11 University of Tennessee, Knoxville
i LN IWERSITY of

TENNESSEE TRACE: Tennessee Research and Creative
FHOREE Exchange
Masters Theses Graduate School

5-1914

A Study of the Effects of an Excessive Ratio of Lime to Magnesia
Upon Plant Growth

John Ira Hardy
University of Tennessee, Knoxville

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes

b Part of the Agricultural Education Commons

Recommended Citation

Hardy, John Ira, "A Study of the Effects of an Excessive Ratio of Lime to Magnesia Upon Plant Growth. "
Master's Thesis, University of Tennessee, 1914.

https://trace.tennessee.edu/utk_gradthes/4405

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.


https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F4405&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1231?utm_source=trace.tennessee.edu%2Futk_gradthes%2F4405&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu

To the Graduate Council:

| am submitting herewith a thesis written by John Ira Hardy entitled "A Study of the Effects of an
Excessive Ratio of Lime to Magnesia Upon Plant Growth." | have examined the final electronic
copy of this thesis for form and content and recommend that it be accepted in partial fulfillment
of the requirements for the degree of Master of Science, with a major in Agriculture and
Extension Education.

W. H. Maclintire, Major Professor
We have read this thesis and recommend its acceptance:

Accepted for the Council:
Carolyn R. Hodges

Vice Provost and Dean of the Graduate School

(Original signatures are on file with official student records.)



IHEES1IS.

A STUDY OF THE EFFECTS OF AN HZXCESSIVE RATIO

OF 'LINME TO MAGNESIA UPON PLANT GROWTH.

Submitted in Partial Fulfillment of the Requirements for
the Degree of Master of SCIEICE in AGRICULTURE.
IN THE

UNIVERSITY OF TENNESSEE

BY

JOHN I HARDY,

UNIVERSITY OF TENNESSEE,

MAY 1914.



A Study of the Effects of an Excessive Ratio of
Lime to Magnesia upon Plant Growth.
INTRODUCTION.

For centuries the beneficial effects derived from the agricul-
tural use of lime have been known, its use being common among the
chinese long before the Christian era. Pliny, writing more than two
thou-and.years ago, described the use of chalk by Roman farmers. In
some parts of England and Western Europe lime has long been regarded
as next to manure as a fertilizer. Although the use of lime in this
country was recorded and recoumended by Johnston,I more than a hun-
dred years ago, only during the more recent years has the subject
of liming been investigated by scientific experiments and its relation
to different phases of crop production carefully studied. The bene-
ficialleffects of aime treatments were at first attributed to the
value of the element calcium as a plant food, andwercmal regardedag «
meang o€ amelioration of unfavorable soil conditions.

SfUDIES OF THE FUNCTION OF LIME I¥ PLANT GROWTH.

In studying the functions of lime and magnesia in plant growth,
Loew and Maya concluded from their experiments that "lime is necessary
for the formation of certain calcium compounds of nucleo-proteids re-
quired in the organized structures of nuclei and chlorophyll bodies,
while the magnesia serves for the assimilation of phosvheoric acid,
since magnesium phosphate can give up its phosphoric acid more easily
than any other phosphate that occurs in plant juices. While Calcium

is fixed in the organized structure, magnesium is movable since it
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serves mainly in th; form of secondary phosphate as a carrier of
assimilable phosphoric acid, which role can be repeated at various
times." Loew further states, "that in the case 6f an excess of lime
beingz taken up, the assimilation of ‘phesphoric acid will be rendered
more difficult, since this aocid will chiefly combine with lime And
the chance for the formation of magnesium phosphate will then be
diminished. The effect will be the same as if the amount of avail-
able phosphoric acid in the soil were lessened---that is, the growth
of the plant will be retarded and even starvition phenomena may set
in".

Considered from the view point of nutrition, this hypothesis of
Loew and May is a plausible explanation of the benefits derived from
lime and of the ill effedts of excessive lime treatmentis, but the
marked bsnefits accruing from applications of lime are generally at-
tributed to betterment of soil physical conditicns, improved tilth
and texture and the extablishment ef an alkaline soil mediWwp enabling
the pveneficial soil bacteria to better perform their functions, as
well 28 liberating plant food from some of the more insoluble zeoli-
tic and phosphatic¢ combinations.

EXTENT OF APPLICATION OF LIME IN PRACTICE.

Though the practice of liming is very o0ld and its beneficial
effects have been well extablished among the more progressive men
in agriculture, there is some difference in opénion as to the amount
of lime which may be'Judicially applied and whether a limestone con-

taining but a very small percentage of magnesia is more desirable than
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one righ in magnesia occurrence.
ngw advanced the hypothesis that plants function best when

the soil occurrences of lime and magnesia are maintained in a defi-
nite rﬁtio. As a result of many pot experiments with both sand and
soil aé media, Loew and his colleaguee in Japan concluded that his
hypothesis had been substantiated and tnat the most favorable ratio
of lime to magnesia in practice is expressed by that of 2 to 1.

#

On the ‘other hand Meyer4as well as Limcermen, Ernicke and Fisher,s
from extensive pot experiments concluded that there is no close re-
lationship between lime to magnesia ratio and maximum soil fertility.

In England according to Ha116, lime was often applied at the
rate of four, six or eight tons per acre and while regarded as hav-
ing 2 somnewhat harmful effect in the larger applications, the heavy
treatments at long intervals were regarded as being most etonomical
in bot!: time and labor. ZEven at the present day many farmers having
an a 2dance of lime rock make enormous applications of the ground
lime¢ stone, expecting increased penefits in propertion to the ex-
tent of treatment, at the same time extending the periods between
liminz.

OBJECTS OF EXPERIMENTS HEREIN REPORTLD.

It was with ¢he idea of determining the effects of excessive
liming and to study the influence of an excessive ratic of lime
to magnesia upon grewth of four crops namely, alfalfa, barley,

clover and sorrel, that the experiments here reported were planned.
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As has been given above, Loew and May state that, "with excess of
lime over magnesia the physiological action of the plan£ is hind-
ered and it exhibits phenomena of starvation.” Aao? Yokoyaua,

8
: Kumakira
Kanomata,9 TahenohiiOBernardini and Corso,12 Kanamori,11 i3

Konovalov, Daikuhara,_ Katoyama, and Nakumara, substantiate

' 14 15 16 17
the theory of Loewlén their work in pot cultures, finding the lime
and magnesia ratio varying with the crops under experiment and the
fineness and source of the magnesium treatments.

In order to make conditions extreme and severe, it was planned
to have plant growth subjected to pure limestone and pure sand, with
intermittent percentages, the essential plant food furnished to each
pot being identical throughout for eaci crop.

Vhile it is realized that the use of sand a3 a redim instead
of s0il docs not offer conditions entirely identicalwith those of
the field, the use of soil would involve the faotors of varying
plant food and physical conditions. It is probable that less of
lime may e dissolved from the limestone and sand mixtures than
would Le present i1n a calcareous ,soil containing very much less
lime, but more of C O o solution from decaying organic matter. Much
care was taken to produce uniformity in the physical conditions of
all treatments, the lime and sand being of practically identical den-
sity and fineness, 1/2 to 1 mm.

The crops were chosen with reference to their fondness for lime,
clover and alfalfa being taken as plants doing best in alkaline media

and especially fond of lime. Barley wgs chosen as a plant requir-
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ing less of lime, while sorrel was taken because of its ability to
withstand the conditions existing in acid scils. The following
py pere enfaje~
diagran shows pereeniege:y the proportions of ground-limestone to

sand in treatments:

‘PLAN OF POT CULTURE EXPERIMENT.

Limestone: 100% 75% 50% 25% 1548 5% 2.9% 1% .5% 00%

Sand 005 25% 50% 75% 85% 95% 97.57 99% 99.5% 100%
Alfalfan A-1 2 | § 4 5 6 7 8 9 10
Barley B-1 2 3 4 5 6 7 8 9 10
Clover c-1 2 3 a4 5 6 7 8 9 10
Sorrel s-1 2 3 4 5 6 7 8 9 10

DETAILS OF POT WORK.

The experiments were carried on in eight inch clay pots. The
holes in the bottoms of the pots being corked and the pots then
treated with two coats of black asphaltum, so that there would be
no error resulting from osmosis when the pots containing the various
treatments were imbedded in the so0il. These pots were filled with
a definite constant aggregate for each pot, of sand and limestone,
well mixed in the proportions shown. The mixture of sand and lime-
stone varied from pure limestone in pots numbered one to pure sand
in those marked ten, the aggregate weight in each case being 5670
grams. The sand of very uniform fineness was obtained from a river
bottom and contained but very little organic matter. After drying
the sai ¢ thoroughly on a hot plate it was all passed through the one
#.m. sf&ve. In this condition the ground limestone and sand were mearly
identical in density as determined by a pyknometer. The density of
the sand being considered as one, the limestone was found to be

1.001.
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It has been found that in the South where the heat is intense
during the hottest months, it 1is highly advantageous to embed
the pots in the ground when comnducting pot experiments. They are
in this way kept cooler and the evaporation is much nearer to what
it would be under normal conditions. Experience with wire paskets
such as are used by the Bureau of eoilalsas shown that they are not
adapted to the intense heat of the Southern States. 'While the cans

used by the Hawaiil Stationzgere considered, it was thought that

eartnenware pots treated in the manner described would be better
suited to the given conditions.

SEEDING OF CROPS.

The crops were all :deeded April second, 1913, and to a depth
of 3/4 inches except the sorrels which were seeded to a depth of
1/4 inch. A good growth of parley was readily obtained, bﬁt the
alfalfa and clover were very slow and uneven in starting. These last
two crops were re-seeded May 2nd, coming up this time very evenly.
The sorrels germinated, but were ®Bery slow in making any growth at all,
and on June 13th they had grown omrly about 1/8 inch. There were a
great many of the sorrel plants, but on account of the slowness of
their growth, stoles were obtained as nearly as possible uniform in
size and eight of these were planted in each pot.

PLANT FOOD APPLIED.

Eleven and four-tenth grams of magnesium corbonate, represent-

4 - & - , the pots
ing a itreatment of .2% were added to A 16 B 10 C 10 %10 P

containing pure sand without any ground limestone or lime salts.
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Phospharic acid was supplied to each pot by adding 12.39 grams of

precipitated tri-calcium phosphate (C.P.), representing a treatment

of .1% P205 which was thoroughly incorporated, in the dry mixtures

before Leing placed in the pote. The other elements essential for

L=

plant growth re made into a stock solution composed of K i O 3
K2 SO4 and "€l in the correct proportions for plant growth. The
iron impuritics in the stone and sand were considered as suificient
withoﬁt any suprlementary iron treatments.

The following table shows the soluble plant food furnished each
pot of each crop for its entire period of growth together with the in-

soluble formg of treatments.

Barley Alfalfa Clover Sorrel
Per pot 1.5 KNO., 1.125¢ KNO,  1.125 KNOy .875 KNO,
" " 4.5g K30, 3.375 K80,  3.375 K,80, 2.625 X280,
nooom .225g rel 1.6875 KeL .1687 red .1313 1&)
L X 1239 CayP,0g



PLATZ I.




PLATE 1I.

B 1.3%¢ By 1.25g B'3 1.25¢g
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PLATE III.

5

Air Dry B* 3'5 B‘ Br .

Wt. of

- BARLEY .
Q0
B, e o . TR 10.

and Top. J-148 2.56g 6.10g 6.56g 9.57g 13.46g 13.20g

Developnent
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YINTER BARLEY.

‘Vhe=ler and Til! Jghast2in their experiments on plant adap=-
tation have shown that tatl ey was benefit 2d by liming in certain
Rhode Island soils. It is quite possible that these soils giving
a very marked 1ncrgaae in barley after liming were very deiicient in
lime. The results of the Rothamstead experiment.s22 on liming indi-
cate that lime is beneficial to »arley wnen<?pplied in small amounts,
though the reported increased yields are not extensive.

Plate One shows the barley plants photographed May 2nd, one
morith after sneeding. The growth is greatest in pots 87r BB' B9.

B containing the smallest amounts 0f lime; while the pots contain-

10’
ing mor= lime were not as rugged in arpearance as the others, being
of a =light yellowish tint. A similar color was reported by Loew and
Mayle in recording the requlté of their experiments upon the growth
of barley in media containing excess of lg 003- They attributed this
yollpwisn appearance to Chlorosis.
For the next ten daye there sesmed to be a gradual cessation

of growtn and the plants becrme somewhat sickly looking. Believir:

1is mignt be due to a lack of sufficient nutrient solution, thewrder
qave rﬁcnn..-$ application, to which those plants 1n pots containing
~less of lime responded, while there were no beneficial effects on

B These three pots were harvested and photographed May

1’ Bz’ ‘83'
17th. Plate I1 shows the extent of root and top development at this

time.

The Barley in the remaining seven pots continued to grow until



o3
June 4th, when it had practically ceased growing, and on this day
it was harvested. At the time of seeding, spring barley could not
be readily obtained, and ; winter barley was substituted for the
Bpring variety. It is possible that the extent of growth was af-

fected by the use of winter barley as well as oy treatment.
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PLATE 1IV.




PLATE V.

Air Dry
Wt. of

Root and

Top
c-1 -2 C=3 c-4 C
Development 3.69g 3.70g 4.0 4.48g 3

-5 c-6 -7 C-8 C-9 C-10
.26g 4.86g 3.99¢ 2.88g 3.69g 1.78g.
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RUSISTANT RWD CLOVER.

dt has been shown by extensive experiments thit clover responds
exceedingly well fo liming. In the pot experiments red clover re-
~sistant te Anthrucnosggas grovi. In Plate 1V is shown the extent of
growtls attuined by July 22nd, @ little less than eleven weeks from
the diate of seeding. The growth is decidedly im favor of Pots C3 and
C4 containing 505 and 25% of ground limostone respectively. Although
this seens a very great excess of limestone, it must be borne in mind,
as previcusly explained, that the per cent of limestone dissolved in
ir pot experiments in the absence of 002 is prouvably not very exces-
sive. Under field conditions wiili the soil hignly iupregneted with

002 the ner cent of ground limestone i: soluti n would e very ma-

terially irncreased.

Plate V shows the growth attained by the clover plants at the
time of harvesting, July 23rd. ‘

It can readily be seen that the pots receiving the heavier per-
centages of liwme show the best growth in clover plants, while growth

is very slight in the pure sand receiving Mg 063 but no limestone.

Some of the plants in every pet showed inoculation with the excep-

tion 02 yhieh have no nodules. This inoculation was accidental, bac-

tericloziéal influence: not being considered in the plan of experiment.
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PLATE VI.

A-

-

ALF



PLAT? VII.

¥t. of Air
Dry Roots

and Top

Develcp- A-1 2 3 4 5 6 7 8 9 10
2.88g 2.37g2 1.96g 1.98g 2.09g 1.64z2.99g 3.61g 5.25g 3.16g

ment.
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ALFALFA .,

- Alfalfa s well =as clover requires much lime to enhance
the conductivity of nucleo proteids during plant growth, Under
f;eld cupditicné lime plays an important pert in neutrnliizing
acid soils, but in what dezree of alkalinity the best zrowth of
alfalfa is protuced hins yet to be determined, I*rom the growth
of alfn1lfa in Lhese pois, where tLhere is not the acidity factor
to b= foundi in the field, we many form sone idea as to the alka=-
linity best suited to nlfslfa,

Tvery pot showed inoculation as indicnied by % nodules,

to a greater or lesgs degree, Fots A

n? A8' Ag, & lowed good inoc-
ulation, A2 and A4 were ©airly well inoculated, while Al, ns,
As, AG' Alo were inoculated to a lesser extent,

As is shown by the weipglits of the Alfalfa plants iven.
under Plnte VII, the grealest weights are to be forned on the

pots contanining the smaller percentagas of lime , A7, As, Ag con-
taining 2,57, 17 and ,6° of lime respectively. 1In pots hg the

ineressed welght is cnuced by there Dbeing three or Tour very
hardy olants, though there were not as many plents as there were

in eitler Av or A I1is can be seen from Plate VI,

8 °
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PLATE VIII.

¥t. of sir dr g J . e
D05 Baa,

Root uand Top \

development of

SORRELL,
sorrel plants. 1 2 3 4 5 6 7 8 9 10
1.61g .42g 1.06g 1.91g .75g 1.83g 1.48g1.24g.51g 1.82¢.
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SORREL,

Por yonrs sorrel (Rumex Acetosella) hne been coneid-
ered by many aslan indication of wmoil acidity, beczuse of thel
failure of clover to thrive, n»s a pule, where sorrel grows,
Though sorrel is uncowmmonly found growing in good stands of
clover, the writer l'as observed. sorrei and clover plantes of
rugged growth so close together that their roots probnbly inter-
twined, but they were not crowded by otlier neighdboring plants,

in the work reported by Tacke abundent growths of sourrel

24
are recorded as having grown on land very heavily limed with
wanrl, Plate VII shows th? sorrols harvested September 22nd,
after six months growth, éith nlants growing in the osure lime-
stone sanparently as rugged as those in pure sand,

Tle writer nlanned to analyze all of the crops for
calcium and magnesium, dbut it was impossidble conpletely fo
free the roots of lime held mechanically in the oase of barley,

clover and alfalfa, to furnish enough of dry watter for clheck-

ed analyses, frow which conclusions would be justified,



-21-
SUMMARY .
¥hen essential plant food, otlier tran cnlcium 'nd mag-
nesium was supplied in the some amounts to each treatment, good
zrowths of four crops were maintained in 1007 ground limestone
nnd in gradations down to 1004 of sand,
In growing legum~s no improvenent resulting from exces-
sive amounts of lime was observed.
Yo ﬂifferences were noticed in the hnriey except in
100, 75: and 50¢ ground limestone, where chlorosis developed,
Vhen Optimum plant food treatments were supnlied, excess
of lime 4id not affect tiie zrowth of sorrel (Rumex Acetosella),
The work indicates that excessive lime treatwrnt, as
affecting plant growth, has no claim as a beneficial practice,

,Inoculation, as observed in eighteen out of twaenty

cases, wns accidentnl,

There appeared to be no relationship between the per-
centi;e of lime and the dezree of inoculation,

The work gives qnu‘nd fow: Li.e conclusion tlnt the
growt) of sorrel in acid coils is due to.its abllity to resist
acid conditions, whieh are harmful to the growth of legzumes but
ooniducive Lo good growtis of sorrel when unhnmpered by vigorous
stands of clover,

The work furthermore paranllels that of Gile 28 and sug-
gests thnt in meiia wiere CO ,occurrences are not excessive,
an excess of limeaer magnesis is not inhibitory to plant growth
where ot er elemenls are given in a balanced solution,

All four crops grew fairly well wlere magnesium carbon-



+ 33
ate was prasent without any adddd lime, except that carried by the

tri-calc.un phosphate.

Approved.

—
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