Since the early 20's when '"sand drown' of tobacco was diagnosed
by McMurtney (28) as a deficiency of magnesium, magnesium starvation
symptoms on other crops have shown up primarily in .the Atlantic and
Gulf Coastal states. It is probable that these disorders occurred here
first due to the lack of magnesium bearing soil minerals in the sandy
textured parent materials, the mild climate and abundant rainfall
resulting in considerable leaching of the element, the use of more
highly refined fertilizers, and the duration and intensity of crop pro-
duction.

- No definite magnesium deficiencies had been reported under
field conditions on mineral soils in Michigan at the time this investi-
gation was initiated. In fact, greenhouse studies by Satyapal (35) on
the surface soil of 13 representative soil types of Michigan indicated
there was little possibility of magnesium deficiency occurring in crops
of soybeans, millet, and whéat. However, very little information on
field response of crops to supplemental magnesium had been reported.
It was also known that some soils appeared to be low in exchangeable
magnesium. Over a period of time, considerable interest was exhibited
by representatives of the fertilizer industry, the Cooperative Extension

Service, and the Agricultural Experiment Station as to whether some



crops might respond to magnesium fertilization, especially those grown
on the coarse textured soils.,

This study initiated in 1956 and carried out over a three year
period, was an attempt to determine the magnesium status of mineral
soils of Michigan. A further purpose was to evaluate any yield response
to various magnesium carriers, and to determine the chemical compo-
sition of the plants which might reflect both native and applied magnesium

in the soil.



II. REVIEW OF LITERATURE

A. Characteristics of Magnesium Deficiency

Magnesium deficiency symptoms have been reported on most
field and vegetable crops, on some fruit trees, and occasionally on
floral plants. Generally, the older leaves become chlorotic and
growth is reduced. Symptoms of magnesium deficiency on some of
the common crops are as follows (2): on corn, the lower leaves
become chlorotic at margins and between the veins producing a
streaked effect, followed by a necrosis of the chlorotic areas; the older
leaves on oats turn greenish yellow and the stems weaken with a tendency
to fall over; older wheat leaves show a yellow green mottling; leaves
of potatoes show central interveinal chlorosis followed by necrosis
and the leaves turn brittle in the final stages; bean leaves exhibit an
interveinal chlorosis; leaves of soybeans are covered with small brown
spots appearing mostly on the older leaves; the older sugar beet
leaves become chlorotic between the veins and droop downward; red
clover presents an interveinal chlorosis and a reddish brown, marginal

band on the outer edges of the leaves.

B.- Areas of Magnesium. Deficiency

Carolus (8) of the Virginia Truck Experiment Station was among
the first in the United States to recognize and investigate the correction
of magnesium deficiencies on several crops. He observed that certain
truck crops such as cucumbers, tomatoes, cabbage, sweet corn, and
spinach, and other crops such as potatoes and field corn were the first

to show magnesium deficiency. Fertilizers containing one to two



percent MgO per ton for truck crops and potatoes and a lesser amount
(about 10 pounds MgO) for sweet corn and field corn were used to
correct the condition. He recommended, at that time, the building up
of a reserve of 500 to 750 pounds of MgO per acre with the use of
dolomite, and then maintaining it by use of fertilizers containing MgO.
Field evidence indicated that magnesium influenced earlier maturity,
size of root and fruit, and the general quality of thermarketablne crop.

Deficiency symptoms have either been observed or yield responses
to magnesium applications have been reported in the various states on
the following crops:

1. Peach trees in North Carolina (27).

2. Most vegetable crops and on alfalfa in New Jersey (3).

3. Potatoes in Maine (9), Rhode Island (25), New York (39),
and Alabama (23).

4, Potato, tobacco, and apple trees in Canada (24).

5. Blueberries in New Jersey (30) and Massachusetts (1).

6. Apple trees in New Jersey (46) and New York (6).

7. Certain varieties of celery on organic soils of Michigan (22).
8. Corn in Indiana (15).

Symptoms of magnesium deficiency in crops have also been

diagnosed in Germany, Holland, Belgium, and New South Wales (44).

C. Yield and Plant Composition

*For the most part, where magnesium deficiency symptoms have
appeared on crops, the application of moderate amounts of soluble
magnesium or dolomitic limestone has improved appearance and yield
(8, 9, 15, 17, 23, 39).

- Studies by Bear et al. (2) have shown that yield responses may

occur when the magnesium saturation of the exchange complex falls



below 10 percent. Graham and Powell (17) have reported similar
results. A value of 10 to 15 percent has been rather widely accepted
as satisfactory for normal growth of many crops.

Not all crops grown on soils apparently deficient in magnesium
have responded to magnesium applications (15 and 22). Usually,
however, the magnesium content of the plant Ha.s been found to increase
as a result of magnesium fertilization. Tucker and Smith (43) observed
no increased yield of red clover with a moderate application of mag-
nesium, but the application increased the magnesium composition when
no potassium was used.

Investigations by Seatz, Gilmore, and Sterges (38) showed no
yield response of snap beans to various applications of potassium and
magnesium. However, the magnesium content of bean plants did in-
crease as the rate of magnesium fertilization increased, and the
magnesium content was higher at the low rate of applied potassium.

Windham (48) observed no increased yield of several vegetable
crops, except beets, from magnesium applications made to a sandy
loam soil. In this study, 50 pounds of magnesium significantly increased
the magnesium content of the vines of cucurbits, tomatoes, and potatoes
and the entire plants of beet, spinach, lima beans, and snap beans.

Corn showing magnesium deficiency in northern Indiana did not
respond to applications of 70 pounds of magnesium per acre as long
as potassium levels were moderately high according to Foy and Barber
(15). The magnesium applications did reduce the symptoms and sig-
nificantly increased the magnesium content in the corn leaves.

Other workers have either corrected magnesium deficiency
symptoms or have increased magnesium contents of crops by appli-
cations of 15 pounds or more of elemental magnesium per acre
(1, 4, 30, 37, and 41). In some cases, crop yields were also

improved (4).



D. Potassium-magnesium Relationships

Most recent investigations indicate that magnesium deficiency in
plants develops not only at low levels of exchangeable magnesium in
the soil, but also, it may be induced by a high potassium level in the
soil resulting from fertilization.

This relationship was observed in 1939 by Southwick (40) in an
apple orchard at the Experiment Station farms at Amherst, Massachusetts.
Magnesium deficiency symptoms were noted in the fall on the foliage
of heavily mulched apple trees or trees which had been moderately
fertilized with potassium. He concluded that 0. 25 percent magnesium
in leaves was the critical level for apple trees. |

Data from Boynton and Burrell (6) show that magnesium deficiency
was induced in MclIntosh apple trees on acid soils low in exchangeable
bases as a result of three or more years of moderate potassium fertili-
zation (two to five pounds K,O per tree).

A survey of soil and leaf samples in apple orchards in New Jersey
by Wehunt and Purvis (46) showed evidence that leaf magnesium was not
significantly related to soil magnesium. They also obtained a corre-
lation coefficient of -0.69 between leaf magnesium and available
potassium in the soil, indicating that potassium in the soil has a greater
effect on leaf magnesium than does soil magnesium.

Working with potatoes both in the greenhouse and field, Walsh
and O'Donahoe (45) observed that the application of 500 pounds of
potassium sulfate per acre resulted in magnesium deficiency.

Tucker and Smith (43) when growing red clover under greenhouse
conditions, obtained a correlation of -0.68 between magnesium and
potassium in plant tissue. Furthermore, their data indicated that
potassium exerted control over magnesium rather than magnesium

over potassium.



The magnesium content of blueberry leaves was increased by
application of 60 to 150 pounds of magnesium per acre as magnesium
sulfate according to Bailey and Drake (1). This amout, how ever, had
no effect on the potassium content of the leaves.

Nutrient solution studies with tomatoes by Bear, Prince, Toth,
and Purvis (3) showed that a potassium-magnesium ratio of 1:1 produced
the best growth up to transplanting. From transplanting to preblossom,
a 20:1 ratio was most desirable, and a 5:1 ratio was best up to and
during fruiting. However, all three ratios gave good grow;h. As the
ratio of potassium to magnesium increased in the solution, the potassium
content increased and nam gnesium decreased in the plant tissue.

Windham (48) noted that high rates of potash fertilizer (220 pounds
potassium per acre) significantly decreased magnesium concehtration
in muskmelons, cucumbers, tomatoes, snap beans, and cauliflower.

Field experiments conducted by Foy and Barber (15) revealed that
100 and 500 pounds of potassium per acre induced magnesium deficiency
symptoms on corn. This condition was confirmed by low magnesium

and high potassium contents of leaves.

E. Calcium-magnesium Ratios in the Soil and Plant

In a study of the effect of cropping on the calcium and magnesium
content of soils, Moser (32), by analyzing the soil before and after
cropping, observed that cropping reduced the quantity of exchangeable
calcium and magnesium, but did not always resuit in a lower calcium-
magnesium ratio. Apparently magnesium is held more tightly, and
as a result, the calcium was absorbed much more rapidly than the
magnesium. - Hence, the calcium-magnesium ratio tends to approach
unity. Moser's work showed no significant correlation between the

calcium-magnesium ratio and crop yields, but rather the significant



factor in determining yields in this investigation was the amount of
the active calcium in the soil.

Tucker (42) has reported that varying the calcium-magnesium
ratio in the soil from 50:1 to 1:5 had no influence on the yield of soy-
beans grown on soils with high exchange capacity, but did influence
yields on soils with low exchange capacity. This probahly indicates
that the ratio of calcium to magnesium is not important as long as
there are sufficient amounts of calcium and magnesium in the soil.

Using a soil low in magnesium, Sanik, Perkins, and Schrenk (34)
were unable to detect any single or narrow range of calcium-magnesium
ratio in the soil as best for the uptake of all plant nutrients studied
(boron, copper, manganese, and zinc)‘, or one that would necessarily
be most desirable for optimum growth of wheat and sorghum. They
concluded for the particular soil that the best calcium-magnesium ratio
for the uptake of boron was 4:1, for coppef and manganese, 2.6:1, and
for zin¢, 2:1, |

Studies by Camp (7) on citrus trees in Florida indicated that a
calcium-magnesium ratio in the soil of between 5:1 and 8:1 would be
most ideal. Hunter, Toth, and Bear (21) have noted that the calcium-
magnesium ratios in alfalfa plants were roughly proportional to the
calcium-magnesium ratios in the soil.

An investigation by Longstaff (26) using soybeans showed that
the calcium content in bean plants increased proportionally to the uptake
of magnesium.

In some early work concerning the availability of phosphatic
fertilizers, Gray (18) observed that magnesium sulfate increased the
amount of phosphorus absorbed by sudan grass especially when calcium
phosphate fertilizers of low availability or solubility were used. Hence,
he postulated that the ratio of available calcium to magnesium might

have something to do with phosphorus absorption.
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F. Magnesium-phosphorus Relationships

The exact relationship, if there is any, between magnesium
and phosphorus is either not known or if known, appears to be contra-
dictbry. It is known that seeds are relatively high in magnesium and
phosphorus, but there is lack of agreement as to whether there is joint
assimilation of these two elements. Cooper, Paden, and Garman (11)
suggested the possibility that plants may have developed some mechanism
for excluding excessive quantities of calcium from seeds and other
organs of reproduction. They further stated that it is probable that
magnesium phosphate may be the most stable phosphate compound that
can be utilized by the energy available to most seedling plants.

In a general discussion of the effect of magnesium on plant
nutrition,. Zimmerman (51) has related that magnesium may be a carrier
of phosphate, and is thus believed to be closely related to phospho-lipid
formation and to the synthesis of nucleoproteins in plant cells.

Truog, Goates, and Gerloff (41) obtained a direct correlation of
phosphorus and magnesium content in peas as a result of various mag-
nesium and phosphorus treatments. Nutrient solution studies showed
that both the phosphorus and magnesium content of peas rose appreciably
and consistently with increasing concentration of magnesium and that
increasing the supply of magnesium increased the phosphorus content
more than did increasjing the source of phosphorus.

From a survey of solil and leaf samples from apple orchards,
Wehunt and Purvis (46) concluded that available soil magnesium had no
effect on the phosphorus content of leaves, but that phosphorus uptake
appeared to be governed by a potassium and magnesium balance.
Likewise, Longstaff (26) after growing soybeans in sand cultures with
varying amounts of magnesium bearing minerals found that available
magnesium from mineral sources had no appreciable effect on the

phosphorus and potassium contents of the plants.
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Work by Hunter (20) on alfalfa revealed no close correlation
between the uptake of magnesium and phosphorus. - Although the per-
cent phosphorus in this legume increased significantly as the calcium-
magnesium ratio in the soil decreased from 4:1 to 1:4, the rate of
increase was much less than that for the percent magnesium.

Willis, Piland, and Gay (47) obtained no significant differences
between calcium and magnesium as regards their influence on the
absorption of phosphate in soybeans. With an abundance of calcium
a deficiency of magnesium did not limit the absorption of phosphorus.

- According to studies of Tucker (42) with various exchangeable
calcium-magnesium ratios in soils, when calcium exceeded magnesium,
increasing the magnesium had little effect upon the concentration of

phosphorus in soeybean plants.

G. Hereditary Factors Affecting Magnesium Uptake

It is well accepted by most investigators that plants differ in
the absorption of various nutrients. These differences in absorption
are known to occur between species as well as between varieties, and
between inbred lines of such crops as corn.

For example, Foy and Barber (16) worked with Ohio 40-B, an
inbred line of corn, which often showed magnesium deficiency symptoms.
They found that this line was not limited by its root absorbing ability
since the total cation exchange capacity of its roots was similar to
other lines. They believe, however, that this line is limited in its
ability to move the magnesium to the leaf. This indicates that inbred
lines may carry genetic factors which control the utilization of magnesium.
Some lines will grow over a wide range of magnesium concentration
while others apparently need a high concentration. . Foy and Barber sug-

gest that plant breeders may have to consider this idea in future work.
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Observations and tests by Johnson, Davis, and Benne (22) at
the Michigan Muck Experimental Farm revealed that Utah 10-B variety
of celery suffered a disorder characteristic of magnesium deficiency.
In spite of the fact that sufficient exchangeable magnesium appeared to
be present in the soil, heavy soil applications of two to four tons of
magnesium sulfate per acre or numerous spray applications were re-
quired to control the disorder. None of the magnesium applications
increased yields but improved quality of the crop was noted.

It is apparent then that some magnesium disorders may be

attributed to a genetic factor as well as to unbalanced soil conditions.
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III. METHODS AND MATERIALS

A. Scope of Experiment

This study was carried out over a three year period from 1956
to 1959 using 14 different crops on 37 different soil types in 41 counties
of Michigan. - An attempt was made to select sites where the common
agronomic and some horticultural crops could be grown over a wide
range of soils ana climatic conditions. Figures 1, 2, and 3 at the
end of this section indicate the crops grown and counties where the
experiments were located.

In Table 1, the number of locations for each crop by years are
shown. In addition to the 18 corn experiments harvested in 1956, three

additional fields were sampled for chemical analysis.

B. Fertilizer Treatments and Application Rates

Treatments and application rates of fertilizer and magnesium
materials are reported in Table 2. Treatments for 1957 were identical
to 1956 except that the foliar spray treatment was deleted . and the
number of replications was increased from two to four. - A basic ferti-
lizer treatment of 1, 000 pounds of 5-20-20 was applied broadcast by
hand before plowing on all plots except the check. In some cases the
check treatment received no fertilizer of any kind, while the remainder
of the trials received the usual amount applied by the cooperator at
planting time.  Soil applications of magnesium sulfate and Sul-Po-Mag
were also made before plowing on annual spring planted crops. Hay
and winter grain fields were topdressed with the basic fertilizer and

magnesium treatments at the same time.

13



14

C. Experimental Design and Plot Sizes

A pre-randomized block with two replications was used in 1956
and with five replications in 1958, Because there was an equal number
of treatments and replications in 1957, a Latin Square design was
utilized. All plot sizes were 20 x 20 feet for hay and small grains and

20 x 30 feet for row crops.

D. Soil Sampling

Composite soil samples were taken from each replication at the
0 to 6 inch and 12 to 18 inch depths prior to application of fertilizer.
The soil samples were air dried, screened, and stored for chemical

analysis.

E. Plant Samples

Fresh plant tissue samples were collected from each:location
when the crops were two-thirds to three-fourths mature. Samiﬂes
from two replications were usually combined except in 1956 when the
two replicates were kept separate. These s“a.mples consisting of leaves
and petioles were quick frozen for chemical analysis at a later date.

- Each trial was closely examined for the presence of magnesium
deficiency symptoms at the time of tissue sampling.

Other plant samples were also taken just prior to or at harvest-
time. These samples were composed of leaves and petioles from
cugumbers, nielons, and cauliflower; stems a.ndlleaves from sugar
beets andnﬁotatoes; leaves from corn and the entire above ground portion
of the plant from small grains, hay, and beans. The samples were

dried, ground, and wet ashed for chemical analysis.
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F. Harvest

Each crop was harvested at the appropriate time with harvest
areas.var‘ying from about 2Q to 50 percent of the total plot. In addition
to yield data, test weights for small grains were conducted, specific
gravity was determined on potato tubers, and percent sugar and percent
purity were determined on sugar beets. Neither the mature seed,
fruit, root, or tuber were analyzed as it was felt that the entire
vegetative portion of the crop would give a better picture of total
magnesium absdrption and the nutrient status of the crop than individual

storage organs, seeds, or fruits.

G. Laboratory Procedures

1. Soils

All of the surface and subsoil samples from each location were
analyzed for pH, available phosphorus, and potassium using the Spurway
Reserve test (0.135 N HCI1, soil-acid dilution 1:4). The data for
individual samples are given in Tables 15a to 20a of the Appendix.

The exchangeable cations were determined by extraction with
neutral ammonium acetate according to the method of Schollenberger
and Simon (36); the exchangeable hydrogen was estimated using para-
'nitrophenol buffer solution as described by Woodruff (49); the total
exchange capacity was derived by summation of the exchangeable hydrogen
and bases.

An analysis of exchangeable potassium, calcium, and sodium was
carried out on the leachates from the ammonium acetate extractions
of the soils using the Beckman DU flame photometer. The conditions
of operation of this instrument for each of the three elements is given

in Table 65a of the Appendix.
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The determination of magnesium was made colorimetrically from
the same extracts by the method of Drossdoff and Nearpass (13). The
results of these analyses may be seen in Tables 2la to 27a of the
Appendix.

-In 1956, the surface soil samples were composited for the analysis
of exchangeable cations. However, in order to check agreement between
the samples composited, the cations present in individual surface soil
samples were determined for ten locations. These results appear in
Table 23a of the Appendix.

For the years of 1957 and 1958, two out of four surface soil
samples were composited fof the exchangeable cation determinations
giving two composite samples for each location. - Four subsoil (12 to 18

inch level) samples were composited for these same tests.

2. Fresh Plant Tissue

The frozen samples were finely cut and 10 grams of the tissue was
placed in a Waring Blendor with 200 ml of Morgan's extracting solution
(acidified sodium acetate). One-half of a teaspoon of Darco carbon was
added and the samples macerated for a period of two to five minutes
depending upon the toughness of the individual crop.

In 1956 calcium and potassium were determined colormetrically
on the extracts according to a modified procedure of Wolf and Ichisaka
(50). Analysis for calcium and potassium in 1957 and 1958 was accomp-
lished by use of the Beckman DU flame photometer‘.., . Althpugh the high
concentration of sodium in the Morgan's solution gave some inter-
ference with potassium, the values were relative and the procedure
was justified in order to speed up the determinations.

- Analysis for magnesium in the tissue extracts was carried out
from the thiozole yellow procedure of Mikkelsen and Toth (29). The
results of these analyses are found in Tables 28a to 44a of the Appendix.
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3. Dry Plant Tissue

The dry plant tissue was wet ashed by a modified perchloric acid
method of Piper (33). Calcium, potassium, and sodium were determined
on the extracts using the Beckman DU flame photometer. - Instrumental
conditions used were similar to those for soil analyses which are listed
in Table 65a of the Appendix.

Analysis for magnesium was completed using thiP.zole yellow
method of Drossdoff and Nearpass (13). The samples were analyzed for
phosphorus using the Molybdenum Blue colormetric method employing
ammonium molybdate and the Fisk-Subbarrow reducing agent (14).

A Coleman colorimeter equipped with a 6-50 mu filter was used to

determine phosphorus concentration.
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Table 1. Number of locations by crops of magnesium experiments
for each of the years indicated.

Number of crop locations by years

1956 1957 1958

Hay 15

Corn 18 5 2
Oats 11 11 1
Barley 4 1

Wheat 13

Potatoes 4 15

Field beans 6

Soybeans 2

Sugar beets 5 4

Cucumbers 2

Cantaloupe 1 2

Cauliflower 1

Sweet corn 1 1
Tomatoes 1

21

Total 80 42 4
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Table 2. Treatments and application rates for magnesium field
trials by years.

Treatment Treatment
de signa.tion

1956 - 2 replications

A Check - no fertilizer or farmer applications

B N-P-K plus 100 1bs. Mg as MgSO,! (1030 1bs. per acre)

] N-P-K plus equivalent of 1 1b. MgSO, per acre per day
as spray

D N-P-K only

E N-P plus 100 1bs. Mg as Sul-Po-Mag? (915 lbs,per acre)

1957 - 4 replications - same as 1956 except
C treatment deleted

1958 - 5 replications

A Check - N-P-K only

B N-P-K plus 100 1bs. Mg as MgSO, (1030 1bs. MgSO,
per acre) :

C N-P-K plus 200 1bs. Mg as MgSO, (2060 1bs. MgSO,
per acre)

D N-P-K plus 400 1bs. Mg as MgSO,4 (4120 1bs. MgSO,

per acre - split application, one-half before plowing
and one-half as side-dress)

E N-P plus 100 lbs. Mg as Sul-Po-Mag (915 lbs. per acre)

F N-P-K plus equivalent of 1 1b. MgSO4 per acre per day
as spray

G N-P-K plus 200 lbs. Mg as hydrated dolomite (1000 1bs.

of hydrated dolomitic limestone per acre)?

'MgSO,* 7 H,O contains approximately 10% Mg (Epsom salts).
2Sul-Po-Mag contains 22% K,O and 18.5% MgO or 11% Mg.
3Hydrated dolomitic limestone contains 20.5% Mg.



IV. CROP YIELD RESULTS

Because of the differences between the treatments from year to
year, it was necessary to report the yields of the various crops
separately for each year as indicated in Tables 4a to 14a of the Appendix.
However, the individual yield data for four treatments were combined
by crop for two soil textural classes for all years in Table 3. A grouping
of the soils of all locations into coarse and fine textured representatives
can be seen in Tables 15a to 27a of the Appendix.

The number of locations for each crop which showed a yield
response to at least one of the magnesium carriers applied to the soil
is presented in Table 4, and in addition, cases where a depression in
yield was found are also included. The data presented in Table 5 indicate
the approximate percentage of the experiments which showed yield
response to N-P-K fertilizer and those which resulted in increases or
decreases in yield of 10 percent or more as a result of soil applications
of either magnesium sulfate or Sul-Po-Mag. A summary of some of
the data given in Table 4 is presented in Table 6.

Inasmuch as the foliar application gave such poor results in 1956,
it was deleted in 1957 and is not considered in the discussion except
where mentioned. Where a crop was grown for more than 5 year, the
discussion involves the data from all experiments combined for the

years the crop was grown,

A. Hay

In about one-third of the hay experiments, a positive yield response
of at least 10 percent was found for applied fertilizer in either the
first or second cutting. Similar increases in production due to fertilizer

were obtained at two of the 15 fields for both cuttings (locations 28 and 47).

23
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With added magnesium, there was a 10 percent or higher yield increase
in either the first or second cutting at five locations. It may be noted
that at locations 16 and 44 some yield response to magnesium sulfate
resulted for both cuttings. However, only location 44 showed an
increase in yield of hay from both magnesium sulfate and Sul-Po-Mag
applications in the first cutting and at location 16 in the second cutting.
Four of the five fields showing yield responses to magnesium contained
coarse textured soils.

These gains were offset by as many or even more fields where
decreases in yields of 10 percent or more resulted from the two magnesium
treatments. The fact that such yield depressions rarely occurred in both
cuttings would indicate that probably other factors may have caused the

decreased growth.

B. Corn

A 10 percent or higher yield increase from fertilizer alone was
obtained at about one-third of the corn locations. Only one location
(number 23) showed a significant yield response at the five percent
level due to magnesium (Sul-Po-Mag treatment). About one-third of
the experiments showed a 10 percent or greater response to one or both
magnesium treatments. Only four of the nine corn locations where
vield increases were noted gave a response to both magnesium treatments
(locations 51, 57, 88, and 90). On the other hand, there were two or
three farms at which magnesium fertilization appeared to affect the corn
yields adversely. This is difficult to explain as the percent magnesium
saturation and calcium-magnesium ratio of the exchange complex of
these soils were not out of line. It may be noted that the average yields
varied only two to four bushels per acre between any of the treatments

receiving fertilizer or magnesium plus fertilizer.
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C. Oats and Barley

At one-half of the 28 locations of oats and barley, a 10 percent
or greater yield response to N-P-K was found. Most of these experi-
ments were located on sandy loam soils. At one location (68-C-26),
the yield response was statistically significant. Grain yields at 10 of
the trials were higher by 10 percent from either one or both magnesium
applications than where no magnesium was applied. At two locations,
the increases were significant; one being the spray treatment on oats
at location 1 while the other involved the Sul-Po-Mag treatment on
barley at location 91. In only four of the 10 fields showing some
response did increased yields occur from both magnesium treatments
(locations 71, 80, 13-C-7, and 59-C-22). In contrast, there §vas a
decline in yield of 10 percent at six locations as a result of magnesium
fertilization.

The average oat and barley yields for all fields were increased
to some extent by fertilizer alone, especially on the coarse textured
soils. The average oat yield in 1956 was increased by slightly less
than 10 percent with magnesium sulfate plus N-P-K conﬁpa.red with
fertilizer alone. Barley yields were increased on the average slightly
more than 10 percent in the same year with Sul-Po-Mag. Smaller
effects were obtained from fertilizer and soluble magnesium in' 1957.
Considering all three years, the average yield was only slightly.changed
by the application of magnesium to either the coarse or fine textured
soils. No significant differences in test weights of grain were noted

as a result of fertilizer or magnesium treatments.

D. Wheat

At only one experiment was a yield response to fertilizer

recorded. A yield increase of grain of 10 percent was obtained with
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magnesium sulfate at two of the 13 locations but none were statistically
significant (locations 2 and 20). Considering all soils, it may be noted
that the average yield for wheat at all locations was rather similar for
the various treatments. It may be seen from Table 3 that wheat grown
on the fine textured soils responded the most to fertilizer although most
of this increase. occurred on only two fields. Differences in test weights
of grain due to fertilizer or soluble magnesium additions were insig-

nificant.

E. Potatoes

Apparently most of the potato fields were well supplied with avail-
able nitrogen, phosphorus, and potassium as only about one-fourth of
them showed improved yields from the 1, 000 pounds of 5-20-20 ferti-
lizer applied. At only one location (number 98) was there an approximate
10 percent increase in yield of potatoes from both magnesium treatments.
E\;en less significance may be attached to this one case, since the check
plots produced the highest yield of any of the treatments.

Yields at about one-half of the experiments were depressed due
to a combination of fertilizer plus magnesium applications. It is prob-
able that a toxicity of soluble salts resulted as several growers applied
over 1,000 pounds of fertilizer in addition to the basic amount applied
in the experiment along with the magnesium treatments. The average
yields for the two year period indicate that generally, fertilizer improved
yields, but there was a tendency for both magnesium sources to depress
yields, though probably not significantly so. The greatest response to
fertilizer was found in experiments conducted on fine textured soils,
but also on this group of soils, the largest depression in yield from

magnesium treatments was recorded.
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F. Field Beans

There is little indication that fertilizer or either magnesium
carrier affected bean yields in 1956. There was some apparent
response at one location from both magnesium treatments at location
38. However, more important is the fact that there was a depression
of yields of 10 percent at one-half of the locations from the application
of either magnesium material. It is interesting to note that at
locations 39 and 93, the percent magnesium saturation of the exchange
complex was relatively high (12.8 and 24.2 respectively). The average
yields for all locations did not vary appreciably for the various treat-

ments.

G. Soybeans

The fact that one soybean field showed some response to mag-
nesium sulfate and the other location resulted in a yield depression
makes the interpretation of the results difficult. Possibly, other
. factors were responsible for these differences. Application of

Sul-Po-Mag had little effect on soybean yield.

H. Sugar Beets

Sugar beet yields were increased by fertilizer at all but two
locations. At one trial (76-G-35) in 1957, the yield increase was
significant at the five percent level. Only one field (location 40) produced
a yield increase of 10 percent or higher with Sul-Po-Mag and slightly
less than this with Epsom salts. At the same time, there was a sizable
decline in yield of beets where either magnesium treatment was applied
at location 83. The average beet yields from all locations indicated

little benefit from magnesium applications.
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I. Cucumber

Fertilizer generally resulted in a yield increase at the two
cucumber locations. As for magnesium sulfate, it was of little benefit,

but Sul-Po-Mag showed up well at location 3-J-2.

J. Cantaloupe

Inasmuch as there was almost a complete crop failure at location
70-1-30, the yield data from this trial is probably not reliable. Response
to fertilizer occurred at two locations and it is likely that magnesium
sulfate may have improved the yield in one field, though not significantly.
A depression in yield appeared to have occurred at the other two
locations. Sul-Po-Mag had little or no effect on yield of fruit at two of

the three experimental locations.

K. Cauliflower

Both magnesium carriers resulted in a depressed yield of cauli-
flower. In fact, both magnesium treated and fertilized plots gave lower

yields than the check.

L.. Sweet Corn

Inasmuch as there appeared to be a considerable response with
sweet corn to both magnesium carriers applied to soil in 1957, the
experiment was continued on the same farm close to this same area in
1958. In the latter year, soil treatments of up to 400 pounds of
elemental magnesium did not appear to affect yield. However, the
foliar spray improved the yield over 20 percent but this increase was

not significant where three replications were harvested.
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M. Tomatoes

A 60 percent yield increase of number one and two tomatoes
was noted from the use of magnesium sulfate. In contrast, Sul-Po-Mag

had no effect on crop yield in the one tomato experiment conducted.

N. Summary

In general, there was a small to moderate response to NPK
fertilizer in most crops at most locations especially on the coarse
textured soils. Only in isolated cases did significant responses occur
from either fertilizer or magnesium. The majority of apparent
responses were not of a statistically significant nature. This is sub-
stantiated by the fact that only in few instances did an analysis indicate
significance and also, by the fact that rarely did the apparent response
occur with both magnesium carriers. Furthermore, it is difficult to
understand why there should be so many cases where the magnesium
treated plots actually resulted in lower yields than the fertilized plots.
Generally, on an average basis, the increased yield for any one crop
at any one location was offset by a depression somewhere else.

In 1957, an interveinal chlorosis of the younger and medium
aged leaves of corn was noted at locations 19-B-13 and 54-B-19 in
Clinton and Mecosta counties respectively. Inasmuch as this condition
resemblled magnesium deficiency symptoms, its progress was noted
throughout the season. The effect was noticeable over the entire fields
and even on the plot areas regardless of treatment. The condition
persisted until harvest time.

Because of this condition, experiments were conducted again at
both locations in 1958. Corn was repeated on the same field in Clinton
county, but the corn field in Mecosta county was planted to oats in 1958

on which an experiment was laid out. Corn was planted across the
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road on this same farm in Mecosta county in 1958 on a similar soil
type. The same chlorotic conditions appeared at both of the corn
fields in 1958 and also at the sweet corn location in Ottawa county.

Instead of these symptoms occurring on the older leaves as is
typical in magnesium deficiency', the chlorosis was first apparent on
the younger leaves as they emerged from the boot, especially notice-
able when the corn was about waist high. Typical symptoms may be
noted in Plate 1. As the season progressed, the symptoms persisted
mostly on the medium aged and younger leaves. Again, this condition
occurred over the entire field and on the plot areas and did not seem
to be corrected by soil applications of magnesium of up to 400 pounds
of magnesium per acre or by foliar sprays.

Inasmuch as these magnesium treatments did not correct these
conditions, the writer laid out an experiment along side of the magnesium
plots in Mecosta county using manganese, zinc, and magnesium alone
and in combination as a foliar spray. Two foliar applications were made
but a drought occurring shortly after spraying resulted in an almost
complete drying up of the leaves so that an interpretation of the results
was difficult. The cooperator finally found it necessary to take the
corn off for ensilage. The crop yields of field corn in Clinton county
and of sweet corn in Ottawa county appeared to be unaffected by these
chlorotic conditions. The oat field in Mecosta county gave no evidence

of magnesium deficiency symptoms.
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Table 6. Crop locations showing positive yield response from
magnesium treatments. !

Percent of locations showing

Total number Increase in Increase 1n
Crop of locations either treatment both treatments
Hay 15 15 0.7
Corn 24 27 16
Oats and barley 28 25 14
Wheat 13 15 0
Potatoes 19 0.5 0.5
Field beans 6 16 16
Soybeans 2 50 0
Sugar beets 9 12 0
Cucumbers 2 0 0
Cantaloupe 3 50 0
Cauliflower 1 0 0
Sweet corn 2 100 50
Tomatoes 1 100 0

Increase of 10 percent or more in yield.






V. RAPID SOIL TESTS OF EXPERIMENTAL SOILS

Rapid soil tests were made on all the soil samples using the
Spurway Reserve test (0.135 N HCl, soil-water ratio 1:4 extractant).
These data appear in tables 15a-20a of the Appendix. A summary of
these results are contained in Table 7 which indicates the ranges of
pH and the ranges and averages of phosphorus and potassium soil
tests of samples collected from the experimental fields before the
various plots were fertilized. "

A wide range of phosphorus and potassium levels occurred at
both soil depths in the soils studied. Generally the content of available
phosphorus and potassium was slightly lower in the 12 to 18 inch depth
than in the surface layer. The average quantity of phosphorus extracted
from the fine textured soils varied from 40 percent greater in the plow
layer to 80 percent greater at the lower depth than in the coarse tex-
tured soils. According to the procedure used, the average potassium
content of both soil groups at the two depths was not appreciably
different.

The data in the Appendix also reveal that about 41 percent of the
65 soil samples of coarse texture contained 50 pounds or more of
phosphorus per acre in the surface layer. About 50 percent of the fine
textured soils sampled at this same depth contained amounts of avail-
able phosphorus in this same range. Likewise, about 36 percent of
coarse textured soils gave tests of 150 pounds or more of available
potassium per acre in the surface area, whereas only about 16 percent
of the fine textured soils contained this amount of potassium per acre
in the plow layer.

Although a few of the soils were extremely low in either phosphorus

or potassium, the basic application of 86 pounds of phosphorus and
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166 pounds of potassium contained in the 1, 000 pounds per acre of

5-20-20 should have been sufficient to insure proper amounts of plant

food for all the crops. Hence, none of the major nutrient elements

should have been limiting.



Vs



37

Table 7. The pH and the ranges and averages for available phosphorus
and potassium extracted from experimental soils for two
broad soil textural groups at two sampling depths.

Range g;itehs pH Pl;)unds per ac;{*e
65 coarse textured soils
low 0-6 5.2 11 36
low 12 - 18 5.2 6 9
high 0-6 7.6 156 240
high 12 - 18 7.8 123 144
average 0-6 - 47 111
average 12 - 18 - 31 64
55 fine textured soils
low 0-6 5.5 10 48
low 12 - 18 5.6 3 16
high 0-6 7.6 249 332
high 12 - 18 7.2 162 192
average 0-6 - 65 108
average 12 - 18 - 55 61







VI. CATION EXCHANGE CAPACITY AND
EXCHANGEABLE BASES

A. Cation Exchange Capacity

The ranges and averages of exchange capacity for the respective
soil textural groups at two soil depths were computed and appear in
Table 8. Data pertaining to exchange capacity, cation saturation, and
calcium-magnesium ratios of individual soils are given in Tables 2la to
27a of the Appendix.

Some of the coarse textured soils were four to five times higher
and some of the fine textured soils were three to four times higher in
exchange capacity at both soil depths than others of approximate
similar texture. The fact that the average exchange capacity was
almost identical for both depths in both textural groups indicates that
organic matter may have been the most important factor contributing
to the exchange capacity in the surface layer. However, the clay in
the B horizon was probably more responsible for the exché.nge capacity

at the lower depth.
B. Magnesium Saturation

Many investigators have considered the degree of saturation of
the soil exchange complex as a better criterion of the magnesium
needs of soils than the actual content of exchangeable magnesium.
Data of magnesium saturation for the range of soils studied as well as
associated information from which these values were calculated are
given in Table 9.

It may be observed that magnesium saturation varied from about

0.50 percent for a few soils to over 30 percent for others. The average
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percent magnesium content was about 60 percent greater in the sur-
face Jayers of the fine textured soils than in the coarse textured soils.
This difference doubled at the 12 to 18 inch depth.

Information presented in Table 10 concerning the percent mag-
nesium saturation of the experimental soils reveals that of 64 coarse
textured soils, about 61 percent at the 0 to 6 inch depth and about 51
percent at the lower depth had magnesium saturation values of five
percent or less. In fact, over 80 percent of all the coarse textured
soils sampled at both depths had magnesium saturation of less than
10 percent.

- A much higher proportion of fine textured soils fell into the 10 to
20 percent magnesium saturation class than did the coarse textured
soils. If one considers five to six percent magnesium saturation in
the soil as being a minimum value for normal growth as suggested by
some workers, then it might be expected that about two-thirds of the
coarse textured soils and about one-fifth of the fine textured soils
would respond to added magnesium. As will be discussed in a later
section, this was not the case.

In terms of pounds of magnesium, the variation ranged from 16
pounds in a coarse textured soil to 1100 pounds in the plow layer of a
fine textured soil. The average magnesium content of fine textured
soils varied from two to two and one-half times greater than in coarse

textured soils for both soil depths.

C. Calcium-magnesium Ratios

A frequency distribution of the ratios of exchangeable calcium
to magnesium of the soils studied is shown in Table 11. Over one-half
of the coarse textured soils and about three-fourths of the fine textured
soils had calcium-magnesium ratios of 10:1 or less in the surface

layers. This would indicate that although the magnesium saturation
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was low in many soils, the balance between the two elements was not
undesirable. Although many agronomists believe that a calcium-
magnesium ratio varying from 5:1 to 10:1 to be most ideal, much
experimental work indicates that as long as the exchange capacity is
reasonably high and sufficient amounts of calcium and magnesium are
present in the soil, the ratio between the two elements is not of real
importance. Up to 15 percent of the coarse textured soils, but only
five percent of the fine textured soils contained calcium-magnesium

ratios exceeding 20:1.

D. Potassium-magnesium Ratios

It has been reported frequently that the relationship between
exchangeable potassium and magnesium in soils and plants may be
more important than calcium-magnesium ratios. An analysis of soils
from these trials as reported in Table 12 disclosed that the potassium-
magnesium ratios varied from 1:5 to 1:6.3 in coarse textured soils to 1:
7.5to 1:16 in fine textured soils in the plow layers and 12 to 18 inch
depths respectively.

To the author's knowledge, no ideal potassium-magnesium ratios
have been established for soils. Bear, Prince, Toth, and Purvis (3)
have reported good growth of tomatoes in nutrient solutions with
potassium-magnesium ratios varying from 1:1 to 20:1. A number of
instances have been reported of magnesium deficiency induced in
plants as a result of high potassium levels in the soil. Just what
ratio of potassium to magnesium is best for most crop plants is not
really known. It has been assumed that an ideal soil would contain
about two to four percent exchangeable potassium. This would be com-
parable to potassiurn-magnesium ratios of about 1:2.5 to 1:5. In the
experimental soils saturation of the exchange complex with potassium
was in the range of one percent. It should be remembered, however,

that the samples were taken before any potash was applied.
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Table 8. Ranges and averages of exchange capacity of experimental
soils for two broad soil textural groups at two sampling

41

depths.
Location Depth Cation exchange
Range number  Soil type Inches capacity M.e./
100 gms. soil

Coarse textured soils

low 69 Wauseon sandy loam  0-6 4.28

low 67 Wauseon sandy loam 12-18 3.86

high 9-F-4 Brevort loamy sand 0-6 15.62

high 10 Brevort loamy sand 12-18 18.32

average of 64 surface soils 0-6 9.8

average of 57 subsoils 12-18 9.8
Fine textured soils

low 38 Sims clay loam 0-6 6.11

low 73 Nester loam 12-18 4.91

high 34 Conover loam 0-6 19.54

high 34 Conover loam 12-18 20.14

average of 53 surface soils 0-6 12.1

average of 41 subsoils 12-18 11.9
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Table 10. Distribution of experimental soils according to percent
magnesium saturation within two broad soil textural
groups and at two sampling depths.

Percent Mg 0 - 6 inch depth 12 - 18 inch depth
saturation Number of Percent Number of Percent
soils of total soils of total

Coarse textured soils

0-5 39 61 29 51
5.1- 10 13 20 19 33
10.1 - 20 12 19 9 16
20.1 - 30 0 0 0 0
30.1 - 40 0 0 0 0
Total 64 100 57 | 100
Fine textured soils

0-5 10 19 7 17
5.1- 10 16 30 6 15
10.1 - 20 21 40 22 54
20.1 - 30 5 9 6 14
30.1 - 40 1 2 0 0

Total 53 100 41 100
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Table 11. Distribution of experimental soils according to calcium-
magnesium ratios within two broad soil textural groups
and at two sampling depths.

Calcium 0 - 6 inch depth 12 - 18 inch depth

magnesium Number of Percent Number of Percent

ratio soils of total soils of total

Coarse textured soils

0.0-5 20 31.2 29 51.0
5.1- 10 16 25.0 13 23.0
10.1 - 20 17 27.0 7 12.0
20.1 - 30 3 4.6 2 3.5
30.1 - 40 3 .6 2 3.5
40.1 - 50 2 .0 1 1.7
50.1 - 120 3 4.6 3 5.3
Total 64 100.0 57 100.0
Fine textured soils

0.0-5 23 43.0 24 58.0
5.1-10 18 34.0 9 22.0
10.1 - 20 9 17.0 6 15.0
20.1 - 30 1 2.0 2 5.0
30.1 - 40 0 0.0 0 0.0
40.1 - 50 0 0.0 0 0.0
50.1 - 120 2 4.0 0 0.0
Total 53 100.0 41 100. 0
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Table 12. The degree of saturation of potassium and magnesium of
the exchange complex and potassium-magnesium ratios
in experimental soils within two broad soil textural
groups and at two sampling depths.

Total Potassium Magnesium K-Mg
number Depth saturation saturation saturation
of soils Inches - Percent Percent ratio

Coarse textured soils
64 0-6 1.3! 6.3 1:5.0
57 12 - 18 0.9 5.4

—
w

Fine textured soils
53 ‘0-6 1.3 9.9 1:7.5
51 12 - 18 0.8 12.3 1:16.0

lAverage potassium and magnesium saturation and potassium-
magnesium ratios of four composite samples for the number of
soils designated.



VII.. RELATION OF PERCENT MAGNESIUM SATURATION AND
CALCIUM-MAGNESIUM RATIOS WITH CROP YIELD
RESPONSE TO MAGNESIUM FERTILIZATION

The exchangeable magnesium and exchangeable calcium-
magnesium ratios in the plow layer of the experimental soils were
compared for crop locations showing a positive yield response to
magnesium treatment and those experiments giving no response.

A summary of this analysis is given in Table 13.

It may be seen that the average percent magnesium saturation
was actually greater at most of the locations where some increased
yield to magnesium was observed. Only in three wheat experiments,
one field bean, and one soybean trial was the magnesium saturation
lower where a response occurred.

Generally a large percentage of the soils from locations where
a positive yield response to magnesium was observed contained less
than six percent of the exchange complex saturated with magnesium
for the crops of corn, wheat, and beans. In contrast, a large per-
centage of trials, where no magnesium response was noted, included
soils with magnesium saturation values of less than six percent for
the crops of oats, barley, hay, potatoes, and cantaloupe. For the
other crops the magnesium saturation varied from a low of 2.5 per-
cent for the soil on which sweet corn was grown to over 16 percent
for the soils with soybean trials. This variation had no apparent
effect on crop yield response to magnesium fertilization.

Neither the calcium-magnesium ratio or soil texture seemed to
be important factors as to whether a soil did or did not respond to
magnesium treatment. Generally, yields were normal even for the

few soils having less than one percent magnesium on the exchange
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complex. Where yields were found to be low, this situation could
usually be attributed to some other soil or climatic factor. Even
for the 10 locations where the soil magnesium saturation amounted
to less than one percent in either the subsoil or surface layer, less
than one-half of the crops responded appreciably to magnesium
fertilization.

From the data collected from this project, no logical explanation
for the behavior of many of the crops to magnesium treatment was
apparent. Even where extremely low quantities of supposedly avail-
able magnesium occurred in the soil, crop yields were neither
depressed nor increased by added magnesium. Thus, it may be
assumed from these tests that under Michigan conditions, most crops
are tolerant of quite low magnesium levels and wide calcium-

magnesium ratios in the soil.
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VIII. ANALYTICAL RESULTS OF FRESH TISSUE TESTS

A. Magnesium Content in Plant Tissue

Samples were taken of the fresh tissue from most of the crops
and analyzed for magnesium, potassium, and calcium in the cell sap.

It was assumed that if the applied magnesium was being absorbed by
the plant, it could be detected chemically in the conducting tissue.
Information on mineral composition for specific crop locations is
contained in Tables 28a to 44a of the Appendix.

As is shown in Table 14, a higher magnesium content in the fresh
tissue of hay, corn, oats, and field beans was found in plants from the
check treatment than in plants receiving fertilizer or fertilizer and
magnesium. This was probably due to a dilution factor since increased
vegetative growth was often noted as a result of fertilization. Compari-
sons were thus made between the plots receiving N-P-K only and those
which received N-P-K plus Epsom salts or Sul-Po-Mag.

The magnesium composition of many crops was increased
appreciably at several locations by one of the magnesium treatments.
For example, in about one-third of the hay and one-half of the corn
and potato trials a substantial increase in the magnesium content of
the fresh tissue was noted for one or both of the magnesium treatments.
A similar increase in composition of fresh tissue for all the soybean
and cucumber crops and in plants at over one-half of the field bean
experiments was found where either magnesium sulfate or Sul-Po-Mag
was applied. The magnesium content in sweet corn in 1957 was more
than doubled by the use of either magnesium source when compéred

with sweet corn from plots receiving only fertilizer.
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A statistical analysis of the magnesium composition of the fresh
tissue from the various treatments showed that the magnesium content
of the crop was significantly increased at a few of the locations. The
magnesium content of potatoes was significantly increased by Epsom
salts at the five percent level at location 16-F-10 and at the one percent
level at location 16-F-11 in 1957. An increased magnesium content of
potatoes at location 16-F-11 in 1957 and of corn at location 18 in 1956
by Sul-Po-Mag applications was highly significant.

The combining of crop locations for purposes of statistical
analysis showed that the magnesium composition was increased signifi-
cantly at the five percent level at four of the eight corn trials in 1956
by applications of Epsom salts (locations 18, 30, 69, and 75).
Furthermore, the addition of Epsom salts on potatoes in 1957 increased
the magnesium content an amount that was significant at the one percent
level (see Table 35a of the Appendix). An analysis further showed that
Sul-Po-Mag significantly increased the magnesium content of second
cutting alfalfa grown on coarse textured soils in 1956.

From Table 15, it may be seen that applications of magnesium
sulfate increased the magnesium contents on the average more than 20
percent in tissue of field corn, field beans, soybeans, cucumbers,
cantaloupe, and sweet corn. Field beans, cucumbers, and sweet corn
were the only crops in which the fresh tissue composition was affected
by both magnesium carriers. It is of interest to note that soybean,
sugar beet, and cauliflower tissue contained the largest concentration

of magnesium.

B. Composition of Fresh Tissue as Affected by
Various Rates of Magnesium Application

Because the treatments differed in 1958 from the two previous
years and various rates of magnesium sulfate were applied, these data

will be discussed separately.
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Definite increases in magnesium content were noted in all crops
at the higher application rates of magnesium sulfate as may be seen in
Table 16. A statistical analysis showed that the 200 and 400 pound
rate of Epsom salts applied to corn and sweet corn significantly in-
creased the magnesium composition at the five percent and one percent
levels respectively (see Table 22). The average magnesium content
of field corn from the two trials was closely related to the rate of
magnesium applied as it increased from 100 to 400 pounds of magnesium
per acre as the sulfate. The results of tests of the chemical composition
of the oats and sweet corn were more erratic, but the heavy application
of magnesium sulfate was definitely reflected in the magnesium content
of the plant tissue. Generally, the Sul-Po-Mag, hydrated dolomite,
and foliar applications were about equivalent to 100 and 200 pounds of
magnesium per acre as the sulfate in respect to the composition of the
fresh plant tissue.

- Crop yields were not influenced by the variation in magnesium
content.  All three of the sandy soils had magnesium saturation values
of six percent or less.

As was pointed out in the discussion of the yield data, an abnormal
condition of the corn leaves was noted at all the corn trials in 1958.
- A yellow striping of the leaves characteristic of magnesium deficiency
was apparent except that this condition occurred on the younger as well
as the older leaves. Although the symptoms became less severe as
the growing season progressed, some yellowing was observed right up
to harvest time on some plants.

Fresh leaf tissue samples from plants showing these symptoms
were analyzed and cdmpa.red with the average magnesium content of
normal leaves taken from all the treatments. Likewise, dry plant

samples of the entire corn plant showing the symptoms were analyzed
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and compared in a like manner. The results of these tests may be
seen in Table 17.

- Although only one-half to two-thirds as much magnesium was
found in the fresh tissue of the abnormal plant as in the normal appear-
ing plants, this difference was not apparent when the dry tissue of the
whole plant was analyzed. To the author's knowledge, no critical value
for corn has been established and hence it is difficult to determine if
the plants were bordering on a condition of magnesium deficiency.

The data for the surface soils in Appendix Tables 26a and 27a
reveal that the degree of saturation of exchangeable magnesium varied
between two and three percent in the corn field in Mecosta county and
in the sweet corn field in Ottawa county. In contrast, about 12 percent
of the exchange complex of the soil from the corn field in Clinton
county was taken up with exchangeable magnesium. In spite of the fact
that the level of soil magnesium was low at two of the three locations,
sufficient magnesium should have been present in the treatments to
correct this condition. On the other hand, studies by Johnson et al. (22)
have shown that 500 pounds of magnesium applied on Utah 10-B celery

was insufficient to prevent magnesium deficiency symptoms.

C. Relation of Exchangeable Magnesium and Magnesium
Applications with Chemical Composition and-Crop Yield
1956 and 1957

In about one-fourth of the trials where the magnesium content was
appreciably increased by one of the soil applications of that nutrient,
there were also responses in yields. However, both magnesium treat-
ments were not equally effective in changing the mineral composition or
the yield. For the magnesium sulfate treatment, the percentage increase
in magnesium content varied from 20 to 146 percent. These changes in

composition were accompanied by a range of 13 to 28 percent increase
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in yield. With the Sul-Po-Mag treatment, a 40 to 153 percent change
in composition was accompanied by a range of 10 to 31 percent increase
in yield.

It may be observed from Table 18 that all of the soils
from locations where responses to magnesium occurred in both compo-
sition and yield, less than six percent of the exchange complex of these
soils contained magnesium. From this information it is conceivable
that these soils could be on the verge of magnesium deficiency for the
growth of most crops, and applications of magnesium in some form

might be beneficial.

D. Interrelationships of Magnesium, Potassium,
and Calcium

Chemical analyses of the fresh tissue showed little or no relation-
ship generally between the content of magnesium and potassium in the
crops grown the first two years. Graphs of percent magnesium plotted
against percént potassium content in the tissue revealed that only in
sugar beets was there a fair negative correlation between the two ele-
ments. A comparison of Tables 14 and 20 indicates that the average
magnesium and potassium contents of hay, corn, oats and barley,
potatoes, and field beans varied concurrently. On the other hand, the
composition of these two elements varied inversely for cucumber and
sweet corn.

Results of analyses from crops grown in 1958 where magnesium
sulfate was applied at various rates disclosed no definite relationship
between potassium and magnesium in any of the three crops raised.
Although the higher rates of application of Epsom salts increased the
magnesium composition, the potassium content was not affected as may
be seen in Table 22. As it is thought that soil potassium exerts a

greater influence on magnesium than does magnesium on potassium,
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one might not expect to find a definite correlation in the above
situation.

A frequency distribution of the potassium-ma;.gnesium ratios for
the crops grown on the N-P-K plots is shown in Table 19. For the
crops of hay, corn, and sugar beets, the potassium-magnesium ratios
of the fresh tissue were about equally divided between 0 to 10 and 10 to
20 ranges. DPotatoes, field beans, and the horticultural crops tended
to have wider potassium-magnesium ratios. The potassium-magnesium
ratios of the fresh plant tissue varied from a narrow range of 5.2:1 in
sugar beets to over 20:1 in sweet corn. ‘

The fact that ~the sample from a particular part of the plant was
used for determination of all three elements, variations in moisture
content of tissue at the time of sampling, and analytical errors in
determining the individual elements may have been responsible for
some of the inconsistencies of these results.

The potassium content of the respective crops varied greatly
between locations and between treatments. The data presented in
Table 20 show that the potassium content of corn and potatoes was
generally higher when the crops were grown on coarse textured rather
than on fine textured soils. The potassium content of the various crops
appeared to have been little affected by either magnesium carrier
except sweet corn and cucumber. With these two crops, the magnesium
composition was definitely increased by magnesium applications while
the potassium percentage was depressed. It is possible then that the
magnesium applications did have an adverse effect upon the potassium
uptake in these two crops. For the remainder of the crops, the
potassium content of the crops generally was unchanged or increased
by the application of either magnesium carrier.

The calcium content of the fresh tissue for the various crops is

shown in Table 21. The calcium-magnesium ratios in the fresh tissue
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varied from about 1l:1 in sugar beet to over 9:1 for cucumber from
plants grown on the fertilized plots. For cantaloupe and cauliflower
plants, this ratio was generally wider than for the field crops which
varied from 2:1 to 4:1. - Sugar beet petioles were relatively lower in
calcium than the conducting tissue of other crops. On the other hand,
cucumber, cantaloupe, and cauliflower were relatively high in calcium
as compared with the field crops. There appeared to be little change
in calcium content of the tissue as a result of the magnesium appli-

cations.
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Table 15. The percent increase in magnesium in fresh tissue of several
crops as affected by magnesium applications.

Plant part Percent increase of Mg in
Crop tested tissue from treatments!
Epsom salts Sul-Po-Mag

Hay Petioles -3.0 +20.4
Corn Leaf sheath +22.0 +10.8
Oats and barley Stems -2.4 -3.7
Potatoes Petioles ' +18.6 +7.1
Field beans Petioles +24.0 +36.3
Soybeans Petioles +31.0 +6.6
Sugar beets Petioles 0 0

Cucumbers Petioles +50.0 +36.6
Cantaloupe Petioles +20.1 +5.8
Cauliflower Petioles +7.5 +18.2
Sweet corn Leaf sheath +107.5 +117.7

!Treatment comparison is NPK + Mg - NPK.
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Table 17. The magnesium content of normal and abnormal appearing
corn and sweet corn plants in fresh and dried plant
tissue, 1958.

Appearance Magnesium
Crop and location of plant content!

Fresh leaf tissue

Field corn - Clinton county normal 1278
abnormal 6722

Field corn - Mecosta county normal 848
abnormal 4642

Sweet corn - Ottawa county normal 681
~abnormal 4802

Average normal 935
abnormal 538

Total dried plant

Field corn - Clinton county normal .22
abnormal --
"Field corn - Mecosta county normal 0.13
abnormal 0.133
Sweet corn - Ottawa county normal 0.22
abnormal 0.29°
Average normal 0.19
abnormal 0.21

lParts of magnesium per million parts of fresh tissue by weight;
percent magnesium in dried plant.

2Average of two samples (five plants per sample).

30One sample (five plants).
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IX. DISCUSSION OF DRY TISSUE ANALYSES
A. Magnesium Content of Crops

Total magnesium, calcium, potassium, and phosphorus were
determined in the dried plant tissue from the several crops raised over
the three year period. These data are presented in Tables 45a to 64a
of the appendix.

In general, the magnesium content of the dry tissue was increased
in plants receiving magnesium treatments at substantially more locations
than was found for the fresh tissue. However, the magnesium compo-

- sition of both the fresh and dry tissue of the various crops was not
always increased by the same treatments or in the same proportion.

The average magnesium content of each of the crops in all experi-
ments is presented in Table 23. Generally, the magnesium content
was lower in plants which received fertilizer only (treatment D for 1956
and 1957) for all crops except the small grains and field beans. Again,
it is believed this occurred because of a dilution factor resulting from
increased growth where N-P-K fertilizer was applied. However,
comparisons made between this fertilizer treatment and those treat-
ments where fertilizer plus magnesium were applied showed that the
magnesium content of most of the crops was affected by use of supple-
mental magnesium.

Magnesium sulfate applied to the soil appreciably increased the
magnesium composition of all crops except corn, oats, wheat, and
sugar beets, while Sul-Po-Mag caused a notable increase in all crops
except oats, field beans, and sugar beets.

The data further show that the average magnesium content of the

dry tissue for most crops was usually higher when these crops were
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grown on fine textured soils compared with those on coarse textured
soils. - Furthermore, the magnesium content of the small grains was
usually only about one-third to one-half as high as other crops. Sugar
beet and cucumber tissue contained the highest amount of magnesium
compared with other crops, with sugar beet foliage containing up to 10
times more magnesium than the small grains.

The percent increase of magnesium in the dry tissue of the
various crops for all years and all soil types is shown in Table 24.

About two--thirds of the crops showed an appreciable increase in
magnesium uptake by applications of both magnesium carriers.

In Table 25 the number and percentage of experiments are given
where either magnesium sulfate or Sul-Po-Mag increased the magnesium
content of the specific crop more than 20 percent. The percent of
locations giving an increased magnesium composition as a result of both
magnesium carriers is shown in Table 26. These values are essentially
a summary of the information contained in Table 25.

At about one-half of the hay, one-third of the corn, oats and barley,
two-thirds of the potato , and one-half of the truck crop locations, the
magnesium content of the crops was increased by one of the two soluble
magnesium sources,

From Table 26 it may be seen that one-half of the soybean,
cucumber, and cantaloupe trialé showed a 20 percent or more increase
in magnesium uptake by the plants from applications of both magnesium
carriers. Likewise, increases in magnesium uptake varying from 20
to 38 percent occurred in the remainder of the crops, except sugar beets
and sweet corn, by applications of both magnesium treatments.

The magnesium composition was significantly increased at several
individual crop locations by application of one or both of the magnesium

carriers. The Epsom salt treatment significantly increased the
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magnesium composition of potato plants at two locations in 1957
_(locations 9-F-5 and 59-F-23) and of cucumber vines at location 54-J-19.
The Sul-Po-Mag treatment also increased the magnesium content of

the crop plants significantly at one potato location in 1957 (location
69-F-27) and at one hay trial in 1956 (location 17). The increased
uptake of magnesium by cucumber vines at location 54-J-19 in 1957

was highly significant (see Tables 45a, 56a, and 58a of Appendix).

A statistical analysis of combined crop locations showed that the
magnesium content was increased significantly at four of the 11 oat and
barley locations in 1957 (locations 7, 9, 12, and 32) by applications of
Epsom salts. An increased magnesium compositidn of potato and
cucumber vines at all locations in 1957 by applications of both magnesium
carriers was highly significant (see Tables 56a and 58a of Appendix).

From the above discussion it may be concluded that, in many
cases, the applied magnesium was absorbed by the plant which was

reflected in the chemical composition of the plant part tested.

B. Composition of Dry Tissue as Affected by Various
Rates of Magnesium Application

The results of the chemical determination of both the fresh and
dry tissue with respect to the effect of various rates of ma gnesium
sulfate applications were quite similar in 1958. Over a 20 per'cent
increase in magnesium in the dry tissue was noted for all crops from
plots where 400 pounds of elemental magnesium was applied as mag-
nesium sulfate. The application of half as much magnesium increased
this content in only one-half of tl:1e crops. The magnesium composition
of crops from plots receiving Sul-Po-Mag, foliar spray, and dolomitic
hydrated limestone treatments in 1958 was, in almost every case,

lower than with any of the magnesium sulfate treatments(see Table 27).
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A statistical evaluation of each of the field corn and sweet corn
trials in 1958 for differences in magnesium composition showed no
significant changes due to applications of either magnesium carrier.
However, when the locations were combined, an analysis revealed
that a significant increase at the five percent level of magnesium
content occurred when the 400 pound rates of magnesium sulfate were
made. However, these differences in composition did not affect crop

yield (see Table 14a of the Appendix).

C. Correlation Between Magnesium Content of
Crop Plant and Crop Yield

Generally, there was little relation between the uptake of mag-
nesium and crop yield response to additions of this nutrient. Only in
nine trials did applied magnesium in either carrier influence both the
content of magnesium and crops yields (see Table 28). - In addition,
three experiments showed a response in yield and magnesium composition
from applications of both magnésiurn carriers. Usually the yield in-
creases were less than the changes in composition on a percentage
basis. - For example, the percent increase in magnesium of the crop
comparing the magnesium sulfate treatment with fertilizer alone
ranged from 20 to 95 percent, while increases in yield amounted to
22 and 19 percent respectively for the same comparison, The changes

occurring when Sul-Po-Mag was used were of lower magnitude.

D. Correlation of Elxchangeable magnesium in Soil
and the Magnesium Content of the Plant
The magnesium content of the various crops grown with fertilizer
alone at the various locations were plotted against the quantity of

exchangeable magnesium in the soil.
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No direct correlation between soil and plant magnesium was
found with any of the crops except beans and potatoes. A correlation
coefficient of 0.932 was obtained with the field beans at five locations
and an r value of 0.667 was obtained with 12 potato trials in 1957.
Both of these values were significant at the five percent level (see
Figure 4). With the remaining crops no significant correlations were
obtained; however, in some cases there appeared to be some relation-
ship between soil and plant composition for certain crops. In fnany
instances the points representing correlation for individual locations
were too scattered to give a close relationship. There were not a
sufficient number of experiments with vegetable crops to make it
possible to draw any conclusions.

The average magnesium content of each crop was generally
related to the content of exchangeable magnesium in the soil but the

relationship was rather imperfect as may be seen in Table 29.

- E. Interrelationships of Magnesium, Potassium,
- Calcium, and Phosphorus

As has already been stated earlier, a negative correlation is
thought to occur between potassium and magnesium in the soil and
plant. - Although this experiment was not designed to show these
relationships, there were a few cases where such a cbrrelation existed.

For example, as may be seen in Figure 5, there was a highly
significant negative correlation between magnesium and potassium in
the pla.nf tissue of potatoes for the treatment involving magnesium
sulfate at 13 locations (r of -0.78). There was also some degree of
negative correlation between the two elements in potato vines from
plots treated with N-P-K and 'N-P  plus Sul-Po-Mag, but it was not
significant (r of -0.35 and -0. 25 respectively). It may be recalled
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from the earlier discussion that the magnesium content of potato plants
was significantly increased by both magnesium treatments. Hbence, it
appears that for this one crop, magnesium may have influenced the
uptake of potassium.

Plotting of thé percent magnesium versus percent potassium for
each crop revealed, in most instances, either no relationship or a
slightly positive, though non-significant, correlation. Generally, the
points were too widely scattered to give a reliable correlation
coefficient. As might be expected, when either the percent magnesium
or potassium increased in plant tissue, the calcium content declined
somewhat.

- Even though relatively heavy rates of magnesium were applied
as magnesium sulfate for the field corn and sweet corn in 1958, it
appears that supplemental magnesium had little influence on the uptake
of potassium, although the magnesium content of the corn was increased.
An analysis indicates that the average magnesium content for the corn
at the three locations was increased over 30 percent by the 400 pound
application of magnesium in respect to that of the N-P-K treatment;
but the potassium content was practically unchanged in these two treat-
ments. This finding is in agreement with other workers who have
reported that potassium exerts a greater influence on the magnesium
content of the plant than does magnesium on the potassium content of the
plant. If varying rates of potash had been applied along with the
magnesium, the results might have been different.

The average potassium composition of the various crops may be
seen in Table 30. In general, there was little difference between the
potassium content of the crops grown on the two broad textural groups
of soils except for legume-grass hay and potatoes. In these two cases,

the potassium content of the crops was highest when grown on the
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coarse textured soils. Sugar beets contained the greatest amount of
potassium followed by potatoes. The small grains and particularly
wheat contained the least amount of potassium. In comparison with
sugar beet tissue, the percent of potassium in small grains was only
one-fifth to one-sixth of the former.

The distribution of the potassium-magnesium ratios for specific
crops is shown in Table 31. It may be seen that a high percentage
of the cdrn, small grain, bean, and potatoitissue had relatively narrow
ratios (0 to 10) whereas about one-half of the hay trials showed a wider
range of potassium-magnesium ratios (10.1 to 20).

The data in Table 32 show the average calcium composition of
specific crops grown on soils of various texture. Generally, the calcium-
magnesium ratio varied from 2:1 for the crops of corn, sweet corn,
field beans, soybeans, cucumbers, and cauliflower to about 3:1 for hay,
potatoes, and cantaloupe. On the other hand, the plant tissue of small
grains and sugar beets contained one to two times more magnesium than
calcium. The calcium content of the dry tissue did not vary appreciably
among the various treatments or between the crops grown on soils of
different texture. The small grains contained relatively small amounts
of calcium while the calcium composition of cantaloupe was relatively
high being two to four times greater than the magnesium content.

The phosphorus composition of the various crops is shown in
Table 33, In the particular cases of cucumber and sweet corn where
magnesium applications definitely increased the magnesium content,
the phosphorus composition was unaffected. In general, the small
grains contained about 20 to 25 percent more phosphorus than most of
the other crops. Thus, no consistent relationship of total phosphorus
and total magnesium in the dry plant tissue was noted as some workers

have reported.
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Table 24. The percent increase of magnesium in dry tissue of several
crops as affected by magnesium applications.

Number of Percent increase of Mg in plants?

Crop locations Epsom salts Sul-Po-Mag

Hay 13 22.2 18.5
Corn 27 4.7 9.5
Oats and barley 24 -5.9 0.0
Wheat 12 -10.5 -

Potatoes 13 15.6 15.6
Field beans 5 17.3 -4.0
Soybeans 2 24.0 136.0
Sugar beets 2 8.3 -4.6
Cucumbers 2 45.5 51.1
Cantaloupe 2 50.0 26.6
Cauliflower 1 36.7 16.7
Sweet corn 2 14.3 28.6

lCompared with plots receiving N-P-K only.

2Values represent average of two samples per treatment for the
specified number of locations.
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Table 26. Percent of crop locations showing increased magnesium
uptake in dry tissue.®

m—

I

Number of Epsom Both
Crop locations salts Sul-Po-Mag treatments

Hay 232 43 35 30
Corn 27 37 30 24
Oats and barley 17 35 29 29
XPotatoes 13 54 46 38
XField beans 5 40 20 20
Soybeans 2 50 100 50
Sugar beets 2 50 0 0
Cucumbers 2 100 50 50
Cantaloupe 2 100 50 50
Sweet corn 2 0 50 0

YIncrease of 20 percent or more.

2Includes two cuttings.
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X. TOTAL REMOVAL OF NUTRIENTS FROM THE SOIL

The only crop for which it was possible to calculate total removal
of magnesium was the legume-grass hay. The average quantity of
magnesium, potassium, and calcium removed from the soil for the

designated treatments for 13 locations was calculated and is shown in

Table 34.

Table 34. The amount of magnesium, calcium, and potassium removed
in legume-grass hay from various magnesium treatments.

-—
—

Pounds of each element removed per acre!

emen T WK WEEe NEs
salts Mag
Magnesium 18.6 17.3 21.0 20.4
Calcium 73.8 75.5 67.8 71.0
Potassium 150.0 196.0 190.0 198.0

lAmount removed in two cuttings.
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X1. SUMMARY AND CONCLUSIONS

Over a three year period, 125 field trials were conducted with
different crops over the state of Michigan to evaluate the effect of
magnesium fertilization on crop yield and mineral composition. Crops
studied included legume hay, corn, oats, barley, wheat, field beans,
soybeans, potatoes, sugar beets, cucumbers, cantaloupe, cauliflower,
tomatoes, and sweet corn. Treatments consisted of two soluble
magnesium carriers applied at rates varying from 100 to 400 pounds
elemental magnesium per acre. Soil samples collected previous to
fertilization of the experimental locations, fresh tissue plant samples
taken during the growing season, and plant samples at harvest time
were analyzed for magnesium as well as calcium and potassium.

The results of this project disclosed that the addition of fertilizer
alone usually increased crop yields. In general, yields of most crops
werg little affected by magnesium treatments. Only two of approximately
125 trials gave a significant response to a soil treatment of magnesium.
Although up to one-fourth of the corn, oats, and barley experiments
resulted in a 10 percent or more yield increase with one or the other
magnesium soil treatments, in only about one-half of these cases did
the response occur from both magnesium carriers. Likewise, up to
50 percent of the soybeans and cantaloupe trials and both sweet corn
experiments gave appreciable increases in yield with one of the mag-
nesium carriers. There were, however, ‘ only a few trials involved
with these latter crops.

Depressions in yield were noted from magnesium applications
at over one-half of the potato and field bean locations. Considering all
crops, there were about as many trials where yield depressions occurred

as where yield increases were observed.
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The exchange capacity varied widely among soil types, but the
average exchange capacity of all soils varied little between the 0 to 6
inch and 12 to 18 inch depth. Over one-half of both surface and sub-
soils of coarse texture contained less than five percent magnesium
on the exchange complex. The fine textured soils generally had a
higher magnesium saturation, most of them lying within the range of
10 to 20 percent saturation.

About 15 percent of the coarse textured soils and five percent of
the fine textured soils contained calcium-magnesium ratios exceeding
20:1. In spite of the fact that many of the soils were relatively low in
exchangeable magnesium and a few had wide calcium-magnesium ratios,
crop yields did not seem to be affected.

Chemical analyses of the fresh tissue and of the total dried plant
did not always present the same absorption pattern insofar as magnesium
composition was concerned. The magnesium content of the total dry
plant was generally increased at more of the trials than the fresh
tissue tests indicated. This fact can be related in part to the different
time of sampling of these plant materials.

A comparison between the two plant tissue tests revealed that,
in general, the magnesium content of most of the crops was appreciably
increased at many of the locations by applications of one or both of the
magnesium carriers. This increase was significant for the 1957 potato
trials for both fresh and dry tissue. Furthermore, the 1958 experi-
ments with corn and sweet corn showed that as the rate of magnesium
fertilization increased to 400 pounds of magnesium per acre as
magnesium sulfate, a significant increase in magnesium uptake occurred
in both the fresh and total dried plant. There was generally little

relation between magnesium uptake and crop yield.
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A low negative correlation between potassium and magnesium
as measured in fresh and dry plant tissue was noted except in the case
of a few crops.  As might be expected, there was a greater variation
in the potassium-magnesium and calcium-magnesium ratios in the
fresh tissue than in the dry tissue.

Considering all trials, the magnesium composition of the fresh
tissue in about two-thirds of the crops was increased, on the average,
up to 20 percent or more by either one or the other magnesium
carrier, and up to this same amount by both magnesium sources in
the case of field beans, cucumbers, and sweet corn.

- A significant increase of magnesium content occurred at one-half
of the corn trials in 1956 by applications of Epsom salts when these
locations were combined for analysis. Likewise, considering all the
potato locations in 1957, there was a highly significant increase of
magnesium uptake by the plants when treated with Epsom salts. The
study further revealed that as the rate of magnesium application was
increased from 100 to 400 pounds as magnesium sulfate on the crops
grown in 1958, the average magnesium composition increased almost
proportionally.

There appeared to be little relation between the magnesium con-
tent of fresh tissue and crop yield. In the few cases where both yield
and magnesium composition was increased appreciably by applications
of either carrier, the magnesium saturation of the soil complex was
generally low (below six percent saturation).

No consistent relationship of magnesium and potassium was noted
in the fresh tissue of most crops. Wide potassium-magnesium ratios
occurred among the crops varying from about 5:1 for sugar beets to
20:1 for sweet corn. Calcium-magnesium ratios in the tissue varied

from 1l:1 for sugar beets to 9:1 for cucumbers.
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The total magnesium composition of the dry tissue was increased
in a large percentage of the crops at many- of the locations by one or
the other of the magnesium soil treatments. A significant increase in
uptake of magnesium occurred at four of the 11 eat locations in 1957
by addition of magnesium sulfate when locations were combined for
analysis. Likewise, a highly significant increase of magnesium uptake
occurred with potato and cucumber plants with both Epsom salt and
Sul-Po-Mag treatments in 1957. The 400 pound rate of magnesium applied
as magnesium sulfate significantly increased the magnesium composition
of the corn and sweet corn crops grown in 1958 when all locations were
considered. An increase of the magnesium composition of the crop by
magnesium applications did not influence the yield appreciably in any
of the trials.

In general, there was some relationship between exchangeable
magnesium in the soil and magnesium composition of the plant. A sig-
nificant correlation between soil and plant magnesium occurred in the
case of field beans and with potatoes in 1957,

There appeared to be no definite relationship between magnesium
and potassium in the dried plant. The only exception to this was in
the case of potatoes where a significant negative correlation of these
two elements occurred with the magnesium sulfate treatment. This
was the only crop where there was an indication that magnesium might
have influenced the uptake of potassium. The potassium-magnesium
ratios varied from 3:1 in cucumbers to 11:1 for hay. The calcium-
magnesium ratios of the crop plants varied only slightly, most of them
lying in the range of 2:1 to 3:1.

These studies showed no consistent relationship of total phosphorus
and total magnesium in the dry plant tissue as some workers have

reported.
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The results of these investigations were, to some degree, similar
to findings reported at this same station recently by Satyapal (35) who
found no definite correlation between dry matter production of crops
‘and exchangeable magnesium content of the soil. Increased magnesium
uptake by the plants was not accémpa.nied by an increase in yield in all
cases, and no cation constancy relationships occurred in the crops
grown. However, only one of the 13 soils studied contained less than
10 percent exchangeable magnesium.

In summary, it appears that the application of magnesium contain-
ing fertilizers is not necessary on most soils of Michigan at this time.
Although it is possible to increase the magnesium content of many crops
by applications of substantial amounts of several magnesium carriers,
this does not appear to affect crop yields. Yields of crops were not
adversely affected by low exchangeable magnesium in the soil or by
relatively wide calcium-magnesium ratios in the soil.

Although little or no yield response from magnesium applications
occurred in these experiments, there is a possibility that magnesium
deficiencies may occur in the future as cropping progresses, larger
yields of crops are removed, and more highly refined fertilizers are
employed. The application of dolomitic limestone on the coarser
textured soils where lime is needed or use of fertilizer containing
magnesium could be insurance against possible magnesium shortages

occurring in the future.
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Plate 1. Abnormal corn plants in Mecosta county, 1958.




10.

11

LITERATURE CITED

. Bailey, J. S. and Drake, M. Correcting magnesium deficiency in

cultivated blueberries and its effect in leaf potassium, calcium, and
nitrogen. Proc. Amer. Soc. Hort. Sci. 63:95-100. 1954,

. Bear, F. E. et al. Diagnostic techniques for soils and crops.

The American Potash Institute. Washington, D..C. 1948,

. Bear, F. E., Prince, A. L., Toth, S. J., and Purvis, E. R.
- Magnesium in plants and soils. New Jersey Agri.- Exp.- Sta. Bul.

760. Rutgers Univ. 1951,

. Blair, A. W., Prince, A. L., and Ensminger, L. E, Effect of

applications of magnesium on crop yields and on the percentages of
calcium and magnesium oxides in the plant material. - Soil Sci.
48:59-76. 1939,

. Boynton, D, Magnesium nutrition of apple trees. Soil Sci.

63:53-58. 1947.

. Boynton, D, and Burrell, A, B. Potassium-induced magnesium

deficiency in McIntosh apple tree. Soil Sci. 58:441-454. 1944.

. Camp, A. F. Magnesium in citrus fertilization in Florida.

Soil Sci. 63:43-52. 1947.

. Carolus, R. Truck crop investigations--magnesium deficiency.

Virginia Truck Exp. Sta. Bul. 89. 1935,

. Chucka, J. - A. and Lovejoy, D. B. . Potato fertilizer experiments.

Maine Sta. Bul. 369:529-531. 1933,

Cooper, H. P. -Ash constituents of pasture grasses, their standard
electrode potentials and ecological significance. Jour. Plant
Physiology 5:193-214. 1930.

.- Cooper, H. P., Paden, W.-R., and Garman W. H. Some factors

influencing the availability in soil and the magnesium content of
certain crops. - Soil Sci. 63:27-41. 1947.

92



12,

13,

14.

15.

16.

17.

18.

19.

20.

21.

22,

23,

93

Drake, M. and Scarseth, G. D. Relative abilities of different plants
to absorb potassium and the effects of different levels of potassium
on the absorption of calcium and magnesium. - Soil Sci. Soc.  Amer.
Proc. 4:201-204. 1939.

Drosdoff, M. and Nearpass D. C. Quantitative microdetermination
of magnesium in plant tissue and soil extracts. Analytical Chem.
20:673-674. 1948.

Fiske, C. H. and Subbarrow, V. W. The colormetric determination

of phosphorus. Jour. Biol. Chem. 66:325. 1925.

Foy, C. D. and Barber, S. A, Magnesium deficiency and corn yield
on two acid Indiana soils. Jour. paper 1145 Purdue Univ. Agr. Exp.

- Sta. Lafayette, Ind. 1956.

Foy, C. D. and Barber, S.  A. Magnesium absorption and utilization
by two inbred lines of corn. Soil Sci. Soc. Amer. Proc. 22:57-62.
1958. '

Graham, E. R., Powell, S., and Carter, M. - Soil magnesium and
the growth and chemical composition of plants. Mo. - Agri. Exp. Sta.
Research Bul. 607. 1956.

Gray, D. T. Availability of phosphatic fertilizers. Univ. of Ark,
Agri, Exp. Sta. Bul. 289:1-18. 1933,

Hayes, H. K. and Immer, F. R. Methods of plant breeding.
McGraw-Hill Book Company, Inc. New York. 1942,

-Hunter, A. S. Yield and composition of alfalfa as affected by

variations in the calcium-magnesium ratio in the soil. - Soil Sci.
67:53-62. 1949,

Hunter, A.-S., Toth, S. J., and Bear, F.. E. Calcium-potassium
ratios for alfalfa. - Soil Sci. 55:61-72. 1943,

Johnson, K. E. E., Davis, J. F., and Benne, E. J. Control of
magnesium deficiency in Utah 10B celery grown on organic soil.
Soil Sci. - Soc. Amer. Proc. 21:528-532. 1957.

Johnson, W. A,, Wear, J. 1., and Garrett, F. Effects of fertilizer
and use of magnesium and minor elements on yields and storage
quality of potatoes in Baldwin County, Alabama. Amer. Pot. Jour.
33:103-112.. 1956.



24.

25.

26,

27.

28.

29.

30.

31.

32.

33.

34,

35..

94

Johnston,  F. B, Magnesium in Canadian crop production. - Can.
Chem. Process Inds. 33:823-824. 1949. Abstract in Magnesium
for Plart Nutrition. International Minerals & Chemical Corp.

- Skokie, Ill. 1958.

Knoblauch, H. C. and Odland, T. E. The response of potatoes to
magnesium under various soil conditions. - Amer. Pot. Jour.
11:35-40. 1934.

Longstaff, W. H. and Graham, E. R. . Release of mineral magnesium
and its effect on growth and composition of soybeans. - Soil Sci.
71:167-174. 1951.

McClung, A. C. Magnesium deficiency in North Carolina peach
orchards. Amer. Soc. Hort. Sci. 62:123-130. 1953.

McMurtney, J. E. Effect of magnesium on growth and composition of
tobacco. Soil Sci. 63:59-67. 1947.

Mikkelsen, D. S. and Toth, S. J. Tissue testing kit for field
determination of the magnesium status of plants. Agron. Jour.
41:379-382. 1949.

Mikkelsen, D. S. and Doehlert, C. A, Magnesium deficiency in
blueberries. Proc. Amer. Soc. Hort. Sci. 55:289-292. 1950.

Millar, C. E.  Soil fertility. John Wiley & Sons, Inc. New York.
1955,

Moser, F. The calcium-magnesium ratio in soils and the relation
to crop growth. Jour.- Amer. Soc. Agron. 25:365-377. 1933,

Piper, C.-S. Soil and plant analysis. Interscience Publishers,
Inc. New York. 1935,

Sanik, J. Jr., Perkins, A, T., and Schrenk, W. G. The effect of
the calcium-magnesium ratio on the solubility and the availability of
plant nutrients. Soil Sci.- Soc. Amer. Proc. 16:263-267. 1952.

Satyapal, K. N. . Effect of magnesium applications on the yield and
chemical composition of soybeans, millet, and wheat grown on
thirteen Michigan soils in the greenhouse. M. Sc. thesis.
Michigan State University, 1956,



36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46,

95

Schollenberger, C. J. and Simon, R. H. -Determination of exchange
capacity and exchangeable bases in soil-ammonium acetate method.
Soil Sci. 59:13-24. 1945.

Scott, L. E. and Scott, D. H. Further observations on the response
of grape vines to soil and spray applications of magnesium sulfate.
Proc. Amer. Soc. Hort. Sci. 57:53-58. 1951,

Seatz, L. F., Gilmore, T. R., and Sterges, A. J.  Effects of
potassium, magnesium and micronutrient fertilization on snap bean

yields and plant composition. Soil Sci. Soc. Amer. Proc.
22:137-140. 1958.

Smith, O. and Kelley, W. C. Fertilizer studies with potatoes.
Amer. Pot. Jour. 23:107-135. 1946.

Southwick, L. Magnesium deficiency in Massachusetts apple orchards.
Proc. Amer. Soc. Hort. Sci. 42:85-94. 1943.

Truog, E., Goates, R. J., Gerloff, G. C. and Berger, K. C.
Magnesium-phosphorus relationships in plant nutrition. - Soil Sci.
63:19-25. 1947.

Tucker, B. B. Measurement of forms of soil magnesium and the
soil magnesium requirement. Diss. Abstr. Vol. 16:205. 1956.
Univ. of Il1. PhD. thesis.

Tucker, T. C. and Smith, F. W. The influence of boron,
magnesium, and potassium on the growth and chemical composition

of red clover grown under greenhouse conditions. - Soil Sci. Amer.
Proc. 16:252-255. 1952,

Wallace, T. Magnesium deficiency of fruit trees. Long Ashton
Research Station, Univ. of Bristol. Jour. of Pomology and Hort.
Sci. 17:150-166. 1939,

Walsh, T. and O'Donohoe, T. Magnesium deficiency in some crop
plants in relation to the level of potassium nutrition. Jour. Agri.
Sci. 35:254-263. 1945,

Wehunt, R. L. and Purvis, E. R. Mineral composition of apple
leaves in relation to available nutrient content of the soil. Soil Sci.
77:215-218., 1954,



47.

480‘

49.

50.

51.

96

Willis, L. G., Piland, J. R., and Gay, R. L. The influence of
magnesium deficiency on phosphate absorption by soybeans.
Jour. Amer. Soc. Agron. 26:419-422. 1934.

Windham, S, L. The influence of various levels of calcium,
potassium, and magnesium in the soil on the absorption and yield
response to potassium and magnesium by seventeen vegetable crops.
PhD thesis. Michigan State University. 1953,

Woodruff, C. M. Testing soils for lime requirement by means of
a buffered solution and the glass electrode. Soil Sci. 66:53-63.
1948.

Wolf, B. and Ichisaka, V. Rapid chemical plant tests. Soil Sci.
64:227-244. 1947.

Zimmerman, M. Magnesium in plants. Soil Sci. 63:1-12,
1947.



APPENDIX



e



98

panunjuod

EITEITV WirO] I5A0U0D L1 med N¥L uojely ¢
s3®0 weo| Apues x0J €t M NGL uojurid 1€
urod wreo] Apues xoq €€ My NSL uour) (1]3
eITeIvy wreo] Apues xo4q €¢ My NSL uojurid 82
BITEITV Weoy I3A0U0D [43 M NLL uojurd Lz
uxod wreoy I93S9N 8 Ned N.LTIL 31®ld 9?
lesaym weo] Apues a1epSIITH 9? mya Sel unoyre)d K4
s3®80 wreo] Apues a1epsSIITH G2 My Sel unoyred 144
urod wreo] Apues a1epsITH ¥4 My Sel unoyred 134
Astreq 1ajutm weo| Apues 21epsIITH 92 myra Sel unoyred (44
BITeITV weo| Apues a1epsIITH 92 My Sel unoyyied | &4
jeaym wreoy I133empiod ot meyd SLL youeryq 0?2
sse1d uepng weo] Apues a1epsIITH v med SLL youerdg 61
urop wreo] Apues a1epsIITH 143 mLua SLL youerg 81
ISAO]D ourper] Weo] I93BMPIOD g ML S9L youeag L1
BITEITVY weo] Apues a1epsIITH €€ ML SLL youeryg 91
adnoreiuen pues Aweoy rwol0) G¢ MmL1d S¥1L usatrxag 1
BITeITV pues Aweol owslysQ 01 Mms81y S9L ustrrag 21
s903'jod Weo] utymelmed] (A asyd NETL Leg 11
saojeiod pues Auweoy jxoaaxg 11 46y NET1L Leg o1
urod WIeoT utymemedy € ard N¥%1L Aeg 8
sj99q 1edng weo] sewoy L, 21 ICE°R. | N%1L Aeg L
s399q 1edng Weo] utrimeymes] L ICE°p. | N%1L Aeg 9
su®aq pIatyg wreoy swg | &4 aryd NI1L Aeg S
uIon weo| I33SaN 9 69 NOZL J'ULIY ¥
s31®e0 pues Aweoy urjrey 1 med NOeL wrIuy €
iesaym weo] Apues jawrwuy 81 a6yd N9ZL BUODTY Z
s1e0 weoy I133saN L1 a6d N9ZL BUODTY 1
doxp ad43 110G uotr3oag o8uey driysumo], LjunonH  uorjEd07]
‘9661 ‘sTros Tejuswrtzadxa Jo suorjedoTT ‘B[ 2[qel



99

panurjuon

saojejod weo] AemeuQ - - - o9139mbaen 99
eJreIlv wreo] AemeuQ - - - 3apenbaen G9
uron weo] 31ts junolg a1 - N&L quodeW ¥9
resym wreo] Tweliy et qed S9L 93ameBUIT €9
uiod weo] TweliN 02 ded S91L 2ameuan] 19
JeayMm weo] Apues xoJ 9 M6y §1J1 oozewelel] 65
s3e0 weo] Apues xo g 8 M6y S1J1 oozeweled] 8¢
uxon weo] Apues xoJg 6 Med Q1.1 oozrweled] LS
BITRITV weo| Apues xo4q 8 med S11 oozrwelel] 9¢
$903°'WO ] wreo] Apues xo0J L1 M Szl uosoef GS
s3eQ weo] Apues o1epPSIITH 1742 med SyL uosyoer 14°]
g3e0 weo] Apues owajysQ 29 MEY Syl uosyO e[l €g
uxod weo] Apues o[epSIITH 142 med Syl uosyder 19
uxon uwreo] Apues owaiysQ 61 AR S11l uos OBl 0S
BITEITV wreo] Apues xo0q € ICYA. | SelL uosyoer 6%
eITeITv weo] Apues a1epsIITH 142 Mmed SyL uosyOef 8¥
BITEITY weo] Apues owsiysQ 61 ICRR S1L uosyoer LY
uxopd wed] TWeIN €e med NetL wreyduj °h 4
eITeITVY WeOoT L13A0U0D) €e Mg Ne¢TL wreySu] i 44
1eayM weol Aed swig 01 64 NGT1L uoxny %4
jeaym WEOT I9USTM v ICRAR. N91L uoxny (4 4
s329q x1edng WeO] IS2USTM) ¥2 CEAR: N9T.L uoIny 1%
sj99q x1edng wreo] Le[d swig 6 T6d NST1L uoany 0¥
sueaq platd Weoy 12Ust| i 44 CRAR.! NI91L uoIny 6¢
sueaq pIatd- weo] LB[> swIg 6 med Ne1L uoiny 8¢
uxon weo| swig € Mg NOTL jonyead LE
sueaq Aaupty pay weol swig 02 Mz2a NITL jonryead 9¢
jeoym Wweoy 1aA0u0) 11 Mmeda N¥L uojed 143

doxn ad43 110Q uo13o9g o3uey diysumo] KLjunon uot3ed0]

— e e ]

psnurjuo) - B[ 3[qelL



Se¥reryp grac >



100

s9018j0od weoy Apure JUISTUNN - - uoIxy 86
urop wwEOT MIDTeS 1€ a9¥ N12L 03sof 96
1edyMm WIETO] SBWOYJ, 91 asd NVIL LACELLIN S6
saesq pretyg weoy swig 6 COR: | NZ1L eoosny 6
sueaq pIatyg Wreo] s'woy [, 91 a8y N¥1L eroosny, €6
Aoraeg wreo] swig - a8y N¥IL eoosny, 26
Katxeg weo] I9A0U0D L2 84 N¥1L eroosny, 16
uxon pues Auweo] owdysQ € MIi1d SLL ydssor °318 06
BITeITV pues Aweo] owaysQ € M1TY SLL ydesof ‘18 68
uxod ureof 31ts junolg €l ICEAR. | N8L Ire[d ‘IS 88
jeagm wreoy junoig 1 X4 aed N.LL 998SBMEBIYS L8
s1e0 wreo] junoig €? aed NLL 99ssemeys 98
urod wreo] junoig 144 aed NLL 99ssemenys G8
urod wreoy] TwetiN €e 2 NLL S9ssemerys ¥8
sj199q 1e3ng wreo] TITpIed (4% ICLRR. | NZ1L Jelrues €8
1eOYM wreo] Ae[d> swirg €€ Ted N6L meurdeg Z8
uiod wreo] Ae[d> swrg €€ (% N6L meurdeg 18
Aaraeqg weol Aeld swig [ 33 aed Né6L meurdeg 08
yeoUM weo] Apues axeT ang G1 Mz NOE L 033830 6L
s3'0 weo] Apues exseqey 21 Md NT1EL 089810 8L
s31e0 pues Aweo] wedjUON ¥2 aed N.LZL BpPOISO LL
uion weoy I193£9N 0¢ q¢d N¢zL mewa30 9L
uxodn pPuUes AWeOo] WIBDJUON 6 MLTY NZ11l uoZaysny GL
urod wreoy I93saN € MPTY Né6L uoZaxsny vL
eITeITvV wWeo] I93S3N € MPTY N6L uo3aysn €L
jesym weo] aTepusIlvy L qJ6¥d Sql 90IUOW L
s1eQ weo] Apues Aquein -- 84 S9.lL 20IUON 1L
uI1opn weoy] Twetiy 8 a6d Sl 90IUOWN 0L
uxon weo] Apues uoasnep o¢ COR S9L 20IUOW 69
sueaqhog weo] ApuBs 2352UaN) 81 I8y SLL 90IUON 89
sueaqkiog wreo] Apues uosasnepm ¢ COR | SLL S0IUOW L9
doxn adX3 1109 uor}doag a8uey diysumoJ, Ljunon  uorjeO0T]

panunuod - el 21qelL



101

panuijuo)

5420 weo] Apues wWEdJUON 2 qed NLZL BPOOSO  9Z-D-89
a903®10d weo] Apues W[BIIUON €7 TR NIT1l1l WedJUON G7-d-66
sso0lelod weo] Apues oprIgOW 12 Mmod N11L wedjuoy ¥Z-d-69
so03ej0od weo] Apues WBIJUOW 87 Mod NI1L WI[eOJUOW €Z2-d-66

$3e0 wreo] e[reqes] 0¢ Mmaey NOT1L wyedjuo 22-D-66
sao0jejod weo] Apues sawneW ¥ COR S8L S0IUON 12-d-8S

s31®80 weo] Apues e[[2qes] 91 ML N¥1L BISOO3a 0Z2-D-%S

Iaqumony weo] Apues apragoOnW 9 MLy NETL ®ISOO3 N 61-£-%S
ulon weo] Apues WIBIJUON 9 mLy NE€T1L ©JSOD9 N 61-9-%S
sao0jejod weo| autrejuoyarred - - - xaade] 81-d-¥¥

8310 wreo] Apues jswwy S Mmed N¥EL oy L1-D-%2
ssojejod pues Aweo] jswway 0¢ meyd N¥%EL Jowrwuy 91-d-¥2
saojeiod weo] Apues jawwy o€ MPY N9¢ L Jowrwy G1-d-¥7

Kol1eq aajurp wreo] TweliN Gl med NSL uojulld y1-d-61
uxon wreo] TwetiN Sl med NSL uojut(d y1-d-61

8180 wreo] dutuesayd 0¢ M1y NS8SL uojutid €1-0-61

uxopd wreo| Sutuesay)d 0¢ MTY NS8L uojutid €1-d-61
s1®0 wreo] Apues jowruwuy 62 Mma NLEL uedhoqayy  Z21-D-91
saojeiod pues Aweo] neuelas] 0?2 Med NGEL ue84Loqayn 11-d-91
saojeiod weo] Apues LemeuQ 7 MZY NGEI uedLoqayn 01-d-91

s$3e0 weo] Apues jowwy 1 Mod NzZel X10ABTI®YD 6-D-91
saojejod wreo] AemeuQ 7 TR NEEL XI0ADTI®YD 8-d-G61

30 weo] Apues a1epsIIIH Y4 Mya Sel unoyied L-D-¢1

uxon weo] Apues a1epsIITH 92 My SelL unoyred L-d-¢1

saojejod Weo] I3USTM| 1 d914d NeT1L Aeg S-d-6

saojejod pues Aweof jx1oasxg 11 469 NETL Leg p-dI-6

saojejod weo] Apues BUOT2DUBRI 27 MG NOEL wriIjuy ¢-d-9
T2qumong pues dweo] syuidg 77 M9y NIL 2B AR [+

umBOGﬂﬂ.mU '
I/Sm; fpuws voymaN G Ty éa uedanry [~Y-¢
doan odA
l-lll uo1329g o8uwey drgsumo, Kjunoon uoyesOn
/

'LS61 ‘srrose Tejus wrxadxa JO SUoOIIBOOTT "®Z Slqeq,



102

saojejod
s1eQ

s399q xedng
s199q xB3NG
sjaaq aedng
sjo9q xedng
s1e0

s1e0
adnoyeiuen
adnotrejuen
uIlon

UJOD 399MG

mwou.muonm

doxn

}/

_—

weo] Apues Surstunpyy - - - uojy3noHy op-Jd-1¢
WEO] I9ATY uoI] - - - uoxy 6£-D-9¢
WEO SWIg €2 q8Y9 N¥1L eIOOSNY  8E€-D-6L
WeO] SWIS Gl qF8Y9 N#1L elOOSNL  LE-D-6L
wreo] TIIYied 61 CERR:S NZ1l oeTIUBS  9¢-D-9L
weo TIIp{Ied ¥2 qFZ1d NZ1l oBTIUBS  GE-D-9L
wreo] AemeuQ 22 Ted N¥€L a1s] ambsaxg  yg-D-1L
pues Awreol uomaN ¥2 Ms1y N9L emell0 2€-D-0L
weo] Apues owaysQ €1 MSTY NSL 'm0 1€-1-0L
pues uoymaN 82 MPTYE NLL emel0 0€-I-0L
wreo] 311s souedeN 22 MeTy NSL emel 0 62-9-0L
PuEs ployulE(d €1 MP1d N9L mméﬁo 8Z2-9-0.
_ 0 ]

Pues fweoy euopaoueyy 6 M NIEL S0 17449
T T —

2d£3 1109 uo1309g a3uey drgsumo ], £unon uoHes0r

e

panurIjuod - e2 2Iqey



TR GG

1

—~prerey

pecstsisvree v iredn s

FERd

CAREKEN IV N 54

»e>r )

DR AN BR N

I.



103

(ensst3 A1p) GSH-2¥¥

wreoy (enss1) usaad) gGe-7H¢

sjeQ  Apues wredjuoN 9 mLy NETL BISOD9 N (sT108) 112-6072

(enssty L1p) 1¥H-82%

weof (enssty usai1ld) [%g-82¢

uio)  Apues wedJUON 9 ML NET1L SO0 (s1108) 807-9072

(enssuy L1p) LZH-¥1¥

(enss1) usaxl) L72¢-%1¢

uiod weo] Sutuesayn 0€ muda NSL uouID) (s1r08 DAD) S0Z-£0?

(emss11 L1p) €1%-00%

(enss13 usaa8) €1£-00¢€

uIod 3}29mg pues playureld €1 M¥y1d N9L emel’0 (s1r08) Z0Z-002

do1 adiy dusuno] A0

L woposg ofuey (I | uoneso

/ =SS 8

‘8561 ‘sTr0s yejUusWUTIOdX? JO SUOTI®OOT “‘®eg Slqey,



cere ey RN IR LT RT3 ooy
. R R Y Cere s res e

R I T IREN P R A R ] sarer s es ceva¥d vrean prras ~¢ .- S R RN A LR R g I A



104

‘Key ayj uo ssaapdoj e se parjdde sjusunessy fgz a8ed ‘z a1qe] ul pajIsl] 21 sjUSUNBIL],
*suoryed1[des 7 yo a3eiary,

1°1 1°1 1°1 1°1 0°1 1°¢ 1°2 0°2 1°2 0°2 sdrioAy
8°0 8°0 8°0 0°1 8°0 9°'1 €2 2°1 2°1 L°1 pues Aweol owajysQ ydasor °318 68
1°2 0°2 L1 8°1 9°1 €1 L1 9°1 L1 9°1 ureoy 193saN uoSaxsn\ ¢l
- - - - - 9° 8" L 8" L® wreol] AemeuQ 9139nbaen GS9
- - - - - c£'e 2°¢ 1'¢ 8°'2 ¥%°¢ ureo] Apues xoJ oozeweley 99
90 90 S0 S0 S°0 2°2 1°2 8°1 8°1 1°2 wreo] Apues X0 uosMOel 6%
9°1 L1 L1 L°T L1 6 $°2 6°2 82 L 2 weo] Apues S1ePSIIIH UuOsSMOef 1254
L0 L0 8°0 6°0 S0 6°1 8°1 8°1 6°1 €1 wreo] Apues owajysQ UOSMOB[l Ly
9°0 6°0 8°0 1°1 L0 2°2 0°2 1°2 2°2 6°1 Weoy I9A0U0D wreydug 144
9°0 8°0 L0 L0 9°0 = = = - - Wweol 13Aa0uod uojeld Z¢
L1 L1 S°1 LT ¥t 6’2 82 ¢ L2 ¢°2 ureo] Apues xoJq uojuryd 82
1°1 2°1 Z2°1 0°1 Z°1 9°¢ G°2 v G 2 1°2 Weo] I13A0U0D uouIr) L2
L1 8°1 6°1 9°1 8°1 2°¢ 2°¢ 0°¢ 0°¢ £’ weo] Apues 91ePSIITH unoyred 12
2°1 1°1 €1 1'T. 6°0 6°1 0°2 8°1 0°2 0°2 WIeo| I33empioDd ysuexrg LT
€1 0°'1 g1 ¢l €1 ¥°1 €1 L1 6°1 6°0 ureo] Apues a1epSIITH yosuexrd 91
S0 S0 ¥ 0 ¥°'0 S0 6°1 1°2 0°¢ 1°2 0°2 pues Aweo] owajysQ UItIISg 21

¥ a O 9 V¥ 4 a o 49 ¥
8u1jIno puodag Surino jsat g
U U} B |, zcmgmm.ﬂ_ SE
/

31oe § % .
I./—&mcou Ut p1atx m Nsh \DSSD ~0307
——

. or3ed0]
9661 ‘ue8SrydTWN UT SUOT
N o3 L=y $S®I1F-swungs1 yo asuodsaI protf 3yl “ep °I1qeyr



R e e A N R R N I T e L £

e pes




105

‘seaxe j01d ay3 1940 sawry Surjuerd 3e 1921113297 Jo uoryedridde xemSsx s1y aperw 103ex2dood 3Yj ‘sased jsowr U

*301d @ 30 p1o1f ueyy xaj3eax3d Apjueoryrudig

*

*‘doxd jo Surjuerd pue Suimord sxojsaq patjdde s1om sjusuesI} WMIssudewW oY ‘PajeIsS 9SIMIAYI0 §83TU(),
‘suorjedridax 7 jo a8eraay,

8°L9 §°99 8°¢9 9°L9 L'29 o8eraAy
0°0L 0°19 €°09 G°L9 6°0L pues Aweo] owajysQ ydasor °ig 06
9°L9 19 6°09 6°69 €°69 wreoy 3118 junorgd ite[d 'S 88
6°2L 9°1L 6°89 0°L9 1°1L ureoy junoyg  99ssemerys g8
0°16 POTIT 9°TIT1 L°L6 8°60T wreo] Ae[d surrg meurdes 18
8 8% L 6% 6% 9°29 6°2¢  pues Aweo] wedIUOW uoZaysnN  GL
2°L9 ¥zl 0°'%9 2°19 L°19 weo] 19389N uodaysnN  HL
¥ ¥ 2°1¥ 8°'0¥% 1°¢y 9 0% wreoy Tweriy 0IUOW 0L
G168 9°25 €Ly 2°€S Z°6¥ weo] Apues uossnepm S0IUOIN 69
€°1L €°99 $°99 9°¥$L G°29 wreoy 3TIs junoig quodeN  $9
9°'1¢ 6°€¢ 6°82 G 1¥ 0°LE weo| TWery sameua] 19
2°1¢ i 24 €°€G 7°86 9°16 wreo] Apues xoJq oozeweley LG
6°88 Z°LL 2 1L €26 1°€8 weo] Apues a1epsSIITH uosoer 15
6°08 9°8L 1°69 2°18 Z2°0L weo] Apues owa3iysQ uosyOef 0§
0°89 L°19 L°¥%9 6°€9 6°€9 wreo| Twery weydul 6§
L°9S 827G 6°8¥% 8 '¥S €LY weo| suig jonern ¢
*9°¥21 €°G0T1  €°101  €°101 €°601  weo] Apues a1epsIIIH unoyred €7
8°89 0°LL Z°9L 9°LL 1°6S weo| Apues a1epsSIITH youerqg 81

L°89 0°19 0°29 8°09 2°2S WeOo] UT[MEMEY] Leg 8
C a o} g A4

,SIRWaY “GQEQNQMB adfj 1108 %ﬁﬁoo@ ﬂo.a
—_— 1910% 1ad e19ysnq Ul EQE .SQ\N
o =3

ur g
P suotjesoy STOTIeA 8 ¢

"9GpT ‘UEBIUIIN

I9Z1 ;
IT13197 wnissu3ew pue M-d-N 03 uros jo ssuodsal prot 34l ‘®g ayqej



106

‘301d @ 3o pIot4 ueyl 193ea1l hﬂﬁmﬁ.ﬁzmmm*
‘suoryeoridax 7 Jo ww.muo\rd«,.-

€°2¥ voLe 9°¥%¢ 6°9¢€ 8 €€ a8eieny
N oN-Ast1eq Butadg 7°$2 212 Z°81 L°61 0°82 wreo| swig eIO2SNL 76
N ON- 4As11eq Butadg 629 42 8 b€ 1°0% 1°L€ weo| I3A0U0D eIOOSNI, 16
Aot1eq Zutadg  0°0G 1°¢¥ 9°1¥% Z7°6% L2 wreo| Le[d swrig meutdes 08
‘a ‘o ‘g
uo paridde N
Aatxeq I9juTy - 6 ¥ L'€Y L°8¢ 6°2¥ wreo] Apues o1epsIITH unoyred 27
Aatxeg
L'¥Y G°L¥ ¥ 9% €19 L6¢ age10Ay
‘1daa 1 Ajuo
d pue D sj3old € °6¢€ - 6°1¥ 1°L¥ 9°0¥ weo] juno(g  °9ssemerys 98
9°¥L 0°2L 9°%L 9°8L A weol Apues exseq[ey 033530 8L
8°001 L'%01  €°L0T1 6601 8°¢g8  pues Awreo] wedjuo ®POOSO L.
¥°29 0°¥¢ A 42 6 YL G 1L weo Apues Aquern 0IUON 1L
Lvl 8°€1 8°¢1 9°12 8°¢1 wreol Apues xo4q oozeweley 8§
2°L2 €°09 €°¢€S 1°89 G°LE wreo] Apues a1epsIITH uosydel  $§
1°%2 0°22 L°22 261 G'8 weo] Apues xo0J uosydef  ¢g
S61 1 28 &4 L1t 9°%1 9°%1 weo| Apues xo4q uoutyd  1¢
6 %S 9°6g 9°¢9 8°69 R 4 wreo] Apues a1eps(ITH unoyred 2
9°¢¢ 6°1¢ 9°¢¢ 0°1¢ Z°L1 pues Aweol urjrey wiuy ¢
8°0¥ 6°'8¢  *8°'¢€¥ 1°¢¢ 8°2¥ weo] 133839N BUOOTY 1
s3120
q a o) q v
s)Ieway juouIlead ], a2d£3 1109 Ljunon uot)
1°I0® a1a2d s1aysnqg ur pratx -ed07]
‘95661 ‘ue3TYOTN UT SUOTIBDO]

SmorieA ' §13211110y wmissufew pue 3 -Jd-N 01 £o712q pue s3eo jo ssuodsax plath oyl ‘B9 SIqTL






107

*ssa1p doj se jeaym uo parrdde sjusauneal],
‘suoyyedtidas 7 jo afeiony,

vy Uty LTy 9°8€ °83erany
S°Le S'ye S°'ye G°Le wreoy sewoyJ, eroosn], G6
‘jou prp D
-uaBoljtu paa1ad
-21 sjord g pue g 8°L¥y (2 4 4 9°6¥% sy wreoy junorg o9ssemeryg L8
8°L¥y v'sy 8°'¥¥ 1) 4 wreo] Led> sung meurdeg Z8
9°8¢ §°L2 §°LZ 0°92 wreo] Apues aye anig 032530 6L
sjold 0 oN
-paridde usSoxjtu oN - 9°02 ¥°61 0°¢ weo] 91epuUdTVY 90IUOW 2L
sjord 0 oN
-pardde uadoajtu oN - 0°€9 8°99 0°'9% weo] Twery sameuar] €9
0°8% S'edy 1'% 9°0S weo| Apues xoq oozeurerel] 65
€69 s'oL §°¢9 €09 wreo| Ae[d> sug uoxny 124
S°¢9 9°99 8°29 9°8S Ureoy Isusim uoanH (44
9°¢d vy 0°9% 9°¢y ureoy IsAouod uoyed 142
G°8¢ S°Le £°0¢ 8°1¥ wreo] Apues a1epsIITH unoyred K4
6 °9¢ 8°8¢ 134 4 €°6¢ wreoy Is33empiod youexg 0¢
umop sjord g 9°61 0°%1 2°'81 1°S1 wreo| Apues jauwruuyg 'UOOTY 2z
a o) g v
 S1rWwey JuawI)BaL ], ad£3 11089 £junon uort}

(210 1od sToysnqg ur pIarx

-ed0r]

‘9661

‘uedTydTIN

UT SUOTIEO0] STIOTI®A B SISZI[I3I9F WNIsouTews pue Sy -g~N O3 1eaym yo assuodsaax pratf syl ‘'L 2I1q9®e.l






108

N,

Flﬁll«l‘AllL 0N
‘guotjedrydax 7 Jo ommuv><-
212 0°02 0°81 €°02 Z2°81 a8eIaAy
1°9 6°L 1°s 1°9 ¥°9 - wreol TpIed Jerues €8
8°L2 6°92 ¥ 12 ¥°92 €°62 WeoT ISUSTW uoiny 184
108 4% S°62 L°62 €°2¢ 1°62 wreo] Le[d swIig uoIny 0%
2°61 1°81 9°L1 S°61 ¥ 91 weo] sewoy[, Aeg L
681 LL1 €91 ¥°81 6°¢€1 weo| urimexmey] Aeg 9
sjeag Ie8ng
{219® 13d suoj ut pratx
6°¥2 €°¢? ¥el 9°22 0°¢€2 a3e1oAY
9°%2 9°¢? ¥°LZ 0°82 0°62 weo] Apues 99s2Uan 90IUOWN 89
2°92 1°¢2 S WA 1°12 wreo] Apues uoasnepm 20IUOW L9
SUBaqAOQ
. 9°8¢ §°6¢ 9°82 L°82 S°6¢ o8eIaAy
Asupny pad  §°LE G°9¢ ¥6¢ 8°¢¢ 0°9¢ weo] suIg jonein  o¢
6°2¢ 2°¢¢ 9°¢¢ 6°¢€ 6°€¢ wreoy swig eroosny ¥6
6°¥2 L°82 6°92 §°62 €°€2 weo s'WOoY ], er00sN] <6
1 2NY4 €°92 rAA 6°02 2°¥2 Weo] I93USTM uoxny 6¢
1°12 1°61 1°¢2 S %2 G°G2 ureo] Ae[d swig uoxny 8¢
2°G9¢ €°¢ee L°1¢ 9°¢¢ ¥ye ureojy swig Leg S
sueag
| a o) d Vv
sYIewWway uauﬁudwub ad£3 11089 Lyunon uot}
axo® xad sToysnq ur praIx -edor]

1

S$I321113197 wmisauSew pue yI-J

"9G61 ‘ueSTYOTIN UT SUOT}BROIO] SNOTIBA j®
~N 03 s32°q 1e3ns pue sdoid ueaq [e1sass jo ssuodsas prath oyl

‘eg 21qelL



. < T R——



109

*suoryedridox om3 jo adeisAy,

1°0 2% 6°G 2°0 0% 9°9 2°0 0°G G°6 €06'v€°€T 2°0G°2G'01T weol Apues xod  uosydel GG

830j'WIO J,
€ TH  # €#  H  1# CEH# TH TH# e# H O T#H c# #H 1#
c a . o) g v
(210® xad suoj ut pIatx
8°68 Z°€2Z L°Z6 8°L¥E 8°99 9°99¢ Z'9IT1°G0€ G°GL 0°LOE pues
) Awreor rwoion ustrxag ¥1
adnojejuen
0'%L €°261 9°ST €°222 O'P1 8°%02 S'91 L°202 8°91 L°L0OZ a8e19AY
9°6 0°1€Z 2°€l G012 ¢'% 8'GEZ 0°2l 0'1€Z 9°Sl 8'26Z weol Apues Julstunjy 213onbaeN 86
- ¥'S6 - 9'89T - 0°6ST - 0°€l - T ureo] AemeuQ opembieN 99
2°61 2°S9Z 8°2Z ¥'€2¢ 8°GZ ¥°20€ 0°LZ 0°0LZ 9°1Z 0°0LZ  ureof urmesmey Aeg 11
Z°€T 9°LLT 8°0T 9°98T 0°21 0°222 8°01 2°L81 Z°€1 0°102 pues
. Auweor jz0A91g Aeg 01
saojejod -
39y 1?9y oY 39y 19y
STIND -IBN  SIMD -IBW SIMD -IeW SIMD -IBN  S[ND -IeW
c a o) g v 2d43 1108 Ajunop  uony
juowyER L], -e20"]

(20 uom..,, ‘1m0 Ut PIATX

. *9G6T ‘UeSTYDTIN UT SUOI}BDO] SNOTIBA j®
ToZIM Iy umissudew pue -d-N 03 sadnojeiued pue soojewo) ‘ssojejod Jo ssuodssx PIoIK oyl ‘e a1qel



R TIETR ———
1 3



F!I, w— <‘.II|L .

110

panurjuo)d

‘suorjeorrdaa
¢ Jo a8exsae spIath (Bur
-)SIp ax03yaq Tros pamoid uo
patidde -jaay SN ‘LA3otxeA
wrequog ‘ainuew 'y

/L 01 patdde xo03exadoo) 8°69 1°89 9°29 Z2°¢S Weo| I9ATY UoI] uox]  6¢-D-9¢

‘KiatxeA Axen
‘seaae j01d uo 192Z1[1319F
ou patydde xo3exadoon 8 '¥6 8°¢h L'Lb ¥°'26 weo] Apues jowrwad Jowrway L1-D-¥2

‘mo1 Axaa

siyStom 3s93 ‘A[sanjew

-axd pajsasaxey sjord ‘(431s

-11es jtamBaqy - (0Z-0Z-§
#007 parrdde 1o03eradoo) £°0¢ L0 6°6¢ 2791 wreo Jutuesayd uojuryd €1-D-61

‘L19110A PIRD UBA ‘owul]

Sunuerd e 'V/91-91-%
#00¢ paridde 1zojeradoo)d '8 8°69 6°¢L ¥oL weo] Apues jowwuyg uedhkogayd  Z1-D-91
‘3y8ram Aq 9GL syeo
uosyO®ef pue %67 Asjieq
2100 pojueld ‘suwr)
Sunuerd 3e 'V/91-91-¥

#00¢ poridde zoj3eaadoo) 0°0L 6°0L 0°0L ¥ 19 weo| Apues jowWwy  XIOAd[I®YD 6-D-61
"AjarreA UL 'Y /02-02-S
#00Z pa11dde 10j3eaadoo) €°2¢ 1°%2 2°L2 9°L2 weo| Apues a1epsIItH unoyred L=-D-¢1
o a g v )
¢SNIRWLDY Juduneaay, 2d£3 1109 Ajunon Iaqumu
;210® x1ad sTaysng ’ uotrjed0]

*LG61 ‘uelSyory

urt suorjedoy SNOoIxI®vA 1® SISZITT}IBF gw@@.ﬂm.ﬁe pu®e M-d-N 031 sjeo Jo osuodsoax ﬂvﬂ@.ﬂ\ﬁ oYL ‘B0 °19%®81L






‘seaze jo1d ayj 190 awr} Surjuerd je 192113297 Jo uorjedridde semSax sy apew 103exadood”
—~ 2yj sesed jsowr u] °‘doid yo Jurjuerd pue Suimold axojaq pardde sem jususiesll SN 9yl 'PIJeIS ISTMISYJO SSATU[),

—

—

‘19431 %G e JuedyTUdIg

%

27 @8®ed ‘Z 21q®e3 ur paIsI| 21® sjudUNIEAI ],
‘suorjedr|dax anoj yo a3eisae 21® SPIAI),

¥ "0 S°0S 1°25 124 4 a8eiaAy
‘jusunesl] surids
A11es ut ssaapdoy se paryd
-de 3 'v/02-02-5 #002
patidde xojexadoon ‘Ljataea
uospuy ‘Asfieq Iajuty Ve 9°8¢ ¥6¢ 9°8¢ weoy Twetiy uojutrd br-d-61
‘Ajot1eA UOINH 'V/02-02-G
#0027 patrdde zo3eradood €66 ¥°LS 2729 (8 4 weoy AemeuQ I1s] anbsaid  $E€-D-1L
‘Bur8asws 3snl
sjeo uo parydde -jaay SN
‘A1o1aeA UOIRT V/21-21-€ .
#5L1 perrdde xojeaadoon ¥°6¢€ € P¥ ¥ 6¢ L°92 pues Aweoy uoImaN emel10 2¢-D-0L
‘A39110A YdURIg
¢éseoxe jord 03 x93
ou patidde 1o3eradood ¢£°97  x1°0¥ 8°0% G'€? weo] Apues wedjuoW BPOOSO  9Z-D-89
‘Ajatxea
uosyO®l "Y/02-02-§
#00¢ patidde 1oj3eradoo) 1°0¥% 0°¥be S 0¥ 12 47 weoy eI[aqes] wedjuoy 22-D-69
‘Aja1xeA BPUOY
‘seaxe 301d uo -jaay
ou parjdde xojexadoon LT6E 0°G¥ Z°9% € °G¢ weo] Apues e[raqes] ®JS0d9 0Z-D-%S
fc a g A4
s)yIeway. JuawWleas J, adA3 1108 Kjunon Iaqumu
a10® 1ad syoysng uo1}ed07]

peonurjuon - Q[ 21q9el






L. . e sl

112

panurjuo)

‘xawwms Aap ‘pajuerd aje]
‘k1911eA TRANY 23TYM ‘eax®e j01d
uo "jaay ou patjdde xojeiadood H'¢HFT Z°1SI O ¥¥I ¥°221 wreo] Apues Surstunpyy uojy3noy ob-JI-1¢

‘peSewep ysSnoaQg
‘K3o1xeA AemeuQ ¢ 'V/02-02-G
#00% paridde xojeradood L'0%1 €°SHT €°SHT 8 6¥1 pues Aweol jpwrwy jowwyg  91-d-$2

-Kjor1eA TRINY'Y $V/91-91-%
#0GL parrdde z03exadood 8661 L°061 87661  8°802 wreo] Apues jowry Pwwy  G1-J-¥?

‘AjptaeA Teany "y ‘°'V/02-02-S
#00G potidde 1ojeradoo) G 1€Z7 0°L2Z L'¥227 €°622 pues Aweol neue[aa] ue3Loqay) 11-d-91

‘X¢ poredrail

{Ajotaea TRINY *Y ‘°V/02-02-G

#0001 potidde 10jeiadood G*L0% G°Z8¢ 9°¢8¢  6°92¢ weo] Apues AemeuQ uedLoqayd 01-J-91
‘A1p11RA TRINY 'Y "V/0T-01-01 ,
#006 patidde zo3eaadoo)d L°G1Z Z°21Z 0°202 6 °002 wreo] AemeuQ XIOADTIBYD 8-d-G1

‘suorjedridaa ¢ afeiaar-splatx
‘Ajo1xea LemeuQ {'y/Z1-21-¢€

#0021 Inoqe parydde zoj3exadood 9°667 T1°G62 6°€LZ 6°€LZ UIeo] ISUSTM Aeg G-d-6
‘Ajo1xeA UTPY®ILY 'V/91-91-¥

#000 ‘1 parrdde zo3ezadood G O¥E 7°62¢ ¥ 6EE 8 LIE pues Aureol jzo0aaxg Leg y-d-6

‘Ajp1aes utpyeIRM Y /9T
-91-% #0GL poridde zo3eiadood $°081 ¥%°€91 9 %91 € 291 weo] Apues BUO[IDUB wiIuy €-d-G
ct a e v
s)IewWway JuawIIBa L], ad£3 1109 Kjunon Iaqumu
1 V/ImD ur pratx UoT1eO0

LG61 ‘uelmyorny

Ul sSuoIjeDOY sSn
1 OTI®A J® SID5ZTI[I11I159] wnrssuSew PU® 3-J-N 03 s203e30d yo ssuodsax PT214A Yy “®IT O1q®l



N

113

Ty

‘suorjed1del 1noy jo aferaay,

L°1S2 2°€S2 0°9%Z G'1¥2 a8eroay
‘Aio11ea o8eqag ! °yY/02-02-G
#00G potidde zo3exadood 7022 0°192 §°69Z  G°1LZ pues Awreo] euoladUBRN 089830  LZ-d-69
"Ajo11eA UTPYRIRY {V/02-02-G
#0001 potidde xojezadood 8°9L¢ 0°G6E ¥°06E T HSE weo] Apues wedjuo wedjuoN  GZ-Jd-6G
*xg pajedtral ‘Ajataea
utpyeley ‘°vV/02-02-S #0021
moqe patidde xojeradood 9°80% 9°80% ¥°18¢ 6 °G8¢ weo] Apues aplIgOIW wedJuoW  $Z-d-6§
‘suorjeorrdax
¢ Jo a8®eIoA® 21® SPIATXR L 6%Z 6°9L2 ¥'2L7 Z°¥ST weo] Apues wWedjUoW WedJUON  €Z-d-66
‘pojedixar
PISTI ‘A3o1xeA JRAINY jossny
"V/01-01-S #008 YItm passaip
-opts ‘3unjuerd 3e 'V/01-01-6
#0061 patidde zojexadood L 061 L°061 8°6%1  8°807 wreo] Apues sswnen 20IUON  1Z-J-86
*K3a11RA 9930I9YD ‘°¥/0Z2-02-G
#0001 patidde xo1e1adood H TLT T1°69T 861  9°9GI weo| aurejunoyrag | 1a3deT  81-d-¥¥
Ci a =i v
syIeway juswIjeal ], 2d£3 1109 Ajunon Iaquunu

1 V/mD ut pratx

uo13ed0]

panunjuod - 1 SIqel



=T

A - "
X
9°LS S°69 S°09 2°8S a8e1aAy
‘Burjuerd 19j3e
1sn[ jros yo doj uo poarjdde
juswieax) S ¢ *Ajatxea
€L€ 199uold 'V/21-21-21
#081 porrdde xojeradood 6 °9¢ 9°9¢ 6°S¢ 6°9¢ weo] 31ts 2auedeN emell0  62-9d-0L
‘seaxe j301d uo
pue plao1y Jo sjxed ur jusxedde
swojdwhs LAouardryep S\
‘9-p AjatxeA syung {°'y/01-02-§
#001 paridde 1ojeiadood 6 °¢2 6°52 A 4 G°'$7  weol Apues WIeIJUON BISOOdN  61-9-%S
"IeA LG # 193sUd °V/02-02-§
#001 pardde uﬂmuo&ooo 1°LL 6°¢€L L 69 9°%9 wreoy] Twetiy uojuIID yi-d-61
*sjord 11®
uo pue pya1y ur juaredde swo}
~-dwks Aouaroryap SN ‘Ajataea
V68 ssoxodxadng ¢ °y/0Z2-02-6
#00zZ perrdde 1ojeradoo) g°79 9°'%9 0°%9 L°09 wreo] Sutuesay) uojurid €1-d-61
‘K3a11eA 9OF
qreyaq ‘mox ur ‘'y/01-02-S
#6721 snid umop pamoid
’N #08 patidde 1o03eradood 7.8 ¥°96 686 9°68 ureo| Apues 31epsIITH unoyyed L-d-€1
d d g A4
s)yieway juswjeal ] ad£3 110G Kjunon Iaqumu
v/ ng ut pratg uoryedo0]
uxon

*LG6T1 ‘ueSTYOSTN UT SUOIIBDO]
STOTI®A 1 SISZI[TII5] wnisaufew pue [-J-N O3 s199q 1e3ns pue uiod yo ssuodsaix prath oyl

‘BZ1 °I9®lL






115

‘12A3] %G ' JuedyTudIg
‘suorjedridax xnojy jo ommuo\;\”

8°L1 S L1 2°81 A4 98eiaAy

*8°16-0°68 A3tand % 0°"GI-¥ €1
ze8ns 9 ¢(pmbry) *V/11-11-¢€
#00% parydde zojeradoo)d 7°G1 1°61 191 €°21 weoy swIg elOOSN], 8€-D-6L

"2 #8-8°18 £31and 9 19 p|
-8°¢1 xe8ns 4 {°V/02-02-6G
#00€ patrdde zo3ezadood 9Ly S 81 € " 81 891 wreo| swis elOdSnL  LE-D-6L
L "€°18-9°6L
Ayrand 9 ‘1 g1-1'¢1 aedns g
Bunistp 21039q Suwmord aajye
patidde ‘3133 3N 'V/21-%2-9
#006 paridde zojeradood L 07 £°02 ¥°02 € "81 wreol 1T Ied dSetueg 9¢-D-9L
‘L°28-2°18
£ytand 9 ‘pp1-8°21 1edns ¢
‘uoxoq % t-assuedurw
%2 Suturejuod ‘y/0Z2-02-S

#09s peridde zojezedood €70z #8°8I 6761 Sv1 ureo TIRP{Led oe[IUBS  G€-D-9L
o a g v

s)Ieway jusunjeal J, ad£3 1108 Kjunon Iaqumu

. 1 V/8uol, ut p1atg uo11BI0

sjoag Jedng

panupuoD - ‘eZ( 9IqelL



panurjuon

*suorgedrdas ¥ Jo a3eraay,

‘S9TIISTIBA GZ # uosTUUNY B X
osIo A119d ‘¥/02-02-S #009

-00G umop pamoid zo03ezddood  0°10€  0°STE  T1°0€Z  L'LEE weo] Apues UOIMON ueda Ty 1-3-¢
I9MOTJTIINED
*s3uniotd 71 Jo 110} {s19q
-wmond papeidun I07 ‘Im [BIO0}
{xaqumond Furpidid 9-Y -
*doio sxnuerw usaxd snowmasixd o0y
Ao i1y parrdde zojrradood 0 °80T 07601 0°66 Z2°6L weo] Apues SprIgOW ©}S008 N 61-r-%9
‘s8upiotd 7 woay eleRp
‘110s 30 doj uo paridde -jasy S\
‘Zaqumond Surdr(s 1993191
'xX7 pajedrrar ‘uoryeldraar 3sITy uIl
parrdde ajesjtu wmiuowwue #08
pue 23eJINS wWnuowwe #0Gi
Y3tm passSaIpapls ‘'v/02-02-G
#006 pue swry Aeads orjrwrojop
#001 parrdde zo3eradoo)d G'¢9 ¥ ¥s 9°66 Z°6¢ pues Aweoy sxyurdg ue3aTy Z-r-¢
sIaqunony
G a g Y
sYyIeway jusunesdJ,
1 V/ ImD ut 8p19Ty 2dA3 11089 Lunon Iaqumnu
uor}edor]

STOTLI®A 1B SI8Z1[1319] winisauSew pue y-J-

"LG61 ‘UeBTYDTN Ul SUOTIEOO]
N 03 sdox> 3oni3 Teraads jo asuodsaz praik syl ‘ee| o1qel




117

*Burjuerd

sx039q Inq ‘Summord aa3iFe
parrdde juswjesx; SN ‘L3staea
usany jsaaxeHy u.<\owuom,|m

#00G pardde z03esadood  Hpez 8°1ZZ  8°182Z  L°9S7  weol Apues owrdiysQO eme}0 1e-1-0L
‘235 ‘xayjeam Aap--aanyrey doad
o391dwoo Ayreonioead ‘Ljstxea
UISUOISTM JO aptadg ‘Summord
1933e paridde jusunyesal SN € 6 €6 0L L'y pues uojmaN eme3l0 0¢-1-0L
sadnoyejue)
*suotjedridax
7 A1uo jo sa8eisae a1 SpIatx
‘pojedtraay ‘Suwmmord aajye porrdde
*3x9] "SI\ ¢°*IeA SSO0ID-ION
‘{o3e13u wmuowwre #00z snid
21-21-9 #00V Y3 passaipapls
‘owury Sunyyuerd je eaxe joid
uo -3133 ou parjdde 1ojeradood  9-96 9°¢L €°06 ¥°€s pues playjureld emell0 82-9-0L
uIon }2amg
i a g A4 ‘
sIeway juswleas ], ad43 11089 Ajunon Iaqumu
"V/*1mD ul spetg uoteso

panuniuo) - BE1 2198l



118

‘27 28%d ‘Z s1qe3 ur pa3IsI[ 9a® sjusureal} ‘suorjedridea 291y} Jo a8vIGA® ‘UIOD }99MS IOF
axd® xad -3md ur axe spIATA {suonyediides aATy Jo a8eioA® ‘SjEO pPUB UIOD I0F 21d® 19d STAYSN] UT BI® SPIAIX,

8 111 6°0¥%1 1°801 9°801 9°601 S LOT | SR AN! pues platyureld emell0 UIod 3139amg
wreoy
LL? 1°LE 8°9¢ g€LE 1% €°6¢e 0°9¢ Apues wyedjuo ®1s00aN s1e0
L°G¢ ¥°9¢ € '8¢ € ¥e 8°LE 2°¢¢ L 0% weol Jutuesayn uouIrd uxopn
D K| d d D d 4
jjusuieaal Aq spatx ad£j 1109 Ljunon doxn

‘8GHT ‘S93eI SNOTIBA

1e umtsauSew Sururejuos SISZIIIA9F pu® M -d-N 031 §doad snotiea jo ssuodsax proif oyl ‘e[ °219el



ol

D e - e




119

ﬁ@ﬁﬁ«uﬁoo ‘.1 uotIniip proe-Jros ‘queldoeIIXd IDOH NS¢l .u
144! 961 8 11 1°9 ¥'9 weol Apues STePSIIH unoyyied 14
¥8 9L1 L1 9¢ 6°S 19 wreol Apues a1epsIITH unoyred 2?
9¢1 S01 9¢ 07¢ 2°9 g'9 weol Apues 91epsI[IH unoyred 12
8% yZ1 L 11 S'9 Z'9 weol Apues 31epsIItH Youerg 61
Z8 $6 91 14 ¥'9 2°'9 weol Apues a[eps(ITH Youerg 81
(34 L8 0? 8¢ S°9 G'9 weol Apues a1epsIITH Youeag 91
¥6 691 o¢ 161 €'9 0°L pues Aweo] ewolo) uatrxxag 1
L9 L1 a1 6% S°9 9°9 pues Auwreo] owaYsQ ustriag 1
S9 ¥8 €21 91  2°L 0°L  pues Awreo] j10A31g Leg o1

144! 9 LS pues Aureoy ur[Iey] wruy €
801 22 8°G weo] Apues 3o wwuy BUODTY Z
your &omﬁ your yout Yout gout
81-21 9-0 81-21 ~  9-0 81-21 9-0
M d Hd ad43 1109 Aunon Iaqumu
(210® 1a2d spunod uotjed0T]

*9661 ‘(swreor Apues pue

‘spues Auweol ‘spues) e[tos [Rjuswurradxs Jo sjusjuod wmnissejod pue ‘snioydsoyd siqerreae ‘gd oqL ey o1qeL



W —pp——

=




120

penutuo)
8L 2L Sv 9% 0°9 L'9 wreol Apues xoq oozeurerel] 65
14 (4] €1 Le S°9 2°9 wreo| Apues xoq oozeurerey 8§
9L GL 14 61 v'a L9 wreol Apues xoJ oozeurerely] LS
S6 9L1 97 79 7°'6G 69 wieo] Apues xoJ ocozeweley 96
96 G1t 133 134 1°L 1'L weol Apues a1epsIItH uosxoef 14°]
0% 8¢l el 144 v's G'9 wreol Apues a1epsI[IH uosyoef 19
87 S0t 91 92 1°L 99  ureofl Apues owajysQ uosyoel 0s
0¥ ¥9 9 1 6°9 6°9 weo] Apues xoJ uosyoef 6%
¥9 01t ST 82 1°9 0°L wreof Apues a1epsSIITH uosyoel 8%
6 9¢ 11 91 7L ¢°L  weol Apues owajysQ uosyoef Ly
(4 S8 ¥1 Lz €9 6°9 wreo} >vcdm xo4q uojut[d 1¢
8% 08 91 1€ S°9 0°L wreo] Apues xo4 uojutyd o¢
LL 08 22 ST 9°¢ 9°9 weo] Apues xoJ aojutr{d 82
144! (VR 44 ST 1€ v's 1°'9 weol Apues a1epsIITH unoyred 14
9% L6 8 Lz 8°¢ L°S weol Apues a1epsIITH unoyied ve
yout yourt your yout your yourt
81-21 9-0 81-21 9-0 81-71 2-0
3 d Hd 2d43 1108 A3uno) 13qumu
sxo® xad spunodg uoneson

panunuon - e S[qel



121

o€ 9¢ S[I08 Iaquunu ejoL
69 €11 92 a4 -- -- so3eroay
iaal 0%2 €21 961 7L €L
6 9¢ 9 1t Z°S ¥s sa3uey
6% L1 1€ 99 G'9 ¥'9 pues Aweo] owaysQ ydesof ‘18 06
¥L 801 o€ €9 G'9 L'9 pues Aweol owajysQ ydesor °1g 68
Sh1 € 6°'G weol Apues axer] anig 039810 6L
98 8¢ 9°9 weol Apues eseM[EM 089830 8L
991 €7 8°'G pues AwWweo] WIedJUON €epoosQ LL
89 86 LE 9% 1°L 0°L pues Awreol wWedjuoW uo3axsny GL
69 69 9°'9 weo] Apues Aquean 90IUOW 12
a4 €L 1€ €€ 9°¢g ¥°g weo] Apues uoasnepm 90IUOWNW 69
99 659 801 GG 0°2 9°9 weo] Apues 2983Uan) 30IUoON 89
{254 69 2?2 29 6°9 22 wreo] Apues uoasnepm 90IUOIN L9
yourt your your S ydur  ydur yourt
81-21 9-0 81-21 9-0  81-21 9-0
| ‘ _ d Hd ad£3 1108 £yumon Iaqumu
axo®e 1ad spunod uorjes0n

panuriuod) - BG1 9Iqel



e,

PR RE E T

T

Crreirvicay

B A A A

A arg

,

PR

>

Frraaz
s s



122

panutjuo) "$:1 uUOTINIIP PIde-TI08 ‘[DH NGET ™ -IUBIDBIIXT,
¥8 ¥8 99 o¥ 0L 0°L weo] I9A0U0D uojeqy 2€
1474 8% 8 €1 rA) 0°L wWeo] I9A0U0D uouTID Lz
-- ¥Z1 -- 43 -- 2°9 weoy 193189N a1®e[D 92
29 L1T ¢ L 6°9 8°9 weo[ 131emplod youerg 02
¥01 201 € €1 €°9 0°9 weoy 193eMpIoD youerg L1
Z8 091 LY1 912 L*L 9°L weol urimeNmey] Aeg 18
€L vL 801 153 G°L Z°L Weo] ulmeNmey] Aeg 8
92 86 2 201 G°L 9°L wreo] sewoy Aeg L
9¢ 134 L9 061 vL G°L weo| urjmedmey] Aeg 9
€9 8L 2¢1 Z8 G°L €L weo| suig Aeg S
- mvh - 0¢ - 4 .0 wIeo] I33saIN J'U3dayYy ¥
-- pee -- 23 -- 6°G wreoy 1938aN euooTy 1
yourt yourt yourt your yout yourt
81-21 9-0 81-21 9-0 81-21 9-0
b d Hd ad£3 [rog L3unon Iaquwmu
[2I10%® 1ad spunod uo13ed207]

‘Suwreor ITts

‘9661 ‘(suweor Le[d pue

‘Suwreo]) syros 1ejuswriadxe Jo sjusjuod wnissejod pue ‘snioydsoyd siqerrear ‘Hd Y] ‘e91 °2Iq®L



. e PR R
—_—_—



123

panurjuo)

96 ¥9 99 1 2°9 1°9 wreo] AemreuQ a3enbaeN 9

14 69 21 22 $°9 ¥'9 weoT 31t junolg quodeWN ¥9

-- o€l -- 9% -- G°g wreoy TwWeriy 2ameuar] €9

-- 182 -- ¥8 -- €°9 weoy TwWery sameusar] 19

(4 L8 L1 V44 S°9 € L weoy TwetiN wreydug °h 4

4 L9 801 ¥e vl 1L WeO] I9A0U0D wreySuf 47

0¥ 06 ¥8 L 9°L G°L wreol Le[d> swig uoxny €¥

29 Z8 08 99 9°L LoL WEeO] ISUSTM uoIny ¥

184 6L 0G1 69 L°L 7L WeO] I2USTM uoxny 162

L9 06 86 621 6°L S°L wreo] Ae[d swig uoxny o¥

8¢ o1t 291 Lel L'L 9°L Weo] I3UsSTy uoxny 6¢

14 29 9% Ly YL 6°9 wreo| Le[d swig uoInH 8¢

8% 101 (44 142 0°L 1°L wreoy swrg jonyexd Le

06 0S1 61 201 0°L 6°9 wreoy swrg jonyerd 9¢
261 (433 14°1 06 1°L 6°9 Weoy I2A0U0D uojely 143
yout yout your yout Jour your

81-21 9-0 81-21 9-0 8121 9-0 .
N , d Hd ad£3 1109 £junon Isqumu
2xo® 13ad spunod uo1jedor]

panurjuo) - B9T 3qeL



R

S seaay-

>

sy

e peq e

r



panurjuon
o1t L 921 1401 9°L 1°L _wreoy swig - eIoO8NM], 6
== SL == 211 == ‘9°L wreoy sewoyJ, eroosn], €6
== S12 == 66 == 9°9 weoy swig eroosn] 26
== 69 == 9¢ == L9 wreof 31ts junoig I1e1[Dd °3IS 88
] 1841 o1 81 8°9 L9 wreoy junoigq 9958 BMBIYS S8
€L vel 62 Ly Ss°L 0°L weoy Twetiy 99sseMEBIYS ¥8
29 09 ¥8 8L 6°9 ¥°9 wreo] Le[> swrg meutdes Z8
98 14 v8 99 1°L 9°9 wreol o[> swrg meurdeg 18
101 991 201 ¥01 7L v'9 wreol e[d> swig meurdeg 08
86 2L 61 62 0°9 6°9 wreoy 1938aN uo8aysny L
0L L . 6 12 0°L €°L weoy 1338aN uogaxsny €L
== (R -- 1% 4 -- €°'9 wWeol a1epPUd[TY 20IUON 2L
qgq 06 ZL 0¥ 6°9 G°9 weo] TWeliN 90IUO 0L
91 144 (43 01 €°9 G°9 wreo] LemeuQ aj3onbaep 99
yout your yout yout yout yout
81-21 9-0 81-21 9-0 81-21 9-0
b | d Hd ad43 1109 Lunon Iaqumnu
21o®e aad spunog uotjedor]

il

panuniuo) - B9 [qel



v e

ves g

e pes



125

z2¢€ % 2 SI0S Iaqunu [ejo],
99 911 €9 1L -- -- safeiaay
261 (423 291 6¥2 6°L 9°L
91 8% € 0T 0°9 e saduey
== 68 -- 96G1 == 9°L weoT JIDI3S 0dsof 96
== 96 == 8¢1 == 9°L wreoy sewoy J, eroosn], S6
yout your yourt yourt your your
81-21 9-0 81-21 9-0 81-21 9-0
Hd 2dX3 11089 Ljunon Jaqumu
a1o® 1ad spunod uo13ed0"]

panurjuo) - B9 21qe]



I A
‘7 L




126

panuljuo)

921 8¥1 L2 6L LS 1°'9 pues Awreo] BuoladuBN 083510 LZ-d-69
66 09 €1 43 8°9 0L weol Apues wedjuoW ®POOSQO 92-D-89
Gs 011 4} 99 0°9 9'G weo] Apues wW[eIIUON wTedJUON GZ-d-66
S6 ¥6 99 €L GG €°'G  weol Apues SprLIgON wedjuo p2-d-66
LS 1€1 LL 142 9°'g L' uweol Apues wredjuo wedjuo W €2-d-66
€81 €01 8'g  ureol Apues asumen soIuo 12-d4-86

¥6 $61 61 o€ 0°L rA) weo] Apues ®e[[2qes] BISODON 0Z-0-%S
Gy LS 1£3 r4s LS 1°9  weol Lpues apragdOW BISOD9 N 61-L-%S
pe ¥8 4 %4 6°G 6°G weol Apues WBIJUOW BISOda N 61-9-%5
62 06 11 82 8L 9°L weo] Lpues 32wy jo urwy L1-D-%2
43 11 61 69 9°'9 1°9 pues Aureoy 35 wwy jo g 91-d-%2
99 G11 12 LL G°9 8°g ureo] Apues jowruy jowrwayg S1-d-%2
66 9% 1 34 ¥ 0°9 1°9 ureo] Apues jowwyg uedfoqayd Z1-D-91
Gy L9 €1 LT 8°g 9'¢ pues Aureol neue[aa] ue3Loqayd 11-d-91
0S 1L 72 1€ Z°9 Z°9 wreo] Apues LemeuQ uedLoqayn 01-d-91
o€ 29 18 0€ 8L €L ureo] Apues jowrway  XIOASI[IBYD 6-D-G1
LS 09 21 b1 ¥'g €9 weol Apues a1epsSIITH unoyyed L=D-€1
29 96 ¥ €2 G'g 1°9 weol Apues a1epsIItH unoyied L-d-€1
0S 681 68 €2 oL rA) pues Awreoy jr0Ad1g Keg y-d-6
1§ 99 9 71 LS L'g weol Apues BUOT2DOURW wrIjuy €-d-6
0§ 9. ¥ 67 LS 7°G pues Aweoy syurdg uedaITy Z-r-¢
14 A8 Y& 6€ 6°9 €9 weo| Apues uoimaN ueda(Ty 1-3-¢

yout your yout yout yout yout
81-21 9-0 81-21 9-0 81-21 9-0
2 d Hd : _

21o® xad spunod 2d£3 1109 Kjunon uoI}Ed07]

”.bmoﬁ ‘(swreot Apues pue
‘spues Lweo] ‘spues) s[ros Jejuswriadxa jo sjusjuod wnissejod pue ‘snioydsoyd srqerreae ‘Hd ayl

"BLT 219



127

mN QN sJros Hoﬂgﬁ .H.muO.H.
0°9§ 1°601 v°62 8°G¥ -- -~ sodeviaAy
921 61 68 €01 8L 9°L
62 09 9 71 ¥°g Z°S saduey
62 69 A €z 9°G L°S pues Aweo] uomaN emenO Z€-D-0L
pL 88 €2 yL 8°G 6°'G  weol Apues owaiysQ eme0 1€-1-0L
o 2 791 G1 164 0°9 9°9 pues uoimaN emel10 0€-1-0L
0s 69 €2 29 'S 8°G pues platyureld emeNn0 82-d-0L
your your yourt your your yourt
81-21 9-0 81-21 9-0 81-71 9-0
b d Hd
axo® 1ad spunog ad£3 1109 Ajunon uoted0r]

panurjuon

- BLI @19el



128

11 11 81108 Joqumu Tejo],
A Z2°8L y°ee 1°6¢ -- -- sodeiaAy
L9 091 2¢1 681 Z2°L €L
L2 Zs 6 I 9°g - safuey

L2 SS o¥ 11 9°¢g 8°G Weol I3ATY uoJay. uoaxjy 6€-D-9¢
6% 25 ye 8¢ Z°L €L weo] LemeuQ 91s] anbsaag $E-D-1L
L9 011 61 L1 8°¢g L°9 wreo] 3118 saurdeN eme)l0 6Z2-9-0L
99 ¥9 9% 02 2°L 2°9 weoy eI[qes] wredjuoN 22-D-6S
1¥ 1L Y4 ce 9°¢ g°g ureoy surejuoyaT[ad 19aodeT 81-d-¥¥
qq 98 01 61 LS g'g weo] TweliN uojut(d P1-d-61
€g 9L 6 L1 §°'9 9°9 weo] TweliN uojuryd y1-d-61
0s €9 0¢ L2 0°L L9 weo] Sutuesayd uojur{d €1-D-61
62 0L L1 LE €9 L9 wreo] Suruesayd uojutr|d e1-d-61
¥ €9 91 22 0°9 Z2°9 wreo] LemeuQ X10A31I®YD 8-d-G1
09 091 €1 681 'L 6°9 weoy I2USTMm Aeg G-Jd-6

yout your your gour yout yourt

81-21 9-0 81-21 9-0 81-21 9-0

d Hd
sa>® 1od spunod ) ad£3 11089 Ajunon uotjed0]
"L66T ‘(swreol

311s pue suweo]) s[1os [ejuawrtradxa jo sjuajuod wmnissejod pue ‘snioydsoyd ajqejreae ‘Hd ayJ ‘egr 2Iqel



129

29 LTt g¢ 66 6°'9 9°9 weo] Sutuesayd uourd ST1-801
yourt your yout yout yout your
81-21 9-0 81-21 9-0 81-21 9-0
3 : d Hd
a1o® 1ad spunod ad£3 1109 Ljunon uo1jed0T]
— = : === 5
‘8661 ‘{swreol) syros ‘ﬁ.mucmsﬁm&xo 70 sjuajuod wmissejod pue ‘snioydsoyd ajqerrear ‘Hd ayJ °®BQZ 919®ElL
S8 ¥S1 L6 921 -- -- sadeiaay
ST1 0L 201 S81 S°9 8°9
¥9 1€1 26 16 0°9 29 safuey
9L 291 96 16 1°9 9°9 weol Apues WedJUOW BIS0d9N 1€1-%21
¥9 0LI z6 €01 S°9 8°9 weol Apues wWedJUON BIS009 N €21-911
ST1 1€t 201 S81 0°9 2°9 pues prayyurejd emell0 LOT-00T
your yout yout yourt your yourt
81-21 9-0 81-21 9-0 81-21 9-0
A d Hd
210® 1ad spunod ad£3 1109 Ljunon uonedo]
8661 ‘(swreoy
Apues pue spues) s[ros [ejuswrzadxa jo sjuajuod wnissejod pue ‘snioydsoyd siqerreae ‘Hd syl °®61 219el




panurjuod

8'1¢ 60°2 ¥¥°1 68°0 £€°82 ¥°L9 'L 679 81-21 wreo]
0°LT O%¥'1T 2Z8°0 ¥8°1 y'ite 9°%9 ¥8°01 9°¢ 9-0 Apues a1epsIITH unoyred i 44
01 0Z'T ¥6°0  09°9T 99T 9°%9 €8°01 L'S  8I-2T wreof
2°9 16°1 10°1 98°¢ £€°9¢  0°9S ot'6 €9 9-0 Apues a1epSIITH unoyred 154
8¢ 89°'¢ 98°0 LS'9 €°'81T 9°0L 60°L 9°¢9 81-21 ureof
0°¢ L6'1  LL'T oL el 2°82 7°%S 12°6 8°9 9-0 Apues arepsIltH unoyred 2
£'e 9¢°'Z L¥°0 0¢ 11 0o'Le 9°'8% ¥yZ'8 8°9 81-21 wreol
0'¥1 8L'T 0172 SL'Z v°8¢ 6°%S 82°L 9°9 9-0 Apues a1epsIItH unoyred 12
== s9°1 99°¢ == 0°'s¥ L°0¢ 68°L T°9 81-71 ureoy
0°st  %9°1 12°1 Le ' 9°G6e €769 ¢£vy°8 0°9 9-0 Apues a1epsIITH youeryq 61
PLT 8L'Z S0°1 0s°1 2°92 %89 8¢y ¢€°9 81-21 wreof
8°G6Z¢ LE€'1 't S6°0 S'¥Z 0°2L ¥6'9 €9 9-0 Apues a1epsIItH youerq 81
6°S1T 9%¥°Z 980 14 8°61 9°6L 62°S 9°9 81-21 ureoy
$°9 08°t 0¢'1 257§ 0°'9¢ ¥°49S 22°'L S°9 9-0 Apues a1epsIItH youerg 91
S'91 8%°0 20°1 L'e €19 ¥ree L6°'8 ¢€°9 81-21
6°2v 86°1 v'e 91°¢ ¥'¢z6 0°00 91'9 0°L 9-0 pues Aweo] ewor0) ustrisg 1
8°G1 ¥8'Z 62°'% 9¢ "2 g€'Le  T°€S €9°S ¥°9 81-21 pues
L'¢e 12°1T €271 0s°0T L'8¢ ¥°8% lz'8 ¢°9 9-0 Aureoy owdIysQ ustrisg 21
8°¢ 66°0 82°0 09 %1 9°'%¥8 0°00 2€°81 2°L 81-21
0°¢ Lz°'0 19°0 0% "91 L'28 0°00 €9°¥1l 0°L 9-0 pues Aureof jroasxg Aeg 01
8°'¥¢ 89°0 8%°C L8°0 2°0e L°99 19°L 079 9-0 pues Aureoy urprey wrrjuy €
0°81 10°L 08°1 ye'e 1°'2¢ 8°'9% §6'8 8°¢ 9-0 weo] Apues jowrwy BUOODTY 4
‘ Tros
orjel eN b 8 S 110 H ‘swd 0071 Hd sayouf ad£3 11089 Ajunon ‘ON
3N-eD uorjeanjes juadiad /oW yiydaQg uort}
*DdD -ed0T
*9G61 ‘(sweol Apues pur ‘spues Aweo] ‘spues) S[IOS
Tejuswirradxas yo orjes wmisauSew-wNId[ed pue ‘uorjeinjes uorjed ‘Ajroeded afueyosxs uoryed ‘Hd syl ‘erz 9iqel



DOTUTIUOD

9°'¢ 1L°0 LL°O 8G°6 2°ve L°¥S 29°%1 ¥V 81-21
~ ¥'92 98°0 0¢€°1 661 L'09 Z2°s¥ 96 "o 2'9 9-0 weo| Apues ¥0g oOozZEWE[EY LS
o
T 2TL €270 96°0 62779  2°S¥  T°LY 18°%1 8% 81-21
8L ¥%9°0 97°1 LSS €'ey  Z°6v 91°'01 €79 9-0 weo| Apues xog oozeurele}y 9§
$°G6 99°0 88°1 10°1 ¥°96 0°00 €5°9 0°L 81-21 ureot
1°21125°T  6¢°1 98°0 2°96 0°00 69°L 0°L 9-0 Apues s1epsIITH uosxoef 14°]
6°L 8¢°0 G¥°0 12 G 4 8°ze 2°29 9Z°11 6°S 81-21 ureof
0°0Z 69°0 1€°1 €1°¢ 9°'¢y T°¢S 6€°6 2°9 9-0 Apues arepsIITH uosoel 8]
1°61 61°0 29°0 Ly "z 2°Le 976G .79 8°9 81-21 ureoy
691 €2°0 89°0 6672 1°¢¥  ¥°¢es 6% "L 9°9 9-0 Apues owajysQ uosoel 0s
S'y 88°0 8%°0 0921 0°LS 0°62 LLet  2°9 81-21 :
G°Z2Z 60°T 8L°0 66°¢ €°Ls 2°8¢ G8°L 8°9 9-0 ureo] Apues xoq uosyoef 6%
8'¢ LI'T 61°1 80 °6 1'% G°%S ve'L LS 81-21 wreoy
2°¢6 SL°0 96°1 Ls°0 9°'¢s 9°¢d 8%°11 8°9 9-0 Apues a1epsTITH uosyo®f 8%
2°1Z 0€°1 60°1 00°1 1°12 §s°GsL 29°9 1°9 81-21 ureoy
Z2°'s 00°Z 62°1 06 °q1 2°'18 0°00 14 4 1°L 9-0 Apues owaiysQ uosxoef Ly
9'Z 86" 09°0 99°6 vy'sz ¥°¢9 o'ttt 1°9 81-21
9°¢9 00°T 26°0 0L’0 vy 6°29 S °6 S'9 9-0 wreo] Apues xod uojurrd 1e
€9 %60 16°0 29°9 8°1vy 8°6% S0°0T ¥°9 81-21
ey 221 ¥ve'1 14 1°99 Z°0¢ 6 °6 8°9 9-0 wreo| Apues xoq uojulrd 0¢
9'¢ 89°0 8%°0 00°0T 9°'¢Z 7°¢9 L9°zZ1 ¢°S 81-21
9°0 61°T 90°1 oL 0T ¥'9 9°08 12°9 €°9 9-0 wreo] Apues xoq uouIrd 8¢
9'¢  PS'T €11 9¢ "L 8°97 1°¢9 L9221 1°S§ 81-21 wreoy
L' L0'T 69°1 7L°6 1°62 %719 20°€Tl 679 9-0 Apues aTepsIITH unoyred q?
or3ed eN b SN :-10) H 71ros.cw8 Hd sayoug a2d£3 1109 Ljunon *ON
SWN-tD uoijlednies juadaad oom\‘.m.z midaqg uoty
ROICtO NN -®d07]

panurjuod - e1Z 219l



panuijuod)

N
2
6°€ LGS0 86°0 0€ '8 9°2¢ 6°LG 12°6 9°9 81-21 pues
1'% 1S9°0 16°1 08°ST 0°%¥9 0°91 80°'G 6°9 9-0 Aureoy owrajysQ ydesor ‘ig 68
ureoy
9'¢ 26°€ 6Z7°1 08°01 8°8¢ Z7°S¥ 80°I1 8°S 9-0 Apues ayeT anig 082810 6L
ureol
1°01 8€°'T  L9°0 $8°¢ 2°6S 6°2¢ Z21°6 9°9 9-0 Apues miseq[ey 089810 8L
pues
G°€1 2¥°0 6%°1 88°¢ 626 L°1¥ 66 11 L°S 9-0 Aureoy wiredjuo BPO2SQ LL
Z°'6 8%l €8°0 G6°9 €'9¢  ¥°¥S 16°G 8°9 81-21 ureot
T°%1 11°1 21°1 0¥ Z°LS G°'9¢ 22°8 L9 9-0 Apues wedjuolNy.  uoZasn GL
¥y ¥8°0 95°0 00°%¥1 2°19 ¥°€2 €8°21 9°9 9-0 weol Apues dqueid s0IuoW 1L
06 08°0 9¢£°0 860 2°6 0°€6 09°8 8°G 81-21
€°2 --  €P°1 968 6°61 1°0L 82°'% 6°G 9-0 wreo] Apues uoasnepm soxuo 69
6°¢ 20°0 9¢£°0 06°11 2°9% 6S°'1¥ 98°91 6°9 81-21
L€ 28°0 %S0 02°91 8°6S L°'2?2 12°€1 8°9 9-0 weo] Apues a29s9uUan s0Iuo 89
9'F 21°0 €1°0 L1 Z°'08 0°00 98°'¢ 1°L 81-21 wreoy
8%y LL'0O 060 08°9T G°18 0°00 GL'9 1°L 9-0 Apues uossnepm soIuoN L9
€6 L¥'0 69°0 90 °9 $°96 ¥°9¢ 66°01 L°S 81-21
9°'81 €2°0 6L°0 9% '¢ P'¥9 T1°1¢ €9°6 G°9 9-0 ureo] Apues xoJ oozeure[ey 65
9°G  11°0 2ZL°0 28°L v'EY  0°L¥ 26°8 0°9 81-21
2°9 16°0 S£°2 21°9 1°8¢ 6°2Z§ 19°L. 0°9 9-0 weo] Apues xoJ oozeweley 86
otjex eN S 3 =10} H 1rof *swf gd sayouy a2d£3 11089 Ljunon *oN
SW-'D uotjeIN}ES JU3DI3J QQH\ ‘SN yidsQq uot}
*DdD -ed0r]

panurjuon - 17 2I9qel



133

o¢ 81-21 STro8 Iaquunu [e}0],
9¢ 9-0 STIOS Iaquunu [eI0T,
v°'9 LZ'1 86° ¥1°9 g6  €°19 ¥Z°6 == 81-21
1'9 2€°1 2¢°1 S1°8 €6y 8°'1¥ S0 "6 - 9-0 sodeiaay
¥'s6 98°% 8Z°¥ 09°91 ¥'96 0°¢b 2€°81 Z-L
0°1 20°0 €1°0 8G6°0 2°S 0°00 98°¢ vy 81-21
1°211 10°L 1¥%°¢€ 08°91 2°96 9°08 €9'v1 1°L
9°0 60°0 ¥S°0 LS°0 ¥'9 0°00 82V §°g 9-0 saduey
0°'¢s 98°'% 80°1 2879 8°¢e ¥eS 29°S 29 81-21 pues
9°LT 60°0 L¥°1 SE°¢ 0°6S 0°9¢ 88°¢l 179 9-0 Awreol owrajysQ ydssof ‘18 06
onjex eN b SN 110} H 1108 °*swil Hd sayoug ad£3 1109 Ljunon ‘ON
SW-eD uoljeanjes juadiadg 001/ mdaQg uot}
*DdAD -edor]

panurjuod) - BIZ 2Iqel



<+ panunuo)
b
6'y 06°0 €L°0 0L°01 0°2¢ 96t €0°¥1T 979 81-21
§°'9 18°0 Z¥°0 0€°01 ¥°99 0°2¢ 65°S1 979 9-0 WweoT 13A0U0D uojed ¢
¥°e 0e°l  ¥L'I 0L°01 1°9¢ 2°0S L6°6 8°9 81-21
9'¢ 6£°T 8Z°'1 09°21 6°'¥% 6°6¢ €0°01 9°9 9-0 WeoT I3A0U0D uojurid LZ
€€ PL°U 66°1 06°'11 2°8¢ 2°Ly oT'61 0°9 9-0 wreoy I93189N ?1®e[d 9¢
2y 8L°0 19°0 o1°¢t €°68  Z°0¢ ¥6°6 8°9 81-21
V21 26°0 10°1 06°g 8°89 L°€¢ $¥9°21 8°9 9-0 ureoy Is3empiod youexyq 02
82 ¥%E€'1l 6S°0 0% Gt 0'¥¥ 9°8¢ S6°¢€l 979 81-21
y'L ¥1°2 16°0 26°9 S°1S ¥°8¢ 00°¢€T 279 9-0 wreoy I133empiod youexyq L1
b SV A SR 4T == L°'96 0°00 9Z°11 1°L 81-21
£€'8 91°1 S8°1 0G°01 9°98 0°00 vye'91 Z°L 9-0 WeoT urimeimesdy Aeg 11
€' 622 1¢°1 0€°62 2°L9 0°00 L L €L 81-21
L'e 0F°1 98°0 08°02 6°9L 0°00 L9°L 9°L 9-0 WeoT urpmedNmes] Aeg 8
9L 9S9°T 99°0 0¥ 11 2°98 0°00 9L ST 6°L 81-21
S°L S¥°1 20°1 0611 0°98 0°00 10°81 9°L 9-0 wreo] sewoy]J, Aeg L
82 68°'¢ 00°1 01°92 0'0L 0°00 LS°S 2°L 81-21
vy 997 PL1 oL LT 0°8. 0°00 6L°9 YL 9-0 WeoT utimelmed] =g 9
2°¢ 06°1 Lz2°?2 00°¢2 8°2L 0°00 IL°01 %L 81-21
9'¢ 89°1 16°1 08°0¢ 8°'GL 0°00 ¥9°6 1°L 9-0 wreo] swig Aeg S
L'e PP 19°% 916 8°¢¢ 0°0S 00°8 2°9 9-0 wreoy I931SaN JrUdIY 14
9°G1 08°2 69°C 0e "¢ 9°19 L'6¢ 80°01 179 9-0 wreoy I193189N BUODTY I
orjes eN P SN ') H 1108 °‘sws Hd sayoug 2d£3 1108 Ajunon *ON
SW-eD uol}BIN}BS JUIDIJ ooﬁ\ ‘3N yidag uotny
‘03D -ed07]
9661 ‘{suweor Ae1o pue ‘sweol J[Is ‘sweo]) s[ros [ejusuwriadxa
JO oTiel wmissuSew-wrId[Rd pur ‘uonRInies uoijed ‘Ajroeded sfueyoxs uored ‘HA eyl ‘®ZZ 2IqTl



135

panuIjuc)
€€ 29°0 09°0 0€°Sl 9°05 8°2¢ 2zZ°st 79 81-21
6°Z L9°0 80°1 ¥e 12 €°19 9°'¢1 18°21 6°9 9-0 weo] TwetN wey3ug A4
¥y LZ°0 2¢°0 oL 21 1°65  9°1¢ 6L°ST ¥°9 81-21
L°L 06°0 8S°0 0¥ 11 1°L8 0°00 GG°01 O0°L 9-0 Wreo| I2A0U0D ureydug 144
1°0T 21°1t S¥%°0 88°8 S'68 0°00 16°¢Tl €°L 81-21
L'y €572 90°1 00°L1 g°'6L 0°00 €V 6 vl 9-0 wreo] Le[d> swig uoxny 124
8% 6¥v'c ¥E°1 0% 91 L'8L 0°00 01°9 €L 81-21
L°el 2L°2 €9°0 86°9 1°06 0°00 01°8 2°L 9-0 WeoT I9USTM uoxny (44
2°0T 26°0 oO%°0 18°8 6°68 0°00 GE'TIT T1°L 81-21
€01 L¥'0 09°0 €L’8 2°06 0°00 SL'ET 0°L 9-0 ureoy Isustm uoxny 184
0°S 90°T1 sL°0 0¥ 91 8°18 0°00 22°21 1°L 81-21
6°9 28°0 6L°0 0Z°'%1 2°¥8 0°:00 68°21 €L 9-0 wreo] Le[d> swig uoxng (1) 4
0°%1T 00°1 9¢°0 659 1°26 0°00 €6°21 1°L 81-21
L9 LL°0O 9870 08°21 9°G68 0°00 €0"bT 1°L 9-0 Weol I9ustm uoxny 6¢
¥°'9 Le'O0 6970 0¥ €1 9°Gé8 0°00 96°S 9°L 81-21
0°61 LL°O0O 00°T 16°¥% €°¢6  0°00 11°9 0°L 9-0 wreo] Le[d> swrg uoxny 8¢
2°62 21°'1 ¢€6°0 ¥LT 8°¢ey V¥°ZS ¥9°L ¥'9 81-21
S'8 $6°0 S¥°1 10°8 8°L9 6712 S1°'6 8°9 9-0 wWreoy swig jonyead LE
0°'8 LG°1 96 °1 oL 01 1°'98 0°00 S8°9 0°L 81-21
9°21 88°0 96°C 02°9 €°699 0°92 2¢°11 879 9-0 wreoy swtg joryean 9¢
s'9 880 2Z2¢°1 0611 0°99 8°61 ¥1°02 979 81-21
9°01 09°0 89°1 19°9 L'0L 6°07 ¥S'61 S°9 9-0 Weo] I3A0U0D uojeld 143
onex BN b SN 1510 H 1105 "swisl Hd ssyduy ad£3 11089 Ljunon *ON
SWN-eD uoljeaN}es JULIdIag 001/ yideq uotl
‘03D -8207]

panunuo) - ©77 dIqel



O
™ panurjuo)
0°Z 80°T 6S°0 08°¥2 £°09 2°¢? 16°21 979 9-0 wreo] 311s junolg ITeID °3IS 88
8°C 6L°0 20°T1 0691 6°'9% 8°¥¢ 16°1t1 S°9 81-21
§°¢ 0L°0 €9°1 02°%1 S'6v 6°¢¢ YL'VPT S°9 9-0 wreo] juno[g 99SSTMBIYS S8
L'T %8°0 LL°O 01°L2 €Ly 1°%2 19°91 &°9 81-21
0°2 8L°0 6¢€°1 06 G2 0°29 6761 80°9T 6°9 9-0 weo] TWeljy 9S9ssemeryg 8
6°0T 65°0 2S°0 €€’9 8°89 L°€? ¥9°'2t L°9 81-21
9°'s 61°0 99°0 G5°6 8°¢g 8°6¢ S6°¢€1l 279 9-0 wreo] Ae[> swrg meurdeg Z8
0°9 LE'0 €9°0 09°01 6°€9 9°¥2 0€'91T 9°9 81-21
2y w0 19°T 0€°21 ¥°1§ 2Z°¥%¢ 09°%1 0°9 9-0 ureoy Ae1> surg meurdes 18
§'G 210 66°0 0611 €°99 9°'1¢ 16°81 L°9 81-21
6°¢ ¥e°0 Le'l oL’¢el 0°es  9°1¢ 6921 079 9-0 weo] Ae[d> swrg meurdeg 08
6°'¢ L6°0 06°0 0€°21 9°'Ly ¥°8¢ vo'er 2°9 81-21
1°%1 L2°T 06°0 €L’y §°99 9792 8211 6°9 9-0 wreot I93s9aN uoFarsn YL
§°22 92°¢  ¥0°1 L0°¥ 9°16 0°00 16°¥ 0°L 81-21
9°T11 9¢°1 10°1 L8°0 8°96 0°00 14 200 § SN Ay 3 9-0 ureoy I193saN uoBaxsny €L
0°62 L8°0 ¢€1°1 261 0°8% 0°'8% P01 ¥°9 9-0 wWeoy STepuUsITvy S0IUON 2L
L'Z G66°0 6SS°0 06 "02 8°65 617 2L°er 99 81-21
8%y 81°'TL ¥%9°0 08°11 L9 9767 0S¢l 9°9 9-0 ureoy Tweriy 90IuUoW oL
€°81 6¥V°0 ¥¥°0 91°¢ 6°LS 0°8¢ €S°0T 9°9 81-21
0°L6 ¥€°1 95°0 9¢°0 8°'¥G 8°7% 69°11 ¥%°9 9-0 wreot 31ts junoig quooeN ¥9
€8 92°1 L°1 98 ¥ 1°0% 1°2¢9 09°6 S°g 9-0 wreo] TWwetiy d9ameua] €9
6°¢ 8L'T L872 00 %1 1°6s 2°9¢2 ey It 9°9 9-0 wreoy TweliN Sameusa] 19
onjex eN 3 SN 110 H 1108 *swd Hd sayoug ad43 [r09 Ljunon ‘ON
Sn-eD uoljeInjes juadiadg 001/ "W yiydaQg uort}
ROICEO) -ed0r]

panuniuo) - eZZ 3IqelL



0¢ 81-21 STI0S Iaquunu B30,
1% 9-0 S[I08 Iaqumu [e}o0]
2°S ¥2°1 88°0 SG°¢el G°L9 €L 16°11 81-21
2°9 O0¥'l S¥P'1 1S°01 1°69 6°61 6021 9-0 safe1aAy
2°62 68°¢ LZ°2 0€ 62 L°96 ¥°Zs ¥1°02 6°L
LT L2°0 2€°0 ®L'T 1°9¢ 0°00 16°y 2°9 81-21 sa8uey
9°111 €L°¢ 19°% 01°G¢ 8°96 9°8S $S'61 9°L
°1 61°0 v°0 960 9°L1 0°00 11°9 S°'g 9-0 so8uey
LT #8°'1 L9'Z 01°S¢ ¥°09 0°00 OV'€1l  1°L 9-0 weoT IS oosof 96
Sy 99°2 68°1 0¥ L1 Z2°8L 0°00 86°6 voL 9-0 wreoy s'ewoyJ, elOoOSN], S6
€'y 08°0 8G°0 09 "81 0°08 0°00 10°¢€1T %L 81-21
9°6 LL°'0 $6°0 LZ°6 0°68 0°00 L6°LT 7L 9-0 weo] switg 'IOOsM], 6
0°¢ 12°1 981 02 °¥¢ L°ZL 0°00 €9°6 0°L 9-0 weo] se'woy ], BIO0OSM], €6
2T €L°G  LE'E  0L'¥I 9°LT  §°89 28°9 ¥°9 9-0 WEeO] SWIS BIOOSN], 76
oT}El °N S SN 239 H Tios *swid Hd seyouy ad£3 110Q9 Kjunon ‘ON
BW-eD uonrINIES JusdIad 001/ yiydeq uot}
*DdD -ed07]

panurjuod - ®z7 °19®L



138

panurjuod
L°S9 961 ¥°LZ 0°6S 8°91 L°l¢ 8°61 ¢€'1 ftriqeraea jJuadiad
g'ee 11T 8670 €8°1 €°'19 9°9¢ €6°01 8°9 9-0
L°L6 8¢'T S€°1 SL°0 L'eL 8722 9L°8 6°9 9-0 ureo] Apues xoq uojuIrd 0¢
§°21 e€°svy 7°1L 1°%1 0°2 0°00 0°2Z% €°1 £amiqeraea jusdiad
0°901 S0°T €S°0 26°0 S°L6 0°00 9% *¥1 2°L 9-0
2°12126°1  #8°1 6L°0 G°s6 0°00 8¢°8 ¢°L 9-0 ureoy 1331s9N uoZasnN €L
'8 1°81 2°1¢ €L S°1 0°00 ¥'LT 0°0 L3t1IqetaeA juadiad
9°'8 LZ'1T €S°1 ot-°or 1°L8 0°00 08°LT 2°L 9-0
6°L %0°'1 €2°2 06 °01 8°68 0°00 89°%1 Z°L 9-0 Weo] urimemes] feg 11
0°'t6 06 979 0°06 0°6 06 0°6 T1°€ Aytriqeraes juadiadg
vy'6€ 68°'1 97°1 96 °0 8°Le 1°89 88°9 %°9 9-0
9°¢ LT S€°1 69°6 y'¥e  6°29 9¢°L 979 9-0 weo[ Apues 31epsIITH youerq 91
0°2¢8 ¢°¢ 9°12 0°¢8 €1 S'8 G°21 2°'¢ fyrriqeriea juadiadg
1°18 98°0 91°1 29°0 €°05 0°LY €9°0T 1°9 9-0
€°%¥1 88°0 8%°I 86°¢ 0°1S O0°¢¥d 0e‘6 €9 9-0 weo] Apues xod oozrweley LS
¥'L9 0°00T ¥°T 0°69 €'9 ¢°1 S'T ST A3triqetaea jusdiad
0°TT 00°0 69°0 18°¢ L'y 8¢S €L 979 9-0
'€ S¥°0 89°0 €e'1 S'¥Py  1°€S ¥a'L S°9 9-0 weol Apues owdIYsQ uosioef 0s
8°LT €76 0°¥%2 L'ee 9°62 0°2¢ 0°se ¥°1 Aypiqeriea jusdiad
L€ ¥9°0 L1°2 08°02 1'9L 0°00 10°y 0°L 9-0
Sy 0 T¥°1 0Z°01 1°9% 6°'1% 91°'L 6°9 9-0 pues Awreol owajysQ ydssof °1g 68
onjex eN b SN 179 H 71108 *swsl Hd sayoug ad£3 11089 £junon *ON
3n-eD UoIjBIN)ES JUIDIJ 001/ ' mdag uory
‘DdD -B207]

‘9661 ‘sTros TejudwIrIadxd

U923 JO OTIBI WNIS3UIBPW-WNID[ED PUBR ‘UOIIRINGES uoljed ‘Ajroedes afueyoxs uorjeo ‘Hd ayJ “°egzZ 219BL



L eRER T s




139

¥ °8¢ 6°LS L°S¢E €'¥e g°g 0°00 0'¢€El O0°% £jmqerzea jusdiag
8y 06’0 ¢€9°0 06 "91 6°18 0°00 6L°ETl S°L 9-0
8 L 61°'1T 86°0 0111 L'98 0°00 66°11 2°L 9-0 ureo] Le[d swig uoinyy 0¥
8¢l 8°6 2°%S ¥°L9 6°%¥1 0°00 1°2 AN £fjrTIqeraea juadiad
0°'% 18°0 81°1 0S°61 9°8L 0°00 88°¢€1l 7°L 9-0
9°%1 ¢€L°0 %S°0 s€°’9 ¥°26 0°00 ST'¥1 1°L 9-0 Ureo] I2usIpm uoiny 6¢
8°'%9 2°61 S°LI1 9°6¥ 0°9¢ 9°1L 2°62 ¥°1 f3t11qeTIRA JUIDISd
9°¢€Z 66°0 S8°C 6% °¢ 2°28 §°01 656 6°9 9-0
€°8 08°0 S€°2 2% 9 v'eg  1°LE 6v°€1 879 9-0 uwreoy swig jorgeIn 9¢
o1jel eN b SN 129 H 1108 °*swl Hd seyoup ad£3 11089 Kjunon *ON
3W-eD 001/ "W yidaq uony
ROICES) -®e20T]

panunuod - eEy d1qeL



T L SGSa IR S L S i \ ..
yr<l svg.y. EREr?

e T ar LT Nestey LW v prErac  CWmery g aca exavies taerwvave s K uy

cegecy Ve g,

Avsatv.svaae e cr<dm o or ges <ry pata NeaEay




panutjuo)

140

S'€ 62°0 L9°0 1v°L 2°92 $°59 $9°L 1°9 81-21
¥°L 00°0 O0¥%°'0 ¥8°¥% 9°6¢ 1°69 00°11 9°6 9-0  weo] Apues jowwy PpPpwwy G1-J-$2?
L'T €S°0 8€'l 0€°IT  0°61 8°L9 LETL 0°9 81-71 _
€°2 99°0 zZL°1 82°8 1°61 Z°0L ¥8°L 6°G 9-0 wreo] Apues jpwwyg uedhoqayd Z1-D-91
6°'9 00°0 2G°0 9¢€ *2 Z°91 0°18 88°6 ¥%°'S 81-21
8°¢ 00°0 SL°O 9% 2 €% G°Z8 26°11 €°§ 9-0 pues Aweol neue[297T uedAoqayd 11-d-91
2°Z 02°0 1€£°0 0€° %1 ¥'1€ 8°¢S 91°11 1°9 81-21
L8 02°0 S€£°'0 8L°2 y°$2 €°2L FL°€T L°G 9-0 weo] Apues LemeuQ uedhoqsyd Q1-I-91
1°¥S 9.°'T  ¥9°0 LL 1 8°G6 0°0 L6 ST €°L 81-21
2°2 860 09°0 18°¢ L°28 8°11 89°Z1 6°9 9-0  weol Apues jowwWy XIOAd[I'YD $-D-G1
L'y 00°0 L¥°'O s£°'9 L 62 G°€9 €E°LT 2°S 81-21
0% 21°0 OL'O L6 $°6¢ 0°0¢ 86°1T 0°9 9-0 weo] Apues a1ePSIITH unoyred L-D-¢1
0°¢€ 0€°0 €%°0 60°L €12 6°0L OT°'%¥1 G6°G  81-21
L€ ¥$£°'0 GI°T 09°21 0°L¥ 8°8¢ 6S°11 €°9 9-0 weo] Apues 91epSIITH unoyre)d L-g-¢€1
0°9 Z¥°0 09°0 0L°21  ¥°9L 86 0Z°01 6°'9 81-71
1°S 22°0 09°1 0¥ 21 €9 $°22 79°G1 G°'9 9-0 pues Aweo] 310A91g Leg $-d-6
0°IL 00°0 6S°0 860 0°1% 8°LS ~ECLT €06 81-21
L°¥T 81°0 LO'IT 0g°1 1'61 €°8L €1°21 €°§ 9-0 weol Apues jowwy wrijuy ¢-Jd-§
0°82 00°'0 ¥%£°0 98°0 2°%¥2  9°%L IP°€1 1°S  81-21
0°8€ 60°0 O¥%°'1 66 °2 86 1°98 0Z°21 1°G 9-0 pues Aureoy syuidg uelaIry Zz-r-¢
6°€ 90°T 88°0 OT°'IT G'€b G°¢¥ 06°9 1°9 81-21
Z°L S9°0 90°2 6L°9 9°'8% 8°'1¥ 96°6 1°9 9-0 weo] Apues uomaN uelaTy 1-M-¢
OoTjEX eN b S 1o H 1108 ‘swid Hd seayour. ad£3 1109 Ljunon *ON
SIN-®D uotrjeInjes juadiad 001/°@°'N yidaQg uort
‘DD -ed0r]

*1661 ‘(sweor Apues pue spues Aureoy ‘spues) syios
Tejuswriadxs jo omjes wnisaufew - WnLID[ED pue ‘uorjean;es uotjed ‘Ajroeded afueyoxs uoyed ‘Hd ay] °‘eH7 21qel



R R cee e e gess



panunjuo)

= ?'C 00°0 L¥°O S1°2 1°s €°26 €8°01 ¥°¢ 81-21
~ 9% 00°0 %0°1 96 ¢ 9°'11 L°'¥8 ¥v°6 G°g 9-0 pu®s playgureld emel0 8z-d-0L
2y 8%°0 9%°C 29°2 1°11  €°¢8 08°01 1°9 81-71 pues Aureog
8°9¢ 60°0 O0L°1 9Z°1 ¥'9%¥ 9°0¢ 68°8 6°§ 9-0 BUOT3dUBIN 089830 LZ-d-69
G'¢ Le*0 99°0 92°6 8°2¢ 0°LS 20°L L's 81-21 wreoy
1°6 Le'0 6S°0 878 2°¢%v  9°8% GZ°6 €9 9-0 Apues wredjuo 'poosQ 97-D-89
0°21 00°0 6%°0 L0°1 8°¢21 9°68 S€°6 S'g 81-21 wreoy
6y 00°0 90°1 81°¢ L'sT 0°08 GZ°'l1 G°¢ 9-0 Apues wredjuo wI{edjuoN  GZ-d-65
L'z %0°0 S¥°0 66 °¢ 6°L 9°88 62°11 2°§ 81-21 wreot
g’ 00°0 1¥°1 Sy ¢ 9°8 5°98 9611  2°S 9-0 Apues spragd>W wiedIuoN  $Z-d-69
0'¢ 00°0 0S°0 6¢€°2 2°L 6°68 211t ¥°S 81-21 weo]
8°¢ 92°0 G¥°1 6Z°¢ et 9°eZs8 'zt #%°s 9-0 Apues wyedjuoN wedjuoN  €72-d-66
0°'9 11’1l 2172 ¥0°9 €°9¢  ¥°¥9 16°¢ €9 81-21 wreoy
8°L 6£°0 .0F°¢ 21°8 L'€9  ¥°¥C 0Z°8 8°9 9-0 Apues el[aqes] BISOO9IN 02-D-%S
8°'T 00°0 129°0 88°6 6°L1 9°1L 8L°6 0°9 81-71 ureoy
L6 T11°0 66°0 90 °¢ 9°67 €£€°99 18°6 0°9 9-0 Apues aprigop BISOO9N  61-I-¥6S
€' Le'0 0970 L'e 9°8 L°98 80°8 LS 81-21 wreo]
¥'8 8¥°0 6%°1 S1°¢ 1'81 8°L 2Ll 2°9 9-0 A4pues wyedjuo BISOO9W  61-d-%9
L'ee 8%'1L 0%°0 €8¢ €°66 070 2€°91  ¥°L 81-21 ureoy
9'%1l S¥'T  90°1 20°9 L'L8 8°¢ 10°¢€Tl 0°L 9-0 Apues jowrwuy jJowray L1-D-%7
1°'8 81°0 980 89 % 0°8¢ €99 | 0°9 81-21 pues
L°TT O0T1°0 %0°1 6L°2 9°2¢ ¥°¢9 €0°1IT 8°¢ 9-0 Awreot jowrwuy Jouwrway  91-d-$7¢
onjex eN 3 S ') H 1ros *swd Hd sayouy. a2d£3 11089 Ljunon *ON
Sn-eo uorjeInies jusadiad 001/°® ' yidaQg uor}
*0dD -edor]

panuniuon - )7 aIqel



142

Y4 81-21 STtos Jaquumu Tej0],
§¢ 9-0 STros Iaquunu T1e30 [,
9°21 9¢°0 9L°0 S1°¢ 9°62 7°%9 8G°01 81-21
9'6  LZ°0 1Z°1 L6 "€ L°LE 0°6§ L8°01 9-0 safeiaay
I'¥G 9L°1 9%°2 0g'¥I1 B°G6 €°26 L6°G1T ¥°L
L1 00°0 1€°0 050 0°s 0°0 €59 1°s 81-21
0'8¢ S¥'1  0O¥°¢ 09°21 6°L8 G°98 29°s1 0°L
22 00°0 G€°0 92°1 9°8 8¢ wLL 1°s 9-0 sa8uey
99 00°0 S¥°0 19°1 L°0T €°L8 1€'ot ¥°9 81-71 pues
02t 00°0 %S°0 26°1 1°¢¢ eyl 0121 ¥%°¢9 9-0 Aureoy uoimaN emel30 2¢-D-0L
0°¢ 00°0 ¢€6°0 61°¢ 66 €°98 ev°0T 9°¢S 81-21 ureof
0°¢ 00°0 8L°0 99°¥% 0°'¥1 L°08 G601 L°S 9-0 Apues owaysO emenn0 1¢-I-0L
Y2y %0 91°1 0s°0 ¥tz 9°9L €5°9 Z2°9 81-21
S°91 00°0 S0°2 8¢ "¢ 899 8°8¢ yL L L9 9-0 pues UommaN em®I0 0¢-I-0L
onlex eN b SN ®D H 1tos *swd Hd sayoup ad£3 1108 fjunon *ON
3N-eD uorjeinjes jusdiad 001/ 2N idag uot}
ROICES) -B00T

psnunuo)d - eyZ S1qel



panurtjuo)

o
<+
L'y 02°0 9%°0 08°'¥% g'z2z o0°2L IT°11 9°9 81-21 wreo|
8% 00°0 66°0 £€8°6 0°LYy 2°2% 0’8 2°9 9-0 3118 @suedeN emell0 62-d-0L
8°¢ IL°0 1L°0 0€ LT 0°99 Z°91 1€°21 8°9 81-21
8°¢ 02°0 €L°0 0Z°21 8°sy Z°1¥ €6°01 0°9 9-0 wreo] e[[eqes] wiedjuoN  Z2Z2-D-66
¥°'9 92°0 16°0 28°1 L 11 L°s8 €8°21 €°9 81-21 ureoy
S°L ¥%¢£°0 8%°0 LL®2 8°02 9°9L €2°¢1 2°9 9-0 surejuozalred 1sadeT QI-d-¥¥
8'S 610 9Z°0 O¥%°€E 9°61 9°9L SL'TT §°G  81-21
' 0€°0 62°0 GZ°6 L°Le  ¥°2§ 80°61 9°S 9-0 WEO[ I3ATY UOoI] uoIx] 6¢£-D-9¢
9°%y ¢€0°0 €¢€°0 61°S L'eZ 8°0L ET°¥1 €°S 81-21
0°9 90°0 6S°0 26°¥ 9°62 6°%9 L8°¢T ¥°S 9-0 weol TwetiN uojurld FI1-F-61
8°¢ 8€°0 6S9°0 0¥ °01 6°6¢ L°8¥ LZ°01 0°9 81-21
6°G 8T1°0 GS°1 ve°8 8°8% O0°1¥ 8121 0°9 9-0 weo] TwetiN uojutld HIi-d-61
6°¢ 29°0 9%°0 01°0¢ 6°8L 0°00 S6°6 1°L 81-21
L's 91°0 9L°0 06 °21 0°'¥L 1°21 ¥2°'8 8°9 9-0 weo] 3utuesay)d uojurld €1-D-61
6°¢ 00°0 69°0 8G6°9 9°%¥Z 7°89 €e°L 2°9 81-21
0L #%1°0 L0°2 ¥L° 9 ¥'LY 9°¢¥ 20°8 9°9 9-0 weol Sutuesay)d uojut[d ¢€1-9-61
¥°21 LO0°0 8¢€°0 16°1 8°¢Z 6°¢€L 61°21 G°¢9 81-21
8°9 90°0 ¢€L°0 96°g 0°8¢ 9°S¢ 6L°01 0°9 9-0 weo] AemeuQ X10A9TIBYD 8-d-G1
L'e ¥%¥2°0 1S°0 0L"L1 8°¥9 9°91 ¥0°81 L°9 81-21
€'y ¥°0 €2°1 09°91 2°1L ¥°ot1 22°61 9°9 9-0 Weo] I3UsSTW f=eg G-d-6
onjex eN bt S 2-1o) H 1108 °*swu8 Hd sayoug ad£3 1108 Ljunon ‘ON
S-eoH uorjeInjes juadI3dg oom\ ‘9N yidaqg uotny
polcee -ed0r]
*LG661 ‘(swreo 3[Is pue sweol) S[ros Jejusdwrradxa
JO Oo1jel WMISSUIRPW-WMID[eD pur ‘uorjeinjies uorjed ‘Ajrdeded a8ueyoxs uored ‘Hd syl °eBGZ 3IqEL




144

1t 81-21 SIIOSs Iaqumu [e}0],
11 9-0 S[10S Jaqumu [ej}o],
¥'s 82°'0 29°0 L0 6 2°0%  6°6% 12°21 81-21
6°S ¥2°0 16°0 €6°L L°8% T°1¥ 15°21 9-0 saferaay
¥°21 1L°0 8L°0 01°0¢ 6°8L L°S8 ¥0°81 879
L'¢e 00°0 92°0 28°1 LTt 0°00 €eL €°'g 81-21
L'8 8L'0 9S°1 09°91 ¥'sL 9°'49L 22°61 8°9
8°¢ 00°0 6Z°0 LL°2 8°0Z ¥°0T 20°8 7°S 9-0 so3uey
€9 8¥°0 8L 09°01 €°L9 8°0¢ 2v°v1T 9°9 81-21
L'8 8L°0 LS°O oL’8 v oL STl 6L°¢ET 879 9-0 weol AemeuQ 9IS anbsaad H¢-D-1L
onex eN b S 130 H [1os °*swl Hd sayoug ad4j3 1108 Kunon ‘ON
SIN-®D uorjeIn}es juadaad 001/ yydaqg uort)
*0dD -2207]

panurjuod - BGZ 21qelL



145

€ 81-21 SIros Iaquunu [ejo0],
€ 9-0 SI10§s Iaquunu [ejo L
2°9 00°0 SS°0 LZ"1 6°L Z2°06 81-21
2°0T 00°0 F0°T ¥9°¢ Z2°Le 1°8§ 9-0 sadeiany
0°91 00°0 6S°0 2Lt 9°'1T1 6°16 0°9
£€°¢ 00°0 L¥°O L0 LG 1°.8 €°g 81-21
L6 00°0 82°1 2179 9°6S L°8L L9
89 00°0 8L'0 L1°? 8Ll 6°2¢ 8°G 9-0 saduey
€€ 00°0 6S°0 2Lt LS 6°16 0L°8 8°¢ 81-21 wreoy
L6 00°0 8Z°1 21°9 9°69 6°72¢ 19°0T L°9 9-0 Apues wyedjuoNy BISOO9N T112-607¢
0°91 00°0 6S°0 L0 9°11 1°.8 68°9 0°9 81-21 ureog
8°GT 00°0 90°1 L1 2've 9729 8€°0T 679 9-0 Apues wredjuoW BISOO9N  80Z2-902
9% 00°0 L¥°O 8€°1 v'9 L°16 06°01 ¢°S 81-21
8°9 00°0 8L°0 29°2 8°L1 L°8L 25°6 8°¢ 9-0 pu®es playureld emell0 . 202-007
orjex eN 3 S 170} H 1ros *swu8 pHgd sayodug ad£3 1108 Ljunon ‘ON -
3W-eD uoTj}BIN}ES JUIDISG 001/ @ "W yidag uorty
*0dD -ed0T
B ———— —rersd

*8G61 ‘(sweoy Apues pue spues) s[I0s TejudwtIadxa
Jo onjexr umrssuFewl-wmMId[ed pu® ‘uorjeinies uoryed ‘Ajoeded a8ueyoxa uoryed ‘Hd oyl ‘®97 91qel



146

0°¢ Z¥°0 GS¥°0 6°¥1 €°Gvy 6°'8¢ L2°01 9°9 81-21
L€ 60°0 O0L°O 6°11 Sy L°CY 69°11 ¥°9 9-0 weol Juruesayn uourid  902-¢0?¢
oT1BI PN o mu\mr; )F vy 1 1roe cewid  ppd  sswony ad£3 1109 Kjunon *ON
FIN-¥D uojEinjes Jusoiad 001/*2 ' widag Ton
. *DdD -e20T7
*8GHT ‘(sweoT) sTroS TRIUSWITIAAXD
JO0 O0TIPI WnTgaUJeW~WINTITED pue ‘uounrrryers uonxwd ‘fyioeded sfuryoxs uoneo ‘Hd ayg °"mLzZ 2l4BL



47

Table 28a. The effect of fertilizers containing magnesium on the
chemical composition of fresh alfalfa leaf petioles from
plants grown on soils of various textures, 1956,

Loca-
ticn Treat~ Parts per million®
No, County Soil type ment! K Ca Mg

Loamy sands and sandy loams

First cutting

12 Berrien Oshtemo A 8040 1720 384
loamy sand B 7740 1440 284

’ ' C 9240 1280 336

D 10320 1520 288

E 7080 1690 474

48 Jackson Hillsdale A 9720 4120 1024
sandy loam B 8640 2500 657

C 11280 3900 422

D 7200 3300 4C0

E 7500 1300 €72

49 Jackson Fox sandy loam A 19920 3400 1392
B 9840 2480 448

C 5760 2060 672

D 11640 2580 1656

E 8540 3000 648

56 Kalamazoo Fox sandy loam A 4800 1640 672
B 7200 1400 672

C 6960 920 800

D 5340 320 €88

E 6360 240 640

89 St. Joseph Oshtemo A 6360 1440 416
loamy sand B 5760 760 544

C 5520 2080 576

D 5640 1400 560

E 7560 680 576

Average of first cutting A 9768 2464 778

B 7836 1716 541

C 7752 2048 5€¢1

D 8028 1824 598

E 7408 1382 €02

!Treatments are given in Table 2, page 22.
®Values represent average of two samples per treatment,
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Table 28a - Continued

‘Loca-
tion Treat- Parts per million
‘No. County Soil type ment K = Ca Mg

Loamy sands and sandy loams

Second cuttini ’

16 Branch Hillsdale A 13080 3400 1360
sandy loam B 18000 4400 960
C 11040 3500 784
D 16800 3700 896
E 17760 3200 1312
21 Calhoun Hillsdale A 3180 1760 686
sandy loam B 7200 1165 496
C 8640 920 584
D 12360 1320 752
E 8460 1220 768
28 Clinton Fox sandy loam A 3300 2160 672
B 10680 1040 510
C 4560 1040 416
D 4260 1720 640
E 6240 1920 832
47 Jackson Oshtemo sandy A 3600 2720 1312
loam B 4450 2360 1088
C 3150 1780 1044
D 3900 3120 1216
E 4300 3080 1312
89 St. Joseph Oshtemo A 5040 5247 992
loamy sand B 6240 3675 1424
C 15240 3550 1248
D 14400 4344 1168
E 25200 3845 1728
Average of second cutting A 5640 3057 1004
B 9314 2528 896
C 8526 2158 815
D 10344 2841 934
E 12392 2653 1190%*

%*
Significant at the 5% level with respect to D treatment.
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Table 282 - Continued

Loca-
tion Treat- Parts per million
No. County Soil type  ment K ~ Ca Mg
Loams
First cutting
17 Branch Coldwater A 8760 2400 1184
loam B 9240 1480 624
C 3720 1760 576
D 4380 1720 656
E 6660 2040 528
27 Clinton Conover loam A 6240 1410 608
B 6600 2440 624
C 7920 2040 528
D 6960 1640 848
E 6840 1440 8¢V
73 Muskegon Nester loam A 6960 2240 8590
B 7680 2286 410
C - _-— -
D 6120 3680 354
E 9720 3560 1264
Average of first cutting A 7320 2017 881
B 7840 2069 555
C 5820 1900 552
D 5820 2347 629
E 7740 2347 864
Second cutting
27 Clinton Conover loam A 3720 2240 688
B 10200 1600 400
C 5760 2240 336
D 6720 1400 480
E 12000 1190 496




Table 2Ga.

The effect of fertilizers containing magnesium on the
chemical composition of fresh corn leaf tissue from

plants grown on soils of various textures, 1956,

15

tn
o

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
Loamy sands and sandy loams
18 Branch Hillsdale A 13440 1480 552
sandy loam B 24000 1760 464
C 15360 1680 368
D 13920 1440 368
E 21360 2280 872%
23 Calhoun Hillsdale A 18720 1120 720
sandy loam B 17040 1040 4890
C 16080 840 480
D 17760 1200 4%¢
E 9600 480 354
30 Clinton Fox sandy loam A 7400 1480 880
B 6240 1440 880G
C 7440 1340 824
D 8520 1800 824
E 8880 1480 960
50 Jackson Oshtemo A 18720 1120 720
sandy loam B 17040 1040 480
C 16080 840 480
D 17760 1200 432
E 9600 480 384
51 Jackson Hillsdale A 14280 1150 560
sandy loam B 8160 1040 384
C 8400 940 352
D 13200 960 320
E 11520 2080 512
69 Monroe Wauseon A 8760 900 560
sandy loam B 8520 1000 544
C 9840 1000 504
D 9240 940 448
E 8400 820 768

b3
Significant at 5% level with respect to D treatment.



Table 29a - Continued

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
75 Muskegon ‘Montcalm A 4320 1760 556
loamy sand B 12960 820 548
C 9000 1140 568
D 10800 980 448
E 7680 880 4i6
90 St. Joseph Oshtemo A 8880 880 4C0
loamy sand B 10008 598 3290
C - - -
D 13440 676 376
E 12240 775 434
Average A 11815 1236 618
B 13005 1092 1z
.C 11743 1111 1
D 13080 1i50 456
E 11160 1159 591
Loam, silt loam, and clay loam
45 Ingham Miami loam A 15840 1760 1136
B 15360 1460 816
C 21360 1340 1128
D 12120 1760 €88
E 12000 1360 592
61 Lenawee Miami loam A 9840 1060 704
B 6360 800 €88
C 6600 995 €88
D 6600 960 496
E 9360 1000 320
64 Macomb Blount silt A 6840 660 736
loam B 7200 240 7¢4
C 5400 520 589
D 6480 650 392
E 5520 600 552

b3
Significant at 5% level with respect to D treatment.
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Table 29a - Continued

sl e e S __—___ ___— _ — _————

Loca-
tion Treat- Parts per million
No. County Soil type ment = K Ca Mg
70 Monroe Miami loam A 11400 1120 496
B 11040 1260 609
C 8400 920 480
D 8760 920 624
E 6120 940 864
81 Saginaw Sims clay loam A 8040 860 416
B 7080 760 384
C 7080 900 464
D 6380 700 480
E 6480 800 576
84 Shiawassee Miami loam A 6480 640 541
B 8280 285 488
C 7400 440 448
D 6600 515 472
E 7320 560 404
85 Shiawassee Blount loam A 5520 900 660
B 7680 720 672
C 7680 940 556
D 7680 1020 592
E 7680 720 760
88 St. Clair Blount silt A 4920 400 352
loam B 4920 580 400
C 6360 500 264
D 3840 600 512
E 3960 1295 344
Averages A 8610 925 630
B 8490 756 594
C 8785 819 577
D 7305 891 532
E 7305 909 552
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Table 30a. The effect of fertilizers containing magnesium on the
chemical composition of fresh potato leaf petioles from
plants grown on a loamy sand and a loam soil, 1956.

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
10 Bay Brevort loamy - A 4440 1200 800
sand B 4000 1000 720
C 4410 585 696
D 4660 850 784
E 5640 820 704
11 Bay Kawkawlin A 4420 820 720
loam B 5030 995 944
C 4250 1012 816
D 5640 1020 912
E 6360 940 768
Average A 4430 1010 760
B 4515 998 832
C 4330 798 756
D 5150 935 848
E 6000 880 736
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Table 3la. The effect of fertilizers containing magnesium on the
chemical composition of fresh field bean leaf petioles from
plants grown on loam soils, 1956,

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
5 Bay - Sims loam A 7920 1760 800
B 6580 1582 992
C 9600 1560 576
D 5520 1305 800
E 5640 1740 912
36 Gratiot Sims loam! A 3400 800 148
B 3050 440 432
C 4810 560 400
D 4550 240 422
E 4050 600 464
38 Huron Sims clay loam A 9840 2472 112C
B 16800 1780 864
C 6720 2032 928
D 9960 842 448
E 13920 1060 688
39 Huron Wisner loam A 7800 2329 592
B 7680 2889 576
C 9720 2258 672
D 8400 1608 528
E 7740 2000 496
93 Tuscola Thomas loam A 16320 2412 960
B 7800 1407 544
C 6360 1456 464
D 9120 1608 544
E 10080 1876 1184
Average A 9056 1955 784
B 8382 1620 682
C 7442 1573 608
D 7510 1121 550
E 8210 1455 749

1Red kidney beans.
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Table 32a. The effect of fertilizers containing magnesium on the
chemical composition of fresh soybean leaf petioles from
plants grown on sandy loam soils, 1956, .

YLoca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
67 Monroe Wauseon sandy A 8160 2280 1280
loam B 7800 1925 1016
C 8160 1965 880
D 6600 1800 768
E 9240 1880 944
68 Monroe Genesee sandy A 9240 2360 1296
loam B 5640 1680 1520
C 5760 2420 1312
D 6240 2010 1168
E 5280 2400 1120
Average A 8700 2320 1288
B 6720 1802 1268
C 6960 2192 1096
D 6420 1905 968
E 7260 2140 1032
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Table 33a. The effect of fertilizers containing magnesium on the
chemical composition of fresh sugar beet leaf petioles
from plants grown on loam soils, 1956.

Loca-
tion Treat- Parts per million
No. County Soil type ment K .Ca Mg
6 Bay Kawkawlin A 9120 160 704
loam B 8400 ' 160 784
C 6650 140 976
D 1080 140 776
E 9000 120 800
7 Bay Thomas loam A 10080 220 512
B 11160 100 512
C © 7080 180 472
D 7370 140 624
E —— — --
40 Huron -Sims clay loam A 9120 211 672
B 5640 90 720
C 7800 194 552
D 10440 144 856
E 5760 191 664
"Average A 9440 197 629
B 8440 117 672
- C 7177 171 667
- D 6297 141 752
E 7380 156 732
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Table 34a. The effect of fertilizers containing magnesium on the
¢hemical composition of fresh oat plant tissue from plants
grown on soils of different textures, 1957,

Loca-
tion Treat- Parts per million?
No. County : Soil type ment! K Ca Mg

Loamy sands and sandy loams

13-C-7 Calhoun ‘Hillsdale A 5250 2520 816
sandy loam B 5550 3320 816
D 5000 2320 880
E 5200 2460 640
15-C-9 Charlevoix -Emmet sandy A 6150 2180 960
loam B 5900 2300 720
D 6250 2240 880
E 6050 1820 656
16-C-12 Cheboygan ‘Emmet sandy A 5000 2300 720
loam B 4950 1660 672
D 4400 1720 720
E 4900. 1660 672
24-C-17 Emmet Emmet sandy A 3800 2800 752
loam B 3650 2800 640
D 3550 3080 624
E 4400 2220 816
54-C-20 Mecosta Isabella A 4650 2300 1024
sandy loam B 5200 2440 976
D 4450 2380 1104
E 4500 2780 1088
68-C-26 Oscoda Montcalm A 3850 2800 592
' sandy loam B 3550 2460 800
D 4650 2800 864
E 4200 2460 816
70-C-32 Ottawa Newton loamy A 3500 3060 640
sand B 4050 3000 768
D 3800 3080 572
E 3700 2320 656
Average A 4600 2566 786
B 4693 2569 770
D 4586 2517 806
E

4707 2246 763

!Treatments are given in Table 2, page 22.
2Values represent average of two samples per treatment,
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Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
Loams
19-C-13 Clinton Chesaning A 4450 2260 624
loam B 4750 1940 528
D 4650 2460 672
E 4450 2360 656
59..-C-22 Montcalm Isabella loam A 4100 2500 1136
B 4750 2460 1024
D 4650 4220 752
E 4650 2060 864
71-C-34 Presque Onaway loam A 5750 3960 416
Isle B 3400 2520 400
D 3400 2600 464
E 3650 2800 384
Average A 4767 2907 725
B 4300 2307 651
D 4233 3093 629
E 4250 2407 635
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Table 35a., The effect of fertilizers containing magnesium on the
chemical composition of fresh potato plant tissue from
plants grown on loamy sands, sandy loams, and loam
soils, 1957.

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
5-F-3 Antrim Mancelona A 12300 3420 768
' sandy loam B 12750 2860 768
D 13200 3000 720
E 12400 2940 800
15-F-8 Charlevoix Onaway loam A 12600 4060 1024
B 13000 3640 1216
D 12550 4660 1024
E 12150 4520 1184
16-F-10 Cheboygan Onaway sandy A 12900 3000 816
loam B 12550 2160 1424
D 12600 2720 1040
E 12900 3000 1232
16-F-11 Cheboygan Leelanau A 12100 3140 592
loamy sand B - 11000 2660 912%%
D 12850 2640 608
E 12000 3560 736%*
24-F-15 Emmet Emmet sandy A 12900 1940 784
~ loam B 13000 2220 912
D 13450 1900 704
E 12300 1980 864
24-F-16 Emmet - Emmet loamy A 12300 1920 608
sand B 13200 1280 768
D - -- -
E 13200 1920 512
59-F-23 Montcalm Montcalm A 12450 2380 752
sandy loam B 11850 2320 768
D 11850 2240 880
E 12300 2260 720

3%

— v
Significant at 5% level with respect to D treatment.

*
Significant at 1% level with respect to D treatment.
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Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
59-F-24 Montcalm McBride A 11000 1820 816
sandy loam B 11150 1780 880
D 11550 1960 608
E 11600 1860 720
59-F-25 Montcalm Montcalm A 10300 2300 864
sandy loam B 10700 2320 768
D 11150 2520 608
E 11250 2180 848
69-F-27 Otsego Mancelona A 12900 1860 416
loamy sand B 12150 1820 608
D 12700 1760 416
E 12600 2220 544
Average A 12175 2584 744
B 12135 2306 902%x*
D 12433 2600 734
E 12270 2644

816

3ok

Significant at 1% level with respect to D treatment.
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Table 36a. The effect of fertilizers containing magnesium on the
chemical composition of fresh corn ;leaf tissue from plants
grown on soils of different textures, 1957.

————
—————

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg

Sandy loams

13-B-7 Calhoun Hillsdale A 7300 5080 1472
sandy loam B 7800 5560 896
D 7500 5680 1120
E 8250 5760 1120
54-B-19 Mecosta Montcalm A 7450 5960 528
sandy loam B 7300 5760 653
D 10300 5760 --
E 7800 5620 653
Average A 7375 5520 1000
B 7550 5660 774
D 8900 5720 865
E 8025 5690 886
Loams
19-B-13 Clinton Chesaning loam A 7600 5420 1408
B 9050 5420 1264
D 7750 5880 1136
E 8400 5560 1312
19-B-14 Clinton Miami loam A 6550 5360 1408
B 7550 5480 1328
D 6950 5420 1344
E 7500 5700 1392
70-B-29 Ottawa Napanee silt A 12000 5740 2112
loam B 12000 6600 1376
D 11300 5280 1952
E 10850 5880 2144
Average A 8717 5506 1643
B 9533 5683 1323
D 8667 5527 1477
E 8917 5713 1616
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Table 37a. The effect of fertilizers containing magnesium on the chemical
composition of fresh sugar beet leaf petioles from plants
grown on loams and clay loam soils, 1957.

—e——
Loca-
tion Treat- Parts per million
No. County - Soil type ment K "Ca Mg
76-G-35 Sanilac Parkhill A 4750 1960 1424
clay loam B 6050 2720 1440
D 5100 1860 1504
E 5900 2520 1456
76-G-36 Sanilac Parkhill A 4700 2300 1488
clay loam B 4550 2110 1766
D 5100 3480 1248
E 4100 2180 1520
79-G-37 Tuscola Sims loam A 6050 2060 1360
B 6100 2260 1536
D 5800 2640 1360
E 5900 2360 1504
79-G-38 Tuscola Sims loam A 10300 2380 1568
B 10700 2560 1666
D 9550 2580 2080
E 9050 2720 1792
Average A 6450 2175 1460
B 6850 2412 1604
D 6388 2640 1548
E 6238 2445 1568
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Table 38a., The effect of fertilizers containing magnesium on the chemical
composition of fresh cucumber vine tissue from plants grown
on a loamy sand and sandy loam soil, 1957,

Loca-

ticn Treat- Parts per million
No. County Soil type ment K _ Ca Mg
3-J-2 Allegan Spinks loamy A 10550 5820 896
sand B 9400 5940 1264
D 10450 5640 800
E 8800 5620 1120
54-J-19 Mecosta McBride sandy A 10300 5760 416
loam B 9300 5600 704
D 10300 5760 512
E 9700 6000 672
Average A 10425 5790 656
B 9350 5770 984
D 10375 5700 656
E 9250 5810 896

Table 39a. The effect of fertilizers ccontaining magnesium on the
chemical composition of fresh cauliflower leaf petioles
from plants grown on a sandy loam soil, 1957,

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg

3-K-1 Allegan - Newton sandy
loam

11000 5820 1168
11400 5880 1136
11700 5940 1056
10450 5820 1248

HOoOwW»
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Table 40a. The effect of fertilizers containing magnesium on the chemical
composition of fresh cantaloupe vine tissue from plants grown
on a sand and sandy loam soil, 1957,

Loca-

tion Treat- Parts per million
No. County Soil type ment K Ca Mg
70-1.30 Ottawa Newton sand A 10400 5940 832
B 10300 6000 1088
D 9500 5580 752
E 7800 5900 896
70-1-31  Ottawa Oshtemo sandy A 8775 5550 688
loam B 8475 5620 728
D 8925 5100 7€0
E 8550 5270 704
Average A 9588 5745 760
B 9388 5810 908
D 9212 5340 756
E 8175 5585 800

Table 4ia. The effect of fertilizers containing magnesium on the chemical
composition of fresh sweet corn leaf tissue from plants grown
on a sandy soil, 1957. '

Loca-

tion Treat- Parts per million

No. County Soil type ment K Ca Mg

70-B-28 Ottawa Plainfield sand A 12150 5560 1120
B 11150 5680 1184
D 13200 5760 480
E 11400 5880 1216
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Table 42a. The effect of fertilizers containing magnesium on the chemical
composition of fresh corn leaf tissue from plants grown on
sandy loam and loam soils, 1958,

Loca-

tion Treat- Parts per million®

No. County Soil type ment! K Ca Mg

Sandy loam
328-341 Mecosta  Montcalm A 4600 3100 768
sandy loam B 3800 3100 992%%
C 3600 2700 864
D 4100 2750 1184%x*
E 3800 3000 754
F 4400 3300 800
G 4600 3500 576
Loam

314-327 Clinton Chesaning loam A 3300 2100 1144
B 4100 2250 1088
C 4400 2350 1440
D 3700 2450 1315
E 3500 2350 1298
F 4000 2550 1261
G 3600 3100 1398

!Treatments are given in table 2, page 22.

2Values represent average of two samples per treatment.

P
Significant at 1% level with respect to A treatment,
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Table 43a. The effect of fertilizers containing magnesium on the chemical
composition of fresh oat plart tissue from plants grown on a
sandy loam soil, 1958.

Loca-
tion Treat- Parts per million
No. County Soil type ment K Ca Mg
342-354 Mecosta Montcalm sandy A 3600 2400 736
loam B 3800 2050 672
C 3500 2050 960
D 3700 2300 1048
E 3800 1950 800
F 3400 - 2700 704
G 3600 2500 896

Table 44a., The effect of fertilizers containing magnesium on the chemical
composition of fresh sweet corn leaf tissue from plants grown
on a sandy soil, 1958,

pr———— L — =

Loca-~

tion Treat- Parts per million

No. County Soil type ment K Ca Mg

300-313 Ottawa Plainfield sand A 4600 1650 384
B 3700 1400 624
C 4300 1900 640
D 4700 1650 1008
E 4300 1800 678
F 4100 1750 480
G 3900 1600 736
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Table 45a. The effect offertilizerscontaining magnesium on the chemical
composition ef dry alfalfa plants grown on soils of various
textures, 1956,

Loca-
tion Treat- Percent?
No. County Soil type ment! K . Ca ‘Mg Na

Loamy sands and sandy loams

First cuttiﬁ

12 Berrien Oshtemo loamy A 2.25 0.68 0.11
sand B 2.74 0,58 0.15
C 2.66 0.67 0.11
D 2.47 0.64 0.07 0.02
E 2.40 0.56 0.09
16 Branch ‘Hillsdale A 1.68 1.01 0.16
sandy loam B 2.16 0.59 0.18
C 2.10 0.84 0,10
D 2.46 0.69 0.19 0.02
E 2.78 0.72 0.18
21 Calhoun Hillsdale A 2,56 0.66 0.11
sandy loam B 2.51 0.80 0.32
C 2,79 0.82 0.13
D 2.51 0.66 0.16 0.02
E 2,25 0,70 0.20
28 Clinton -Fox sandy loamn A 1.94 0,72 0.26
B 2.80 0.62 0.32
C 2.90 0.50 0.26
D 3.36 0.54 0.22 0.05
E 3.11 0.94 0.29
47 Jackson Oshtemo sandy A 1.65 1.33 0.32
loam B 3.52 0.94 0.47
C 2,96 0.80  0.36
D 2.62 1.04 0.25 0.05
E -- -- --
!Treatments are given in table 2, page 22. Continued

2Values represent average of two samples per treatment,
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e

Loca-~
tion Treat- Percent?
No. County Soil type ment! K Ca Mg Na
48 Jackson Hillsdale A 2.86 1.90 0.30
sandy loam B 2.88 1.32 0.50
C 3.98 1.46 0.33
D 4.82 1.72 0.36 0.02
E 4,78 1.43 0.53
49 Jackson Fox sandy A 3.68 1.12 0.39
loam B 2.53 0.96 0.38
C 2.58 0.88 0.25
D 3.14 0.84 0.39 0.04
E 2.92 1.00 0.30
56 Kalamazoo Fox sandy loam A 3.60 1,26 0.20
B 3.56 0,62 0.16
C 4,00 0.75 0.20
D 3.69 0.62 0.24 0.04
E 4.44 0.75 0.26
89 St. Joseph Oshtemo loamy A 3.80 1.62 0.37
sand B 5.34 1.54 0.56
C 5.06 1,15 0.37
D 5.12 1.42 0.36 0.02
E 5.64 1,38 0.50
Average of first cutting A 2,67 1.14 0.25
B 3.12 0.89 0.34
C 3.22 0.87 0.23
D 3.35 0,91 0.25 0.03
E 3.54 0.94 0.29
Second cutting
12 Berrien - Oshtemo loamy A -- 0.86 0.20
sand B -- 0.90 0.18
c ., -- 0.98 0.28
D -- 0.98 0.16 0.03
E -- 0.97 0.18

Continued
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Table 45a - Continued

Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
16 Branch Hillsdale sandy A 1.76 1.30  0.32
loam B 2.32 1.61 0.22
C 2.08 0.96 0.07
D 2,23 1.24 0.22 0.02
E 2.40 1.12 0.26
21 Calhoun Hillsdale sandy A 2.51 0,76 0.16
loam B 2.94 0.74 0.29
C 2.86 0,74 0.04
D 3.90 0,78 0.24 0.03
E 4,22 0.80 0.28
48 Jackson Hillsdale sandy A 3.8¢ 1.73 0.44
loam B 3.72 1,66 0.41
C 4,35 -- 0.37
D 4,24 1.75 0.37 0.05
E 3.43 1,51 0.36
49 Jackson Fox sandy loam A 3.97 1.12 0.49
B 2.36 1.18 0.38
C 3.00 1,06 0.32
D 2.81 1.28 0.41 0.04
E 3.00 1.15 0.36
89 St. Joseph Oshtemo loamy A 2.14 1.95 0.41
sand B 2.98 1.71 0.40
C 2.24 1,87 0.50
D 2.46 1.95 0.34 0.02
E 2.84 1.97 0.41
Average of second cutting A 2.78 1.29 0.34
B 2.86 1.30 0.31
C 2,91 1,12 0. 26
D 3.13  1.33 0.29 0.03
E 3.18 1.25 0.31

Continued
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Table 45a -~ Continued

Loca-
tion Treat- Percent
No. County ‘Soil type ment K Ca Mg Na
Loams
First cutting
17 Branch - Coldwater loam A 1.84 1,28 .10
{Ladino clover) B 2.68 1.30 0.22
C 2,28 1.10 0.06
D 2.54 1.64 0.16 0.05
E 2,40 1.44 0,27%
27 Clinton Conover loam A 1.8¢ 1.57 0.27
B 3,41 1.30 0.40
C 3.56 1,31 0. 38
D 2,90 1.46 0.32 0.07
E 2.81 1,07 0.34
44 Ingham Conover loam A 2.19 1,28 0.57
B 3.20 1.32 0.57
C 3.3 1.11 0.54
D 3,16  1.28 0.41 0.06
E 2,70 1.20 0.48
73 Muskegon Nester loam A 1.84 0.43 0.24
B 2.83 0.56 0.15
C 3.02 0.60 0.18
D 2.86 0.88 0.22 0,02
E 3.64 0,74 0.22
Average of first cutting A 1.92 1.14 0.30
B 3.03 1,12 0.33
C 2.97 1.03 0.29
D 2.86 1,32 0.28 0.05
E 2.89 1.11 0.32

*
Significant at 5% level with respect to D treatment.
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Loca-~
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
Second cutting .
T7 Branch Coldwater loam A 1.34 0.87 0.11
(Ladino clover B 2.06 0.75 0.12
C 1.94 0.87 0.07
D 2.54 0.88 0.07 0.07
E 1.87 0.75 0.29
27 Clinton Conover loam A 3.41 1,56 0.44
B 2.96 0.84 0.24
C 3.24 1.04 0. 39
D 3.12 1,06 0.34 0.07
E 2,58 1.06 0. 38
32 Eaton Conover loam A 2,16 1.42 0.54
B 2.74 1,12 0.38
C 2.88 1,62 0.29
D 2.83 1,70 0.27 0.04
E 3.10 1,70 0.40
44 Ingham Conover loam A 1.80 2.04 0.65
B 3.08 1.54 0.53
C 1.96 1,58 0.49
D 1.84 2.10 0.45 0.09
E 1.67 1.62 0.53
Average of second cutting A 2,18 1.47 0.44
B 2,71 1.06 0.32
C 2,50 1,28 0.31
D 2.58 1.44 0.28 0.07
E 2,30 1,28 0.40
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The effect of fertilizers containing magnesium on the chemical

composition of dry corn leaves from plants grown on soils of

different textures, 1956.

Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
Sandy loams and loamy sands
18 Branch Hillsdale A 1.88 0.78 G.C9
sandy loam B 1.98  0.73 0.$9
C 1.68 0.75 0.69
D 2.10 0.84 0.07 C.04
E 2.40 0.70 0.11
30 Clinton -Fox sandy loam A 1.90 0.99 G.56
B 2.73 0.96 0.63
C 2.14 0.9 0.58
D 2.30 1,05 C.70 0.04
E 2.19 1.0C6 0.66
50 Jackson Oshtemo sandy A 2.81 1.01 C.41
loam B 2.40 1.00 0.62
C 3.28 0.88 0.7z
D 4.33 0.94 0.64 0.06
E 3.40 1,03 0.51
51 Jackson Hillsdale sandy A 2.66 0,74 0.41
loam B 2.87 0.71 0.48
C 2.85 0.70 0.38
D 2.48 0.68 0.54 0.17
E 2.92 9.76 C.48
57 Kalamazoo Fox sandy loam A 3.54 2.26 0.38
B 3.07  2.21 0.67
C 3.32  2.24 0.44
D 3.32  2.50 0.35 0.26
E 3.11  2.36 0.64

Continued
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Table 46a - Continued

Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
69 Monroe Wauseon sandy A 3.62 0.65 0.17
loam B 3.68 0.40 0.40
C 2.53 0.60 0.28
D 2.34 0,62 C. 14 0.09
E 3.72 .58 0.58
75 Muskegon Montcalm loamy A 1.583 1.15 0.61
sand B 2.08 1.14 0.56
C 2.14 1.15 0. 46
D 2,36 1,08 C. 60 0.05
E 1.42 1.02 C.48
Average A 2.56 1,08 C. 38
B 2.69 1.062 G.49
C 2.56 1.03 0.42
D 2.75 1,10 0.43 0.10
E 2.74 1.07 .49
Loams, silt loams and clay loams
8 Bay Kawkawlin loam A 1.91 - 0.20
B 1.35 -- 0.15
C 1.54 - 0.16
D 1.33 -- 0.09 0.04
E 1.68 -- 0.16
26 Clare Nester loam A 2.60 0.73 0.41
B 2,00 0.71 0.34
C 2,14 0.73 C.38
D 3.11 0.64 0.47 --
E 2.02 0.69 0.40
37 Gratiot Sims loam A 5.32 1.00 0.72
B 3.69 0.92 0.62
C 3.67 0.94 0.60
D 5.08 0.96 0.74 0.06
E 3.76 0.91 0.54

Continued
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Loca-
tion Treat- Percent
No. County - Soil type ment K Ca Mg Na
45 Irgham Miami loam A 1.97 1.13 1.02
B 1.80 1,14 0.64
C 1.61 1.12 C.74
D 2.24 1.11 0.8¢6 C.06
E 1,89 1.11 0.74
61 Lenawee Miami loam A 3.47 0.98 0.5¢
B 4,16 0.98 0.72
C 3.26 1.00 0.67
D 3.45 0.98 0.€60 C.05
E 3.07 0.95 0.51
64 Macomb Blount silt loam A 1.98 0.44 0.46
B 2.62 0.72 0.41
C 2.59 0.70 0.37
D 3.45 0.73 0.32 ¢.C8
E 3.82 0.71 0. 46
70 Monroe Miami loam A 2.38 0.93 0.54
B 2.42 0.92 0.47
C 2.06 0.90 0.48
D 3.00 0.95 0.49 0. 04
E 2.46 0.96 0.56
74 Muskegon Nester loam A 1.36 0.72 0.42
B 1.80 0.70 0.:28
C 1.58 0.72 0.34
D 1.93 0.79 0.41 0.04
E 1.72 0.70 0.48
81 Saginaw Sims clay loam A 2.44 0.96 0.42
B 4.57 0.98 0.55
C 3.07 0.94 0.62
D 2.66 1.02 0.40 0.04
E 3.62 0.95 0.68

Continued
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Loce-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
84 Shiawassee Miami loam A 2.28 0.49 0.52
B 2.56 0.48 0.58
C 2.59 0.54 0.61
D 2.86 0.48 0.36 0.05
E 2.32 0.46 0.66
85 Shiawassee Blount loam A 2.74 0.85 0.52
B 3.06 0.86 0.32
C - - -
D 2.64 0.84 0.36 0. 04
E 2.64 0.90 0.45
38 St. Clair  Blount silt loam A 2.23 0.78 0.77
B 2.35 0.82 0.76
C 2.75 0.79 0.84
D 2.32 0.83 0.61 0.05
E 1.84 0.79 0.69
36 Iosco Selkirk loam A 2.42 0.87 0.44
B 2.54 0.78 0.47
C 2.25 0.88 0.40
D 2.23 0.86 0.44 G. 05
E 2.64 0.94 0.51
Average A 2.55 0.82 0.54
B 2.69 0.83 0.49
C 2.43 0.84 0.52
D 2.79 0.85 0.47 0. 05
E 2.58 0.84 0.53




Tatle 47a. The effect of fertilizers containing magnesium on the chemicsl
composition of dry oat plants grown on soils of different
textures, 1956.
Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
Sandy loams and loamy sand
3 Antrim Karlin loamy sand A 0.86 0.12 0.18
B 0.88 0.13 0.10
C 0.92 0.10 0.18
D 0.97 0.13 0. 26 0.¢2
E 1.03 0.14 0.22
51 Clinton Fox sandy loam A 1.68 0.16 0.25
B 1.50 0.14 0.20
C 1.98 0.22 0.3
D 1.40 0.16 0.30 S.L2
E 1.38 0.12 0.25
53 Jackson Oshtemo sandy A 1.39 0.18 0.26
loam B 1.40 0.19 0.19
C 1.59 0.18 0.10
D 1.54 0.21 0. 26 0. Gt
E 1.80 0.18 0.15
54 Jackson Hillsdale sandy A 1.46 0.13 0.18
loam B 1.63 0.13 0.22
-C 1.65 0.13 0.20
D 1.42 0.12 0.26 C.04
E 1.86 0.10 0.22
58 Kalamazoo Fox sandy loam A 1.03 0.10 0.18
B 1.36 0.12 0.17
C 1.12 0.13 0.26
D 0.92 0.12 0.16 0.04
E 1.14 0.11 0.25
71 Monroe Granby sandy A 1.84 0.13 0.33
loam B 1.60 0.13 0.18
C 1.50 0.10 0.20
D 1.96 0.14 C.30 0.G2
E 1.42 0.10 0.16

C

ontinued
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Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
77 Oscodsa Montcalm loamy A 1.02 0.15 0.21
sand ‘ B 1.65 0.14 0.13
C 1.93 0.18 0.09
D 1.72 0.18 0.25 0.02
E 1.30 0.17 0.18
78 Otsego Kawkawlin sandy A 0.98 0.14 0.08
loam B 1.42 0.12 0.19
C 1.42 0.18 .20
D 1.18 0.17 0.G¢ 0.C3
E 1.12 0.12 0.11
Average A 1.28 0.14 C.2i
B 1.43 0.14 C.17
C 1.51 0.15 0.19
D 1.39 0.15 0.23 0.04
E 1.38 0.13 0.19
Loams
1 Alcona Nester loam A 0.41 0.04 0.41
B 0.44 0.13 0.37
C 0.39 0.08 0. 28
D 0.37 0.14 0.38 0.02
E 0.37 0.10 0.42
86 Shiawassee Blount loam A 1.90 0.12 0.28
B 1.86 0.14 0.18
C 1.82 0.12 0.20
D 1.72 0.09 0.28 0.04
E 1.90 0.12 0.22
Average A 1.16 0.08 0.34
B 1.15 0.14  0.28
C 1.10 0.10 0.24
D 1.04 0.12 0.33 0.03
E 1.14 0.11 0.32
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Table 4%z, The effect of fertilizers containing magnesium on the chemical
composition of dry barley plants grown on soils of different
textures, 1956.

— e — — ————

e

Locz
tion Treat:- Percent
No. County Soil type ment K . Ca ‘Mg Na

Sandy loam

22! Calhoun Hillsdale sandy A 0.98 0.07 --
loam B 0.78 0.08 0.04
C 0.92 0.08 0.06
D 0.80 0.07 0.07 0.05
E - - -
'Clay loam
) 5.girzw  Sims clay loam A 1.22 0.14 0.23
B 1.44 0.12 0.27
C - - -
D 1.18 0.15 0.34 .04
E

1.46 0.14 0. 36

'Winter tarl ey
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The effect of fertilizers containing magnesium on the chemical
composition of dry wheat plants grown on soils of different

Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
Sandy loams
2 Alcona Emmet sandy A 0.98 -- --
loam B 1.66 0.08 0.18
C 1.54 0.06 0.20
D 1.36 .0.06 0.18 0.02
E - - -
S5 Kailamazoo Fox sandy loam A 0.80 0.12 0.14
B 0.62 0.12 0.14
C 0.79 0.10 0.12
D 0.82 0.12 0.17 0.05
73 Otsego Blue Lake sandy A 0.50 0.09 0.24
loam B 0.50 0.10 0.29
C 0.56 0.21 0.28
D 0.52 0.14 0.34 0.04
Average A 0.76 0.10 0.19
B 0.93 0.10 0.20
C 0.96 0.12 0.20
D 0.90 0.11 0.23 0.04
. E - - - -
Loams and clay loams
20 Branch Coldwater loam A 0.46 0.07 0.06
B 0.60 0.04 0.09
C 0.56 0.07 0.07
D 0.56 0.07 0.06 0.09
34 Eaton Conover loam A 0.60 0.04 0.21
B 0.69 0.06 0.19
C 0.72 0.06 0.20
D 0.73 0.04 0.20 0.05

Continued
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Lcoca-
tion Treat- Percent
No. County Soil type ment K Ca © Mg Na
42 Hiron Wisner loam A 1.31  0.10 0.35

B 1.57 0.21 0.30

C -- 0.16 Q.34

D 1.12 0.10 G. 30 --
43 Huron Sims clay loam A 0.71 0.07 0.17

B 1.24 0.07 C.28

C 1.20 0.07 C.Z8

D 0.98 0.08 0.24 0.06
£2 Lerawee Miami leam A 0.62 0.06 0.09

B C.58 0. 06 0.1

C 0.73 0.06 0.22

D - - - -
72 Mcuroe Allendale loam A C.82 0.07 0.C9

B 0.75 0.04 0. C9

C 0.92 0.06 0.20

D - - - -
82 Szginaw Sims clay loam A 0.56 0.10 .23

B 0.64 0.10 0.18

C 0.72 0.10 0.20

D 0.64 0.09 0.20 0.09
87 Shiawassee Blount loam A 1,22 0.09 0. 27

B 1.80 0.10 0.20

C 1.76 0.10 0.16

D 1.14 0.11 0.26 0.08
95 Tuscola Thomas loam A 0.90 0.11 0.18

B 0.95 0.07 0.22

C 0.74 0.10 0.07

D 1.03 0.11 0.20

Average A 0.80 0.08 0.18

B 0.98 0.08 0.19

C 0.92 0.09 0.19

D 0.89 0.09 0.21 6.07
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Table 50a. The effect of fertilizers containing magnesium on the
chemical composition of dry field bean plants grown on
loams and clay loam soils. 1956.
Loca- '
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
5 Bay Sims loam A 1.72  1.62 0.67
B 2.76 1.62 1.12
C 2.34 1.G60 0.90
D 3.02 1.88 0.86 0.62
E 2.17 1.62 0.78
38 Huron Sims clay loam A 1.57 0.68 0.67
B 2.26 0.71 0.56
C 2.81 0.66 0.18
D 2.87 0,71 0.35 0.01
E 2.32 0.95 0.45
39 Huron Wisner loam A 3.66 0.72 0.58
B 2.66 0.50 0.48
C 3.67 0.94 0.45
D 3.24 0.73 0.48 0.01
E 2.94 0.89 0.48
94 Tuscola Sims loam A 1.82 0.82 0. 34
B 1.38 0.53 0.41
C 2.46 1.09 0.54
D 2.42 0.88 0.50 0.01
E 2.14 0.79 0.46
36 Gratiot Sims loam! A 3.06 1.42 0.17
B 2.47 1.12 0.50
C 3.10 1.62 0.28
D 3.47 1.70 0.42 0.03
E 3.20 1.70 0.32
Average A 2.25 1.05 0.49
B 2.51 0.90 0.61
C 2.88 1.24 0.47
D 3.00 1.18 0.52 0.02
E 2.55 1.19 0.50

'Red kidney beans.



Table 5la. The effect of fertilizers containing magnesium on the chemical

composition of dry soybean plants grown on sandy loam soils,

1956.
Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
67 Monroe Wauseon sandy A 1.61 1.08 0.34
loam B 2.08 1.05 0.24
C 1.70 1.02 0.24
D 1.76 1.05 0.30 0.01
E 2.14 1.07 0.60
68 Monroe Genesee sandy A 2,10 1.72 0.64
loam B 2.82 1.95 0.39
C 1.93 1.32 0.43
D 2.04 1.09 0.20 0.01
E 2.02 1.61 C.58
Average A 1.86 1.40 0.49
B 2.45 1.50 0.31
C 1.82 1.17 0.34
D 1.90 1.07 0.25 0.01
E 2,08 1.34 0.59
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Table 52a. The effect of fertilizers containing magnesium on the chemical
composition of dry sugar beet leaves and leaf petioles grown
on loam and clay loam soils, 1956.

Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
40 Huron -Sims clay loam A 6.06 2.16 2.32
B 6.20 2.09 2.78
C - - -
D 7.12  2.02 3.00 0.16
E 6.56 2.20 2.85
83 Sanilac Parkhill loam A 7.50 0.82 1.35
B 7.87 0.66 1.12
C 7.50 0.78 1.05
D 7.68 0.60 0.60 0.19
E 7.87 0.72 0.6¢
Average A 6.78 1.49 1.84
B 7.04 1.38 1.95
C 7.50 0.78 1.05
D 7.40 1.31 1.80 0.18
E 7.22 1.46 1.72
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Table 53a. The effect of fertilizers containing magnesium on the chemical
composition of dry potato plants grown on a loam soil, 1956.

Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
11 Bay Kawkawlin loam A 3.32  2.26 0.71
‘ B 2.88 2.32 0.90
C 3.73 2.38 1.27
D 3.20 2.36 0.90 0.28
E 3.66 2.49 0.75

Table 54a. The effect of fertilizers containing magnesium on the chemical
composition of dry sudan grass plants grown on a sandy loam

soil, 1956.
Loca-
tion Treat- Percent
No. County Soil type ment K Ca Mg Na
19 Branch Hillsdale sandy 2.55 0.27 0.15
loam 2.21 0.24 0.07

3.11 0.30 0.11
3.07 0.31 0.07 0.05
2.59 0.31 0.26

BHOoOOQwWH
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Table 65a, Instrumental conditions of the Beckman Spectrophotometer
for the determination of potassium, calcium, and sodium.

Ca K Na

Wave length 422.7 766.5 589.3
Photo tube resistor No. 2 No. 1 No. 2
Photo tube filter _ blue red blue
Selector 0.1 0.1 0.1
Photo-multiplier sensitivity 4 off 2
Zero suppression 1.0 off 1.0
Oxygen pressure

(2) tank - 40 40 40

(b) instrument panel 11 12 11
Hydrogen pressure 4

(2) tank 10 10 10

(b) instrument panel 5.75 5.75 5.75

Slit width .01 .01-.02 .01
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