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CHAPTER I
INTRODUCTION

In this age of industrialization and technological advancement,
the importance of mad.nta.iﬁing the efficiency of agricultural production
at the highest possible level camnot be overemphasized. Although the
mechanization of farming operations 'and the widespread use of commercial
fertilizers, insecticides and herbicides have helped to increase
agricultural production in this country substantially, the indiseriminate
use of these modern means is apt to be followed by undesirable con-
sequences., This situation, therefore, necessitates the conduct of
agronomic experiments designed with a view to finding out the most
intelligent way of using these solil amendments and at the same time
conserving and improving the fertility of the soil. Greenhouse experi-
ments have several advantages in this regard. They can be designed to
include & large number of treatments and a wide variety of soils, and
can be carried out at any time of the year irrespective of the seasons.
Furthermore, greenhouse experiments are particularly adapted for
investigating seil-plant relationships of a fundamental nature, which
1t would be difficult to study in the laboratory or im the field., Ome
such relationship which has been studied over seversl decades is the
influence of lime on acid soils in promoting the growth amd uptake of
nutrients by higher plants.

Lime is gemerally credited with a dusl role in seid soils. Its
direct functiom is to correct the soll acidity and improve the soil
structure and thus create an enviromment suitable to the growth and
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development of the roots. At the same time it performs several indirect
functions as well. It stimulates microbiological activity inm the soil,
thereby increasing the availablility of nitrogemn, phosphorus and sulfur
to plants, It reduces phosphate fixstiom, and helps to remove toxic
concentrations of aluminum and menganese from the soil solutiomn. In
some soils at least, lime is respomsible for enhencing the availability
of potassium. Within the plant, too, lime performs seversl important
functions. Caleium is essential for the growth of the me;'iltm,
especially for the development and functioning of the root tips. It
is also considered that calcium is probably concerned with certain
enzymes involved in respiration. Notwithstanding these many fumctions
attributed to caleium, what is of immediste comcern to the agromomist
is its effect on the availability of other nutrients to plants,
especially of phosphorus.

The importance of phosphorus availability in crop production is
emphasized by the fact that a deficlency in this element is very oftenm
a limiting growth factor in many seil types. The problem of phosphate
fertilization is also complicated by the phenomenon of "fixastion" whieh
renders phosphate fertilizers applied to soils unavailasble to plamts.
At the same time phosphorus is a very eritical element in nutrition
inasmuch as it comtrols several vital, metabolie processes within the
plant,

It would, therefore, be evident that fertilizer experiments
invelving the use of lime and phosphates om acid soils will be quite
important in reaching conclusions regarding the judicious use of these



nutrients as well as fertilizers in general. This work was, then,
undertsken with the following ebjectives in view:

(1) To study the influence of liming and phosphorus fertiliza-
tion of different acid soils on the growth amd upteke of
phosphorus and cations by plants; and

(2) To study the influence of limestome and phosphate
additions to differemt soils om the pH and phosphorus
avallability of the soils as measured by chemical means,

Three soils were used in this study, viz; a Hartsells loam (pH 4.6),

a Dewey silt loam (pH 4.7) and a Grenads silt loam (pH 4.9). They

were all very low in available phosphorus. They represent some of the
major farming areas in this State. Sorghum was used as the indicator
Plant as it is well known for its semsitiveness to soil phosphorus
availability. Details of the procedure adopted and the results obtained
are presented and discussed on the subsequent pages.



CHAPTER II
REVIEW OF LITERATURE

Numerous workers have investigated the influence of lime on soil
reaction and nutrient availability to crops by different techniques
such as laboratory studies, greenhouse experiments and field trials.
Comprehensive reviews of the earlier works have been made by Beeson (9)
and also by Truog (39, 40) and no attempt will be made to review the
entire literature on this subject, excepting those publications that
have a direct bearing on the plan and interpretation of the results of
this work. Attention is here focused on two relevant aspects of liming,
viz., 1ts effect on the soll reaction, phosphate availability and plant
growth, and its infiuence; on the cation equilibria in plants.

A, The Effect of Liming on Soil Reaction,
Phosphate Availability and Plant Growth

Among the earlier works Salter and Barnes (28) observed that in
the soils investigated by them, phosphate response declined as the soil
reaction was changed from pH 5.0 to pH about 7.5. Ho;ever, there was
an indication that an increase in the availability of native soil
phosphate took plece as the reaction was made more and more slkaline up
to this pH. According to Hutchings (17) caleium not only decreased the
acidity of the soil complex, but also aided the plant in making more
tissue and in absorbing a larger qua'ntity of nutrients. It was found
that when the calcium level was low‘- epplied phosphorus was efficient




only occasionally, but it was effective almost invariebly at higher
levels of ecaleium application.

Albrecht and Klemme (1) have reported field work im which the
application of limestone and superphesphate almost doubled the caleium,
phosphorus and protein cent_gmt of lespedeza forage over that obtained
from superphosphate alome. Thelr data also reveal that the abserptionm
of phosphorus was inereased by liming, and indicate that seils may be
deficient in lime without crop yields being seriously affected.

Sumarizing the results of experiments conducted over a period
of four years in Illinois, Stubblefield emd DeTurk (35) concluded that
liming of the solls is generally reflected in an incressed percentage
of caleium in the plants. As Phosphorus gets converted into living
tissues and becomes part of the organic Plant body the uptake of this
elemeni: is accompanied by a corresponding growth and so th'e percentage
of phosphorus is not influemced by additions of phosphatic fertilizers.

Davis and Brewer (13) found that the liming of certainm upland
soils in Louisiana enmsbled Austrisn winterpeas and common vieteh to
utilize larger quantities of phosphorus supplied by applications of
superphosphate. Lime alone produced am increase in the percentage
- content of caleium only while lime applied with superphosphate resulted
in an increased content of caleium, phosphorus and nitrogen.

In an experiment on the effects of preliming with ecalcium carbo-
nateandbriefageingupmtheremryofphosphmsfrmmbnmt
incorporations of water soluble ealciwm phosphate, MacIntire and Hatcher
(20) observed that in every case the phosphate uptake from the prelimed
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and aged soil exceeded that from the unlimed soil. However, MacIntire
(19) viewed the heavy liming of the soil as being apt to generate too
large a quantity of calcium selts and that a high concentration of
soluble calecium compounds in the soil solution tended to diminish the
solubility of basic calcium phosphates., The unavailability of tri-
calcium phosphates in heavily limed soils was accounted for by the fact
that the soil water dissolved the readily soluble calcium salts and
lost most of its capacity to dissolve tricalcium phosphate. It was
also suggested that heavy liming affected phosphate utility by causing
a decrease in the boron content of the soil.

Neubauer's and Truog's tests conducted by Dunn (14) have shown
that soil phosphorus becomes more and more available with increasing
additions of lime up to slightly above the neutral point. Chemical
analysis of the forage from a greenhouse experiment indicated that the
supply of available calecium readily increased in proportion to the
amount of lime applied. It was therefore comcluded that the liming of
acid soils in Western Washington to pH values of about 6 to 7 was most
favorable to the growth of plants, as it tended to increase the supply
of calcium and the availability of soil phosphorus for plant nutrition.

Beater (8) traced for a period of thirteen months the change in
PH of seven representative soils of the sugar belt of Natal and Zululand
consequent on the additioms of calecium carbonaste. The effect on the
PH value appeared to depend on the physical composition of the soil
and the native calcium already absorbed. When maize followed by sugar-
cane was grown on the solls prelimed to varying pH values, it was found
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that preliming resulted in a 20 percent increase in the concentration

of nitrogen and calecium in the dry plant materisl.

Smith and Hester (32) found that the liming of an acid Putnam
silt loam, too low in calcium, failed to increase the ealecium content
of soybeans, but produced a significant inecrease in the nitrogen and
phosphorus content. Bear and Wallace (7) reported that an anmual
topdressing of 1,000 pounds of caleium carbonste per acre resulted in
a definite inerease in the yield of alfalfa.

In en experiment using superphosphate labeled with P32, McAuliffe
et al, (22) found that the phosphorus content of oats incressed as a
result of liming., The residual effect of phosphorus applied at such
8 high level as 2,000 pounds of superphosphate per ascre was insufficient
for maximum ylelds after a peried of about eight years.

Stewart end Pearson (34) noted a tendency for plants to take up
& lower percent of their phosphorus from the fertilizer under limed
conditions than under unlimed conditions. The beneficial effects of
a three ton application of calecium carbonate on the growth of clover
was not more tham that ofaonetmarplieatim,normtheroany
evidence of overliming injury.

In greenhouse experiments using rasdioactive phosphorus, Neller
(23) found that the addition of lime to raise the pH of Rutlege fine
send from 5.61 to 6.76 hed no significant effect on the percentage of
the phosphorus teken up by oats from either sodium phosphate or from
superphosphate. On Carnegie fine sandy loam, lime increased the uptake
of phosphorus by oats, although not significantly. In a field

RO L T P R e L
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experiment on Marlboro fine sandy loam to which ground dolomitic limestone
was disked into the surface layer at different rates, higher rates of
application had no significant effeet over an application df 500 pounds
per acre. The phosphorus content of oats was not affected by higher
levels of lime application, but it was increased when superphosphate was
used in larger amounts,

Similar studies by Robertson et al. (27) showed that liming soils
relatively low in residusl phosphorus increased the availability of
applied phosphorus up to a pH of about 6.0 or 6.5, when the sesquioxide
content was high, but had no effect when the sesquioxides were low.
Liming these soils to pH values above 6.5 caused the percentage of
Phosphorus in the plant from the fertilizer to level off or decline »
possibly due to the formation of relatively umavailable tricaleium
Phosphate. Liming soils high in residual phosphorus reduced the availe
ability of fertilizer phosphate, regardless of the sesquioxide content.
The uptake of phosphorus from currently applied superphosphate ias
highest from the soils high in sesquioxide content ‘irrespective of the
rate of liming. v

MacLean and Cook (21) reported that liming soils wp to pH Te5
increased the yields of alfalfa on five out of the six soils studied, '
when no phosphorus application was made. When phosphorus was applied
the optimum reaction for alfalfa was reached in most instances at a
PH of 6.5 to 7.0. Application of phosphorus resulted in appreciable
increases in the yields of alfalfa. Native and applied phosphorus
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seemed to be more available to alfalfa at a PH slightly above the
neutral point than at lower pH levels.

Adsms (2) also reported significant increases in sorghum grain
and stover ylelds as a result of liming.

Lawton and Davis (18) studied the effects of liming two strongly
acid Rifle peat solls on the growth and absorption of soil and fertilizer
phosphorus by field beans, Sudangrass and corn under greenhouse
conditions. It was observed that the dry weight of field beans was
markedly increased by lime applications up to 12 toms of ealeium
carbonate per acre. The growth of corn, however, was depressed when
more than 3 tons of calcium carbonate per acre were applied. Liming had
little or no effeect on the yield of Sudangrass. It was further noted
that liming had a depressing effect om the phosphorus content of plants,
which vas attributed to a decrease in the proportion of the HsP0)~ to
the HPO," loms in the soil solution.

In a greenhouse experiment using acid soils from south cemtral
Kansas, Thorp and Hobbs (37) observed that the application of lime
increased significantly the percentage of caleium in alfalfa. Liming
had no apparent effect on the percent of phosphorus in the plant, but
the uptake of phosphorus was greater from the limed then from the
unlimed soils.

Ensminger and Pearson (15) investigated the residual effects of
verious phosphates as measured by ylelds, P32 uptake and extractsble
phosphorus on & Decatur silt loam and a Greemville fine sandy loem.

For any particular source of phosphorus it was found that the residual
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effects were in proportion to the amounts that had been added. Anmong
the different fertilizer materisls used, basic slag gave the highest
residusl effect on Decatur silt loam as measured by veteh and cotton
yields, which was attributed to the neutralizing effect of this
fertilizer mteﬁal.

Pretty and McCall (26) investigated the effects of different
liming maferials on soil reaction and on the yield and phosphorus uptake
of alfalfa., Calcium carbonste was the most effective in raising the
soil pH, followed by dolomite and water quenched basic slag in order.
Liming increased the yield of alfalfa on soils with low pH values,
but no significant increases in yield occurred on soils which had an
initial pH near 6.0 or sbove. The effect of lime upon the extractable
phosphorus in the soll varied with the soil, the form of lime and the
extracting method used. There was very li;ctle relationship between the
phosphorus content of alfalfe end the extractable phosphorus in the soil.

The superiority of megnesium-bearing liming msterials over other
forms of lime has been recently stressed by many workers » especlally
on the European continent, Schmitt (29) reported that in field experi-
ments on sandy and loam soils of pH 4.1 - 5.1, neutralization waes better
achieved, and higher yields of root crops and cereals were obtained
with dolomitic limestone than with Ca0.Mgo, Ca.CO3 or with Ca0. According
to Trenel end Schonberg (38) the magnesium content of alkaline fertilizers
such as basic slag is bemeficial to crops, but pot experiments comparing
MgCly and MgS0), with MgC:O3 indicated that benefit from Mg is obtained
only when the Al ions have been removed from the so0il solution by liming,
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as for instance with dolomitic limestome. Nieschlag (24) observed that
dolomitic limestone was superior to ordinary limestone in increasing
yields in cereal-root crop rotation. Griffiths (16) has reported that
magnesium limestone applied to frequently and hesvily nitrogen fertilized
grasslands increased the yield and magnesium content of the forage.
Magnesium applied in the form of magnesite or magnesium sulphate was

not as effective as that applied in the form of dolomite.

B. The Influence of Lime on Cation Equilibria

in Plants

Several workers have observed a tendency for the sum of the
various cations in plants expressed a.s. milliequivalents per 100 g. of
dried plant material to be a constant under a given set of conditions.

Van Itallie (43) found that the sum of Ca, Mg, Na and K in Italian
rye grass grown in Mitscherlich culture vessels was approximately a
constant, ranging from 182.5 to 215.0 me. per 100 g. Fourteen out of
the 22 values were within the range of 195.0 to 205.0, and this worke'r
concluded that the mutual replacement of cations in the plant was in
nearly equivalent proportions. It was further observed that ecalecium
did not cause any great variation in the composition of the plant and
therefore did not play an important part in ion replacement, Magnesium,
on the other hand, had a greater influence on the composition of Pplants,
because from an equal spplication of calcium and magnesium, more
magnesium than calcium was taken up.



After reviewing several works on the effect of soil type and
fertilizer treatments on the chemical composition of certain forage
and small grain crops, Vandecaveye (42) observed that among a variety
of soil factors, differences in soll texture were most frequently
claimed to be responsible for significant differences in the composi-
tion of legume hays and cereal grains.

The experiments of Stubblefield and DeTurk (35), referred to
earlier, have shown that any variation in the soil supply of the cations
tends to be reflected in the vegetative part of the plant. Thus »
potassium which is not converted into organic substances in plant growth,
tends to accumlate in the plant sap in soluble forms, Similarly,
increased spplications of lime are reflected in an increased percent of
calcium in the plant. The use of dolomitic limestone was also found to
be responsible for increased percentage of magnesium in the stover of
corn. These authors did not, however, attempt to study the interrela-
tionships between the cations.

Collender (12) cultivated plants of a number of species in nutrient
solutions containing several cations in equivalent amounts, after which
the plants were analysed for their cation composition. It was observed
that the differences between plant species cultivated in a given solution
were very umequal in regard to the different cations. Some species were
rich in certain cations, while some other species contained more of some
other cations. This author has stressed the very complex nature of the

selective sbsorption of cations by the higher plants.
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Beeson et al. (10) recorded that the phosphorus concentration of
tomatoes was significantly and positively correlated with magnesium
supply, whereas neither the potassium nor the caleium supplies were
significant in their correlation with phosphorus concentration in the
leaflets. In general there was positive correlation between the
concentration of the cations in the plants and their supply, while
there was negative correlation between calcium and potassium, and
between calcium and magnesium,

Bear and Prince (5) also recorded a cation equivalent comstency
in alfalfa. They grew the Atlantic variety of alfalfa in two-gallon
quantities of soils limed to pH 7.0 with calcium carbonete and trested
with standard epplications of fertilizer. With repeated harvesting of
the successive crops, the calcium and magnesium content of alfalfa
tended to increase, whereas the content of potassium decreased., The
sum of the equivalence of Ca, Mg and K contained in any harvest tended
towards a comstant. These authors, therefore, contend that each of
these cations has at least two functions in the plant, one specific and
the other or others of the type which can be performed interchangeably
by all catioms. Once the supply of a particular cation is adequate to
meetthespeciﬁemedrorit,the:embcawidemgeinthnmtiol
in the remaining quantities that are absorbed by the plant to meet its
total cation requirements.

According to Snider (33) the chemical composition of plants depends
upon & number of factors such as species, the stage of growth, seasonal
conditions, the type and fertility of the soil on which the plant is growmn,
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insect injuries, diseases and other conditions. This worker observed
thatthepereentagelofPandebothlesmenandnmlegmsvaﬁed
with the amounts of these available in the soils. Whem P and K were
appnedtothghndthmm,uarule,aninmueinthe'm
of these elememts in the hay. :

Wittwer et al. (44) investigated the influemce of nutriemt
elenentbdmemthegrwbhamdrmdmtimorngetsumum
vegetable crops. The growth respomses by plants were foumd to be
dependententherelativepmorbienuvelluabmlubemlor
the various nutrient elements present in the substrate.

In the work referred to earlier, Thorp and Hobbs (37) reperted
that the total cstion comtemt im alfalfa ranged from 185 to 200 me. per
100 g. Limsnucatimlnimﬁcmnincrmedthomwc:
’mtho:plut. The total uptake of Ca was also increased, but there
vas no significant difference in the total Mg or Mg percentage.



CHAPTER III
MATERTAL AND METHODS

The three soils used in this experiment were a Hartsells loam,
& Dewey silt loam, and & Grensds silt loam, The chemical character=
istics of these soils are given in Table 1. The liming material used
was dolomitic limestone ground to pass through a 100 mesh seive.
Phosphorus was applied in the form of momocalcium phosphate and a basal
dressing of potash was given in the form of potassium sulfate. The
treated soil was placed in plastic lined No. 10 cans and sorghum was
seeded. Details of the procedure followed for the greenhouse experiment
and for the laboratory studies are given separately below. '

A. Greenhouse Experiment

Four rates of lime and four rates of phosphorus were used in
this experiment in a factorial design with three replications on each
of the three soils. The liming rates were 0, 2, 4 and 6 toms of dolomitic
limestone per acre. In the light of previous experience that very little
plant growth on Hartsells soils without the spplicstion of phosphorus is
obtained, it was decided to avoid the 0 treatment for phosphorus. The
rates of phosphorus spplication were 40, 80, 160 and 240 pounds Po0s5
Per acre. A basal dressing of potassium at the rate of 200 pounds of
K20 per acre was also given.

The soll required for fillimg three cans was mixed with the
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Table l,=~Chemical character of the soils.

' ﬁatign— exchange ﬁcmem
Soil PH e?acity K 4
‘ me, /100g, Lbs, /Acre _ Lbs./Acre
Hartsells loam 4.6 8,0 157 o
Dewey silt losm b7 8.0 157 68
Grenads silt loam 4.9 8.8 201 34

¥ Extracted by Bray's reagent, O°1NHCL + 0°O3N NH)F
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fertilizer materials at the specified rates in a twin-shell blender and
then divided equally among the triplicate cans. Each can held 3.2 kg.
of oven-dry soil., All the 14k cans were filled with the treated soils
on April 23, 1960.

About 25-30 sorghum seeds (DeKalb hybrid E-56A) were planted in
each cen on May 21, 1960, On the day of leedinémtrogmm applied
at the rate of 60 1bs. of N per acre in the form of ammonium nitrate
solution and the soil moisture was brought to field capacity (approxi-
mately 20 percent moisture). About ten days after germination, the
plants were thinned to a uniform stand of 15 plants per can. The cans
were watered daily with demineralized water so as to bring the moisture
to field capacity and the nitrogen was applied at two week intervals at
the rate of 60 pounds of N per acre. The first crop was harvested seven
weeks after seeding om July 9 and consisted of the above-ground plant
material only. The harvested plants from each can were put into a
separate paper bag, dried in an alr oven at 70° C and the weight
recorded. The dried plant material was ground in a Wiley mill and stored
in glass bottles for chemical analysis.

After harvesting the first crop, the upper 4 inches of soil in
each pot was loosened with the help of & sharp iron rod and the crowns
and large roots were removed. Om July 13, sorghum was again seeded in
all the cans as in the previous case and the plants grown as before.

The second crop was also harvested seven weeks after seeding and the
vield data recorded on the oven-dry basis. The dried material was
ground and stored for chemical analysis.
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After the second crop was harveqted 201l samples were removed
from each can for pH and available phosphorus determination. Soils
from the triplicate cans were mixed together and the determinations

were made on the composite samples.,
B, Laboratory Studies

The laboratory studies consisted of soil studies and the

analysis of plant materials.

l. Soil Studies

Soil studies were planned to observe the changes in pH and
available phosphorus occurring in the soils for each of the treat-
ments in the greenhouse experiment., For this, soils treated in the
same manner as in the greenhouse experiment except for the replications
were taken in cans and kept moist with demineralized water. This
involved the use of 48 (4 x 4 x 3 x 1) cans., These cans were also
kept in the greemhouse and s0il samples were taken from them at
intervals of two weeks, except the last sample which was taken four
weeks after the previous ssmpling., The pH and available phosphorus
were determined in these samples, The pH was observed by three methods,
In one case a soil-water suspension (1:2) was used. In asnother method
the soil was leached with water and the pH noted in an aqueous m;penlion
(1:2) and in the third method M/100 CaCly solution was used instead of
water as suggested by Schofield and Taylor (30).

Availsble phosphorus was determined by the method described
by Bray and Kurtz (11) with this difference, that 5 g. of the soil
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was shaken with 35 ml. of the extractant (0°1N HCL + 0°O3N NH,F) for
five minutes and then filtered, The movadenmn blue color was developed
in the extract by the 1, 2, 4 amino maphthol sulphonic acid resgent
method as suggested by Arnold and Kurtz (3) and the absorbance read in
a Fischer photoelectric colorimeter using the 650 mu. filter.

2, Plant Analysis

The plant material from each can was analysed for its content
of P, K, Ca, and Mg using the method suggested by Shaw (31). In broad
outline the procedure consisted in digesting a known welght of the
ground plant tissue (usually 1.0 g. and 0.5 g. when the yield was less)
with a 1:1 mixture of perchloric and nitric acids and making up the
solution to a known volume after filtering off the silica. In an
aliquot of this solution, phosphorus was determined in the same menmer
as in the soil extracts. The rest of the solution was evaporated to
dryness on a hot plate, the excess perchloric acid removed by heating
in a muffle furnace at 200° C and the residue taken up with dilute HC1.
Potassiwm, Ca, and Mg were determined using a Beckmsn Model DU Flame
Spectrophotometer, after precipitating the sulfate with Ba,c:l.a,
phosphate with Fe013 » &nd excess ZE'e(‘.'J.3 and AlCl3 with R'HuOH. The
solution was buffered to pH 4,0 with ammonium acetate, filtered, and
made up to a known volume before compering with standards in the flame
photometer. The wave lengths used were 767.0 mi. for K, 422,7 m. for
Ca and 285.2 ma, for Mg. |



CHAPTER IV
RESULTS
A, Yield

The average yields of oven-dry sorghum per can for the various
treatments of the three soils are presented in Tebles 2 to k4.

Considerable differences exist among the three soils in their
response to lime application. The highest totel yield in Hartsells
loam was obtained for a liming rate of 2 tons of dolomite per acre,
while for higher rates of application the yields were significantly
reduced. In Dewey and Grenada silt losms, on the other hand, the
yields increased with increasing rates of lime applicatiom up to 6
tons of dolomite per acre.

Almost invariafbly & positive correlation was obtained between
the total yield and the rate of phosphorus fertilization in all the
three soils.

In the Hartsells loam the second crop was better than the first
for almost all the limed treatmemts, while in the Dewey and Grenads
silt loams the second crop was relatively poorer.

Grenada silt loam préduced the best :tota.l Yields when compared
to Hartsells and Dewey, but the residual effects as indicated by thel
yields of the second crop were more pronounced on Hartsells tham om
u;e other two soils.

’



Table 2,--Average yield of oven-dry sorghum on Hartsells loam for
different lime and phosphorus treatments.,

Treatment Yield i
Lime P20 First crop Second crop )
tons/acre  Lbs./acre g./can g./can go/can
0 [Ts) 1.51 0.73 2,24
80 2,22 0,86 3.08
160 2.43 0,96 3.39
2ko 2,18 1,08 3.26
Mean 2,08 0.91 2,99
2 ko 5.99 8,14 14,13
80 9.17 9.69 18.86
160 b & ¥ 10,61 21,76
2ko 12,69 - 10.3k 23,03
Mean 9.75 9,69 19,44
L Lo 4,16 8.26 12,42
80 T7.58 10,50 18,08
160 T.00 10,61 17.61
2ko 11.46 1.k 22,87
Mean Te 51" 10.20 17. 7,4-
6 40 3,33 6.58 9.91
80 5.22 9.78 - 15,00
160 8.18 10.76 18.94
2%0 9,67 11.50 21,17
Mean 6.60 9,66 16.26
All levels 4o 3.T5 5093 9.68
80 6,05 T-TL 13,76
160 T.19 8.24 15,43
240 9,00 8,58 17.58
L.S.D. Lime and phosphorus mesns,
95 percent level 0,61 0.53
99 percent level 0,83 C.T2
Lime x phosphorus
95 percent level 1.23 1,06

99 percent level 1.65 1.43




Table 3.=--Average yield of oven-dry sorghum on Dewey silt loam for
different lime and phosphorus treatments.

R ——

Treatment Yield 0
Lime P20 First crop Second erop Total
tons/acre  Lbs.jacre  g./can _go/cen g+ /can
0 40 7S 0,91 3,02
80 2,05 1.03 3.08
160 3.29 0.85 b1k
240 5,22 0. Th 5,96
Mean 3.17 0,88 k,05
2 ho 11.76 5.7T5 17.51
80 12,67 5.23 17.90
160 14.80 4,36 19.16
240 17.15 h,21 21.36
Mean l)'l'o 09 ‘ lh 89 180 %
4 4o 12,80 4,97 17.TT
80 12,73 6.15 18.88
160 14,92 5.88 20,80
240 16.94 5.T0 22,64
6 %0 10,9k 6.80 17.7h
80 12.69 8.06 . 20.75
160 15.56 5.84. 21.40
240 17.25 7.25 24,50
Mean 1k.11 6.99 21,10 _
All levels Lo ' 9ol|'° )"'061 14001
80 10,03 5.12 15.15
160 12,14 k.23 16,37
240 14,1k L, 48 18.62
L.S.D. Lime and phosphorus means
95 percent level 1.06 0,94
99 percent level 1,43 1.27
Lime x phosphorus

95 percent level 2.10 1.90
99 percent level 2.83 2.56




Table U4,--Average yield of oven~dry sorghum on Grenada silt loam

for different lime amd phosphorus treatments.

Trestment Yield
Lime P20 First crop Second crop Total
tons/acre  Lbs./acre __Ro/can g./can _go/can
0 ko 3,50 2.36 5,86
80 5019 k.32 9.51
160 8.15 5059 13.7h
240 10,38 5004 15.42
Mean 60 80 )+. 33 11013
2 4o 10,60 4,23 14,83
80 12,31 5,05 17.36
160 15,19 5,31 20.50
2ho 17.05 b 7% o) 22,20
Mean 13079 l"o 93 18072 R
4 40 8.08 9,00 17.08
80 11,70 T.36 19,06
160 15,76 T-32 23,08
240 17.28 8.TT 26,05
Mean 130 21 eou 21. 32
6 ' 40 8.6k 9.32 17.96
80 11,10 10,43 21.53
160 16,00 10,91 26,91
2ho 18,73 11.33 30,06
Mean 13.62 10,50 2k, 12
All levels - ho T.T0 6.25 13.95
80 10,08 6.79 16.87
160 13.78 T.28 21,06
240 15,86 T+57 23,43
LoSeDs Lime and phosphorus means ‘ {
95 percent level 0,70 0o Tl
99 percent level 0,94 0.99
Lime x phosphorus
95 percent level 1.39 1.48
1.87 2,01

99 percent lavel
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B, The Mineral Composition of the Plants

Data showing the mineral composition of the plants for the various
treatments of the three soils amd for the two crops are given in Tebles
5 to 10, The pe:reentqge of the applied phosphorus that was taken up
by the plants has also been calculated for each treatment and crop on
these soils and the results are presented in Tables 11 to 13, The
important findings for each nutrient element are as follows:

1. Phosphorus

The percentage of phosphorus in the plants showed a wide
variation, ranging from 0.05 to as high as 0.24, the maximum being
nearly 5 times the minimum., With the exception of a few cases the
phosphorus content of the plants increased with the increase of phosphorus
application.

In Hartsells and Dewey soils the highest phosphorus content was
obtained for a lime application of 2 tons per acre. But in Grenads
silt loam the level of phosphorus in the plants was higher in the unlimed
than in the limed soils. However, when the total uptake of phosphorus
percuw?.l considered; more phosphorus was removed from the limed
samples than from the unlimed samples, although higher rates of lime
mlicﬁtim generally had a depressing effect upon phosphorus akserption.

The phosphorus content of the plants also showed some differences
between the two crops. With the exception of the unlimed Gremada soil
the phosphorus content of the Pplants was generally higher during the
second crop than during the first., Total uptake of phosphorus was
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Table 5.--Mineral composition of sorghum grown on Hartsells loem for
different lime and phosphorus treatments.
(First crop)

Treatment —Couposition of plant material (oven-dry basis)
Lime P20 P K Ca Mg
tons/_acre Lbs./ g.cre % % % %
0 e} 0.05 1.27 1.05 0.22
80 0.06 1.13 1.05 0.20
160 0.06 1.35 1.08 0.22
240 0.06 1.28 l.11 0.22
Mean 0.06 1.26 _1.07 0,22
2 Lo 0.11 2.64 0.83 0.59
80 0.13 2.7T3 0.73 0.58
160 0.16 2,45 0.7k 0.71
24o 0.17 2,08 0.76 0.76
Mean 0.14 2,48 0,76 0.66
L 4o 0.10 2,10 0.79 0.57
80 0.13 1.90 0.82 0.60
160 0.13 2.30 0.77 o7 B
240 0.16 2,03 0.Th4 0.62
Mean : 0.1 2,08 0, 78 , 0.58
6 Lo 0.08 1.68 0.91 0.50
| 80 0.12 2.23 0.86 0.53
160 0.13 1.901 0.78 0.59
240 0.1k 2.08 0.77 0.6L4
Mean 0.12 1.98 0.83 0.56
All levels Lo 0.09 1.92 0.90 0.47
80 0.11 2.00 0.86 0.48
160 0.12 2.00 0.84 0.52
240 0.13 _1.87 0.8k 0,56
L.S.D. Lime and phosphorus means
95 percent level 0.01 0.14 0.04 0.02
99 percent level 0.01 0.19 0.06 0.03
Lime x phosphorus
95 percent level 0.02 0.28 0.08 0.04
99 percent level 0.02 0.38 0.12 0.06
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Table 6,-=Mineral composition of sorghum growvn on Dewey silt loam for
different lime and phosphorus trestments,

(First Crop)
Tregtment Co_xygoaiiion of plant material (oven~-dry basis) 8

Lime Pao? P K Ca, Mg

tons/acre Lbs./acre % % % %
- 0 4o 0,06 1,60 C.TL 0.19
80 0,05 1.46 0,76 0.20
160 0,09 1.7k 0.T3 0.19
240 0,17 2,1k 0.T8 0.22
Mean 0. 09 l. 7“- 0, 7"" 0,20
2 4o 0.17 2,T1 0,56 0,70
80 0.19 2,70 0.57 0.78
160 0.24 2,46 0,57 0.T9
240 0.23 2,09 0,64 0.80
Mean 0,21 2 l'-9 (o 58 Q. 77
N 4o 0,16 2.61 0.58 0.82
80 0.18 2,56 0,56 0.86
160 0,21 2,33 0054 0.88
240 0,20 2,0k 0.61 0.98
Mean 0,19 2.36 0,57 0.88
6 40 0.16 2,76 0,57 0.76
80 0.16 2,68 0655 0.TL
160 0,17 2,14 0,58 0.78
2ko 0.17 1.87 0.56 0.75
Mean Co 16 2 39 Qo 56 ($8 75
All levels 40 0.1k 2.h2 0,60 0.62
80 0,15 2.35 0,61 0.65
160 0,18 2,17 0,60 0.66
240 0,19 2,0k 0,65 0.69

LeSeDo Lime and phosphorus mesns
95 percent level 0. 0L 0.12 0,03 0,03
99 percen‘b level 0.02 0o 16 0o 0)"' Q. O‘ll'
Lime x phosphorus

95 percent level 0.03 0.24 0,06 0.06

99 percent level 0O, 0’4‘ (88 32 (¢ 8 08 0. 08
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Table T.=--Mineral composition of sorghum grown on Grensds silt loam for

different 1lime and phosphorus treatments.,

(First Crop)

Treatment Composition of plent material (oven-dry basis)
Lime P20, P K Ca Mg
tons/acre Lbe./acre % % % %
0 ko 0,12 1.72 0,70 0.48
80 0.18 1.98 0.66 0.50
160 0.21 2,12 0.63 0.46
240 0.21 2,17 0,58 0.50
Mean 0.18 2,00 0,64 0.48
2 Lo 0.11 2,53 0.61 0.50
80 0.14 2.26 0.68 0.64
160 0.15 1.89 0.66 0.70
240 0.16 1.83 0.67 0.Th
Mean 0.14 2,13 0.66 0.64
L Lo 0.14 2.73 .17 0.k2
80 0,13 2.56 0.80 0.48
160 0.1k 2,18 0.73 0.49
240 0.14 2,08 0.82 0.52
Mean 0.1k 2.39 0.78 0.48
6 4o 0.1k 2.27 0.82 0. U6
80 0.13 2.15 0.84 0.y
160 0.13 2.18 0.82 0.50
24ko 0.12 1.97 0.76 0.43
Mean 0.13 2,14 0.81 0.46
All levels 40 0.13 2,31 0.72 0.46
80 0.1k 2.24 0. Tk 0.52
160 016 2.09 0.TL 0.5k
240 0.16 2,01 0,71 0.55
L.S.D. Lime and phosphorus means
95 percent level 0,01 0.05 0.04 0.03
99 percent level 0,01 0.07 0.05 0.04
Lime x phosphorus
95 percent level 0.02 0.11 0,07 0.06
99 percent level 0,03 C.1k% 0.10 0.08
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Table 8.--Mineral composition of sorghum growvn on Hartsells loam for
different lime and phosphorus treatments.,

(Second erop)
Treatment Composition of plant material (oven-dry basis)

Lime Po P K Ca Mg

tons/acre Lbs./acre % % % %
0 T) 0.10 1.49 _ Lobk 0.25
80 0.13 1.44 : 1.54 0.2k
160 0.09 1l.41 1.59 0.24
240 0.1k 1.93 1.T4 0.2k
Mean 0.12 1.57 1,58 0.24
> 10 0.08 1,95 0.89 0.52
80 0.11 1.35 0.87 0.80
160 0.15 1.16 0.97 0.93
240 0.19 0.97 1.0k 0.97
Mean 0.13 1.36 0.9k 0.80
L 40 0.09 2.6k 0.94 0.73
80 0.11 1.62 0,84 1.09
160 0.16 .17 0.87 1.09
2k0 0.19 0,98 0.93 1.24
Mean 0.1k4 1.75 0.90 1.04
6 40 0.10 2,94 0.94 0.68
80 0.12 1.98 0,90 1.03
160 0,16 1.35 0.92 1.12
240 0.18 1.02 0,91 1.14
Mean 0.1h4 1.82 0.92 1.00
All levels Lo 0,09 2.26 1.05 0.54
80 0.12 1.60 1.04 0.79
160 0.14 l.k2 1.09 0.84
240 0.17 1.22 1.15 0.90

L.S.D. Lime and phosphorus means ¥

95 percent level 0.01 0.1k 0.10 0.04
99 percent level 0.02 0.19 0,13 0.05

Lime x phosphorus ,
99 percent level 0.04 0.37 0.26 0.10




Table 9,~=Mineral composition of sorghum grown on Dewey silt losm for
different lime and phosphorus treatments.

(Second erop)
m— — _—
— Treatment Composition of plant material (oven-dry basis)
Lime P20, P K Ca o
tons/acre Lbs.?a.cre % % % % *
0 40 0.11 1.88 0.90 0.18
80 0,09 1.73 0.92 0.16
160 0.1k 2.11 1.03 0.19
240 0.16 1.66 1.13 0.18
Mean 0.13 1.84 1,00 0.18
2 40 0.17 1.23 1.11 0.99
80 0.22 3.17 1.1k 0.94
160 0.24 1.2k 1.16 0.84
240 0.24 1.13 1.24 0.7T7
Mean 0.22 1019 1016 0088
b Lo 0.17 1.3k 1.19 1.09
80 0.18 1.13 1.20 113
160 0,19 1.0k 1.21 1.13
2ko 0,19 0.88 1.21 1.13
Mean 0.18 1.10 1.20 1.12
6 Lo 0.21 1.27 1.18 1.23
80 0.16 0.94 1.16 1.27
160 0.22 0.91 1.26 1.34
240 0.22 0,83 1.19 - 1.37
Mean 0.20 0.99 1.20 1.30
All levels 4o 0016 loha 1.10 0.87
80 0.16 1.24 1.10 0.87
160 0.20 1.32 1.16 0.88
240 0,20 Y1k 1.19 0.86
L.S.D. Lime and phosphorus means
95 percent level 0.02 0.10 0,06 0.03
99 percent level 0,02 0.1k 0,08 0.0k
Lime x phosphorus
95 percent level 0.04 0.21 0.12 0.07
99 percent level 0.05 0.28 0,16 0.09



Table 10, -=Mineral compositiom' of sorghum grown on Grenada silt loam for
different lime and phosphorus treatments,

30

(Second erop)
Treatment Composition of plant material (oven-dry basis) '

Lime Po0z P K Ca Mg

tons/acre Lbs./acre % % % %
0 : Lo 0.10 1.45 0.T2 0.50
80 0.1k 2,07 0.68 .0.48
160 0.19 1.79 0.7k 0.75
240 0.18 1.35 0.66 0.69
Mean 0.15 1066 0.70 0060
2 4o 0.14 1.92 1.01 0.91
80 0.14 1.56 0.94 0.91
160 0.18 b A%, o g 0,90 1.03
2k0 0.21 1.11 0.9k 1.09
Mean 0. 17 b I M 0. 95 0098
l" )'"0 0. 12 lo 22 Oo 9)"' 0. 8""
80 0.12 1.24 1.11 0.96
160 0.15 1.07 l1.12 1.15
240 0.17 0,92 1.11 1.12
Mean 0.lll» 1.11 1007 1.02
6 4o 0.14 1.36 1.05 0.85
80 0.14 1.15 1.09 0.99
160 0.14 0,84 '1.03 1.06
240 0.17 0,78 1,00 1.19
Mean (6)8 15 i IS 01|' 1. 011- 1,02
All levels 40 0,13 1.49 0.93 0.78
80 0.13 . 1.50 0.96 0.84
160 0.16 1.22 0,95 1,00
a2 gl 240 0.18 1,0k 0.93 1,02

L.SeDe Lime and phoshporus means
95 percent level © 0,01 0,09 0.22 0.08
99 percent level 0.02 0,12 ' 0.29 0.11
Lime x phosphorus

95 percent level 0.03 0,18 0.43 0.16
99 percent level 0,04 0.58 0,22

0.2k
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Table ll.--Phosphorus recovery by sorghum from Hartsells loam st
different rates of lime and phosphorus application.

P PhOSDNOrUS recovery
___ Treatment Applied  First Second First Second
Lime P20 Per can crop crop Total ecrop crop Total
tons/acre Lbs./écre  mg. mg,/can mg./can mg./can % % %
0 4o 31.7 0.76 0.7T3 1.49 2,39 2.30 L4.69
80 63.3 1.3 1.13 2.4 2,07 1.78 3.85
160 126.7 1.36 0.89 2,25 1,07 6.,70 1.T7
240 190.0 1.26 1.46 2.72 0:66 O.TT 1.43
2 4o 3.7 6,59 6,84 13.43 20,79 21.58 42,37
80 63.3 11,73 10.37 22,10 18.53 16.38 3h4.91
160 126.7 18,40 15,70 34,10 1k.52 12,39 26,91
240 190,0 21,70  19.23 40,93 11.42 10.12 21.54
b Lo 3.7 k16 Te52  11.68 13,12 23,72 36.84
80 63.3 9.70 11.66 21.36 15.32 18.42 33.T7h
160 126.7 9.2k 16,98 26,22 T.29 13.40 20.69
240 190,0 18,79 21.22 40,01 9,89 11,17 21.06
80 63.3 6.06 11.54 17.60 9.57 18.23 27.80
160 126.7 10,39 17.11 27.50 8,20 13.50 21.70
240 190.0 13,15 20.59 33.74 6.92 10.8% 17.76




Table 12,~-~Phosphorus recovery by sorghum from Dewey silt loam at
different rates of lime and phosphorus application.

B g Phosphorus recovery
— Treatment Applied First Second First Second
Lime P per can erop crop Total crop crop Total
tons/acre Lbl.zme ng. mg./can mg./can mg./can % . ¢
0 Ty 31.7 1.31 0,99 2,30 k13 3.12 T.2
80 63.3 1,09 0,96 2,05 .72 1.52 3.2
160 126.7 3,06 1.22  L4.28 2,42 0,96 3.38
2"'0 19000 8077 l.21 9;98 ho61 0.61" 5025 X
2 Lo 31.7 20.34 9.83 - 30.17 64,16 31.00 95.16

80 63.3 24,58 11.40 35.98 38.83 18,00 56.83
160 126.7 34,93 10.6% 45,57 27.57 8.40 35,97
240 190.0 38.76 10.27 49.03 20.40 5.4 25,81

L Lo 3.7 20,48 8.25 28,73 64,60 26,03 90.63
80 63.3 23,30 10,58 33.88 36,81 16.T1L 53.52
160 126.7 30,88 11.17 42,05 24,37 8.82 33.19
2ko 190.0 33.5F 10,89  4h,63  1T.65 5.73 23.38

6 Lo 31.7 17.29 14,48 31.77 54,54 45,68 100.22
80 63.3 20.05 13.22 33.27 31.67 20.88 52,55
160 126.7 26,92 12,84 39,76 21.25 10.13 31.38
240 190.0 28.81 15.73 44,54 15,16 8.28 23.4k4




Table 13,~-Phosphorus recovery by sorghum from Grenada silt loam at
cuffergnt rates of lime and phosphorus application.

33

P _Phosphorus_recovery
Treatment Applied TFirst Second First Second

Lime - Pp0 per can : ; Total crop crop Total

tons/acre Lbl,.ime mg, gz zm g:.?ean ng./can 4 % %
0 ko 3.7 4,31 - 2.38 6.69 13,60 T.51 21.11
e ' imy .ag SF P LR A8 B

240 190:0 21;9,0 ‘9,32 3’1:22 : “‘3‘.'1:‘53" . 16. bk
2 ko 3.7 11.55 6,13  17.68  36.4% 19.3% 55,78 °
80 63.3 16.86 6.82  23.68 26,64 10.T7T 37.41

160 126,7 ?339 9,61 33,00 18,46 T7.58 26,04

2ho 190.0 27.45 10.61 % 14,45 5,58 20,03
b - 4o 3.7 11.07 10.7TL. 21,78 3492 33.79 68.TL
80 63.3 15.33 8.66 23,99 24,22 13.68 37.90.

160 1.7 21.91 10,76 32,67 17.29 8.49 25.78

2&0 19000 23067 15000 38067 12.136 7089 20035

6 ko 31.7 11.83 12,77 2k.60 37.32 40.28 7T7.60
80 63.3 1%.32 14,92 29,24 22,62 23.57 46.19

160 126,7 21,12 1&.3; 36.07 16.67 11.80 28.47

240 190.0 23.23 19. k2,72 22,49

12,23 10,26




however, lower during the second crop in Dewey and Grenada, due to the
lower yilelds.

The increased phosphorus content during the second crop was
co-existent with a corresponding tendency for increased levels of
magnesium, and an increase in the available phosphorus after the sixth
week as revealed by laboratory studies.

2, Potassium

Potassium showed less variation than phosphorus in the plants,
renging from 0.78% to 2,94%, the meximm being sbout 3.7 times the
minimm, The level of potassium in the plants grown on the unlimed
Hartsells and Dewey during the first crop was significantly lower than
that in thevaI grown on the limed soils. These two soils exhibited
symptoms of magnesium deficiency in the form of albinism on the unlimed
. treatments and the complex nature of the interactions between the
different cations occurring under such comditiomns probably accounts for
this phenomenon.

Differences were noted between the potassium contents of the
plants grown in the two crops. The second crop generally conteined a
lower level of potassium then the first, which might be due to a
diminished supply of this element im the soil as a result of the removal
by the first crop. A higher level of calcium and megnesium im the plants
during the second crop might also have been renpoﬁnible for a correspond-
ingly lowered uptake of potassium,

The reciprocal potassiwa~phosphorus relationship reported by some
workers was also verified by, and discernible in the dsta obtained.

34
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o Caleium

Among the nutrient elements studied caleium sppeared to be the
least variable in the plants. In spite of the widely varying rates of
lime applied to the soil, the level of calcium in the plants ranged
only between 0,54% and 1.Th%, the meximm being sbout 3.2 times the
minimum. These results would indicate that the calcium content of the
Plants was not necessarily dependemt upon the level of caleium in the
soll and that there were factors other than the total supply which
influenced its absorption by plamts. The level of caleium in the plants
grown on the unlimed Hartsells and Dewey was even higher than that in
the plants grown on the limed soils during the first crop. This tendency
Persisted in Hartsells during the second crop also, and sppeared to be
because a deficiency of magnesium in these soils was to some extent
compensated for by en increased sbsorptiom of celcium. This tendency
disappeared in the Dewey soil during the second crop, and may have
resulted from the fact that the plamts grown on these unlimed soils
during the second crop contained a higher level of potassium. The Ca:K
ratio in these soils might have been significantly reduced by theé removal

of Ca by the first crop.

4, Magnesium _
Megnesium was the most variable of the elements congidered, varying

between 0.16 and 1.37 percent., The maximum percentage in this case was
nearly 8.5 times the minimm. A deficiency of this element in the erop
growing in two of the unlimed soils has apparently comtributed towards
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this higher ratio. A positive correlation existed between the levels of
magnesium and those of phosphorus in the plants, which may be explained by
assuming that magnesium functions as s carrier for phosphorus.

The concentration of magnesium in the plants increased during the
second crop as compa.red with the first crop. This might have occurred
for one or more of several reasons, Firs‘i:ly the concentration of
megnesium in the soil solution might have increased during the period of
the second erop by the increased dissolution of Mg from the doloﬁite.
Secondly, an increase in the Mg:K ratio might have resulbed during the
second crop consequent on the removal of potassium from the available
supply by the firs'l;. .erop. Thirdly, an increased availability of phouiahoma
during the second crop might have resulted in an increased absorption of
magnesium,

The inverse Ca-Mg relatitmahip reported in literature was also
observed in the results presented. ‘

Co Cation Equivalence in Sorghum

The cation content of the plants, expressed as milliequivalents
Per 100 g. of plant material is presented in Tables 14 to 16. The total
number of milliequivalents of cations per 100 g, of plant ma.teriai has
in all cases beeh less in the unlimed than in the limed soils. The total
éa.tion concentration was greater for the second crop, which might be
attributed to an increased concemtration of Ca and Mg in the soil solution
because of continuing dissolution of dolomite and to ‘a. reduced vegetative

growth due to the operation of some other limiting factor.
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Table 14,~~Cation content of sorghum grown on Hartsells loam for
different treatments of lime and phosphorus,

‘Treatment ‘ First crop Second crop

- Lime - Pa0; Total Total

tons/acre  Lbs./acre K Ca Mg cations K Ca Mg cations
ne, / 100g.

0 Lo 32,6 52.4 18,5 103.5 38,2 T2.2 21.0 131.k
80 34.2 52,4 17.0 103.6 36.8 T7.0 20.3 13k.1
160 34,6 541 17.9 106.6 36.2 T79.4 20.3 135.9
240 32,8 55.6 18.6 106.0 49,5 87.2 20.0 156.7

2 ko 67.8 h1.5 u48.9 158.2 49,9 khh 43,5 137.8
80 T0.1 36.7 U48.2 155.0 345 43,7 66.6 144,8

160 62,8 37.2 59.3 147.7 29.8 48,7 T7.7 156.2
240 53.4 38,2 63.6 155.2 24,9 52,2 80.8 157.9

) %0 53.9 39.6 L7.3 140.8 67.7 6.8 61.0 175.5
80 48,7 40.6 49,1 138.% ki.h k2.2 90.7 17h.3

160 58.9 38.7 45.0 1k2.6 k5.4 U3.3 90.9 179.6
240 52,0 37.2 51.5 140,77 25.1 h6.7 103.6 175.u
6 Lo 43,0 L45.h M1.7 130.1 75.5 U46.8 56.4 ° 178.7
160 49,0 37.5 48.6 135.1 345 U46.3 93.8 17h.6

240 53¢3 37.8 52.3 143.4 26,2 U45.5 94,9 166.6




Teble 15,~=Cation content of sorghum grown om Dewey silt loam for

different treatments of lime and phosphorus,

Treatment First orop ~Becond crop it
Lime Pe Total Total
tons/acre  Lbs./acre K. Ca Mg catioms K Ca Mg cations

me./lOOQ.

0 4o .0 35,6 15,8 92.4% 48,3 L45.0 15.4 108.T
80 37.4 38,2 16.7 92,3 LWh,3 L6.,2 12,9 103,4
160 6 36,3 15.9 * 54,1 50,2 15.8 120,1
240 54,9 39,3 17.9 '112.1 L2,5 56.6 148 113.9
2 Lo 69.5 278 58,3 155.6 31.5 55.4 82.9 169.8
80 69.3 28,4 64,8 162.5 29,9 56.8 TB.T 165.4
160 63.0 28,5 66,0 157.5 31.7 58.1 7T0.3 160.1
4 40 66.8 28,9 68.5 1642 34,3 59,7 541 148.1
80 65.5 28,1 TL.3 1649 29,0 59,9 68,1 157.0
160 59.7 27.2 T3.1 160,0 26,6 60,5 66.6 153.7
240 52.4 30,4 81.5 164k.3 22,6 60,6 64,6 148,0
6 Lo TOLT 28,7 6343 162.7 32,5 59.0 83,5 175.0
80 68.7 27o4 59.3 155.4 24,1 58.1 102,3 184.5
160 55,0 28,4 64,8 1k8.2 23.4 62,9 T8.2 . 164.5
240 k8.1 27.9 62.7 138.7 21.2 59.h 99.3 179.9
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Table 16.-=Cation content of sorghum grown on Grenada silt loam for
different treatments of lime and phosphorus

———— . -
Treatment First crop Second crop
Lime P20§ Total o Total
tons/acre _Lbs,/acre K Ca_ Mg catioms K Ca cations
’ me. /100g.

0 40 44,0 34,8 39.8 118.6 37.2 35.8 k41,5 11k,

80 50,9 32,8 4.3 125.0 53.1 342 39.6 126,
160 54,3 31.7 38.8 124.8 45.8 37.1 62.2 1h45.1
240 55,6 29,1 M.k 126,1 34T 33.1 5T.5 125.3
2 ko 64.9 30,6 b1k 136.9 L49.2 50.0 7T5.5 125?2
80 57.8 34,1 53.1 129,8 40,0 U4T.1 75.5 162.6
160 k8.4 33,2 58.0 139.6 30.0 45.2 86,1 161.3
240 46.9 33.7 61.8 1k2.h 28,6 k6.8 90.9 166.3
L Lo T0.1 38.4 35,2 143.7 31.3 46.8 70,0 148,1
80 65.5 40,0 40,2 145.7 31.9 55.5 80.3 16747
160 5660 3603 Ulel 133.4 275 55.9 95,6 179.0
240 53.4 4.1 U43.5 138.,0 23.6 55.3 93.8 172.7
6 4o 58,1 Ul.1 38,0 137.2 35,0 52,4 70.9 158,3
80 5501 4.9 36,8 133.8 29,5 54,6 82,2 166.3
160 55.8 4l.1 k1.3 138.2 21.5 51.4 88.3 161.2

240 5065 37.8 36.1 12h.h 20.0 49,8 99.4 169,2
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The gverage values of cation equivalence for the various treatments
during the first crop were 135.5 for Hartsells, 142.5 for Dewey, and 133.6
for Grenads., The corresponding figures for the second crop were 160.1,
150.5, and 156,2 respectively. The average values for the two crops were
147.3 for Hartsells, 146.5 for Dewey and 14k,9 for Grenads and this
constancy of the cation equivalence of sorghum grown oﬁ these different
solls was remarkably good,

D. Soil Incubatiom Studies

The results of the soil incubation studies are presented in Tables
17 to 22, These tables reveal the variation in the pH and available
phosphorus in the three soils for the different treatments over a pe.ﬁod
of twelve weeks, These results may be compared with the data in the
Tables 23 to 25 which give the pH and available phosphorus at the end of
the experiment in the soils in which the plants were a.ctuaJJ.y grown.

1. Liming end o1l Reaction

The pH values of the soils were influenced almost emtirely by the
lime trestments and only insignificently by the diffevent levels of
phosphate spplication. Tables 17 to 19 present the average pH values for
the different liming rates determined by three differvent methods, Leaching
Of the soll with water raised the pH by sbout O.4 - 0.7 units ebove that of
tﬁe unJ.eé.ched sauple, The pH determined by using M/100 GaClp, om the other
hand, was about 0.1 = 0,3 wnits below that of the unleached soil in vater
uuspenaioﬁ. Although many advanteges have been ascribed to the leaching



Teble 17.=«Change in pH of Hartsells loasm with
treatment and time (Incubated soils).

Treatment DH on
lime May May May June June
tons/acre 2 16 30 13 27

Before leaching with water

0 b7 4.8 4.8 4.8 b7
2 5.4 6.1 5¢9 5¢9 5.6
L 5T 6.6 6.7 6.8 6.6
6 5.9 7.0 7.0 Te2 7.0

After leaching with water

0 55 5¢5 5k 5¢5 5.3
2 6.2 6.8 6.5 6.5 6.2
I 6.5 Te2 T.2 T+5 7.2
6 6.6 Tk Te5 TeT Tl
In _1_4__ Ca012 Solution
100
0 hob k.5 4.5 4,5 4.3
2 5.1 5.8 5.8 5.7 5.5
L 5¢5 6.3 6ot 6.7 6.5
6 SeT 6.6 6.7 6.9 6.7




Table 18.-=Change in pH of Dewey silt loam with
treatment and time (Incubated soils).

e PRI S 0 o e
lime May May May June June July
tons/acre 2 16 30 13 27 25

0 b.5 b7 b7 h.7 b7 4,6
2 542 6.0 6.0 5.8 5.7 545
4 5¢5 6ol 6.6 6.5 6.6 6okt
6 5.8 6,6 6.7 6.8 6.8 6.7
After leaching with water
0- 5.2 5.1 5.2 5.2 5.1 562
2 6.2 6.7 6.3 6.4 6.2 6.1
4 6.9 7.0 Tol Te3 Te3 T.0
6 7.0 Tol Te2 Te5 75 75
- In _M_ CaCl, Solution
100
0 bk 4,3 k.3 bk bk b X
2 5.1 5.8 5.6 5¢5 545 5.2
I 5.3 6.2 6ol 6.l 6.5 6.3
6 5.5 6.5 6.6 6T 6.7 6.6
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treatment and time (Incubated soils).

Table 19.--Change in pH of Grenada silt loam with

pH on

Treatment
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June July
25

June
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Table 20,=~~Change in available phosphorus in Hartsells loam with

treatment and time (Incubated soils).

~Treatment Aveilable P T Bore Average
. Lime P Mgy May May ~Jume Jume July for the
tcma[g_,ge Lbs,/acre 2 16 30 k. W 25 period

0 Lo 203 157 146 91 20 122 137

80 193 125 150 85 . 109 153 136

160 197 158 169 105 110 14k 147

240 169 179 1 120 119 183 157

2 Lo 195 155 151 102 106 140 142

; 80 188 162 168 106 105 129 143

160 181 151 133 98 125 150 156

240 190 160 17% 119 120 175 156

L Lo 210 172 127 108 116 137 145

80 217 165 164 112 109 147 152

160 202 169 143 112 123 176 154

240 213 190 160 134 126 181 167

6 4o 22 132 164 104 106 148 149

80 221 167 143 105 102 159 150

160 209 154 1N 116 113 164 155

240 228 154 164 132 129 188 166




Table 21.-~Change in available phosphorus in Dewey silt loam
with treatment and time (Incubated soils).

Treatment Available P (Pounds per acre) on Average
Lime P205 May May May June June July for the
tons/acre Lbs./acre 2 16 30 13 27 25  period

0 Lo 192 175 140 139 129 200 163

80 202 158 139 146 129 186 160

160 192 172 164 16k 143 228 177

240 203 217 164 176 178 24 197

2 Lo 175 134 151 148 123 189 153

: 80 192 188 153 148 132 195 153

160 179 157 153 168 143 209 168

240 183 195 175 179 171 234 190

I 4o 163 118 120 121 116 204 140

80 163 85 92 123 14 204 135

160 160 129 101 132 143 209 146

240 133 132 78 146 148 223 143

6 Lo 200 151 83 126 127 211 150

80 133 113 97 123 126 217 135

160 185 151 ok 143 150 220 157

240 178 155 112 149 162 255 169




Table 22,~-=~Change in avellasble phosphorus in Grenada silt loam

with treatment and time (Incubated soils).

s P=p—

“Treatment " Available P (pounds per scre ) on Average
Line PQO; ... May May May Jume Jume July for the
tons/acre Lbs,/acre 2 16 %0 - 13 27 25 _ period

0 ko N 87T 6 ‘3 138 118 109

80 99 9 67 IV s 1S 10k

160 153 109 76 158 AST T 18 119

2ho 143 106 63 13k 160 - 1h6 125

2 4O 193 102 79 148 157 136 136

80 178 10 O3 119 ‘153 1N 127

160 17k 109 ™ 132 1 137 129

240 193 1a3 9T 143 159 153 143

L 4o 129 105 81 148 137 129 122

80 109 115 111 134 169 148 131

160 206 o -9 85 159 138 127

240 182 120 103 167 188 157 154

6 4o 143 119 57 148 179 159 134

80 148 109 59 163 170 137 131

160 169 104 98 176 185 153 148

240 182 122 98 167 169 165

151




Table 23.~-Soil reaction and available phosphorus in Hartsells
loam after the second harvest. (Composite Soils)

___Treatment Aveilable
Lime P QH P
tons/acre Lbs./acre A B C Lbs./acre L

0 40 4.3 5.1 L2 48
80 4.3 5.1 4,2 52
160 4,3 5.1 h,2 67
240 b1 540 4,1 83
2 40 5¢5 6.2 5.3 38
80 506 603 St,'" l"l
160 5.7 6.3 5¢5 k9
2ho 5.8 A 505 56
4 4o 6.2 6.9 6.0 43
. 08 6.1t T.0 6.1 b1
160 6.4 7.0 6.1 60
2ho 6.5 . T.1 6.3 62
6 4o 6.8 Tob 6.7 k2
; 80 6.8 Tl 6.6 48
160 6.8 T4 6.8 46
240 7.0 Tk 6.7 6h

A = before leaching with water
B = after leaching with water

C=in M CaCly solution
To0

kT



Teble 2k,-=Soil reaction amd availsble phosphorus in Dewey
silt loam af'ter the second harvest (Composite
soils). :

Treatment CBEI Available

Lime Po PH P
tons/scre ba.?a.cre A B C Lbs./ acre
0 40 L2 4.8 4,2 69
80 b2 9 . 4,2 T6
160 k2 4,9 4,2 91
2ko 4,2 4,8 4.2 113

e g

5 40 5.6 6.1 5o 69

80 565 6.1 ob. 64

160 5.3 5.9 5.1 83"

2)-"0 505 6.1 501 93

b Lo 6okt 6.9 643 59
80 6e3 6.9 6.1 Th

160 Golt 7.0 6.1 80

240 645 740 6.3 85

80 69 Tolk 6.8 69

160 7.0 Te5 6.7 80

240 Ts0 2.5 6.8 90

-

A = before leaching with water
B = after leaching with water
C=1in M CaCle solution

100



Table 25.-<S0il reaction end available phosphorus in Grenada
silt loam after the second harvest (Composite -

160

2

soils).
-‘I‘(reatmegj - Availahle
Line Pg0s5 PpH 4
tons/acreﬁ Lbs. /acre ¥ B, C .L}sa[gggg’_
0 g 4.9 o
a6 b5 5¢0 b1 g
160 bl 5.0 4,2 46
2"‘0 ll'oll' 500 ,"'Qa 60
2 ko 5T 6.1 S.h
8o 5T 6.2 5okt - a
160 6,0 6e3 546 6
840 3.9 6.3 5.6 53
4 ko 6.8 Ted 6T 39
80 T+0 Te3 6.7 h3
].SO 6.9 T:3 6.6 48
2ho T«0 T.3 6.7 57
6 ko 7.2 7.6 7.0 46
80 1.2 7.6 7.0 k7
2k T-3 7.6 70 60
A = hefore leaching with water
B = after leaching with water
C=1in M CaCl, solution

k9
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of the soils and to the using of the CaCly, medium over that of an
aqﬁeous suspensibn for determining soil pH, for the purpose of this
discussion, the pH values obtained in the water suspension alone are
considered.

Equal rates of lime -application have raisea the pH of different
soils to different extents. Thus, an application of 2 tons of lime
per acre raised the pH of Hartsells loam from 4.6 to a maximum of 6.1,
that of Dewey silt loam from 4.7 to 6.0 and of Grenada silt loam from
4.9 to 6.0‘during the period of observation. The corresponding values
for a liming rate of 4 tons per acre were 6.8, 6.6 and 6.7, and for 6
tons of lime per acre they were T.2, 6.8 and 7.0 respectively for the
three éoils. In other words, an applicetion of 2 tons of lime per
acre has raised the pH of these soils through a range of 1.5, 1.3
and 1.1 unite respectively. The corresponding figures for a liming
rate of 4 tons per acre are 2.2, 2.0 and 1.8 and for a rate of 6 tons
per acre these values are respectively 2.6, 2.1 and 2.1, These results
serve to illustrate the principle that different soils have to be
limed to different levels to reach the same reaction. A

The final'pH values. of the soils in which the plants were grown
agreed closely with those of the incubated soil samples at the end of
the 12 week period. This result would suggest that the growth of the
plants did not significantly influence the soil reaction over the

period of growth.
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2, Availability of Added Phosphorus

Two tendencies were generally discernible in the amounts of
phosphorus extracted by Bray's reagent over the period under atiidy:

(1) The amounts of extractable phosphorus increased with

increasing rates of lime and phosphorus applieation;

(2) The extractable phosphorus decreased to a minimm during

the period of 4 to 6 weeks and then inereased again.

The beneficial Aeffecta of lime on the availability of phosphorus :
may apparently be attributed to its retarding effect on the fixation
of added phosphorus as iron and aluminum phosphates. The decrease of
extractable phosphorus to a minimun during the pertod of b to 6 veeks
corresponds to the period of maxinnm fixation and the imn'ease of
extractable phosphorus thereafter indicates increasing release of
organic phosphorus in the a.va.ila.ble form by microbiological activity.

The three untreated soils, Hartsells, Dewey and Grenads origi-
nally contained 40, 68, and 34 pounds per acre of extractable phosphorus
respectively. When phosphorus was applied at the rates of 40, 80, 160
end 240 pounds of PpO5 per acre the availsble phosphorus in the Hartsells
soil was increased to an average of 143, 145, 153 end 163 pounds of Pper acre
respec‘blvely over the 12 week period.. In the Dewey» silt loam the
corresponding figures were 152, 146, 162 and 175, and in Grenads 125,
123, 131 and 143 ];:ormds of P per acre. In the Hartsells loam the amounts
of extractable phosphorus at the end of the experiment in the soils in

which the plants were grown were 43, 46, 56 and 66 pounds of P per acre.
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In Dewey these values were 66, T1, 84 and 95 pounds of P per acre and
in Grenada 42, 43, 48 and 57 pounds of P per acre respectively.

Phosphorus treatments of the different soils increased the
aveilable phosphorus in the incubated samples to values in excess of
the added phosphorus and this greater availability might be due to
the release of some of the organic native phosphorus to the avail-
able form by microbiological activity. At the end of the experiment
the levels of extractable phosphorus in the cans in which the plants
were grown were less than those in the incubated soils. In many
instances the levels of extractable phosphorus had dropped to the
original values in the untreated soils. This is evidently due to
the removel of aveilable phosphorus from the soils in which the
plants were grown, although the difference between the amounts of
extractable phosphorus in the incubated soils and those in the soils
in which the plants grew did not represent the exact amounts removed
by them, The reactions taking place in a system such as the incubated
soil samples are different from those in a system like the soils in
which the plants are grown, and hence the difficulty in applying the
results obtained in one to the other.

An application of 4O pounds of P2O5 per acre ralised the level
of available phosphorus in the incubated Dewey soil to 152 pounds of
P per acre, while it required a rate of 160 pounds P205 per acre to
bring the emount of avallable phosphorus in Hartsells to a level of

153 pounds of P per acre. But in Grenada a phosphorus application of
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240 pounds of P205 per acre resulted in an available phosphorus level
of only 143 pounds of P per acre. Again, an spplication of 40 pounds
of P05 I;er acre to Hartsells and of 240 pounds of P205 per aere to
Grenada resulted in the same level of available phosphorus, viz., 143
pounds of P per acre. Similar trends were discernible in the amounts
of a.va.ilb.ble 'phosphorus in the soils in which the plants were grown.

These results would suggest that the response to phosphorus
fertilization in these soils would diminish in the order Dewey, Ha.rt-
sells and Grenada. Tables 11 to 13 indicate that {:he highest total
amounts of phosphorus were actually removed by sorghum from Dewey,
but the next highest amounts were removed from Grenada rather than
from Hartsells which was probably due to the operation of some other
limiting factor in this soil.

3¢ _Soil Reaction, Phosphorus Aveilability and Plant Growth

A comparison of the data in Tables 11 to 13 with the corresponding
data in Tables 17 to 19 reveals that in the Hartsells and Dewey soils,
the highest amounts of ph;asphorus were absorbed by plants at a pH ra.ngé'
of 5.2 to 6.1,  In Gremada soil, om the other hand, the uptake of
Phosphorus increased progressively as the pH of the soil increased from
4.9 to Tel. The highest total ylelds were obtained in Hartsells at a
PH range of 5.4 to 6.1, while in the other soils the total yields
increased up to pH T.l, which was the highest pH reached.

For the same levels of phosphorus extracted by Bray's reagent,

a higher uptake of phosphorus and yield of sorghum were obtained at a
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PH of about 5.2 to 6.1 in Hartsells loam. In the other two soils for
the same level of "available" phosphorus the uptake of this element

increased up to a pH of Tele




CHAPTER V-
DISCUSSION

The results of the present investigation provide useful informe-
tion regarding fertilizer practices on three acid soils of Tennessee
and give some significant indications about the nature of certain
fundamental soil-plent relatiomnships. ‘

. The beneficial effects of dolomitic limestone in promoting the
growth and yield of plants on acid soils are amply borme out by ,the
results of the present study. In Hartsells loam the highest total
yields were obtained for a liming rate of 2 tomns per acre, while in
Dewey and Grenada silt loams significant yield increases were obtained
for liming rates up through 6 tons per acre. An application of 2 tons
of dolomite per acre to Hartsells aoii raised the pH to an average
value of 5.7 during the growth period of the plants. The highest
yields of sorghum were observed at this pH rather than under more
neutral conditions brought about by higher rates of lime application.
These findings suggest the operation of some limiting growth factor,
possibly the reduced availability of zinc.

The lime requirement of soils varies depending on several factors
such as the texture amnd the nature of the soil colloidal complex., The
fact that the pH of the Hartsells loam was raised through a larger range
as compared to Dewey and Grenada silt loams for the same rates of lime
application might point to the influence of texture, provided however,

the colloidal properties of these soils were similar,




56

The proper time of lime application is a major factor in its
efficient utilization and this, too, might vary with the properties of
the soils involved. In Hartsells soil the yield of the second erop
ﬁa.s higher than that of the first, presumesbly because the beneficial
effects of lime increased with time,

The yield data obtained in these studies also correlated
prositively and significantly with the rates of phosphorus application,
Stubblefield and DeTurk (35) pointed out that phosphorus is converted
into living tissues and becomes part of the organic plant body, and
as the absorption of increasing smounts of phosphorus is accompanied
w a corresponding increa#e in growth, the percentage of phosphorus in
the plant tissues will generally tend to be a comstant. This was not
the case in the present studies, because the phosphorus content .of
the plants was found to increase with increased rates of phosphorus
application. Wright (45, 46) attributed the beneficial effects of large
applications of superphosphate % acid soils mainly to the intermal
precipitation of aluminum by phosphorus, with excess phosphorus avail-
able for the metabolic processes of the plants, ‘Although the data
ga.thered in this study are not quite illustrative of this hypothesis,
the simultaneous increase Ain the growth and phosphorﬁs content of the
planfs might suggest the beneficial effect of phosphorus in combating
the toxicity of aluminum,

The optimum rate of lime amd phosphorus application to imsure

the best possible ylelds is an important factor in any intelligent
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Program for fertilization. The present study revealed that in Hartsells

loam the highest yields of sorghum were obtained for a liming rate of 2
tons per acre and a phosphorus rate of 240 pounds of P205 per acre. Iy
the Dewey and Grenada silt loams the yield increased progressively up
to the highest rates used, viz., 6 tons of lime and 240 pounds of P05
per acre.

A knowledge of the causes of the low fertility of acid soils is
essentlial for finding out the eritical means of 1mprov1ng the crop yields
on them, Lime promotes the growth of plants on acid soils and this
beneficial effect of lime is attributed to different factors such as
correcting of the soil acidity, remedying of nutrient deficiencies and
combating of the toxic effects of certain cations. The results obtained
in this study do not throw any additional light on the exact menmer in
which lime fumctions in acid soils, but the evidence from this investi-
gation tends to favor the existing theories. There is no doubt that
in Hartsells loam and Dewey silt loam dolomite has helped to remedy
magnesium deficiencies, but this is not in itself a satisfactory
explanation for the beneficial effects of lime on all acid soils.
According to Peech and Bradfield (25) the yield responses of crops to
application of lime on acid soils are complex and involve many contri-
buting factors such as calcium deficiency end the toxicity of hydrogen
ions, aluminum, iron and mangenese, the relative significamce of which
will vary with different crops and soils., These authors hold the
view that the poor growth of plants on aclid soils cannot be attributed

entirely to calcium deficiency brought about by a low exchangeable
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calcium content and/or low degree of calcium saturation. The results
of the present study lend support to this school of thought, because
it has been shown that the level of calcium in the plants is fairly
independent of the total supply im the soils and that the plants grown
on unlimed acid soils may even contain a higher level of calcium than
those which are grown on limed soils. Careful stﬁdies by Arnon and
Johnson (4) with nutrient solutions and sand cultures have shown that
many plant species can make normal growth at pH values as low as those
encountered in most acid soils, and therefore » the hydrogen ion concen-
tration cannot be considered. as 'Ehe cause of poor crop yields in these
soils. Evidence is, therefore, very strongly in favor of the other
view that toxic concentrations of certain cations such as aluminum and
manganese would largely account for the low fertility of acid soils
and for the poor growth of plants on them. Liming tends to reduce the
concentrations of these cations in the soil solution and thereby to
facilitate the growth of plants,

Lime at higher rates of application is known to repress the
avallebility of added phosphorus and this has been borne out by the
results of the present study. For liming rates of 0, 2, 4 and 6 tous
of dolomite per acre the average phosphorus contents of the plants of
the first crop on the Hartsells soil were 0.06, O.1k4, 0,13 and 0,12
percent respectively. The corresponding values for Dewey and Grenada,
were respectively 0,09, 0.21, 0,19 and 0.16, and 0,18, 0.1%, 0,14 and 0,13

percent. It is noteworthy that in Hartsells and Dewey the highest
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absorption of phosphorus occurred for a liming rate of 2 tons per acre

which raised the pH to about 5.5 to 5.8. In Grenada on the other hand,
the highest absorption of phosphorus took place in the unlimed treatment
(pH 4.4 to 4,6) and with increasing rates of lime application the
percentage of phosphorus in the plants steadily decreased. For the
four increasing rates of lime application the average levels of
phosphorus in the plants grown in Hartsells during the second Crop were :
0.12, 0.13; O.14 and 0.14 percent respectively, The corresponding .
values on Dewey and Grenads were respectively 0.13, 0.22, 0.18 and 0,20,
and 0.15, 0,17, 0.1 and 0.15 percent. In this case the lowest level
of phosphorus in all the soils is obtained for the unlimed treatments ’
while the highest pedcent of phosphorus is absorbed in Dewey and
Grenada for the liming rate of 2 tons per acre. In Hartsells there is
no significant difference between the levels of phosphorus in the plants
for the different liming rates.,

The repreuing effect of lime on the absorption of added phos-
Phorus by plants is generally attributed to the reversion of readily
soluble phosphates to less soluble di~ and octa- calcium phosphates
in the pressence Pf excess calcium. The results of the present investi-
gation suggest that there may be some other comtributing factors also
controlling the uptake of phosphorus by plants, On the strength of the
evidence in literature it was indicated earlier that aluminum is
probably precipitated as aluminum phokpha.te within the plant and this

indication is further corroborated by the fact that at higher rates of
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lime application, which results in decreased amounts of exchangesble
aluminum in the soils, lower levels of phosphorus were found im the
plants. This finding would suggest that higher levels of phosphorus
would be found in plants in the presence of higher amounts of exchange~-
a.bl;: aluninum in the soll., Furthermore, it is significant that only
very low levels of phosphorus were abosrbed by the plants grown on
the unlimed Hartsells and Dewey, although in the light of the view
expressed herein, the higher levels of aluminum in these acid soils
should have resulted in a higher absorption of phosphorus by plants.
This may be attributed to the obiérved. deficiency of magnesiwm in these
solls which is comsidered as necessary for functioning as a carrier
for phosphorus; Thus it would appear that the solubility of soil
phosphorus and the levels of exchangeable aluminum snd magnesium in
the soll are all comtributing fa:ctorl which govern the levels of
phosphorus in plants.

For this same reason the "available" phosphorus extracted by
chemical resgents oftten fails to represent the Mtl wbum.y removed
by crops. In these studies too, there was very little correlation be-
tween the amounts of phosphorus extracted by Bray's resgemt and the
amounts which the plants actually removed from the soils, This is
because the "available" phosphorus determined by chemical extractants
depends only on the solubility of soil 'phosphofu. in them, whereas the

‘amounts of phosphorus utilized by plamts may also be comtrolled by

the levels of exgha.ngeable aluminum and imgnenium in the soil.
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Another interesting observation is that at the end of the
experiment the amounts of phosphorus extracted by Bray's reagent from
the soils in which the plants were grown had in many instances dropped
to the level which had originally existed im the @treated sample,
However, the differencé between thé extractable phosphorus in the
incubated samples and these amounts did not represent the amounts
actually removed by the crop. This is because the reactions occurring
in a system like en incubated soil are very much differemt from those
in a sysﬁem such as a soil in which the plants are grovm, and also
beca,usé the solubility of the soil phosphorus alome is not the factor
which governs its availability to plants.

The critical role of megnesium in the utilization of soil
phosphorus by pia.ntl deserves more than passing comsideration. Truog
g:c__ a._];. (41) noticed an increasing level of phosphorus in peas with
increasing cmcmtﬁtims of magensium and thought that this result
confirmed the theory that magnesium functions as & carrier for
phosphorus, These authors attribute the failure in many experiments
to produce crops of higher phosphorus comtent through phosphorus
fertilization to a lack of available magnesium. It is important that
an adequate supply of magnesium be present in soils so that a more
efficient utilization of added phosphatic fertilizers cam be made.
This would explain the superiority of dolomite as a liming material

over other forms of lime which supply only calcium to the soil.
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No significant observation regerding the effect of lime on the
availability and absorption of potassium by plants has been revealed
during the course of these studies, except that & high level of
calcium has a repressing effect upon potassium. The liming of soils
as & practical method of comserving the potassium supply has been
emphasized by Thomas and Coleman (36) who indicate that an adequate
supply of calcium in the soil sclution helps to keep the potassium
in the colloidal complex and prevent it from being lost in the
drainage. According to Bear and Toth (6) an exchangeable Ca:K ratio
of 1331 in the soil enables the plant to absorb a liberal ma.rgin‘ of
potassium 1n excess of its requirements and yet not so much as to be
a known waste of this element,

A remarkably constent cetion equivelence of sbout 146 has been
observed for sorghum in these imvestigations. Other workers (37, 43)
have reported & higher value for‘ cation equivalence for some other
crops, but it is obvious that this would very with the different
species of plants. This constancy is maintained by the reeiprocal
relationship between Ca end Mg om the ome hand end K om the other,
as well as by the inverse relationship between Ca and Mg. In the
present study an increased uptake of calcium occurred in megnesium
deficient solils, and a decreased sbsorption of potassium in the
presence of a higher level of caleium and megnesium. These results
are in sgreement with the view expressed by Bear end Prince (5) that
every element will have two or more functions in the plant, ome of
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which is specific for that element and the other or others cgpable of
being performed interchangeably by all elements. Once a minimum
available amount of each of these elements is assured to meet the
specific needs, there can be a wide range over which the relative

Proportions of these ions may vary.




CHAPTER VI
SUMMARY AND CONCLUSIONS

A greenhouse study of the influence of four rates of lime and
four rates of phosphorus on the yield and composition of sorghum
grown on soil samples from three major soil types of Tennessee has been
made. The soil types used were Hartsells loam, Dewey silt loam and
Grenada silt loam. The changes in the '_pH and acidity characteristics
of these soils for the same treatments during the growth period of
the plants were also traced in a separate soil incubation experiment.
The chief findings were as follows:

l. Significant growth and yieid response to the applications of lime
and phosphorus on all the three soils studied were obtained. The
highest total yield of sorghum in Hartsells was obtained for a liming
rate of 2 tons of dolomite per acre, and a phosphorus rate of 240
pounds of P205 per acre, In f.he Dewey and Grenada silt loams the
yield increased progressively u;p to the ﬁighelt levels of fertilizers
used, viz. 6 tons of lime and 240 pounds of P205 per acre.

2, The three soils differed in their capacity to produce and im the
nature of their interaction with lime. Grensda silt loam generally
gave the best total ylelds at all levels of lime and phosphorus
treatments, when compared to the other two soils. In Hartsells loam
the second crop yield was higher than the first, evidently ‘peca.ule
the beneficial effects of lime on this soil comtinued to imcrease

during the entire growth period.
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3. Soil imcubation studies showed that the soils differed im the
quentities of lime required to raise their pH through the same ranmge.
"Available" piwsphorua determined by Bray's method showed an imerease
in the amounts of extractable phosphorus with increasing rates pf
phosphorus epplication and a tendency for the extractable phosphorus
to decrease to & minimum amount during the period of four to six

weeks and then to increase again.

b, Comparison of the results of the greemhouse study with those of the

soil incubstion experiment shows that in the Hartsells loam and the
Dewey silt ioam the lﬂ.ghe-t- amounts of phosphorus weife absorbed by
plants at a PH range of about 5.2 « 6.1. In Grenads :s.ilt loam the
uptake of phosphorul increased progressively as the pH of the lo:ll
increased from 4.9 to T.1l. The highest total yields were obtained.

in Hartsells at a pH range of 5.4 to 6.1 while in the other two soils
the total yieldl 1ncre§yed up to a pH of 7.l which wal the highest

pH reached. . |

5. "Available" phosphorus at the emd of the experiment im the treated
solls in which the plants were grown hed im many instances dropped to
the level im the untreated soil before the experiment. However, the
difference between the "available" phosphorus im the incubated u.mflel
and the:é amounts were mot correlated with the amounts which the plants
had aétually removed. |

6. There was some indication thet the exchangesble alumimum as govermed
by the soll reactiom, the availability of magnesium and t};e solubility
of soll phosphorus were among the comtributing factors which comtrolled
the utilization of phosphorus by plants. For this reasom the "available"



phosphorus as usually determined, which depends almost entirely on

the solubility of soil phosphorus inm certain chemical reagents, may
not be a proper index of the amounts of phosphorus actqally ‘remqved

by plants. : |

Te Sorghum grown on the three different soils lhowed a cation egﬁn-
lence comstancy of about 146 me./lOO 8. plant materia.l.v Thi- cénsta.ncy
was maintained by a rg;.ciproca.l relationship between Ca and Mg on the
one hand and K on the other, and by an inverse relationship between Ca
and Mg. 4
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