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THESIS




Leslie W. Tobin

ABSTRACT

This experiment was a continuation of an earlier in-
vestication to study the effect of fertilizers and minor
elements on the establishment and growth of alfalfa on four
rroblem sandy soils of liichigan,

The design consisted of a control and 15 fertilizer
treatments including minor elements all replicated three
times using the four rroblem soils. Yield data from two
cuttings were collected and rerorted uyon from the earlier
investigation, Tomato plants were grown as an intermediate
cror to deprlete the scil, and another alfalfa rlanting was
made and two cuttings harvested from this experiment.

Calcium sulfate was added in this experiment to one rerlicate
in each treatment to determine the effect of calcium without
changing the rH., The alfalfa ylants from the two cuttings
harvested from the rrevious exreriment were anulyzed for
rhosphorus, protassium,calcium and magnesium and the tomato
rlants were anrlyzed for phosrhorus and rotassium onlye.

The data of the two cuttings of alfalfa from the ezrlier
investigation that were rerorted in this parer indicated that
both rhosrhorus and yotassium was necessary for best growth,
Minor’elements were rrobably resyonsible for increased rlant
ecrowth In some cases, but no one element or even grour of
elements consistently imrroved yields, The plant analyses
of the alfalfa harvested from the first investigation showed
no significant results except that rotassium appeared to be

absorbed in proportion to its concentration in the soil.
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The tomato plonts were most affected by a lack of
rotassium on two of the soils whereas there was little
difference in growth where either phosphorus or potassium
alone wvas arrlied on the other two soils., There was little
response from minor elements comrared with those plants
fertilized with both phosphorus and rotassium. The tomgto
rlant analyses showed no si~nificant resuits,

In this investigation, the lack of potassium was more
detrimental than the lack of phosphorus upron the growth of
alfalfa, Kitrogen and extra protassium generally caused some
plant resronse comrered with those that received both prhos-
rhorus and rotassium in equal ratio. MNinor elements nay
have been resronsible for some increased growth but the larger
yields were not consistent in any treatment., Lo one element
or corbination of minor elements apyeared to be responsible
for the rcsponse,

The results of this investigation were inconclusive
as no consistent resuits were obtained. There 1is a possi-
bility that the rroblem is rartially one of-%§X3§33¥§3§such
as molsture as reflected by rrofile characteristics of the
soils, Further investigation with field exreriments in the
rroblem areas may be necessary before the rroblem may be

solved.

Tobin, L., W, Some Effects of Nutrients on Growth and

Mineral Composition of Alfalfa and Tomatoes on Four Michigan

Sandy Soils. Thesis M., S. Michigan State College 1951,
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INTRODUCTION 1

Alfalfa has been recognized as an important hay and
pasture crop in Michigan for many years, Veatch (19) has
estimated that there are about 9,152,000 acres of first
class alfglfa land in Michigan, and about 13,393,000 acres
that can produce the crop under careful management. An
additional 13,242,000 acres may be considered as unfit for
the crop due to a number of factors.

Recently some of the lighter textured soils in several
rarts of the state that were thought to be adarted to alfal-
fa have not grown and maintained adequate stands even under
normal fertilization and proper cultural practices, It was
the orinion of so0il scientists at Michigan State College
that the rroblem might be a nutrient deficiency, rerhaps
of some minor element, Plans were made to conduct a green-
house exreriment under controlled conditions using the rrob-
lem soils,

The investigation was originated by Roy D. Bronson (6)
in partial fulfillment of the requirements for the Master
of Science degree. Soil was obtained from the four prob-
lem areas, and an experiment was designed to include a con-
trol and 15 fertilizer treatments replicated three times on
all four soil tyres.,

Bronson observed the growing crops throughout a period
of about seven months when three alfalfa crops were har-
vested, yield data collected, deficiency symptoms noted and

tissue tests made. Insufficient time prevented him from



2
harvesting more crors, but two additional cuttings were made
by others at the Station. An examination of the data at that
time sugcested the advisability of continuing the experiment
another yeer, By coincidence, the continuation of the study
worked conveniéntly into the author!s schedule for graduate
study.

Because calcium was the only element that had not been
included in the original pattern, the suthor decided to re-
design the experiment to include that nutrient. The author
was aware that the data would be incomrlete for statistical
analyses, However, the rlan was justified in that no sig-
nificant conclusions had been obtained from the previous
investigation.

This raper is thus a continuation of the investigation
originally conducted by Bronson (6) for the purpose of se-
curing data in regard to the establishment and maintenance
of alfalfa stands on certain light textured, sandy soils in
Michigan. In addition to collecting yield data and maxking
observations for nutrient deficiencies, the author conduct-
ed analyses of plant tissue for the purpose of determining-
whether the nutrient concentrations of the plants were near
the critical levels, and to note any correlations bétween

nutrient concentration in the plant and fertilizer treatments.



RzVILY CF LITERATURE 3

It would be impossible to cover even generally the
literature rertaining to alfalfa nutrition. In his review
Bronson mentioned most of the major and minor elements
necessary for alfalfa growth,

To avoid any durlication, it is the author's Intentions
to aprroach the subject from the angle of nutrient relation-
ships, and rresent a few of the theories relative to that
subject,

As early as 1869 Hellriegel discussed the amount of
rotassium 1In oat straw as related to the suprply in the soil,
In 1880 Eeinrich analyzed roots of oat plants, and
attempted to use plant comrosition as an index of soil re-

quirement,

Recently the use of plant analysis as a diagnosis for
nutritional problems of plants has gained prominance among
many agriculturalists,

It is Impossible to estimate the surrly of a given
nutrient in the soil from its content in the plant unless
all other growth factors are controlled. Assuming con-
trolled conditions, if plant analysis is to be used as a
criterion of soil conditions, the stage at which the crors
are sampled 1is important. Generally, nutrient absorption
is more rapid during the early stages of growth and slower
during later stages than is the average growth rate. Fur-
thermore, changes occur in comrosition as the plant rasses

from vegetative to reryroductive stages,
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The fact that rlants absorb more nutrients if they are
surrlied in excess is well established., Lilkewise, most in-
vestigators are in agreement that there exists a mutual me-
chanical rerlacement of the basic elements in rlants. Hence,
a rlant deficlient in one element will absorb more of another
element than is actually recuired,

If this substitution results in the sum total of the
cation eculvalents adsorbed being the same, the rhenomenon
of catlon constancy 1is said to be opersting. Apparently
some plants exnibit this characteristic while others do not.

It is belileved that calcium, magnesium and potassium
all have srecific functions in plants and, in addition,
other generel functions in which one may be substituted
for another, In a discussion of this toric, Bear and Frince
(3) state that, "Substitution of one cation for the other
can bhe affected without detriment to the yleld until a roint
is reached at which the content of the other is reduced be-
low the critical value necessary for the syrecific functions
it rerforms," Thney add that potassium is more readily ab-
sorbed by rlants in excess of the arount needed to rerform
its srecific functions than are any of the other catlons.

It is treir orinion that if the suryly of all cations 1is

sufficient, there can be a wide range in ratios in the re-
maining quantities that are absorbed by the plant. Thelr
exreriments in growing alfalfa on 20 different New Jersey

soils indicate that cation constancy does occur in alfalfa



under controlled conditions., From rereated harvesting of
eight successive crops of alfalfa, they noted that calcium
and magnesium contents increased with successive cuttings
whereas the content of potassium decreased., Kowever, the
suns of the ecuivaelents of calcium, magnesium and yotassium
tended toward a constant,

Lucas and Scarseth (10) have observed cation constancy
in some crops but not in others. Increasing the level of
rotassium in the soil for any given rer cent saturation of
calcium caused a lowering of the calecium and magnesium con-
tents of some rlants growing under controlled conditions,.
However, they are of the opinion that constancy may readily
occur under field conditions,

The conclusions of Vallace, Toth and Bear (20) on analy-
ses of alfalfa plants in resrect to cation equivalent con-
stancy were:

1. The total cation values of the whole plants tend

to be fairly constant,

2, Leaves have a high constancy with terminal leaves

highest in constancy,.

3. The total cation values of stems are less than leaves.

4, The total catlon values of stems tend to increase

with increasing amounts of potassium in the nutrient

media,



In contrast, lehlich and Reed (12) found a greater
urtake of calcium, magnesium and yrotassium in cotton plants
at higher degrees of calcium saturation even though recipro-
cal relationships occurred. In addition, the magnesium
and calcium contents in the plants decreased with increasing
levels of potassium,

Most investigators are of the orinion that lime is
usually the first i1imiting element in 2l1falfa growth. The
fact that rH is utilized as the basls for lime requirement
does not insure amrle amounts of calcium as a plant nutri-
ent. Calcium saturation may not be suffiecient on the ex-
change comrlex or the calcium may not be available. From
investigations with Connecticut soils by Owens and Brown
(13), soil reactions of pH 6.3 to 6.6 have apreared to be
associated with an ample suprly of replaceable calcium,

This is probably true in Michigan under most conditions.

Fotassium, as well as lime, is often lacking, especially
after several croprs of hay have been removed. This deficien-
cy 1s explained by the fact that the plants exhibit "luxury
consumption" and, thus, most of the available rotassium
is utilized immediately. Hence, for all practical purposes,
rotassium:.should be suprlied in increments,

Data from Peech and Bradfield (14) indicate that the
uptake of potassium by rlants is not affected arpreciably
by calcium whereas potassium (the most readily absorbed

cation) may supvrress the urtake of both calcium and mag-



nesium,

Flant analyses of alfalfa grown by Bear and Wallace
(5) showed an inverse relationship between calcium and po-
tassium. They found that as more calcium was absorbed, less
rotassium was absorbed and vice verssa.

Hunter, Toth and Bear (9) have concluded that alfalfa
can adjust itself to a wide variation in soil calcium-po-
tassium ratios making normal growth between 1:1 and 100:1
ratios. From their data it would appear that a 4:1 ratio
would rrobably be most negsrly optimum.

The relationship of magnesium with calcium and potassi-
um is not fully understood. From his investigations Zimmerman
(22) found that when the level of potassium was high in the
soil, a magnesium deficiency tended to develop in the plant.
Further evidence indic=ted that as the concentration of po-
tassium decreased in the soil, the magnesium content in-
cressed in the plant even though the soil was deficient in
magnesium., Thus, magnesium 1s aprarently needed to balance
calcium and to overcome high potassium concentrations,

Hunter, Toth and Bear (9) have obtained evidence that
the calcium-magnesium ratios in the plant were roughly pro-
rortional to the ratio in the soil. In addition, the mag-
nesium-potassium ratio in plants showed a wide variation
being similar to calcium-potassium ratios.

According to Lucas and Scarseth (10), the potassium

content in plants 1s affected by the ratios of exchangeable



calcium and magnesium in the soil., For this reason, a
measure of potassium cannot be evaluated adecuately unless
both the calcium and magnesium contents of the soil are
known, Exreriments conducted by them showed a potassium
deficiency in the plant when a wide Qgégg ratio (over four)
existed in the soil, They believe, thgrefore, that a ratio
of 3.5 or less is necessary to avoid potassium deficiency
in 21falfa.

Analyses of alfalfa rlants growvn on Kew Jersey soils
by Bear, Frince and Malcolm (4) revealed that as the per
cent of potassium increased in the alfalfa plant, the per-
centage of calcium and magnesium declined. From a practical
standpoint then, calcium and magnesium should be available
in abundant quantities for glfalfa as they are less expen-
sive than potassium,

The theory that lime aids in making rhosphorus availa=-
ble is accepted by most authoritlies. Expreriments by Lucas,
Scarseth and Sieling (11) on silt loam soils indicate that
even-though the phosphorus utilization was better when lime
was added to hay croprs, the potagssium became insufficient
for larger crops later on and rotassium became the limiting
factor.

Most investigetors are in agreement thnat a positive
correlation exists between phosphorus and magnesium con-
tents in plants. It is believed that magnesium may function

as a carrier of phosphorus. Truog and others (17) have noted



that the phosrhorus content of rea seeds increased with
increasing suprlies of available magnesium.

The fact that critical limits occur in rlant nutrition
1s well established, and earrarently the limits differ with
plants., Hunter, Toth and Bear (9) have rerorted that al-
falfg yields declined when the calcium content increased
over 29 and when the rotessium content fell below 1%.

It is the opinion of Bear, Frince and kalcolm (4) that
the potassium content of the plant can vary between 1.15/7
and 2.3% of the dry matter without materially affecting
the nutrition of the rlant.

Bear and Wallace (5) conducted analyses of alfalfa
tissue grown on New Jersey soils and found the critical
limits to be: potassium 1.4%, magnesium 0.247 and phos-
phorus 0.27%. From analyses of alfalfa grown on lichigan
soils, they found the critical limits were: potassium 0.627,

caleium 2.27%, magnesium 0.54 and phosphorus 0.15%.

EXFERINENTAL FROCLDURE
Bronson (6) has already described the four soils under
study which included Grayling, Emmet, Allendale loamy sand
and Allendale sandy loam. All of the soils were low in
organic matter, generally low in fertility, and had falled
to produce good g2lfalfa stands in the field.
Previous to the time that the author assumed charge

of the experiment, the alfalfa plants were alliowed to dry
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up after the last harvest had been removed on June 15, 1949,
These rlants were removed from the pots and the soil screen-
ed through a four mesh screen and returned to the containers.

As mentioned earlier, the original plan was to reresat
the eglfalfa exreriment. 1In order to derlete the soil, a
tomato crop was grown before the second crop of alfalfa was
rlanted, Tomatoes vwere chosen because they grow. rapidly
and do well in warm weather. In addition, the rlants show
nutrient deficiencies more ylainly than do many crors,

Cn August 10 a tomato rlant about five inches high
of the Indiana-Baltimore:variety was transplanted into each
of the 192 pots. Cbservations were made throughout the
growing season until Seyptember 25 when the plants were har-
vested, dried and each one weighed,

The original exreriment included three rerlicates of
16 treatments on each of the four soil types. There were
no celcium treatments originally, and therefore, the ex-
reriment was revised to include an arpplication of this element
in each treatment. This calcium aprlication was made in the
form of calcium sulfate at the rate of 1,000 pounds per acre
in the urper one third of the soil in each pot. The remainder
of the fertilizer treatments were the same as originally out-
lined by Bronson(6) as follows:

1. Control, no treatment,

2. 0-20-0, 1,000 1lbs. per acre,

3., 0-20-20, 1,000 1bs. Ter acre,
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4, 0-0-20, 1,000 1lbs., per acre.

&. 5-20-20, 1,000 1bs. per acre.

6. 0-20-40, 1,0C0 1lbs. per acre,

7. 0-20-20, 1,000 1lbs. rer acre £ lig, In, Fe, B, Cu,

8., 0-20-20, 1,000 1lbs, rer acre ¢ Ln, Fe, B, Cu.

9. 0-20-20, 1,000 1bs. rer acre £ Mg, Fe, B, Cu,

10, 0-20-20, 1,000 1lbs, per acre £ lig, Mn, B, Cu.

11, 0-20-20, 1,000 1lbs. rer acre ¥ lg, Mn, Fe, Cu,

12, 0-20-20, 1,000 1lbs. per acre ¢ lig, kn, Fe, B.

13. 0-20-20, 1,000 1lbs, rer acre # lg.

14, 0-20-20, 1,000 1lbs. per acre ¢ In, Fe.

15, 0-20-20, 1,000 1lbs. per acre ¥ B.

16, 0-20-20, 1,000 1bs, per acre ¥ Cu,

Minor elements were supplied at the following retes
in pounds per acre of salts: Mg - 200 lbs, of magnesium
sulfate, Mn - 100 lbs, of manganous sulfate, Fe - 100 lbs.
of ferrous sulfate, B - 10 lbs. of sodium tetraborate and
Cu - 10 1bs. of curric sulfate.

About 40-50 alfzlfa seeds of the Hardigan variety were
planted in each pot on November third. Some of the seedlings
wvere so badly iInfected with a damping-off organism that
several of the pots had to be rerlanted. The pots were
finally thinned to 12 plants each. Because of the short
days, the plants grew slowly during November and December,

About the first of the year, the plants were placed under

& benk of fluorescent lights, and the rhotoperiod increased
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to about 15 hours a day.

By March first blooms began to aprear. The damping-off
disease had left some of the plants weak and undersized.
The rlants were harvested but discarded in order to allow
a more uniform second growth, The second crop was harvested
about & month later at one fourth bloom, The top growth was
dried in an oven at 1800 F for three days and each sample
weighed, The third cutting was harvested about five weeks
after the second,

The remsinder of the greenhouse study was followed
identically to Bronson's rrocedure in respect to rlanting,

watering, fertilizer treatments and harvesting.

CBSERVATIONS DURING GROVWTH CF FIRST ALFALFA YLAKTING

Bronson (6) was not rresent at the time when the fourth
and fifth cuttings of his exreriment were harvested and,
therefore, no observations were recorded. A brief resume!
of his findings in regerds to the first three cuttings will
therefore be presented,

Little difference in plant growth was noticed between
the various treatments early in the experiment, After the
first cutting, the check rlants and those that had recelved
only phosrhorus or potassium singly arpeared to be retarded.
Fotassium and boron deficiency symptoms were aprarent on

some of the plants in certain treatments,.
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Cn the Grayling and Emmet loamy sands, the check plants
and those that had received only phosphorus or potassium
alone were stunted and sparse of vegetation. Corper aryear-
ed to give some-plant response on the Grayling soil, but no
differences were obvious as a result of other minor elements.

The plant growth on the Allendale soils was comparable
to the two previously mentloned soils. Thus, when either
rhosphorus or potassium was lacking in the treatment, growth
was curtalled, The differences were less noticeable on the
4plants grown on the Allendale sandy loam than on any of the
other soils. Also, i1t was noticed that the rlants grown on
thls soil responded to correr. o consricuous differences
in plant growth were observed as a result of one or any
combination of minor elements excert as mentioned in the

case of coprer.

RESULTS AID DISCUSSICH OF ALFALFA YIELDS FROL FIRST FLALTING

The visual differences in plant growth discussed previ-
ously in regards to the first three cuttings were reflected
in later ylelds as may be seen in Tables 1 and 2.

The data from the fourth cutting reveals a significant
plant resronse as compared with the check in treatments 3,
4, 5 and 6 where 0-20-20, 0-0-20, 5-20-20 and 0-20-40 re-
spectively had been applied. This increased yield occurred
on the Emmet, Grayling and Allendale loamy sand soils. Fo-

tassium alone (treatment 4) did not cause a significantly
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increased alfalfa yield on the Allendale sandy loam, but
this treatment resulted in a slightly larger yield on all
four solls than did treatnent 2 which rrovided only rhos-
phorus, Only one treatment which included minor elements
in addition to 0-20-20 csused yields significantly different
from those which resulted from the 0-20-20 treatment. This
occurred on the Allendale sandy loam where boron alone had
been aprlied (treatment 15). Conversely, the yields from
this treatment were significantly lower than from some of
the other treatments on the Emmet and Allendale loamy sand
solls,

Thus it aprrears that the addition of minor elements
caused no rrofound changes in plant yields on the four soils
under study, at least in the fourth cutting,

The results of the fifth cutting did not correspond very
closely with those of the fourth. The addition of 0-20-20,
5-20-20 and 0-20-40 resulted in significantly increased
yields on all four soil tyres. A significant response
occurred in the rlants fertilized with phosprhorus alone on
the Emmet soil and with potassium alone on the Allendale
loamy sand. Outside of these two exceptions, the effect
of either phosphorus or rotassium alone was not significant,

Nitroren may hrve been responsible for a significantly
higher alfalfa yield in treastment 5 on the Allendale sandy
loam as compared with the 0-20-20 treatment. The extra
rotassium added in treatment 6 significantly increased

vyields on the Emmet, Grayling and Allendale sandy loam soils,
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Some of the treatments which included minor elements
rroduced larger yields than did the straisht 0-20-20, This
effect was most noticeable in treatments 7, 8, 12 and 13 on
the Emmet and Grayling soils., No one element or sny group
of elements apreared to be resronsible for this result,
There is a roscibility than boron may have had a beneficial
effect on the Grayling soil in that the yields obtained in
treatments 9, 10 and 15 were significantly larger than where
the plants received only 0-20-20, On the other soll types,
however, such was not the case, The yields from both cut-
tings in treatment 15 that was fertilized with 0-20-20 and
boron were significantly less than from the same cuttings
in severél of the other treatments where minor elements had
been added., In two ceses, the Zmmet in the fourth cutting
and the Allendale loamy sand in the fifth cutting, the yields
were significantly smaller than those from the 0-20-20 fer-

tilized pots,



Table 1. The effect of fertilizer, including minor 16
elements, on the growth of alfalfa on four
rroblem soils, First rlanting. Fourth cuttingi.
Average dry weight in grams of three rerliceates.
Gray- Allen- Allen-

Emmet 1ing dale dale
loamy loany loamy sandy

Soil treatment& sand sand sand loam
1. Check 5.6 3.2 5.3 6.6
2, 0-20-0 6.4 3.5 5.5 7.1
3. 0-20-20 8S.0% 7,9% 7,4 ¥go¥
4, 0-0-20 6.6 % 6.4% 8,0 ¥ 7,5
5. 5-20-20 8.5% g.2% 8,0% 9. 7%
6. 0-20-40 8.5% 8,1% 8,1% 9.8%
7. 0-20-20 { ¥g, Nn, Fe, B, Cu g.2% 7,7% 7,5% 9,9%
8, 0-20-20 # Wn, Fe, B, Cu 8.6% 7.8% n7,4% 9,3%
9, 0-20-20 # kg, Fe, B, Cu 7.8% g,5% 7,8% g8,6%
10, 0-20-20 £ l'g, ¥n, B, Cu 7.7% 8.3% 8.6% 9,2%
11. 0-20-20 £ ¥g, Nn, Fe, Cu 8.4% 8,4% 8,1 % 9,2%
12. 0-20-20 # Mg, Mn, Fe, B 6,9 %. 7.9% 7.6% 8.6%
13, 0-20-20 # Ng 7.3% 8.6% 7.6% 9,7%
14, 0-20-20 # Nn, Fe 5,8 - 8.1 % 7,5% 9.3%
15. 0-20-20 # B 6.3 - 8.5 % 6.7 ¥ 10,3 &
16. 0-20-20 # Cu 5.9 c- 8.5 % 7.5% 9.6%

# The first three cuttings were harvested and reported upon
by Roy D. Bronson in a Master's thesis (6).

& Fertilizer rates given on pages 10 and 11l.
% Significant at the 5% level.
@ sSignificant at the 5% level in respect to the 0-20-20 treat.
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Table 2, The effect of fertilizer, including minor elements,
on the growth of alfalfa on four yproblem soils,
First planting. Fifth cutting. Average dry
weight in grams of three rerlicates,
Gray- Allen- Allen-

Emmet 1ling dale dale
loamy loamy loamy sandy

Soil treatment® sand sand sand loam
1. Check 6.5 5.1 5.6 8.5
2, 0-20-0 7.7 % 6.4 6.4 7.9
3. 0-20-20 7.7% 7.4% 9.6% 1017
4. 0-0-20 7.2 6.3 T.9° 9,0
5. 5-20-20 5.7% 8.1% 8.9% 11,78
6. 0-20-40 9.28& 10.0& 9.9 % 11.5¢
7. 0-20-20 f Kg, ¥n, Fe, B, cu  9.1& 9.6¢& 9.7 % 10,57
8. 0-20-20 # Nn, Fe, B, Cu 9.2& 9.1& 10.2 % 10,87
9. 0-20-20 £ g, Fe, B, Cu 8.7 % 8,48 9.8 % 10,67
10, 0-20-20 # Mg, ¥n, B, Cu 8.6 % 8.6¢ 10,2 % 1117
11. 0-20-20 # lig, Mn, Fe, Cu 8.7 * 7.9 ¥ 10.1 ¥ 10.6 "
12, 0-20-20 # Hg, Mn, Fe, B 9.6 & 8.5 & 10.7 ¥ 10.2
13, 0-20-20 £ Mg 0.7 & 9.2 % 10.3 ¥ 11.4¢
14, 0-20-20 £ Mn, Fe 5.1 % 7.7 ¥ 100 ¥ 107 "
15, 0-20-20 £ B 7.5 8.5 & 7.9 6-10.1
16, 0-20-20 / Cu 7.7 ¥ 8.0 % g.5 ¥ 10.3 "

& Fertilizer rates given on pages 10 and 11,

% Significant at the 5% level.

@ Significant at the 57 level in respect to 0-20-20 treat.
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WTALYTICAL 102THODS 19

The last two cuttincs from the first alfalfa planting
were combined for each treatment and analyzed for phosphorus,
rotassium, calcium and magnesium, The tomato plants that
were grown as an intcrmediate crop were analyzed for phos-
rhorus and potassium only,

Both the tomato and alfalfa samples were dried in an
oven and ground In a Wiley mill to pass a 1 mm mesh screen,
The samples were dried in an oven at 90-100° C, Two gram
samples wcre welghed and the material transferred to silica
crucibles. Six ml of dilute sulfuric acid (1 ¥ 2) were
added and mixed so that all the material was moist. The
tissue was charred on a hot rlate and transferred to a
muffle furnace with a temperature of 500-550° C until a
light gray ash was obtalned, |

The ash was moistened with 10 ml of dilute hydrochloric
acid (1 # 1) and 10 ml of distilled water was added. The
solution was warmed on a hot plate until all of the soluble
salts were in éolution. The solution was filtered and the
insoluble residue washed with 20 ml of hot dilute hydro-
chloric é2id {1 £ 19). The filtrate was collected in a 200
ml volumetric flask and macde to volume with distllled water,

A rortion of the solution was used for the determination
of potassium using the flame photometer method as described
by Attoe and Truog (2) and Ellis and Marshall (8). Aliquots
of the solution were used for the determination of prhosphorus

colormetrically using the Fisk-Subbarrow reducing agent,.
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Calcium was determined from a 50 ml aliquot by precipitation
as calcium oxalate and titration with standard potassium
rermanganate., MNagnesium was determined from the filtrate
of the calcium oxalate solution by rrecipitation as mag-
nesium ammonium phosphate., The rrocedures for both the
calcium and magnesium determinations were according to the

Association of Official Agricultural Chemists (1).

RESULTS AI'D DISCUSSION COF ALWALFA FLANT ALALYSES

In all four solls, the check plants were as high In
rhosphorus as were some of the other plants which had re-
ceived rhosphorus. However, plants which had been ferti-
lized only with phgsphorus were higher in phosriorus con-
tent than were those fertilized with 0-20-20, lihere po-
tassium was added without pnhosphorus, the tissue was found
to be low in phosphorus., There was some variation in per-
centages of phosrhorus among the plants in the various re-
maining treatments, but there arreared to be no one treat-
ment in which the differences were consistent for the various
soils,

Greater differences 1n percentages of potassium as a
result of treatment were noted on all four soils. The check
rlants end 0-20-0 treated plants ccntained sbout equal per-
centages of potassium. The plants that had received 0-20-20
vere considerebly higher than were either the check plants

or those that had received only phosphorus, A wide variation
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of potassium content occurred among the plants on all four
soils that had been fertliized with 0-20-20. The addition
of nitrogen did not arrreciably affect the percentage of
rotassium in the plants, However, the rotassium content
was considerably hicher in the rlants which had received
0-20-40 than in those which had grown where a lowver po-
tassium ratio fertilizer was aprlied. The remaining treat-
ments did not aprreciably change rotassium percentages,

The calcium content of the alfalfa varied only slightly
anong, the treatments, Generally, the check rlants and the
0-20-0 treated rlants contained a higher rercentage of calcium
than did those in tne other treatments. A tendency for
lower calcium rercentages where potassium was applied is
in accordance with the theory of constancy in the equiva-
lent cation concentretion of plants, However, this does
not hold to any appreciable extent in the cormparison between
the analytical results obtained on tre rlants from the
0-20-40 treatment as' compared to those from that which
included only 0-20-20., The rercentage incregse of rotassium
in the 0-20-40 treated plants was not eccomranied by a similar
decrease in calcium percentage as compared with the content
of these nutrients found in the plants fertilized with 0-20-20,
The calcium content of the plants in the remaining treatments
did not secm to be affected aprreclably by any of the minor
elements,

Wide variations occurred in megnesium content among the



Table 3. Flant analyses of alfslfa tissue as affected by 22
fertilizer including minor elements. First plant=
ing. Fourth and fifth cuttings combined for each
trentment, Fercenta~e of element in rlant. it

Gray- Allen- Allen-

Emmet 1ling dale dale
loamy 1loamy loamy sandy

Soll treatment Element sand sand sand loam
1. Check F 0,20 0.26 0.25 0.27
K 0.85 0.76 0.75 0.80

Ca 2,18 2.38 1.96 1.70

g 0.65 0.35 1,04 0.61

2, 0-20-0 F 0.30 0.30 0,36 0,35
K 0.86 0,80 0,76 0,80

Ca 1.90 2.22 1.42 1.70

Mg 0.52 0.35 1,00 0.39

3., 0=20-20 F 0.28 0.25 0.32 0.31
K 1.33 1.30 1.23 1.06

Ca 1.78 1.72 1.36 1.52

Ng 0.52 0.30 1.22 0,30

4. 0-0-20 F 0.21 0.19 0.24 0.15
K 1.45 1.82 1.34 1.10

Ca 2,04 1.56 1.42 1.32

Mg 0.34 0.30 0.56 0,22

5. 5-20-20 P 0.26 0.22 0.31 0.30
K 1.23 1.28 1.23 1.20

Ca 1.64 1.88 1.24 1.44

I:g 0043 0034 0056 0022

6. O-20-40 P 0.25 0,19 0.33 0,29
K 1.85 1.62 1.82 1.65

Ca 1.34 1.62 1.42 1.36

Iv‘:g C.Z)S 0034 0052 0043

7¢ 0=20-20 ¢ F 0.21 0.22 0.31 0.19
Mg, Nn, Fe, B, Cu K 1.18 1.09 1,10 1.10

Ca 1.70 1.88 1.40 1.50

Ng 0.52 0.30 0.81 0.39

8« ©O-20-20 / F 0.4 0,22 0.31 0.27
Lin, Fe, B, Cu K 1.10 1.15 1.15 0,92

Ca 1.74 1.90 1.40 1.32

Vg 0.35 0.34 0.56 0.22
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Table 3, Continued from rage 22,

Gray- Allen- Allen-
Emmet 1ling dale dale
loamy loamy 1loamy sandy

Soill treatment Element sand sand sand loam
9., 0-20-20 ¢ F 0,24 0,20 0.31 0.17
lig, Fe, B, Cu p 1.14 1,03 1.13 1.05

va 1.70 1.82 1.40 1.56

-8 0.56 0.52 0,65 0.13

10. ﬁé?ogﬁ? é cu r 0.26  0.25  0.51  0.19
“Be ’ .23 .0 .10 .01

Ca . 1.64 }.82 i.44 {.48

g 0.43 0.48 0.85 0.43

11. 0-20-20 4 P 0.24 0.23 0.30 0.27
mg, Mn’ Fe, Cu K 1.20 1.01 1.10 0.98

Ca 1.70 1.76 1.50 1l.42

Mg 0.43 0.30 0.61 0,22

12. 0-20-20 ¢ P 0.24 0,23 0.29 0.27
g, ¥n, Fe, B K 1.07 0.97 1.10 1.10

Ca 1.64 1,76 1,50 1.58

Ig 0.65 0.48 0,69 0,39

13, 0-20-20 ¢ )3 0.29 0.20 0,31 0.28
Mg K 1.30 0.97 1.10 1,03

Ca 1.76 1.78 1.30 1,56

Mg 0,56 0,43 0,65 0,39

14, 0-20-20 # ln, Fe I 0.27 0,23 0.29 0,31
K 1.33 1.08 1.09 1,04

Ca 1.94 1.94 1.42 1.44

g 0,39 0,35 0.69 0,17

15, 0-20-20 £ B P 0,29 0.23 0.34 0,31
K 1.52 1.10 1.33 1.04

Ca 1.78 1.96 1.44 1.42

Ng 0.30 0,22 0.81 0.35

16, 0-20-20 £ Cu P 0.29 0.24 0.31 0.29
K 1.30 1,13 1.23 0,98

Ca 1.8 1,90 1.48 1.48

g 0.43 0.26 0.61 0.30

# The plant tissue from the fourth and fifth cuttings was
ground together and thoroughly mixed before analyzinge.

& Fertilizer rates given on pages 10 and 1l.
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treatments on the four soils. It 1is the author's orinion
that these differences were influenced not from treatment
effect but from rossible errors that may have occurred be-
cause of the difficult method used.

The gnslyses indicate that phosrhorus and rotassium
contents were well above the critical 1limit suggested by
Bear and Wallace (5). Fowever, the calcium content for most
of the plants was below the 2.2% critical limit and the mag-
nesium content in many of the plants was below the critical

limit of 0.5473.

CBSERVATICNS DURING GROWTH CF TONATOES
1. Emmet and Grayling loamy sand soils

Throughout the growing reriod, it was obvious that the
check rlants and those that had not received comrlete ferti-
lization were inferior in every way. The plants were small
and lacked vegetation and a healthy green color. Fhosgphorus
alone caused considerably more resronse than did potassium
alone on the Grayling soil (see Flate 2). Little difference
could be notlced between these same treatments on the Lkmmet
soll (see Flate 1).

The plants that had received 0-20-20, 5-20-20 and 0-20-40
attained larger growth and were preener in color on both soils
than those which had been left unfertilized or which had re-
celved only a single element,

The additional yotassium that was contained in the
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0-20-40 fertilizer resulted in rlants which were similar
in growth and color to those grown where minor elenients
were included in the fertilizer,

No obvious visual differences apyeared among tne plants
which had received all or any combination of several of the
minor elements,

2. Allendale sandy loam and Allendale loamy sand solls

Flant growth on these two solls arreared to follow
almost the same prattern as occurred in the rlants on the
rreviously mentioned soils, The check rlants and the 0-0-20
treated plants made considerably less growth than did the
other rlants on the Allendale sandy loam, Fhosrhorus alone
caused a greater resronse than did rotassium as is revealed
in Flate 4. ©No differences were aprarent between the plants
that had received only rhosrhorus and those that had been
fertilized with 5-20-20 and 0-20-40,

The phosphorus effect was not as great on the Allendale
loamy sand as it wes on the sandy loam (see Flate 3). Growth
where this trestment was made was sinilar to that exhibited
by the 0-0-20 and 5-20-20 treated plants. No consplcuous
differences were noted in plant growth as a result of any

of, the variable minor element trestments on eitner soil tyre.



Flate 1.
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Tomato plant growth on Emmet

loamy sand at time of harvest.

Plate 2.

Tomato plant growth on Grayling

loamy sand at time of harvest,

1.
2.
3e
4,
5.

6.

Check

0-20-0

0-20-20

0-0-20

5-20-20

0-20-20 < Mg, Mn, Fe, B, Cu



Plate 3.
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Tomato plant growth on Allendale

loamy sand at time of harvest.

Flate 4.

Tomato plant growth on Allendale

sandy loam at time of harvest.
1. Check

2. 0-20-0

3. 0-20-20

4, 0-0-20

5. 5=-20-20

6. 0-20-20 # Mg, Nn, Fe, B, Cu
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A comrarison of tomato rlant yields in the first six
treatments with the control showed that significantly higher
yields occurred in treastments that had contsined 0-20-0,
0-20-20, 5-20-20 and 0-20-40 on sall four soil tyyes. In
no case did potassium alone cause a significant plant re-
sronse, The remainrcder of the trestments resulted in yields
that were significantly greater than those from the control
rlants, Yo significantly higher yields were obtained from
the addition of minor elements comrared with the plants that
had received 0-20-20 on the Emmet and the Allendale sandy
loam soils. The fact that larger tomato plant yields were
obtalned in three treatments (10, 13 and 14) containing minor
elements on the Grayling soil cannot be explained as no
one minor element or any group of minor elements arreared
to cause the significant difference. By the same token,
there seems to be no exrlanatlion why the yields in three
treatments (8, 11 and 12) on the Allendale loamy sand and
four treatments (7, 8, 11 and 14) on the Allendale sandy
loam should be significantly less than those thst had occurred
where the fertilizer was 0-20-20, Thus, the indications are
that minor elemerts were not very influential in affecting

tomato plant growth,
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Table 4. The effect of fertilizer, including minor elements,

on the growth of tomato plants on four problem

soils.

rerlicates.,

Soill treatment

1.
2.
S.
4,
S.
6.
Te
8
9.
10,
11.
12,
13,
14,
15.
1&,

*

€

Check

0-20-0
0-20-20
0-0-20
5-20-20
0-20-40
0-20-20 # Mg,
0-20-20 # Nn,
0-20-20 # Mg,
0-20-20 £ Mg,
0-20-20 # ¥g,
0-20-20 # lg,
0-20-20 £ Vg
0-20-20 £ Nn,
0-20-20 # B
0-20-20 # Cu
Significant at

Significant at

Average dry welght 1n grams of three

Mn,
Fe,
Fe,
In,
n,

Mn,

Fe

the

the

Fe, B, Cu

B, Cu
B, Cu
B, Cu

Fe, Cu

Fe, B

5% level.

5% level in respect to 0-20-20

Emmet
loamy

sand

l.4

5.9

8.5 w

3.7

9.2 ™

9.6
8.0
8.0
7.5
8.4
7.9
7.6

7.7

%

bt

3¢

3

3t

8.3

8.8

8.4 ™

Gray-
ling
loamy
sand

1.5

S

4.8

e
"~

6.0

2.2
7.7
17

o]

3
°

e T S ¢ o B | o ®O @ <
[ ]
O W I ® O O 9O +H N @

Exke

@

o
s

12.1 ¥ 13.0

/16.8

Allen- Allen-

dale dale
loamy sandy
sand loam
7.7 €5

13.0 ¥ 11.6 %
14,6 ¥ 14,0

8.4 5.5

S

3

13.2 &-12.5

3
3

14.7 % -

10,5

11.5 &-11.4 é-

14.5 ¥ 13.8 %

L +*

14.6 14.4

(.3
'

9.7 &10.6

b3

11.7 &-11.9

> ¢

14.8 12,7

14,0 ¥ 10,7 &-
14.2 ¥ 117

¥ 13,5 °

treate.
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RESULTS AlD DISCUSCICN CF TONATO FLAKT ~LALYSES 31

The analyses shoved that the rhosphorus content of
the riants veried between treatments on all four soils.
However, no consistant differences occurred that could be
traced to any one fertilizer treatment. The phosyhorus
content wes In some Instances high in cne trestment on one
soll and low In the same treatment on enother soil. There
arreared to be no difference in rhosphorus content where
Thosthorus had been acded or where it was abcsent. There
was a tendency for thre phosphorus content of the rlants
to be slightly lower in most treatments on the Allendale
sandy loam than on the other soils,

The yotassium content of the rlants varied more be-
tween the treatments tren did the rhosrhorus content. The
rlants that had been fertilized with v-20-0 were slightly
lower in rercentace of yotassium than those from most of the
other treatments. Conversely, the yotassium content was
usually high where 0-0-20 and 0-20-40 had been suprlied.

The remaining treatments caused no aryreciable change in
the rotassium content, The results of the analyses may

be seen in Table 5.






Table 5.

Soill treatment

1.

2.

32

Flant analyses of tomato plant tissue as affected

by fertilizer treatments including minor elements.

Averace of three rerlicates,

element in yplant.

Check
0-20-0
0-20-20
0-0-20
5-20-20
0-20-40

0-20-20 ¢

Mg, M¥n, Fe, B, Cu

0-20-20 ¢
Mn, Fe, B,

Cu

Llement

=B B~ =S e o B~ s B B~ S -

kmmet
loamy
sand

0.23
1.%2

0.25
1.20

0.23
l.44

0.18
1 .99

0.20
1.16

0.21
1.45

0.20
1.25

C.21
1.15

fercentace of

Gray-
ling
loamy
sand

0.25
1.86

0.21
1.02

0.17
1.41

0.23
2.65

0.20
1 '16

0.23
2,10

0.23
1.48

0021
1.54

Allen- Allen-

dale
loamy
sand

0.21
1.30

0.22
0.79

0.23
1.01

0.24
0.94

0.23
1.34

0.25
1.56

0.21
1.06

0.23
1.05

dale
sandy
loam

0.21
1.50

0.18
0.88

0.17
1.18

0.17
1.35

0.17
1.19

0.21
2.29

0.18
1.31

O.2l
1.31



Table 5. Continued from rage 32,

Soil trezctment

9, 0-20-20 ¢

11.

13.

14.

15.

I‘Ig’ Fe 9

0-20-=20
Mg, Mn,

0-20-20
Mg, Nn,

0-20-20
Mg, Mn,
0-20-20
0-20-20

0-20-20

0-20-20

B, Cu

£

B’ Cu

/

Fe, Cu

£

Fe, B

F Vg

# Mn, Fe

£ B
# Cu

Element

ST P A - o o B - - B T S = R -

Emmet
loaemy
sand

0.23
1.25

0.18
0.92

0.18
2.%4

0.21
1.44

0021
1.00

0.20
1.16

0.21
l.44

0.20
1.20

Gray-
ling
loamy
sand

0.23
1.45

0.20
1.37

0.23
1.47

0.21
1.41

0.21
1.29

0.20
1.31

0.17
1.45

0.23
1.32

33

Allen- Allen-

dale
loamy
sand

0.21
1.10

0.26
1.20

0.21
1.06

0.24
1.05
0.21
1.67

0.23
1.06

C.25
1.15

0.23
1.04

dsele
sandy
loam

0.16
1.17

0.16
1.29

0.13
1.06

0.17
1.17

0.18
1.50

0017
1.40

0.17
1.52

0.16
1.29
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OBSLRVATICKS DURIKG GROWTH OF SkCOND ALFALFA FLALTILG
1. Emmet and Greyling loamy sand soils

During eafly growth, the control and 0-20-0 treated
rlants apreered to be stunted on both soil types. The
elfalfa that had been fertilized with 0-20-20 showed slightly
more vegetative growth thgn wvhere 0-0-20 had been ayplied,
but by the time of the 52;:déutting, there arreared to be
little difference between the plants. Some nitrogen response
was evident in the plants supplied with 5-20-20 on both soils.
A resronse was also noted to the extra potassium suprlied
in treatment 6. The alfalfa was slightly restricted in
growth on these soils where 0-20-20 ¢ boron (treatment 15)
had been aprlied. Aslide from this, no conspicuous differ-
ences were exhibited by the alfalfa plants that had been
surrlied with minor elements,

After the second cutting had been removed, nitrogen
deficiency symrtoms arreared on several plants on both soils
as evidenced by a yellowing of the lower leaves. Thls con-
dition wes ayrarent in the plants in treatment 5§ in spite
of the fact that nitrogen had been surrlied. The alfalfa
rlants in treatments 3, 4, 5, 6, 7 and 8 on the Emmet soil
;ggzii:alcium sulfate had been aprlied recovered more rapidiy
after harvest than did the rlants that had not received
cclcium sulfate,

Before the third harvest, the control and the rlants on

these soils that had been fertilized with C-20-0 were so
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chlorotic due to nitrocen and rotassium deficiencies that
many of the leaves turned brown and were dropping. Likewise
rotassium deficiency symptoms as evidenced by a yellowing
of the leaf margins and syrearance of white dots on the
edges of the leaves had become arrarent on a few scattered
rlants in several treatments on the Grayling soil,

Symptoms of boron deficiency (a reddening and yellowing
of the terminal leaves) were evident by this time in treat-
ments 3, 5, €, 8 and 13 on the Grayling soil and in treat-
ment 8 on the Emmet soil. Treatment 8 was the only one of
this grour which contained boron.,

2, Allendale loamy sand and Allendale sandy loam soils

The alfalfa had grown only a few weeks when a yellow-
ing of the leaf margins arreared in the control and 0-20-0
treated rlants on both soils, After the second cutting,
the alfalfa leaves turned brown and started drorring in
these two treatments.

It was revesling to note that on toth solls, although
the control rlants and those that had been suyprlied only
with rhosrhorus lacked growth, the check plants arreared
to be more vigorous than those that had received just rhos-
rhorus. This difference is shown in FPlate 6.

Flant growth was considerably less on the first two
treatments than where 0-20-20 and 0-0-20 had been surrlied
(treatments 3 and 4). Little or no plant resyonse due to

nitrogen occurred on either soil. The alialfa did not re-
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spond noticeably to additional potassium or to cslcium
sulfate on the Allendale loamy sand, but the plants on the
Allendale sandy loam were affected by these admendments,

The rlants showed more growth where 0-20-40 had been aprlied
in comparison to the first five treatments. In addition,
calcium sulfete mey have been resyonslible for more vigorous
alfalfa iIn treatments 3, 4, 6, 7 and 8., MNaturity seered to
be hastened as the first blossoms of each cutting arjeared
on the rerlicates treated with calcium sulfate,

The rlants which received the most comrlete ratio of
nutrients (treatment 7) and those where magnesium was omitted
(treatment 8) were more healthy and vigorous than the rlants
treated with other minor element mixtures on the Allendgle
sandy loam. In contrast, where either boron or correr was
the only minor element arrlied (treztments 15 and 16), the
alfalfa did not ettain the growth that it did 1in the rots
which received the more complete mixturese.

On the Allendale loamy sand, the alfalfa plants exnhibit-
ed the largest growth as a result of trestments 12 and 13,
These had received magnesium but not coyrrer. In treatment
13, only magnesium was arplied in addition to the 0-20-20,
The aprrlication of boron or coprer alone with 0-20-20 did
not cause a growth resyonse comrareble to that produced by

some other minor element mixtures,



Plate 5,

Plate 6,

Alfalfa growth on Emmet loamy
sand at time of third cutting.

Alfalfa growth on Allendale sandy
loam at time of third cutting.

1l. Check

2. 0-20-0

3. 0-20-20

4, 0-0-20

5. 5=-20-20

6. 0-20-40

7. 0-20-20 ¢ lg, Nn, Fe, B, Cu

37
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As stated sbove, calcium sulfate was mixed with thre
soil of one rerlicate in esch treatment throughout the ex-
reriment in the hores of determing the effect of calcium
on alfalfa growth without changing the soil pli. The first
cutting of alfalfa was discorded as many of the yplants had
grown unevenly due to damring-off orgenisms. Thus yield
date sre for the second and third cuttings.

A statisticel 2nalysis of the second cutting resulits
showed that significant increases in yield were obtained
where tne fertillizers were 0-20-20, 0-0-20, 5-20-20 or
0-20-40 (see Table 8), This was true on all four of the
soill tyres under study. On the Emmet and Allencale loamy
sands, minor elevents caused significant increases in yield
in many of the treatments., Through trcatments 7 to 12, the
rractice of omitting single elements from the comrlete mix-
ture shoved some evidence of a resronse to correr on the
bmet soil. From the treatments 13 and 14 yields there was
also evidence that nasgnesium, manganese and iron caused
Increascs in yield. On the vhole, perhars it is only jossible
to say that a combination of elements other thnan rhospnorus
and potassium did cause increases in yield,

A very similar conclusion must be drawn from the rcsults
obtained on the Allendale loamy sand. In only one instance,
thet of treatment 9, did the extra nutrients fail to signifi-

cantly increase yields, That w-s where menganese was omitted,
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This would indicate that mancarese was the effecctive ele-ent,
However, significant increas-s were obtained from magnesium,
boron and correr arrlied sincly in eddition to 0-20-20.
Thus, again it seems sufficient to sazy only that extra
nutrients did increase the yields.,

On the Grayling soil, the mixture of ¢ll the extra
elemnents falled to cause an increase in yield which was sig-
nificantly greater than that obtained wihere only 0-20-20
was aprlied, ‘nere magnesium or manganese was omitted, the
increase in yleld was significant, This would indicate that
these nutrients were toxic., This, however, seeris hardly
rrobable.

On the Allendale sandy loam, the complete mixture of
nutrients did cause a significant increccse in yield, Like-
wise significant incrcases wvere obtained where magnesium
and iron were omitted, Yone of the other yields viere sig-
nificantly greater then that obtained wnere only 0-20-20
wog aprlied, This makes it ceem that the other three ele-
ments in combination, man~ganese, boron and corycr were re-
srorsible for the increased yield wnhich occurred as a result
of the comrlete arilication.

The alfalfa ylelds from tiie third cuttling followed the
same pattern as the previous cuttings in regards to the
first six treatments, Sicnificantly hicher yields were
obtained comrared with no treatment where the plants had

been fertilized with 0-20-20, 0-0-20, 5-20-20 and 0-20-40



40
on all four soil types., It is notcworthy that in neither
cutting did rhosrhorus alone cause any sicnificant differences
in alfalfa yield,

A significantly higher yield of alfalfe was obtained
as a result of some of the treatrents which included minor
elements on the Emmet and Grayling soils. This effect was
exhibited in treatments 8, 9 and 12 on both solils which in-
cluded, recsrectively; lin, Fe, B, Cu; Mg, Fe, B, Cu; and g,
¥n, Fe, and B as the minor elenents, Iron and boron were
the only elements common in all three treatments but it is
doubtful that thece elements alone were recsronsible for the
higher yields,

In both cuttings, calcium sulfate rrobably caused in-
creascs in yield on three of the soils. The increases were
significant to the 1% point on the two Allendsle soils =nd
to the 5% point on the Emmet, Significance is based on the
fect that there was a difference between blocks. It 1s
assumed that these differences between blocks were caused
by the arrlication of calcium sulfate to one of the replicates.

It is conceivable that since this arrarent effect of
calcium sulfate was very much the same as on the previous
cutting, the calcium may actually have had a beneficial
effect on the alfalfa growth., At the same tire, the response

may have been due to the sulfur rather tran the calcium,
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Teble 6, The effect of fertilizer, minor elements and
calcium sulfate on the growth of alfalfa on
four problem soils, Second planting. Second
cutting. All rerlicates. Dry weight in grams.

Grey- Allen=- Allien-
Ermet 1ling dale dale

Repl. loamy loamy loamy sandy

Soil treatment number sand sand sand loam
1. Check 17 3.7 3.1 4,7 5.5
2 3.6 1.6 2.9 2¢5

3 1.4 2.3 5'5 400

20 0-20-0 1 2.9 1.7 5.4 405
2 204 2.5 2.1 3.9

5) 3,0 4,2 2.5 1.1

3, 0=20=20 1 6.6 6.1 7.1 7.6
2 5.9 5.8 5.1 667

3 6e4 6.4 7.4 669

4, 0-0-20 1 7.2 5.5 6.7 8.0
2 5.2 7.2 566 69

3 4'9 6.1 5'3 6.7

5. 5-20-20 1 7.0 6.‘7 7.'7 705
2 7.6 5.6 7ed 6.9

3 7.6 6.2 649 6.7

6. 0-20-40 1 7.5 7.4 7 o3 8.1
2 6.8 Bel 7.0 7.8

3 6.2 6,0 7.0 7.1

7. 0-20-20 ¢ 1 7.6 6.5 8.7 9.7
ri?g’ N[n’ Fe’ B’ CU. 2 7.5 7.5 7.4 '7.7

3 €.8 7.1 7.2 8.1

8, 0-20-20 # 1 8.6 7.5 8.l 8.6
¥n, Fe, B, Cu 2 8,0 Sel 7.9 7.6

o) 7.1 7.7 8.8 8.4

Replicate 1 received calcium sulfate at a rate of 1,000

S

rounds per acre. FReplicate 2 eand 3 did not receive

calcium sulfate,
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Table 6, Continued from pace 41.
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Table 7. The effect of fertilizer, minor elements and calcium
sulfate on the growth of alfalfa on four problem
solls. Second planting. Third cutting. All
replicates. Dry weight in grams.

Grey- Allen- Allen-
Emmet 1ling dale dale

Repl. loamy loamy loamy sandy

Soil treatment number sand sand sand loam
1. Check 1# 3.3 2e7 4,7 365
2 3.3 2.1 23 0.7

3 1.9 3.2 2.7 37

2, 0-20-0 1 3.7 1.9 2.7 Sed
2 1.7 3.1 1.7 4.5

3 2.5 Be4d 0.9 1.1

3. 0-20-20 1 10.5 945 11.5 13.9
2 8.5 10.7 10.3 13.5

3 11.3 10.5 12.9 10.7

4, 0-0-20 1 9.1 8,7 10.0 11.9
2 7.7 10.1 7e3 9.7

3 8.1 8.7 5.4 10,5

5. 5-20-20 1 10.1 BeS 12.1 12,9
2 10,5 7e3 10.7 11.7

3 10.5 8.7 9.5 10.7

6. 0-20-40 1 14.1 10,7 9.7 12.5
2 11.1 9.5 7.2 12.5

3 10.7 8.5 9.D 10,7

7. 0-20-20 ¢ 1 13.3 12,5 13.8 15.1
I\'lg’ I‘:n’ Fe’ B, Cu 2 11.1 13.3 4.9 1201

3 11.7 13.0 11.5 11l.1

8, 0-20-20 ¢ 1 15,7 13.7 11.7 12.2
Mn, Fe, B, Cu 2 13,7 13,7 10.4 12,7

3 9.5 13.6 10.5 11.7

# Replicate 1 received calcium sulfate at a rate of 1,000
pounds per acre. Replicates 2 and 3 did not receive

calcium sulfate,



Table 7. Continued from page 43,

Soil treatment
9, 0-20-20 ¢
g, Fe, B, Cu

10, 0-20-20 £
I'V:g, In, B, Cu

11. 0-20-20 ¢
Ilig’ !Y’Ln’ Fe’ Cu

12, 0-20-20 ¢

g, ¥n, Fe, B
13, 0-20-20 ¢ lig
14, 0-20-20 ¢ Mn, Fe

15, 0-20-20 # B

16. 0-20-20 £ Cu

Rerl.
number

QO GO O O D N MDH KD

Immet
loanmy
sand

13.7
13.3
1249

13.7
14.1
13.9

14.5
13.3
13.7

13,7
13.2
11.5

9.9
10,7
12.9

13.1
10.7
9.3

10.9
9.7
11.3

12.9
11.5
11.1

Gray-
ling
loamy
sand

11.9
13.3
13.3

11.9
11.7
13.4

9.1
11.0
9.0

14,5
12.1
12,5

10,7
9.8

11.0
11.7
16,1

9.5
12,0
9.9

9.9
4,1
10.3

44

Allen- Allen-

dale
loamy
sand

10.6
245
55

12,7
11.5
1l.1

11.9
1645

14,7
14.7
12,7

13.9
10,7
11.5

13.7
9.9
12.4

12,5
9.9
8.1

10,9
10,0
10.1

dale
sandy
loam

11.7
13.2
11.5

14,5
12,7
10.5

11.5
11,7
1l.1

13.5
10,7
12,7

12.5
1l.1

9‘7
12,7
10.9
11.3

12.7
12.3
1045

11.7
10,5
10,7
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Table 8, The effect of fertilizer, minor elerients and calcium
sulfate on the growth of eslfalfa on fourrproblen
soils. Second planting. Second cutting. Average
of three rerlicates. Dry welght in grams,
Gray- Allen- Allen-

Erriet 1ling dale dale
loamy loamy loamy seandy

Soil treatment sand sand sand loam
1. Check 2.9 2.3 3.7 4.0
2. 0-20-0 2.8 2.8 2.7 3.2
3. 0-20-20 6.3% 61 Y e o7l
4, 0-0-20 5.8 6.5° 5.8 T.2
5., 5-20-20 745 62 73F 7.0
6. 0-20-40 fs ¥ st 7w’
7. 0-20-20 f Mg, ln, Fe, B, Cu  7.3¢ 7.0 7.8C 8.5¢
8. 0-20-20 # lin, Fe, B, Cu 7,906 7.88 g.28 s.2C
9. 0-20-20 # Mg, Fe, B, Cu 8.2¢ 7.7C 6.3 7,9
10. 0-20-20 £ Mg, lin, B, Cu g2t 7.4 7.8 8.6 %
11. 0-20-20 # Ng, ln, Fe, Cu 8.0 7.1 9.1€ 7.9 f
12, 0-20-20 # Mg, ¥n, Fe, B 7.2 7.2 8.0C 7.9 T
13, 0-20-20 # g 7.48 727 828 71"
14, 0-20-20 # Mn, Fe 7.56 7.4 8.4C 7.9 T
15, 0-20-20 # B 6.8 6.6 8.,0C 7.4
16. 0-20-20 # Cu 7.2 © 6,0 8.€ 6.8
Block

% Significant at 57 level; % Significent at 1% level.
€ Significant at 57 level in respect to 0-20-20 treatment.
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Table 9., The effect of fertilizer, minor elements end calcium
sulfate on the growth of alfalfa on four yroblem
solls, Second planting. Third cutting. Average
of three replicates. Dry weight in grams,
Gray- Allen- Allen-

Ermet 1ing dale dale
loanyy loamy loamy sandy

Soill treatment sand gand sand loam
1. Check 2.8 2.7 2.2 2.6
2. 0-20-0 2.6 3.8 1.8 3.0
3. 0-20-20 - 10.1 ¥ 10.2 ¥11.6 Fa2,7¥
4. 0-0-20 8.3 © 9.2 7.6 ¥ 10.,7%
5. 5-20-20 10.4 © s.2 ¥ 10.8 ¥11.8 %
6. 0-20-40 12.0 ¥ 9.6 ¢ 8.6 F11.0 ¥
7. 0-20-20 f g, kn, Fe, B, Cu 12,0 - 12,9 € 10.1 ~ 12.8 *
8. 0-20-20 { Nn, Fe, B, Cu 13.0 € 13.7 ¢ 10.9 & 12.2 *
9. 0-20-20 / lig, Fe, B, Cu 13.3 ¢ 12.8 & 6.2 ¢-12.1
10, 0-20-20 £ lig, Lin, B, Cu 13.9 @ 12.3 & 11.8 & 12.6 ©
11, 0-20-20 # g, Mn, Fe, Cu 13.8 & 9.7 © 13.5 © 11.4
12, 0-20-20 # Mg, ln, Fe, B 12.8 € 13,0 ¢ 14,0 © 12,3 ©
13, 0-20-20 # g 1.2 © 10.2 © 12.0 © 11,1 °
14, 0-20-20 # ln, Fe 11.0 © 12.9 ¢ 12,0 © 11.6 ©
15. 0-20-20 £ B 10.6 © 10.5 © 10.2 © 11.8 ©
16, 0-20-20 # Cu 11.8 © 8.1 © 10.3 © 11.0 -
Significante
Treatment S5t Sede 363k ek
Block 3 St et

% Significant at 57 level; =t Significent at 17 level,
@ Significant at 57 level in resrect to 0-20-20 trestment.
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A comrerison of the general effect of calcium sulfate
on alfelfa growth is shovn in Table 10, The individual
rlant yields from replicate 1 were averaged for each treat-
ment in both cuttings and from the four solls., This was
also done for replicate 3 of eech treatment.

The rlants which had received calcium sulfate yielded
more in every treatment except where the fertilizer was
0-20-20, It 1s noteworthy that the largest incresse was
exhibited in the rlants which had received only potassiunm
or an additional amount of that element. This would indi-
cate that there was a better balance between calcium and
rotassium in these trestmentse. The fact that the influence
of calclum sulfate was consistant in all treatments exdept
one would indicate that calcium was not sufficient on these

problem soils for orytimum growth,
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Table 10, The effect of calcium sulfate on the yield of
alfalfa on four problem soils, The ylelds are

averages of two cuttings on four soils. Replicate

1 received calcium sulfate; rerlicate 3 did not.

Soil treatment Replicate 1 Replicete 3
1. Check 369 342
2, 0-20-0 3.0 2.7
3, 0-20-20 9.1 9.1
4, 0-0-20 8.4 7.0
5. 5-20-20 9.1 8.3
6., 0-20-40 9.7 8.1
7. 0-20-20 £ lg, In, Fe, B, Cu 10.9 9.6
8, C-20-20 # Kn, Fe, B, Cu 10.8 9.5
9, 0-20-20 £ lig, Fe, B, Cu 9.8 9.0
10. 0-20-20 ¢ Mg, Mn, B, Cu 10,6 10.0
11, 0-20-20 £ Vg, Nn, Fe, Cu 10.0 9.8
12, 0-20-20 { g, lin, Fe, B 11.1 9.8
13, 0-20-20 ¢ Mg 9,7 9.4
14, 0-20-20 £ Nn, Fe 10,2 9.7
15, 0-20-20 # B 9.4 8.5

16, 0-20-20 ¢ Cu 9.4 845
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SUI'T'ARY AID CCHKCLUSIONS 50

This experiment was a continuation of an earlier in-
vestigation by Roy D. Bronson in the fall of 1948 to study
alfalfa growth on four problem soils of liichigan. These
soils had failed to rroduce and maintain alfalfa stands
so a study wes made to determine whether the problem was
one of nutrients,

The design consisted of a control and 15 fertilizer
treatments iInclucing minor elements all rerlicated three
times using the four problem soils. The results of the
first exreriment were inconclusive so the exreriment was
conducted another year. In the meantime, two more cuttings
of alfalfa were harvested and the data recorded., Before
rereating the exreriment, the author grew tomato plants to
blossoming time In order to deplete the soil,

The plan of study was basically the same as followed
by Bronson except thet calcium sulfate was aprlied in one
replicate throughout the experiment., The author conducted
rlant analyses of the alfalfa tissue for phosphorus, potassium,
calcium and magnesium and of the tomato tissue for phosphorus
and potassium,

The results of the alfalfa yilelds from the earlier
exreriment revealed the necescity of a balanced fertilizer,
In the first planting, rotassium alone resulted in higher
yields than did phosrhorus alone, A combination of both
elements in the form of 0-20-20 was necessary for best results,

howevere Minor elements were responsible for some of the
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larger ylelds in the exreriment, but no one individual ele-
ment proved to be the cetermining factor.

The plant anelyses of the alfalfa harvested from the
first invecstigation showed no significant results. Fotassi-
um arpreared to be absorbed 1n yrrorortion to its concentration
in the soil,

The tomato riants accomplis'ied their purrose as growth
was heavy and rapid during early stages but towards maturity,
growth was deprressed by a lack of nutrients, Fhosphorus
alone caused a larger growth than did protassium alone on
the Grayling loamy sand and Allencdale sandy loam. There
was some resronse from minor elements,but for the most rprart,
the yields resulting from these trcatments were about the
sare as wnere 0-20-20 or 0-20-40 had been aprlied.

The analyses conducted on the tomato rlant tissue show-
ed about the same results as did those on the alfalfa tissue,.

The results of this investigation did not vary signifi-
cantly from the earlier investigation., The first two treat-
ments (control and 0-20-0) rroduced only small spindling
rlants on all soil tyres. The plants fertilized with 0-20-20
or 0-0-20 were usually more vigorous than the first two treat-
ments. Tiltrocen and additional potassium that was present
in the 5-20-20 and 0-20-40 resypectively caused slightly
more resronse than did the 0-20-20 or 0-0-20 alone., A wide
variation in ylelds occurred in many of the treztrnients con-

taining minor elements but no one element or group of elements
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erreared to be resyonsible for the significantly larger
yields.that occurred from some of the minor element treat-/
ments,

A statistical analysis showed a significant resronse
from the addition of calcium sulfeste on three of the four
soil types in both cuttings,.

This second alfalfa crop failed to produce results that
were significantly different from the earlier results. Plant
growth resronses due to the various fertillzer elements
followed a rattern that might have been rredicted. The ex-
reriment did prove that the problem aprears to be at least
rartly due to some other fcctors than nutrients,

There is a possibility that the rroblem is one of
moisture as reflected by the tyre of rrofile that has de-
velored. It arrears that all of these soils are either
excessively drained or contain a clay layer in the lower
horizons that roots cennot renetrate. According to Veatch
(19), éhe Emmet and Grayling solls are decr, dry sands both
excescively drained with 1ittle or no clay present in the
subsoil, Thus, it 1s logical that the ecstablishment of any
small sceded rlants might be a problem unless rainfall was
sufficient at intervals when it was needed,

In contrast, the Allendale soils are underlain by wet
sand with clay at 18 to 36 inches., A hardpan or iron crust

has accwmmlated sbove the clay. It is conceivable that if

2lfalfa was seeded in early spring, the roots would not pene-
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deerly

tratesbecause of too rmuch moisture in close rroximity to the
surface, If a drought occurred during the summer, the roots
would use up the available moisture in a short time. The
roots would attempt to feed further down but would be rre-
vented from doing so by the hardran.

Naturally, if the problem 1s one of moisture, it can
be solved only by conserving the rreciritetion that does
fall and holding it by addition of organic matter. In the
case of the Allendale soils, it might be desirable to raise

the more shallow rooted legumes and be content with a smaller

yield.
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