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ABSTRACT

Three loblolly pine (Pinus taeda L.) plantetions were

established in 1959 and fertilized with granuler ures,
treble superphosphate, and muriate of potash to determine
the optimum level of soil fertility required for maximum
early growth of this tree speciea, The plantations were
established at three different locetions 1n Louisiana in
order to test the effects of the food elements under variled
8011l and climatic condltions, One plantation was located on
Shubuta sandy losm to loamy sand at Homer in the northern
pert of the state., Another was established on a complex of
Bowie fine sendy loam, Ruston loam, snd Beauregard loam near
Alexandrlia in central Louislana, The third plantstion was
located in the southesstern part of the stste on Ruston
sandy loam to loamy sand in Washington Parish,

The fertilizers were applied by hand to individual
trees at rates equivalent to 0, 100, and 200 pounds per acre
of N, P205, and K»O. The three nutrient elements were
appliled singly and in all combinations in randomized blocks
to O.l-acre plots, each containing 121 trees, Helights of
the trees were measured before treatment and after each
growing season, Samples of the topsoll and subsoll from
sach plot were collected before and after fertilization and
analyzed, Folier samples were collected at the end of each

growing season and snaslyzed to determine the content of



nutrient elements in the needles,

The native fertility level of the solils waa lower than
the level required for normal crop production, After ferti-
lization, the available phosphorus and potassium in the soill
inoressed in proportion to the amounts of Py0g and K20
applied, Two years after the application of fertilizers,
the available phosphorus and potessium content of the soil
had diminished messurably from the level at the end of the
firat year,

The statisticael analysis of annual and total growth
revesled that nitrogen and phosphorus significently in-
fluenced growth in two plantetlions and that only nltrogen
influenced growth in the third plantation, Nitrogen alone
had a depressing effect on first-year and totsl growth of
the loblolly pine on the Shubuta socll in northern Loulslana,
but phosphorus alone increased growth. The bhest treatment
was superphosphaete spplied at 100 pounds of Pp0g per acre,
In central Loulsisne nitrogen alone depreassed growth,
phosphorus alone increased growth, but the combination of
nitrogen and phosphorus provided the maximum growth. The
best growth was obtained from the applicstion of 100 pounds
N plus 100 pounds P20g per scre, Only applicsations of
nitrogen alone significantly increased growth in the south-
sastern Loulsiana plantation, The 100-pound level of N
produced the greetest amount of growth, Nitrogen treatments
significently reduced first-yeer survival in all planta-

tions,

xi



Probably due to the lsck of complete control in sam-
pling, the percentage composition of foliage samples did not
show significant reletionahips between nutrient uptake and
amount of fertilizers applied, The increase in dry weight
production of foliage from some of the fertilizer treatments
may have caused the percentage oomposition of nutrients to

tend to be similar,

Additional research with lower levels of nitrogen and
phosphorus is needed, Better controcl of vsasriables in the
collection, handling, asnd analysis of folisr samples should

provide worthwhile data on nutrient uptake,

xit



INTRODUCTICN

In recent years, foresters have expressed an increasing
interest in the use of socll amendmentas for forest stands,
The practicel aspects of applying nutrients to forest solls
have been verified by both European and Austrslian foresters,
Many of theilr practices, however, cannot be directly applied
in this country at the present time since our economy will
not Jjustify such intensive cultural treatments except in
forest nurseries, seed orchards, or in other specialized
uses,

However, &ss management of pine timberlands becomes more
intensive and the velue of forest products increases, the
need for adequate nutrition of the tree crop on poorer sites
leads directly to the hypotheals that fertilizetion may
become an economically essential part of future forest man-
agement, In numerous instances, fertilizing forest stands
may be needed on eroded or inherently infertile scils in
order to shorten the rotetion and enable the economic pro-
duction of a forest crop.

Lacking basic resesrch data, many foreat owners 1in the
South have instituted thelr own fertilizer trials on a
limited scale and for a multiplicity of purposes. In order
to provide & sound economic basis for fertilizing forest
trees, research should include the development of a method

for determining the optimum level of soll fertility for each



tree species, establishing & means for detecting nutrient
deficiencies in trees, and determining the amount of ferti-
lizer necessary to meet the nutrient requirements of a
species for each soil type in eeach forest region,

In view of the growing interest in fertilizing forest
stands, the Louisiana Agricultural Experiment Station
initiated a forest fertilization study in 1959 to satisfy,
at least in part, the demand for besic research data. The
study necessarily had to be restricted within relatively
narrow limits at the start, but i1t can be progressively
expanded in the future to supply dates on tree and wood
quality, volume growth and ylelds, seed production, and
other factors g&s influenced by fertillzers,

The primary objJective of the study was to determine the
level of fertilizatlion needed to supply the proper amounts
of nutrient elements required for maximum initiasal growth by

young loblolly pine (Pinus taeda L.,) at selected locations,

An important secondary objective wes to determine the mini-
mum nhutritionael requirements for this southern pine specles
for sstisfactory growth on the socll typea involved. The
possibllity was corsidered thst forest fertilization in the
future may be based on the nutrient level present in the
proposed planting site as determined by a chemlcal analysis
of the soll.

No particular economic significance should be attached
to this study. An attempt was meade to control or eliminate

as many growth-affecting variables as possible to allow the
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pine seedlings to recelve the maximum effect of the fertili-
zers, Fertilizer applications, insecticide and herbicide
applicsastions, weed control, and other cultural treatments
were accomplished largely by manual labor, which 1s always
an expenaive item., The costs of such intensive cultural

treatments may be prohibitive for normal forest production.



REVIEW OF LITERATURE

It i3 noteworthy to mention in the beginning the excel-
lent bibliogrephy with abstrescts which hes been complled by
Donald P, White and Albert L, Leaf and published in 1957 by
the State Univeraity College of Forestry, Syrscuse, New
York, as the World Forestry Serles Bulletin Number Two

(75)}, Entitled Forest Fertilization, this bibliography

zathers under one cover most publicationa through the fall
of 1956 relating to all of the variocus phases of forest
fertilization. Included sre 700 references on the use of
fertlilizers and soil amendments in forestry from 237 differ-
ent journals thnroughout the world,

In addition, a rather extensive review of the litera-
ture on fertilizing forest trees as well as forest nursery
fertilization hes been accomplished by Stoeckeler and
Arnemen (62) in Volume 12 of Advences in Agronomy. A com=-
prehensive review of literature restricted to fertilization
and nutrition of southern forest trees 1s included in Forest
Fertilization Research in the South by Walker and Tisdale
(72).

In view of the numercus references cited in the above

works, thia chapter will be resatricted in the main to a

coverage of the principal references desling with the

1Numbera in parentheses refer to literature cited.
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history and current status of forest fertilization, some
general problems involved in fertilizing forests, and the
use of fertilizers in the srowth of the four principal
southern pines. A few outstanding results with other tree
speciss in the United States will elso be covered to illus-
trate the broad usagze of fertilizers in forestry. Refer-
ences on the use of fertilizers and other socll amendments

in the specialized flelds of forest nurserles, seed
orchards, and Christmas tree production are excluded asoc that

this chapter may be confined within prectical limits,

History and Current Status of Forest Fertilization

According to Wilde (76), work in forest fertilization
was first started over 100 years ago in Europe by Blermann,
Most of the 0ld work showed positive results with green
manure crops such as lupine and with orgenic remaeins, humus,
forest litter, and slash, Effecta of mineral fertilizers
were irregulsr and short-lasting., Some trials gsve espe-~
clally good results on stands 1injured by drought, fire, 1in-
sects or diseases and on worn-out sclls, On the other hand,
In many cases mineral fertlilizers failed to improve and
often depressed tree zrowth, As would be expected, the
effects of epplled fertilizers were most pronounced on solls
of low venergl fertility or solls deficlent in s =specific
nutrient,

In many European countries, the use of commercial
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fertilizers and especially lime has beccme an important part
of the silvicultural treatments (6lL); the objective of
adding lime has been as a scil condltlioner rather than as an
essential nutrient element,

Since World War JII, many of these countries, particu-
larly Great Britain, Swedsen, Denmark, Holland and Germany,
have expsnded their research programs aimed at speeding up
the re-establlishment and productlion of timber resources
depleted during the war, The use of fertillizers is
emphasized in this Furopean research work (83).

Tn Austrellia, the use of fertilizere in forestry has
been standard practice for 25 yesrs, Fertilizing with zinec
and superphosphate has often spelled the difference between
non-commercisl and commercial forests (86). Austraelian
plantations of southern pines are extensively fertilized,
particularly with phosphatic fertilizers, and much research
has been done to determine the kinds and amounts of ferti-
lizers required under the soill and climatiec conditions
prevailing in the areas of forestatlon (85},

American experience with soil amendments in forestry
largely is reatricted to the past twenty years, Prior to
that time, the use of fertilizers as a general practice in
forest management was considered ineffectual in terms of
yield increases and impracticel from the astandpolnt of
dAifficult accessidbllity and lack of suitsble application
techniques, As a result, there was very little research

effort directed toward the use of fertilizers in foreatry



practice (74).

Within recent years, however, the improved economic
picture for forest lands and forest products hes stimulated
interest in the possibility of incressing forest tree pro-
duction or quality by means of soll amendments, Major
activity is atill in the investigative end developmental
stages, Research in several important forest regions
already has demonstrated the possibllity of achieving some
increased production with all the major and some of the
minor elements, However, except for specialized use, forest
nursery management, plantation establishment, or local
problem areas, the economy of forest fertilization remeains
to be proved (31),

Walker (68) has stated: "While the economics of fer-
tilizing southern pines may be questionable today, the
situation is expected to be ctherwise in 1967.... We must
know the effectiveness beforehand; ... we can forecast that
the cost of epplication will fall into line.,"

Numerous forest industries in the South, lacking basic
tree nutrition information from experiment stations and
other resesrch institutions, are engaged in forest fertili-
zation triels, studies and experiments. The broad general
objectives of all these forest industries 1s to determine
the effects of fertilization on the growth, development and
production of tree crops, to evaluate these effects and, in
turn, to determine the practicability of fertilizetion as an

economically feasible silvicultursal technique for increasing



the production of desired vroducts from forest lands (34).
Because of the interest in fertilizstion exhibited by
the forest industry, the National Plant Food Institute, on
behalf of its member companies, aprroximastely two yesrs ago
formed the Southeastern Foreat Fertilization Task Force
under the direction of Dr. Laurence C, Walker of the Univer-
sity of Georgia., As the result of their study of forest
fertilizstion and tree nutrition resesrch in the South, the
NPFI established a clearing houses throuzgh whleh synopses of
the various resesrch projects in forest fertilization are
distributed to all institutions, agencies and forest indus-
tries envaged in this field, A summary of forest fertili-
zation research was published in 1959 by the NFFT in Forest

Fertilization Research in the South by L. C, Walker and

S, L. Tisdale (72).

General Problems 1n Forest Fertilizstion

As steted by Willia (73), "even a casusl examination
of the literature on the response of forests to fertilization
will reveal a variety of conflictinz results.” The diverse
so0ll, topographic and climatic conditions, iInherent varia-
tions both smong and within tree aspeciles, and the very
nature of the growth habit of trees should help to explain
some of the variation in fertilizer responses, Add to thisa
list the varlieble physical and chemicsl nature of the

fertilizer itself, difficulties of terrain and tree growth



in 1ts espplication, the lack of adequate knowledge in basic
tree nutritional requirements and the general problems of
Tforést fertilization are clearly outlined,

Among the meany factors which affect the over-all fileld
of forest fertilization sre: the chemicsl and physical
nature of the soll and the general topography of the land;
the chemical and physical nature, rate and time of applica-
tion, and plescement of the fertilizers used; competition
from grass and other plants; species of tree fertilized; age
and density of stand; and perhaps of most importance =~ the
nutrient requirements of the various forest tree species,

Wilde (76, 77) has sttributed the failure of early
rertilizor trials to insufficient knowledge of soll chem=-
istry, fertilizers and tree nutrient requirements; to com=-
petition from grass which the fertilizer stimulated and
deprived trees of moisture; snd to drought periods which
‘offaet fertilizer trestments and caused either burning by
mineral fertilizers or a lack of adequate molature on peat
soils or with the use of orgsnic fertillizers., Forest sclils
are of'ten deficient in only one or two elements and rarely
13 » complete fertilizer needed, according to Wilde.

The importance of the scil itself is stressed by Wilde

(77) in these worda: "The concept of fertilizer responsive-

ness of soils should be placed in the foreground of all
foreatry fertilization work...". Such factors as water-
holding capacity, internal drainage and aerstion, and

inherent nutrient status certainly affect the response of
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s0ils to fertilizer additions,

Solls of good water-holding capacity have shown more
consistent responses to fertilizer spplicsestions than coarse
sandy solls (76). However, nitrogen responses with Douglas-

fir (Pseudotsugs menziesii /Mirbdb,7 Franco) on droughty soils

in the Puget Sound region and phosphate responses with sleash
pine (Pinus elliottiil Engelm,) on deep sands in Florida sug-

gest that even where molsture may be limiting supplemental
additions of nutrient elements may well be beneficial (86),

Many soil properties have a distinct effect on nutrient
aveilability, The amount of nitrogen, for example, 1is
largely determined by the amount and kind of organic matter
present in the scilas of humid climates and nitrogen avail-
ability from this orgenic metter depends in turn on socil
reaction and other factors which influence blologicel
activity (42)., The availability of other nutrient elements
depends on the pH of the soll (65), The majority of the
elements sre not highly available at pH below 5.5; many
forest solls have a pH below this point. The same factors
which affect inherent nutrient svaellability will also affect
the availability of any nutrients sppllec as fertilizers,

The physicel problems involved in forest fertilization
were adequately stated by White and other members of the
Committee on Fertilizer Applicestion in Forestry (74):
Only the ancient hand broadcesting method
applied from buckets between rows or around indi-
vidual trees was employed n early fertilizer

spplicetions/. 1In dense stands where visibility 1is
often limited to a few feet, crews had to be kept
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oriented by string lines at 20- to 50-foot inter-
vala, As little aa one man-hour and ss many as 10
man-hoursa per acre were required in plantstions
depending on the density and irregularity of the
rowa, Roughneas of topography, inaccessibility,
denaity of stands, interlocking of branches, brush
and debrias, sll combine to preclude the use of any
conventional type of applicating machinery. Even
if it should prove desirable to fertilize tree
crops before or within a few years after plant-
ing..., the general topography in many forest areas
is unsuitable to wheeled or tracked machines moving
in a regular pattern. The use of 1liquid sprays,
although technically possible, 1s not at all prom-
is8ing becauce of the excessive quantities of water
which would have to be trasnsported and the expense
of operating pumper equipment,

Solubility, physicsl form, snd certeinly the chemical

composition of fertilizer materials are just as important

in fertilizing forests aes in agricultursal crops. The

Japanese worker Shibamoto (60) hass listed the following

properties desirable in a fertilizer for use in forestry:

(1) Minimum lesching out by rzin water and percoleting

waters and minimum loss of fertilizer constituents by fixa-

tion by iron end alumina imn the soil, by dispersion, etec.;

(2) Long continusnce of fertilizing action;
(3) Absence of fertilizer burn;
(4) Intense fertilizetion sction;

(5) Effectiveness in increessing productivity of the

801l and absence of 111 effects even after repested use;

(6) Low cost with respect to both fertilizing action

and effectiveness in increesing soll productivity;

(7) Ease of application; and
(8) Ease of transportsestion and storsage.

Pritchett and Perry (53) have pointed out that the
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placement of fertilizer, as well 2s the rate, must bhe
considered when fertlilizing young pine. Fertilizer placed
too far from the trees may be lost by leaching and when
placed too close i1t may burn young trees, Even a very small
amount of soluble fertillizer placed in the planting aslit may
cause damaye 1f it 1s placed 1in contact with the roots,
However, deep placement of fertilizer, bhelow or to one side
of the roots at planting, hss been suggested as one means

of promoting eaerly tree growth end reducing competition

from weeds,

York (82) hses drawn an analogy between fertilizer
placement in forestry and in agricultural practice, He
stated that although problems of fertilizer placement are
undoubtedly more complex with forest specles than with most
agricultural crops, many of the principles involved sre the
seme, Fertilizers should be placed to afford: (1) maximum
utilization by the plant by msking the applied nutrlents
esslly accessible to the roots with minimum losses from
leaching and fixstion; (2) minimum burning or other inju-
rious effects; and (3) minimum stimulstion of weeds or
other competitive plants. York pointed out that "proper
fertilizer placement is psasrticulerly important with young
plants having limited root systems and where competition
is a major problem",

The response to fertilizstlion varies between tree
apecies. Hardwoods generally have shown a grester response

than conifers (76)., Conifers (pine, spruce, fir) spparently
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have somewhat lower nutrient requirements than hardwoods
(maple, sah, popler), However, the conifers have been used
almost exclusively for large-sceale reforestation, of'ten on
the poorer scils, so that most instances of nutrient
deficiency have been reported with these species (31).
Before methods of application of fertilizers in forest
sareas become of too grest concern, many other questions need
to be answered, For example, Fowells (22), Youngberg (86},
and others have stated thut the first task in the fileld of
forest fertilization 1s to establish the nutrient require-
ments of the major commercial specles and ultimately the
respons e of each species on a multitude of forest solls,
In sddition, the kinds of fertilizer materials (slowly
soluble versus readily soluble materials), retes of appli-
cation, time of application (both in regsrds to season of
year snd ave of stend), snd the fertilizer responsiveness

of the sc0ils need to be thoroughly explored,

Work in the Fertilizstion of Southern Pines

Loblolly Pine (Pinus taedes L,):

Probably the most outstanding responses from fertiliszer
applicsetions to loblolly pine plantations have been reported
from Austrelis (13, 37, 44, 45, 55, 84, 85). Both loblolly
and slash pine have been planted extensively in regions very
similar to the southeastern_Unitéd States with respect to

climate. Much of the soll, however, is deficlent in



phosphorus soc that these pines often exhibit a "fused
needle” condition assocliated with a stunting of the tree
and a twiasting and sdhesion of the needles in each fascicle
(84)s Application of phoaphatic fertilizers has been used
since 1939 to correct this condition as well as economically
increase volume growth, Application of 250 pouncs of super-
phoaphate per acre resulted in an 18.1 percent incresse in
tree volume of loblolly pine in New South Walea the third
year after trestment compered with 9,4 percent for non-
fertilized trees,., This incresse was nesrly enough to repay
the cost of fertilizing (37). Young (85) has reported that
rock phosphete applied at rates of 146 to 986 pounds per
acre was as effective as superphosphate applied at rates of
190 to 1580 pounds per acre,

Perhaps the oldeat study on fertllization of loblollf
pine plantstions in the United States wes undertaken in 1950
by the North Carclina State College School of Forestry (38},
The four plantations used in the study were 6, 9, 12, and l6
years old when the first applicetion of fertilizer was made,
Measursable responses to nitrogen applied at rates of 80 and
lo0 pounds per acre, alone and in combinatlon with P and K,
occurred in each of three consecutive years, This response
amounted to a jO=~percent increass 1in wood production on
plots recelving 160 pounds per acre of N over the control
plots.

A fertilizcr study at the University of Georgila

inveolving loblolly plne seedlincs from the same psrent tree
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produced better growth and higher survival rates in check
plota then in fertilized plots (68). Decressed growth and
survival were spparently caused by the stimulation of weed
growth which, in turn, reduced moisture to & critical level
for the firat-year pine seedlings, Auten (&), working on
North Csroline ccastal organic asoils, found no significant
height zrowth response of loblolly to phesphorus and minor
elements,

While most reaponses to fertilizer hsve occurred on
s80ils of low fertlility, s study 1n southern Arkansas
measured the growth reaponse and minersl uptake of ferti-
lized loblolly plne in established plentations on average
and above-avera;ze sites (87). 8Six fertilizer trestments
were broadcast by hand in March, 1954, to plots in three
plantations, aged 4, 5, and 8 years. The fertilizer treat-
ments included nitrogen ot 100 and 300 pounds per acre; 300
pounds of N plus 200 pouncs of P0g and 120 pounds of K50
per acre; 300 pounds of N plus 200 pounds per ecre of minor-
element fertilizer containing Fe, Zn, Cu, Mn, Bo, and Mg;

a combination of N, P, K, end minor elemen‘s; and s non-
fertilized control., Helght growth was not sffected by any
fertilizer treatment tested but diemeter growth wes stimue
lated for two yesrs by nitrogen fertilizer (ammonium
nitrete) with no increesse shown by the addition of phos-
phorus, potassium or minor elements, Three hundred pounds
of N per acre gave better growth than 100 poun<s the second

yesr, but not the first, Pollar analysis showed that N was
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abaorbed 1in proportion to the amount applied, but after
three years the nitrogen content of fertilized needles
diminished to the level in the control treea., The total
five-year dismeter gzrowth increase amounted to 10 percent
for a asingle applicetion of 100 pounda of N per acre,

A small pllot study of the effect of 801l molisture and
scll fertility on the growth of newly-planted loblolly pine
on Grenada silt loam so0il 1s being conducted by the Crossett
(Arkansas) Research Center, The s0ll has been kept at
approximstely 80 percent of field capacity by applying two
inches of water per week during the growing season, Each
year 250 pounds of 10=20-10 fertlillizer per acre have been
applied 1in April followed by an additionsl 250 pounds of
ammonium nitrate In June, After five zrowlng sesassons,
heigzht growth has been siznificantly 1ncreased due to water-
ing but not by the fertilizer trestmenta., However, both
fertilizer and water have significantly increased diameter
growth, with the fertilizer having the greater effeét. Pive
vears after planting the control trees averared 25,0 feet in
heicht and L4.l; inches in diameter, watered trees 29,0 feet
and 5,0 inches, fertilized trees 26,0 feet and 5,5 inches,
but the watered plus fertilized trees were 29.5 feet and
5.8 {nches in heivht and diameter, respectively (17).

Work at Mississippl State College on fertilization of
outplanted loblolly pine showed helight growth response to

150 and 300 pounds per acre of nitroren after three yesrs

in the field (68)., In s pole-size stsnd on poor ssndy soil,
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growth of 12l cubic feet per scre 1s reported and on another
area 80 pounds of N per acre gave a responss in height
growth (70).

In 1957, the Tennessee Valley Authority applied several
combinations of N, P, and K in the bottom of the ocloasing
811t made by bars in planting one=year-old loblolly pine in
Alabama, Survivel at the end of one yesr was highest for
the unfertilized trees and renged down to only four percent
for some of the more heavily fertilized trees. The Southern
Forest Experiment Station has three studies designed to
determine the effect of treatment level and frequency of
application of various fertilizers, especially nitrOgen, on
the growth rete of young loblolly pine =- two in Arkansas
and one in Alabama (21).

Many of the forest industries in the South are also
conducting fertilizer trials with loblolly pine. Although
reaults sre yet too meager and inconclusive, severasl of
these studies indicate a response in height and/or diameter
growth (34).

Symptoms and correction of nutrient deficiencises and
nutritionsl requirements of lobleolly pine have also been
studied, As early as 1937, Addoms (1) found that loblolly
pine seedlings grown in sand cultures coculd utilize N in
either the nitrate or ammonium forms. The nitrate form was
better under acid conditions while the ammonium form wes
better in msoll reactions erocund pH &6, Addoms stated that
loblolly pine probably gets ita nitrozen in the ammonium
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form since little nitrification occurs in forest soils,

Fused needle disease in Auatralia has been corrected by
application of phoaphate (45, 55, 84, 85), According to
Richards (55), a minimum total P,0g content of 135 ppm. in
the surface scil is required for healthy growth of loblolly
pine in Australia and the optimum phospheate content appears
to be about 210 ppm., These values have been asccepted as the
besis for fertilizing loblolly pine and, where the soll
analysis shows the total PpOg content to be deficient,
sufficient superphoaphate or rock phosphate is added to
bring the total P20g figure in the top four inches of soll
to 150 ppm. (45).

In greenhouse studies, Fowells snd Krauss (24) found
that loblelly pine growth was best st levels of one ppm, of
P and 25 to 100 ppm. of N, Woodwell (80), on tho other hand,
found the P and N requirements to be higher, He proposed
that the optimum range of the six mecroelements for lcblelly
pine were, in ppm,: 75-600 N, L40-600 P, 25-300 K, 12-100 3,
20~100 Ca, and 25-~100 Mg.

Davis (19) has reported calcium deficiency aymptoms of
loblolly pine and Wilson (79) described zinc deficiency
symptoms at less then 0.1 ppm. of Zn, but nitrogen, phos-
phorus and potasssium deficisncies or requirements have not
been sdequately explored. However, some work has been done
on the absorptlion and translocetion of these nutrients,
particularly with radicactive phosphorus (36, 43, 54, 69),

Walker (69) fertilized three-~year-old loblolly pine
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trees in esarly June with phosphoric ascid taggzed with p32 4t
an equivalent rate of 100 pounds of P205 per acre, He found
that two days after application to the soill surface more P
was found in low-positioned neesdles than at any other time,
indicatingz the rapid uptake of phosphorus by the trees.
One=-year-old needles contained slightly more radioactive
phosphorus then the current year's nesdles,

Greenhouse studies have indiceted satisfactory nutri-
tion of loblolly pine having foliar concentrations of 0.1l
to 0.16 percent P and 1,7 to 2.3 percent N (24). Fowells
(23) has slso reported 8 significsnt correlation between
site index and phosphorus concentration in the foliaze of
loblolly pine -rowing along the coasst from Maryland to
Florida, This would sugrest that the supply of phosphorus
in the 35301l may be limiting to growth of loblolly pine in
some locations,

Seasonal chan<es in foliar nitrosen of 8-year-old
loblolly pine following several levels of nitrogsen fertl-
lizatlon are being studled in Arkansas (21).

Other current research with fertllizers and loblolly
pine are briefly mentioned by Doolittle (21) and by
Johnson (34).

Slash Pine (Pinus elliottii Engelm,)

In Australis, slash pine has responded to applications
of phosphates with increased growth and correcticn of the

"fused needle”™ disease in the same manner that loblolly pine
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has. Richards (55) has reported that the minimum total P;0g
content in the surfsasce s0i1l is about 110 ppm, for healthy
growth of slash pine in Australia and the optimum phosphate
content appears to be 150 ppm, As a general practice, the
total P205 figure in the top four inches of soll 1s brought
up to 120 ppm. by the addition of phosphatic fertilizers
(45). Results of work conducted in the same country by
Young (85) revesled increased growth and disappesrance of
the deficlency symptoms from hand-broadcasted applications
of 336 pounds per acre of rock phosphate and 772 pounds per
acre of superphosphate, Ammonium phosphate, on the other
hand, produced leas favorable and even unfavorsble results,
The value of the 1lncreased wood production was considered
more than necessary to pay for the fertilizing costs,

One of the earliest experiments on fertilizing slash
pine in the United States was reported by Boggess and
Stehelin (12) from Alabama, Fertilized and cultivated
8-year-o0ld trees produced one and one-half times the volume
of the untreated trees, Eech fertilized tree received 0,3
pound of l=5-l; fertilizer plus a side dreasing of 0,1 pound
of sodium nitrate for three yesra after the trees were
planted, A third series of plots were intercropped with
cotton receiving 325 pounds of 6-8-4 fertilizer per acre in
addition to the fertilizer aspplied to the individual trees.
The fertilizer and cultivation also produced a detrimental
effect since twice as many tresated trees were infected with

fualform rust (Cronartium fusiforme) than unfertilized trees,
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The same study was remeasured after the 19th growing
season and the results reported by Gilmore and Livingston
(27)e They found no significant differences in diameter or
height growth between trestments, but they did find a
significant difference of about 21 percent between the
volume of the control plots and the volume of the highest
fertilized plots,

Barnes and Ralston (7) reported improved height growth
of two slash pine plantations in Florids seven years after
applicetion of colloidal phosphate, Trees receiving one-
half ton per scre broadcast averaged 26 percent taller than
control treeas, The same rate of colloidasl phosphate disked
into the so0ll increased heizht by 30 percent and, when
applied 1in four-foot strips end disked, resulted in an
incrrase in height of ;8 percent, However, four teaspoon=-
fuls of the material in the planting hole gave no signifi-
cant increase,

The same plots were remeasured in March, 1960, and the
results reported by Pritchett (52). Trees in plots receiv-
ing one-half ton of colloidal phosphate per acre, broadcast
over the entirs surface and disked or applied in alternate
four-foot strips and disked, were significantly taller than
trees in control plota., The fertilized trces continued to
grow at a slightly faster rate than the trees in the control
plotas although the differences were not as greast as
previously,

In & l2«year-old open stand of slash plne in Florids,
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fertilizer was applied in March, June, apd August each year
for four yesrs with a total annuel rate of 500 pounds per
acre of N and varylng amounts of P205, K50, and minor
elements, Seven years after the first epplication, ferti-
lizers had incressed growth by 37 percent while gum ylelds
rose 23 percent (39),

In Georgles, surface applications of ammonium nitrate
in March produced an appreclable incresse in stem growth of
slash plne during the first growing season after treatment
(32), Better zrowth resulted from 50 pounds per acre than
from a 200=-pound rate,

In another study in Florida, a response to nitrogen,
phosphﬁrus and cselcium from fertilizing slash pine at the
time of planting on a poorly-drained "flatwoods" soil in the
Leon series was notable a year later, On the well- to
excessively-drained Lakeland series, nitroren and potash
burned the seeadlingss but a response to phcocsphorus wss
apparent, The equivslent of 1CO0 pounds per acre of N~P=K
wes applied in e six-inch bend arocund the seedling, six
inches from its bsse, No response to minor elenents, in-
¢luding Mn, Zn, Cu, Mo, B, and Fe, was evident s yesr after
treatment (68), 7

Other research on fertilizing & youn< slesh pine
plantation in South Georgia hes shown & hiyhly significant
response 1in hel.ht growth a yesr after application. Trees
in unfertilized check plots averaged 22,5 inches while

fertilized trees exceeded 30 inches for the high N-P-K
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application, Fifty poun:dis per acre of P205 applied in two-
foot bands around the young trees gave the greatest single

response. Nitrogzen, when used slone, geave highly signifi-

cant depressing effects (68),

In @ similar experiment in South Georgie, & nine-yesr-
0ld slash pine plantation wes treated with broadcast
applications of 600 pounds per acre of ammonium nitrate
(200 pounds per acre N) and S00 pounds per acre of 20
percent superphosphete (100 pounds per acre P205). After
one year, diameter growth on the nitroren-treated plots wss
better than on the check and phosphorus-treated plots and
the second year showed a highly significant difference 1in
favor of the nitrocen trestment, Helght growth differences,
however, were not significsnt (71),

Pritchett and Perry (53) have reported thet the growth
response of slash pine in Floricda to phosphorus fertilizers
was related to the soll type snd the scill phosphorus
reserves, They found few lncresses 1n growth resulting from
nitrogen and potassium fertilizers, due perhaps to the use
of improper retes and methods of applicstion, They reported
that young trees were "burned" or growth suppreased where
the concentrstion of either N or K;0 was 150 ppm., the
equivalent of 300 pounds per acre broasdcest, No response
was obtsined from ary minor elements tested, but lime
produced better growth in young trees on poorly-drained
soils, probably related to increased nitrate production

csused by the resise in pH,
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Growth measurements taken five years after fertilizer
had been applied to a 22~yeer-cld slash pine plantation in
Florida showed substantial Ilncreases in dlameter and height
growth that were correlated with fertilizer spplications,

A 7=-7=-7 mixture applied at rates of 20 and 4O pounds per
tree (brosdcast under the crown projection of each tree)
caused increasses 1in basal area growth of 27 and 32 percent,
respectively, over the control plots. A mixture of 3-18-b
applied et 20 and 4O pounds per tree caused incresses of

17 and 27 percent, respectively (40).

Preliminary growth responses to phosphorus, applied as
ordinery superphosphate, in three slaah pine seed orchards
in Florida were reported by Pritchett {(52). The fertilizer
meterisls were applied annuelly in early spring in a three-
foot radius arcocund the base of grefted trees one year after
heing transplanted, Three rates of phosphorus =-- 0, 2, and
l4 ounces of P,0g per tree -- were applied in combination
with nitrogen and potasi. on Norfolk fine sandy loam with an
extractable P205 content of 5-7 ppm. There was no signifi.
cant effect of added phosphorus on helght growth of these
trees from October, 1957, to February, 1960,

In the seccond seed orchard on Norfolk and Ruston loamy
fine =2anda, with extractable P205 contenta of 1«3 ppm,, N,
Po0g, and K30 at 0, 2, and 4 ounces per tree were applled
annually from 1957, Significant growth responses esacciated
with phosphorus and nitrogen fertilirers resulted two years

after trestment, In the third experiment, s significent
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increasse In heiht was obtained from the use of three ounces
of PZOS per tree over thst obtained from the one-ounce
application, This was on Lynchburg sandy losm with an
original extractable P,0g content of 4~8 ppm,

The response of potassium and nitrogen fertilizer on
the same soils was also determined, In the csse of potas-
sium, only on the Lynechburg soil, contsining 35-40 ppm. K5O,
wes growth significantly increased by the addition of three
ounces of K,O per tree. On a Plummer sandy loam, signifil-
cant growth increases resulted from the application of one
ounce of K50 in combination with 0, 1, and 2 cunces of
nitrocen per tree, Azaln the initisl extractable K50
content wes very low, being only 30 ppm. 3ignificant growth
responses to additions of nitrogen were obtalned on the
Norfolk and Ruston loamy fine ssnd and on Plummer sandy
loam, Pritchett also reported reduced survivel and growth
of young slash pines when fertilized with high rates of N
and K,0.

Other current research in fertilizing slash pine has
been reported by Doolittle (21), Johnson (34), Walker (68),
Walker snd Tisdale (72), and others,

Longleaf Pine (Pinus palustris Mill,)

Some of the earliest work on longleaf pine fertiliza-
tion was reported by Paul and Marts (48) from Florida, Up
to 270 pounds of sodium nitrate and ammonium sulphate per

tree, plus 2,5 pounis of superphosphate and 189 pounds of
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potassium sulphate per tree, were applied over a three~year
period to trees ranging from 100 to 250 years old and
growing on deep assnds, Summerwood was increased with
nitrate fertilizer, while springwocd growth wasg increased

by the complete N-P-K fertilizer trestment, Needles were
alsc longer, darker, and more persistent when trees received
a complete fertilizer,

In 1937, Peasin (50) studied the effects of the
deficiency of seven essential minersal nutrients on the
growth and development of longlesf pine seedlings, using
nutrient sclutions, The lowest dry weight of seedlings were
grown in solutions lacking potassium and iron, but symptoms
of nitrogen, phoasphorus, snd potassium deficlencies were
also noted,

As early as 1939, fertilizer was applied to longleaf
pine in south Mississippl in an effort to stinulate its
early heicht growth and thereby shorten or avoid the perlod
of extremely slow esrly growth charecteristic of the species
under usual field conditions (51), Ammonium sulphate at 400
pounds per acre produced no response other than to decrease
survival due to a stimulation of grasses, At that time, 1t
was theorized that longleaf nutrient requirements are low
end it can obtaln optimum nutrient requirements from the
801l without the need for fertilizers,

Derr (20) also found that fertilizers reduced survival
of longleaf significantly and failed to improve growth

except where competition was most effectively removed, The
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6-18=5 fertilizer, at a rate equivalent to about 100 pounds
per acre, was poured into the closing slit made with the
tree planting bar, There was some evidence of fertilizer
injury; however, the detrimental effects of the fertilizer
were mostly indirect through the stimulstion of competing
grasses and weeds,

Other fertilizer studies have shown a response in
growth, Longleaf pine seedlings grown in a sandy soll, an
eroded soil, and a topsoil responded to a complete N-P=K
fertilizer in their first yesr, but not to the addition of
nitrogen alone (2). In scuthwestern Louisiana, Bateman and
Roark (8, 9, 10) obtained increased longleaf growth with 60
pounds per acre N, 60 pounda per scre P20g, and 60 pounds

per acre K-0, but this increase was later maasked,

Shortleaf Pine (Pinus echinata Mill,)

Most of the research on fertilizing shortleaf pine was
done in attempts to correct littleleaf diseese prevalent in
this species on many soils. According to Roth, et al. (56),
shortleaf pines with littleleaf disease show a marked
deficiency of nitrogen and calcium in the foliage and a
somewhat lower Mn, Al, and Cu content than healthy trees.

In extensive fertilizer experiments, only scil amendments
with large amounts of inorganic N were effective ageinst the
disease. Nitrate or ammoniacal N, at rstes exceeding 200
pounds of aveilable N per acre, preventec the onset of

littleleaf to a notable degree snd either checked the
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disease or induced noticeable improvement in diseased trees,
Salts or combinations of selts of 1lif other elements had no
beneficlal effect when applied to the s0il or as follage
sprays, or both, The disease seems to be associated with a
failure to assimilate an sdequate amount of nitrogen from
the s01l, for there was no nitrogen deficiency in many of
the soils involved, Tt is highly probable that the fallure
to absorb enough nitrogen is due to insufficient mycorrhizae
end the killing of fine roots by soll fungl,

An apprsaisal of the effects of the fertilizer treat-
menta on the dismeter growth of the apparently healthy trees
fajled to reveal important wood volume increases in trees
under 12 inches in dlameter, However, trees fertilized with
3-9-6 at 2,000-pound rates in combination with enough
nitrate of scoda to bring the avallable nitrogen up to 220
pounds per acre did grow significantly faster in annual
dlameter increment than befors fertilization (58).

In another study (57), applicetions of nitrogen and
calcium allowed shortleaf pine to overcome littleleaf
disease., After a year, the foliece had normal amounts of
nitrogen and calcium whereas the needles from the same trees
before fertilization were unusually low in thease elements,
Growth incresases in healthy 30-year-old trees receiving
nitrogzencus fertilizers were also reported,

Boggess and Gilmore (1l) obtained a significant
incresse in diameter growth of shortleaf pine by a March

broadcast application of 100 pounds per acre of nitrogen on
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a 81lt loam loess so0ll of southern Illinols, The addition
of 100 pounds per acre of P205 to the nitrosen treatment
produced a smaller increase,

Cummings (18) applied 27 different mixtures of ferti-
lizer supplying i, %, or 3/ gram each of N, P05, &nd K30
per tree to shortleaf pine in Ohlo without marked growth
increass through the first two years, He sugzested ferti-
lizers with low nitrogen, high phosphorus, and very low
potassium for further tests on snortleaf pine,

In a greenhouse study, Hobbs (30) obtained a highly
significant reduction in growth of shortlesf seedlings in
sand cultures lacking N, P, or X. Distinctive deficiency
symptoms, based on three years of observations, were noted,
Wilson (79%) found that 0,1 ppm. zinc 18 necessary for normal
shortleaf pine growth; seedlincss with less zinec had

abnormally small needles,

Work with Species Other than 3Southern Pines

Responses from fertilizer applications to commercially-
important tree species 1in two other regions of the United
States are worthy of mention, The first deals with pine and
spruce plentations growing on potassium-deficient scils of
New York and the second with Douglas-fir in the Paciflic
Northwest,

Experiments in the application of potash fertilizers to

stagnated pine and spruce plantations on coarse ssndy
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outwash soils in New York were started over 25 years ago by
S, O, Heiberg and have continued to the present. A single
application of 200 pounds of potash fertilizer per acre
produced a very rapid increase in helght growth that lasted
for many years (73).

Extreme deficlency symptoms developed in stands of

eastern white pine (Pinus strobus L,), red pine (P, resinosa

Alt.), white apruce (Picea glauca /Moench/ Voss), and Norway

spruce (P, ables /T.7 Karst.) only 5 to & years after plant-
ing on soils cultivated for more than a century before 1927,
Tn the first trials, scil mulches of logging debris and
forest humus and aspplications of a complete ccocmmercial
fertilizer procduced a strong growth response. Applications
of Ca0, NaNO3, (NHy)pSO),, Ca3(POy),, and KC1 in 1943 and
1946 on red pine plots resulted in a strong growth reasponse
to the KC1l only. Subsequent fertilization of deficlent
éastorn white pine, white spruce, and Norwsy spruce resulted
in a pronounced response of all to potash fertilizers even
at the end of one growing season, Two-hundred pounds per
acre of KCl applied in 1943 incressed annual height growth
over control plots by from 46 to 104 percent, The effect of
this potash application was still continuing in 1949 growth,
Chemical analyses of needle tissue revesled extremely low
potassium contents where deficiency symptoms existed (28,
29).

Recently, fertilization of Douglas-fir in the Pacifiec
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Northwest has produced soc.ne ocutstanding responses on solls
of generally low fertility., Gessel and Walker (26) reported
very marked response in height growth of 15- to 20-year-old
natural Douglas-fir stands to nitro:en fertilization on poor
sites in western Washington, Larger, more vigorous trees
responded more than smaller trees., In a later report (25),
the growth response of a 30-year-old Douglas-fir stand was
measured in terms of dismeter increment, Nitrogen was
applied initlally in 1950 at the rate of 100 pounds per
acre; subsequent yearly additlons brougzht the five-year
total to 350 pounds, Initially 150 pounds of P50g, 30
pounds of K0, and 50 poun:s of lime per acre were also
applied, The fertilizer trestment resulted in acceleraied
diameter growth, particularly in the larger diameter
classes, and in accelerated volume growth on both a tree

and a stand basis,

General Observsations from Review of Literature

From the preceding review of the literature dealing
with the fertilization of southern pines, meveral important
features should be noted,

(1) With the exception of & few nutritional studies in
greenhouses, most of the research on the use of fertilizers
has been accomplished since 1950,

(2) Much of the research was more of an "applied" than

a "basic™ nature, since it was concerned primarily with
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growth responses and neglected the more basic matters such
as nutrient uotske, It 18 encouraging to note, however,
that about L5 percent of the current research bheilng con-
ducted by colleges and universities, at least, is primarily
basic in nature (4). The same trend is noticeable in
reviewing the projects listed by Walker and Tisdale (72).
Private forest industries, on the other hand, are concene
trating on fleld experiments desalinys with growth responses,
kinds and rates of fertilizer, and other more practical
aspects (34).

(3) Relatively little of the research reported in the
literature included both follar analysis and soil analysis,
althouzh most included one or the other, Again, the trend
appears to be in the right direction, Applequist (L) has
reported that all current studies engaged in by colleges and
universities include foliar analysis as an essential part of
the research althougzh only sbout 75 percent include both
foliar and soll anslysis, The dlversity of the soils in
forest regions would seem to command more sttention to solil
chemistry in order to fully ~auge the worth of fertilizers
in the production of forests,

(4) Minimum end optimum nutritional requirements,
deficiency symptoms, and nutrient absorption by the trees
have been explored only sketchily., These probably remain as
the major points in which bsassic research should be

acoomplished,



EXPERITMENTAL MATERIALS AND METHCDS

Design of Experiment

In this study, a 3x3x3 factorial experiment 1in a
randomized block design was used in order to test the main
and interasction effects of nitrozen, phosphorus, and
potassium fertilizers, each applied at rates equivalent to
0, 100, and 200 pounds per acre of avallable N, P»0g, and
K»0. The 27 fertilizer combinations used are given in Table
1, @Gresnular ures conteining 45 percent avallable N was used
as the nitrogen source, while the Pp0g was supplled by
superphosphete containing 54.9 percent total and S53.l; per-
cent available P20g. Standard muriaste of potash containing
60 percent KoO wes the potassium source,

At eech of the three locations described velow, the
fertilizer treatments were applled at rsndom to individual
plots in each of three blocks or replications. In so far as
possible, the blocks at each location were chosen so that
variations in slope within each block were minimized., Each
block consisted of 27 one-tenth-acre square plots, cr a
totsl of 8.1 acres in sach plantation,

One-year=-o0ld nursery-grown loblolly plne seedlincs
supplied by the Loulsiana Forestry Commission from the
Columbia Nursery were planted in each plot on a 6' x 6¢

spacing, This spacing zave a total of 121 trees per plot
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Table l1,~-«~Fertilizer treatments,
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Treatment Nutrients,# pounds per acre
Number 5235 2
1 0 0 0
2 0 0 100
3 0 0 200
L 0 100 0
5 0 100 100
6 0 100 200
7 0 200 0
8 0 200 100
g 0 200 200
10 100 0 0
11 100 0 100
12 100 0 200
13 100 100 0
1y 100 100 100
15 100 100 200
16 100 200 o}
17 100 200 100
18 100 200 200
19 200 0 0
20 200 0 100
21 200 0 200
22 200 100 0
23 200 100 100
24 200 100 200
25 200 200 0
26 200 200 100
27 200 200 200

#Fertilizer materials used were grsnuler urea (45 per-

cent N), superphosphate (53,4 percent asveailsble P50g), and

murlate of potssh (60 percent available K>0),
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with the centrel 81 trees constituting the messurement plot.
The experimental layout at each of the three locations
i1s shown in Figures 1, 2, end 3, The numbers shown in each

plot refer to the treatment numbers given in Table 1,

Plantation Establishment, Fertilizer Avplicsations, and
Cultursl Treatments

In order to test the effects of the fertillizers under
varied climatic and scill conditions, three locations were
arbitrarily selected for establishing the plantations, One
plantstion was established on the North Louisisne Hill Farm
Experiment Station near Homer in Claiborne Parish in the
nerthern part of the state (approximately 32°45'N latitude,
93°04 'W longltude), The sscond plaentation was located 1in
central Loulsiana on the Johnson Tract of the Kisatchie
National Forest in Rapides Parish approximstely 15 miles
southwest of Alexandris (epproximately 31009'N latitude,
92°uo'w longitude)., The third plantation was established in
southeastern Loulsiana on the Lee Memorial Forest in Wash-
ington Parish, 10 miles east of Franklinton (eapproximately
30952'N latitude, 89959'W longitude),.

The soll types used include Shubuta sandy locam to loamy
send at Homer; a complex of Bowie fine sendy loam, Ruston
loam, and Beauregard loam st Alexandria with the Bowle
series predominating; and Ruston ssasndy loam to loamy sand in
the Washington Parish plantation, Complete descriptions of

the typical profile of each of these soils and their
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chemical composition are given in Appendix A and B,

The history of the Homer site 1s not definitely known,
but 1t 1s believed to have been in cultivation possibly as
late as 1947. At any rate, it was abandoned and overgrown

with briars end broomsedge (Andropogon virginicus L.) in

1949, The site wes prepared in 1958 by clesring off all
woody vegetation, including some scsttered loblelly pine
which had become established since the cessation of row=-
cropping. Clearing was followed by disking to eliminate all
vegetation asnd prepare & clean surface prior to planting,
The loblolly pine seedlings were hsnd planted with planting
bars in Jenuary 1959, Fertilizers were applied to individ-
ual trees in April,

A special "furrow-maker" was devised by personnel at
the North Louisiana Hill Farm Experiment Station for use in
applying fertilizer around each seedling, This devicoris
shown in Pigure I, Briefly, the "furrow-maker" consisted of
two concentric rings mounted on the shaeft of a post=hole
digger hydresulicelly opersted and power-driven from a farm
tractor, The hydraulic 1ift lever and cluteh and brake
pedals on the tractor were modified to permit operation by a
two-man crew, The inner ring was six inches from the shsft
and was fitted with three plows while the outer ring was 12
inches from the shaft and hsd asix plows, Aa the shaft
revolved, the plows dug two circular trenches or furrows
about four inches deep arocund the newly-planted trees. The

machine in operation and the resulting furrows are shown in
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Figure 4.--The "furrow-maker"., The upper photograph shows
the two concentric rings with the attached small plows
which dug the furrows. The lower photograph shows the
two-n'a'n crew required to operate the trastor and "furrow-
mnaker™,
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Figure 5. The phosphete fertilizer st the required rate per
tree was appllied by hand ia the inner furrow, six inches
from the besse of the tree, and the ures and potssh fertill-
zers were applied in the outer l2-inch furrow. The last
atep in the procsdure was covering the fertilizer with loose
s0il with a hoe,

Cultural treatments in the Homer plantatiocn during the
1959 and 1960 growins seesons included periodic shallow
diskin:s to elimineate weeds, hand hoeing around the base of
the trees where disking could not be done, &and periodic
applicetions of & 0,125 percent DDT solution to control the

Nentucket plne moth (BRhyacionia frustrana /Comst./),

commonly called "tlp moth", Since there may be as many as
four to six generstions of tip moth annuelly 1in the Scuth
(81), 1t wes necessary to spray each month during the
growing season and more frequently during raeiny periods.
These frequent sprayin.s ;ave complete control both years
since there was no noticeable tip moth demsgze at any time,
To prevent excessive 801l erosilon during the 1559-60

fall and winter, Italisn ryegrass (Lolium multiflorum Lam,)

was seeded in three-foot strips between the rows perpendicu-
lar to the preveiling slopes in September of 1959, The

grass was mowed periodically to minimize 1ts usage of the
fertilizers spplied to the trees., Figure 6 1s a generel
view of B8 part of the plentation showlny the ryegress strips,
A8 soon as tree srowth began in the spring of 1960, the

ryegreass was sprayed with a cremical weedkiller and the sod



Figure 5,-~The "furrow-meker" in operation (top) and a
close-up of the resulting furrows around the pine seedling
(bottom).
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Figure 6,-=-A general view of the Homer plantation showing
the ryegrass strips planted for erosion control, Plcture
was taken in October, 1959,



Ukt

left to afford continued protection against scll erosion,

The plantation at Alexandris was established on an
upland site which was originally astocked with virgin long-
leaf pine, In the mid-1930t's, the ares was planted to slsash
pine which was clearcut in 1951 following a severe ice
storm, The over-all erea of about 200 acres was burned and
direct aeeded with longlesf in November 1951 and used for
research purposes by the Alexandrie Research Center of the
Southern Forest Experiment Station. 7Tn the fall of 1958, an
area suitable for this fertilizer study was located and
cleared by bulldozer, The brush and debris were pilled and
burned, A number cof o0ld longleaf atumps could not be pushed
end hed to be left on the area,

Woody vegetation growing on the Alexendria ares con-
sisted of a few scattered slash and longleaf pilnes and

clumps of blackjack oak (Quercus marilandica Muenchh.), post

oak (Q. stellata Wangenh,), sweetgum (Liquidambar styrsciflua

L.), and waxmyrtle (Myrica spp.). Pinehills bluestem
(Andropogon divergens /Hack,7 Anderss. ex Hitchc.) was the

predominant graas., Also included in the herbaceous vegets-
tion were big bluestem (é. gerardi Vitman), slender blueatem

(A. tener /Wees/ Kunth.), Indiangress (Sorghsstrum nutans

/L.7 Nash), three-awn (Aristids spp.), and various forbs,

the most important of which was swamp sunflower (Helianthus

angustifclius L.). Since the area had not been grazed for

several yesrs, a heevy rough hsd accumulated, An attempt to

burn the rough falled due to unfavoreble weather conditions.



45

The 8,l-acre area was dlsked once in November and cross-
disked in December of 1958, Because of the heavy rough,
disking the ares did not result in es good a seedbed ss was
desired. A genersl view of the area is shown in Plgure 7.

The loblolly pine seedlings were planted by hand with
student labor in January 1959, Survivel was not as good as
desired in several plots due to improper planting by some
of the students, It was also decreased by the wet so0il
condltions and rough condition of the surface at planting
tine,

The fertilizers were applled to individusl trees at the
equivalent per acre rates in Msy 1959 by use of student
labor., A series of holes was made with a tree-planting bar
or dibble arcund esch tree seedling., The superphosphate was
applied in four holes more-or-less equslly spaced in a
circle aix inches from the tree while the urea nitrogen and
muriste of potash were poured into six holes in a circle 12
inches from the tree, At the high rates of spplication, the
fertilizers often filled the holes from their eight inches
of depth up to the s0ll surface. An sattempt was made to
distribute the fertilizer as uniformly as poasible between
the holes., Figure 8 1llustrates this method of applicetion,

During the 1959 growing season, an attempt was made to
control weed growth by hand spraying with Varsol, a petro-
leum derivative similar to kerosene, This effectively
econtrolled grasses but not the broad-leaf weeds; conse~

quently this method of controcl was abandoned, TIn the spring



Figure 7,-=General view of the Alexandria plantation three
months after the trees were planted, The stumps are from
virgin longleaf pine logged during the 1920°'s.

Brush
sprouts and weeds are beginning to grow even though the

area was clearsd and double~disked prior to planting.
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Figure 8,--Fertilizer appliocstion holes made with a tree-
planting bar, Two of the inner holes in which superphos-
phate was applied are at the right front and left rear of
the tree, The four holes beginning at the bottom of the
picture and proceeding around the tree to the left are 12

inches from the tree, Urea nitrogen and muriate of potash
were applied in these holes,
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of 1960, a small amount of Amizinel was secured for teating
on weed contreol., This meterial was effective in killing
some weeds, but ineffective on othera, Due to the high cost
of a sufficlent quantity to treat the plantation and the
lebor involved in its epplication by hand sprayers, this
method of control was also abandoned. Consequently weed
growth was not elimineted from this plsntetion, Bruah
sprouts, however, were effectively controlled by periodic
spraying with 2,4,5-T hormone herbicide.

The plantation was sprayed several times in 1959 and
1960 with DDT solutions for tip moth econtrol, However, the
applicetions were not frequent encugh nor timed properly to
gi;o any effective degree of control; so the tip moth
infestation and resulting deamages were hesvy, particulerly
during 1960,

The Washington Parish plantetion was eatablished on a
terreced field which had been in cultivation for st least
30 years., Hay was the last crop grown on the field in 1957,
In the fall of 1958, the field was disked twice to destroy
the annusl weeds and grasses, The loblolly pine seedlings
were planted by hand in December 1958, Due to the lack of
labor, fertilizers were not applied to this plantation the
following spring aas was done in the other two plantationa,

Inatead, fertilizer applications were made in late January

lrrade name for e mixture of 15% amitrol (3-amino 1,2,
h-triazole) and 45% simazin (2-chloro-4,b6-bis-ethylamino-s-
triszine) produced by Amchem Products, Inc,, Ambler, Pa,
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and early February of 1960, Student labor was used and the
same procedure was followed &8s outlined for the Alexandria
locsation,

During the 1959 and 1960 growing seasons, unsuccessful
attempts were made to control weed growth by mowing, hoeing,
and hand sprayinz with Varsol snd Amisine, However, the
coat of these treatments end the lack of sufficlient quan~
tities of chemicals snd equipment suitable for thelir appli-
cation on such a lerge ares were prohibitive, Briars and

root sprouts of ssssafras (Sasssfras slbidum /Nutt,/ Nees),

on the other hand, were controlled by periocdic applicatlions
of 2,4,5-T with nand sprayers,

Periodic applicetions <f DDT solution with hand
sprayers were made to minimize tip moth infestations. The
same difficulties were exnerlienced here as on the Alexandria
location; ea a result tip moth damage was heavy, especlally

during the latter part of 1960,

Collection of Field Datsa

Growth data wes collected indirectly through heil_ht
measurements of the 81 measurement trces in esch plot. The
trees were measured before fertillization snd at the end of
each growing season, usually in Novembher esnd December.
Helight messurements and supplemental observatlions were
recorded on field data sneets ss ifllustrsted 1in Wigure G,

In order to catalogue cnanges in the nutrient level of
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School of Forestry
Louisiana Agricultural Experiment Station

L.S. No. 989: FERTILIZATION OF PLANTED LOBLOLLY PINE

Height of Measurement Trees

Block: L crev: Coo/ey % binnerts

Plot No.: 242 Date? "/8%9
Row Row Row Row Row Row Row Row Row Ioﬁ [ 7;;7
-
£ i1 2 3 b 5 6 ? 8 9 0| 1
-
B (+) R D ) R R o] v »
A _
- 4 7
*» 6.485|«4.7|«+.8|6.515.3|5.87./ |62 ©
T 7] _ 7] o
o X X iIls7|4.6|632|58|6.716.7|5.8
ke T
] 6.2 6.5 54|59 X 8.3 16.4|5.6 (j4£3
Cren, T r
5.0 |3.7|85.8|#4./7|4.0|5.6 4.7.3‘ #.9 e
T
m | X g3 lso|s4]| X |3 0|33} X |2.7]| =
T T 7
M 16.9(6.5177 |46 |«46| X |63[854|vs]|] o
ra T A
a |57 X X |ss|so|34|56 |46 A o
o X 1162|3365 X |s6|75|egs5]3.7] ©
r 7
a © |£.51857 4. 4|2.8| X |¥49|3.5|64]|6.9]| =
3 o B o R D E R R o ¥
West - > East

Take all measurements (1) at the end of the growing season, (2) froms

ground line to the tip of the bud, and (3) to the nearest tenth of a
foot.

X=/Miesing or Dead. T e Tipmedh.

Cron. Cromartium.

Figure 9.— Sample field data sheet.
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the soll resulting from the zpplication of fertilizers and
subsequent usage by the trees, soll samples for chemical
analysis were collected systematically from each plot prior
to the application of fertilizers and at the end of each
growing season following fertilization. Both the A end B
horizons were sampled with a 301l ssmpling tube at alternate
trees in alternste rows in each plot snd the resulting
composite samples collected in plint ice cream cartons
properly identified with the block and plot number and
horizon. The ssmples were sllcwed to &ir=dry, «round to
pass through a 2=-mm, sieve, and stored for later analysis,
Needle samples were collected for chemical analysis at
the end of the 1959 and 1960 growing seasons, Alternate
trees were selected for needle ccollection so that sbout
one-half of the trees in each plot were sampled, WNeedles
produced during the gZrowing season were pulled by hand from
all poaitions in the tree both verticslly and horizontelly.
The needles were collected in larze kraft paper basgs and
dried at 115-120° in a dryinz room within s few days after
collection, After drying, the needles were -'round in =
Wiley mill and s representative sample of the ground
material from esch plot was stored in a smsll cepped glass

bottle for future analysis,

Chemical Analyses of Sc0i1l and Tissue Samples

The collected s0ll semples were analyzed by the Socil



52

Testing Laboretory for avallable phosphorus, potassium,
caleium, megnesium, &nd sodium, Phosphorus was extracted
with Bray's sclution of 0,1 normal HCl and 0,03 normal

NH) P (14) at a ratio of 20 parts of extractant to one part
of scil, Past results from this method for extrascting
available phosphorus have correlated very well with plant
rcsponses to phosphorus fertilization in fleld experiments
on the relatively infertile scila of the Coastal Plain of
Louisiane. The bsasses were extracted with 0,1 normal HCl
(33) at a ratio of 20 parts of acid to one part cf soll,

The extracted phosphorus and magnesium were determined
colorimetricaelly on a Bsusch and Lomb Spec 20 spectro-
photo.neter, Potasaium, calcium and scdium were determined
on 8 Perkin-Elmer flame spectrophotometer,

So0il reaction was also determined by the Soll Testing
Laboratory using a Coleman Model H=2 pH meter with a 1:1
soil-water suspension (49).

Exchangeable hydrogen was determined on samples
collected before fertilization 1in order to calculate the
percent base saturestion snd the base exchange capacity by
summation, The base exchan:e cspaclty is often estimated by
the sum of the exchangeable hydrogen, calcium, magneaium,
potassium, and sodium snd is expressed as milliequivalents
per 100 grems of soll (33). Base saturstion 18 celculated

from the equation:

Total Exoh, Metallic Cations

4 Base Ssturstion = Base Exchengze GCapaclty

x 100,

According to Parker (46), all exchanveable H* can be
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replaced by Ba** of a neutral solution of barium ascetate.

In this study, a modified barium scetate method was used for
determining exchangeable hydrogen., A 1l5-gram sample of soill
was leached with 0,5 normal barium acetate, adjusted to

pPH 7.0 with normal barium hydroxide, and the leachate was
titrated with 0,1 normsl sodium hydroxide.

The organic matter content of the pre-fertilization
samples was determined by the gravimetric dry combustion
method (5)., The percent of organic matter waas computed from
the weizht of CO, absorbed by Nesbit ascarite absorption
bulbs. The computation was made on the IBM=650 computer by
use of & program written by Dr, W. H, Patrick, Jr.

No attempt was made to determine availsble nitrogen in
the soil samples, since Allison (3) and numerous others have
pointed out the dirfficulties in attempting to account for
all soll nitrogen gains and losses, The amount of aymbiotic
and non-symbiotic nitrogen fixed 1s not known, nelther is
the magnitude of volatilization or leaching losses known,
Furthermore, the amount of nitrogen which becomes avalilable
from the decomposition of organic matter and the amount of
applied nitrogen assimilated by decomposition microorgenisms

is extremely variable, The total nitrogen content of the

-

801l organic matter could hsve been estimated from the
orgsnic matter content,

The total nitrogen content of the needle samples was
determined by the Louisiana State University Feed and Ferti-

lizer Laboratory by use of the standard Kjeldahl method,
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Through sampling only needles produced during the current
growing season for this aenslysis, the nitrogen uptake by the
trees was related to the nitrogen fertilization levels,

The needle samples were analyzed for phosphorus,
potassium, calecium, and magnesium in the North Louisiana
Hill Farm Experiment 3tation laboratory using procedures
established by Ruassell (59), Sodium wes also determined on
the 1959 tissue samples; however, the results were highly
erratic, ranging from O to 7,840 ppm. Therefore, sodium was

not included in the analyses of the 1960 samples,

Statisticel Analysis of Date

A statistical anelysis of the effect of fertilizer
treatments on tree growth was acocomplished through the usual
analysis of varisnce for a factorial experiment in a ran-
domized block design (61, 15), The anslysis was computed by
the use of the ANOV II, 6,0,012 L, program for the IBM-650
computer in the L.3,U, Computer Research Center, ITn order
to utilize this program, it waas necessary to code the height
measurements recorded on the field data sheets for key-
punching on IBM cards, one card per tree, Each card
included the location code, block number, the level of each
fertilizer element, the three height measurements (initial
height, height after the 1959 growing season, and height
after the 1960 growing season), tree number, and plot iden-

tificstion., Only the trees which survived the full two
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years were included in the anslysis,

A short routine was included in the ANCV II pro<ram
deck to convert individusl tree heights to the annual and
biennial growth for each tree., Once the average growth per
plot was secured in this menner, the plot means for growth
became the measurement of fertilizer effect tested in the
analysis of verlsnce.

In order to test the different rates of the fertilizer
elements shown by the analyslis of variance tc be signifi-
cantly relsted to growth, orthcgonsl comparisons among the
levels of fertilizetion were made (61).

Analysis of varlance was also used to test the effect
of fertilizer treatments on survival, on percentage of trees
whose growing tips were damaped by tip moth in the
Alexsndris send Washincton Parish plantetions, and con the
incidence of fusiform rust in the Washinston Parish

plantation only.



RESULTS AND DISCUSSICN

Chemical Analyses cof Solls

Results of the chemical analyses of the soll samples
coliected before fertilizers were applied are given 1in
Tables 2, 3, and 4. Included in these tables are the
chemical content c¢f both the A and B horlzons for every
plot at easch location,

The Shubutas solls in the Homer plantstion were uni-
formly low in all elements (Table 2)., The A horizon ranged
from 3 to 8 ppm. P, 20 to 53 ppm. K, 86 to 238 ppm, Ca, and
13 to 97 ppm. Mges. The topsoll averaged 0,6 percent organic
matter and the pH renped from 5,1 to 6.,l. The exchange
capacity wes also very low, due principally to the high sand
and low orgenlc meatter contents, The B horizon generally
was higher In exchange cspaclity and basea, but lower in P,
orgenic matter, and pH, The base saturaticn ranged from
spproximately j47 to 81 percent in the topsoil and from 37
to 87 percent in the aubsoil.

The topsoils from the Alexandrias location were also
very low in sveilable nutrients, particularly P (Table 3).
Due to their locamy texture and higher orgenic matter con-
tent, however, these s0ils were cenerally higher in K, Ca,
Mg, snd exchange caspacity than the topsoll in the Homer

plantation, The organic matter content ranced from 1.5 to

56
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Table 2.,=-Chemical characteristics of s0ll at Homer location
before fertilization.

Available (ppm Efcﬁ' % Organic
Plot No.# A ~ 5 éﬂp” Base pH Matter
100 g. Sat. (%)

I- 1 A 39 130 25 43 7 2,130 53.8 6.0 « 506
B 659 367 203 39 2 5,818 66,1 5.7 1459
B 76 324 328 39 2 8.592 S4.9 5.1 1455

T- 3 A 4) 194 203 39 4 .185 70.2 5.7 <668
B 66 302 320 139 2 «193 55,1 65,2 458

I-4 A 39 151 60 35 & 2.558 658.9 5.9 «573
B 74 389 313 73 2 7.949 63.7 5.2 <1419
T- 5 A 36 108 %9 3 5 1,980 60.2 5.9 «505
B 65 799 188 43 1 7.952 7h.y 5.5 e 369

I- 6 A 50 151 38 48 Y4 2.328 60.5 5.8 .581
B 88 432 313 39 2 8,776 58,8 5,1 522

T- 7 A 44 173 85 35 6 2.954 62.2 6,0 727
B 7 475 328 L8 2 9,447 58.3 5,2 629

I- 8 A 38 151 25 35 6 2,131 56.9 6.0 «510
B 71 410 210 43 2 6,927 60,2 5.2 o3l

I- 9 A %1 151 25 135 6 2,336 52.2 6.1 563
B 5 540 277 L3 2 7.777 69.6 5,7 «609

T-10 A 41 151 38 112 L4 2,715 61.3 6,1 .578
B 77 475 238 48 2 7.653 62,3 5.4 1482

I-11 A 38 130 13 35 S5 1,926 52.3 5.9 579
B 76 LS4 228 43 2 6,588 69,1 5.5 « 348

I-12 A 38 151 13 30 6 2,206 L49.4 6.1 +«600
B 77 475 165 43 e S.973 69.2 Se7 . 389
I-33 A 42 130 49 35 4 2.237 58.9 5.9 1134
B 77 432 238 U443 2 6.694 67.6 5,5 354

I-14 A 39 130 13 39 3 2.144 L47.9 6,1 57
h B 101 583 332 43 2 9.017 68,0 5.5 .50%

#Roman numeral = block; srabic number = fertilizer
treatment; A = A horizon (topsoil); B = B horizon (suwbsoll).
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Table 2.--(Continued)

1:0[1. % o) 1

Available {(ppm.) Cap., rganic

Plot No. Base pPH Matter

K Cc M N P me,
a g a 100/8. Sat, (%)

T-15 A %2 130 49 35 5 2,097 48,9 5.9 1114 8
B 9 497 313 43 1 B8.206 ob.,6 5.4 « 520

I-16 A 53 238 25 108 5 2.601 T75.3 6,0 « 598
B 97 562 350 52 1 9,223 067.2 5.5 L72
T-17-A 35 130 38 35 6 2,457 49.2 6.1 643
B 89 385 1396 L8 2 8,703 ©5.3 5.6 «519

I-18 A 35 130 55 3% &6 2,138 63,1 5.9 T
B 103 475 245 48 2 7320 ©66.8 5.4 «3061

I-19 A 45 151 %9 35 5 2,078 53.4 6,0 .689
B 100 324 380 39 2 8.496 o6l.Y4 S.h 1475

I=-20 A 53 194 97 35 6 3.379 el 5.7 757
B 83 194 343 52 2 8,955 u7.u 5.3 489
I-21 A 38 130 38 35 5 2.135 ©57.0 6.1 NI
B 76 281 238 L3 2 S.346 70.5 5.5 377

I-22 A 39 173 38 35 o 2.485 57.7 0.0 «635
B 79 497 228 52 1 6,521 73.8 5.5 401

I-23 A 35 181 25 35 5 2,190 55,0 5,8 «553
B 73 389 155 43 2 4793 7T75.5 5.5 «311

I-24 A 41 130 13 35 7 2,066 L49.1 5.8 .61t
B 76 410 305 L3 2 7.338 o7.8 5.3 « 50l

I-25 A L1 130 13 35 o 2.066 4L9.1 b.l 723
B 94 389 368 43 1 8.001 68.0 5.4 «615

I-26 A 36 130 13 39 6 2,005 50,9 5.9 536
B 79 302 285 LB 2 b.4bh 66.5 5.3 J118

IT- 1 A 45 173 38 43 S5 2,535 58,5 5.9 .688
B 45 475 313 43 1 00.073 87.0 65,2 .575
IT- 2 A 33 151 71 35 4 2.832 55,9 5.% 573
B 79 173 285 L3 2 8.8 Lz2.8 L. 136
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Table 2,=--{Continued)

Exch
* % Organic
Plot No. Avaiiableg m; g:p;, Base PH Matter
100 Ze S.to (%)

TT- 3 A 39 130 41 39 &5 2,378 53,1 65,6 « 707
B 74 302 309 L3 2 8.139 54.8 L4.8 .558

IT- 4 A 44 130 %o 39 o 2.251 50,2 Seb . TOD
3 100 389 380 39 1 10.791 51.3 L.7 684

TT« 5 A 45 151 4JjO0 35 5 2,603 52,1 5.5 «712
B 5 173 270 39 2 9,593 37,0 5,0 U453

IT- &6 A 5 194 55 35 5 2.4183 8.3 0.0 « 772
B 3 432 354 43 1 9,187 00,0 5,1 .538

B of4 324 238 43 2 0,515 60,7 5.0 26

IT- 8 A 4y 194 75 39 4 2.732 68.7 5.5 783
B 59 346 273 43 2 8.217 52.9 5.0 434
IT- 9 A 39 151 25 L3 b 1,907 65,5 5.7 . 700
B 77 389 285 i3 2 Bl7 55,7 4.9 « 500

IT-10 A L1 86 %9 39 6 1,376 80.9 5.6 «672
B 9L 216 387 43 1 11,103 k2.6 Le? « 739

IT-11 A 38 130 38 30 6 1.982 0,2 5.9 .« 702
B 77 518 270 L3 2 7.063 T74.0 St .515
IT-12 A 36 130 19 30 6 1.884 5L4.7 5.8 .680
B 103 626 387 L3 1 9.827 69.3 5.1 .bbb

IT-13 A 26 108 32 30 6 1.858 54,0 5eb 584
B 54 238 2585 L8 2 7T.142 51,3 4.9 13419
IT-14 A 38 173 78 43 5 2,718 ob6.2 5.7 .660
B ©Gb 324 290 43 2 7.586 ©57.6 5.0 418

II-15 A 23 86 25 3 L4 1.458 ©59.5 Seb 1452
B o4 173 277 y3 2 b. 742 52.3 5.0 o 345
TI-16 A 38 151 49 3 L4 2.200 o4.2 5.7 «725
B 91 346 358 39 2 9.319 ©5h. 4.9 .583

TT-17 A 39 130 29 30 &5 2,041 655,00 5.7 «723
B B2 G2 358 L3 2 8.948 69.2 5.1 « 588
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Organic
Plot No. Avallabile 2 pH Matter
g (%)

TY-18 A 41 173 85 39 4 62.3 5elt <667
B o4 259 320 L8 1 Uheo L9 489

1T-19 A 30 108 38 30 4 55.5 5.7 . 526
B 62 367 299 u3 1 59.7 5.0 «376
IT-20 A 36 151 60 39 5 56,42 5.5 815
B 62 194 328 43 2 40.9 4.8 L9k

IT-21 A 35 130 49 35 3 58.6 S.4 « 540
B 57 238 259 43 2 h7.9 L.9 «358

I1-22 A 42 173 52 4 6oL S.b «602
B 56 367 245 2 56,2 S.1 . 308

I1-23 A 36 108 62 5 57.2 5e2 662
B 50 151 253 2 38,0 4.8 JJihly

I1-24 A 36 108 19 5 L7.7 5.3 075
B 73 173 320 1 37.5 4.8 o546

TI=-25 A 50 130 30 6 5L.8 5.5 « 177
B 127 216 320 2 U6.0 L9 556

II-26 A 26 86 19 I h7.3 5.% 502
B L7 173 21b 3 ho.o o .382

I1T=-27 A b7 173 80 5 68.1 5.8 .0Th
B 68 518 32o 2 68.8 N 8L

ITT- 1 A 32 130 51 b 50,6 5.3 . 822
B 56 173 257 1 35.2 4,9 471

B 60 389 313 1 51.1 S.1 429

IIT=- 3 A 33 86 S0 L 2.9 5.1 .621
3 69 130 285 2 35.7 5.0 62

ITT- 4 A 20 605 13 9 98,1 6.0 «538
B 82 475 242 2 57.5 5.1 1481

IIT- S A 33 19& kg 5 5707 507 -bhl
B 60 302 231 2 b7.3 5.0 02



Table 2.,==(Continued)
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Organic
Plot No. Avellsble pH Matter
a & (%)
TIT- 6 A 23 216 25 L3 o 60.9 5.9 oL 8
B 60 518 257 L8 2 60.8 5.2 Jlio
ITT=- 7 A 30 238 13 30 b 58.9 5.9 . 568
B 60 389 238 43 2 S04 5.1 433
ITI=- 8 A 39 130 38 35 5 haol 507 0711
B 56 2l 28% L3 1 4l.6 5.0 +1480
ITT- 9 A 30 108 19 30 L 51.4 5.9 1499
B 82 302 313 L3 2 57.9 S.l « 323
TTIT=-10 A 26 108 13 5 49.7 5.9 U471
B 65 34b 231 2 L7.06 4.9 «413
ITT=-1) A 35 194 L9 3 56.5 5.8 « 770
3 52 346 263 2 49.8 5.1 .
ITI-12 A 30 108 38 L 53.7 5.9 .50
3 56 216 210 2 Lo.6 5.0 «39
ITI-13 A 26 108 25 8 L7.9 Se7 « 589
B 65 281 299 2 4S.0 4.8 128
ITI-14 A 35 108 25 6 48.5 5.8 .581
B &9 216 291 1 hl.hy 5.1 477
TIT=15 A 30 108 32 L 53,0 5.8 1493
B 65 389 270 2 57.1 Sel e 359
ITI=1c A 48 151 348 6 51.9 6.0 .817
B 91 LS54 336 2 53.4 5.0 416
IIT-17 A 30 151 32 n 59.b 6,0 527
3 56 h32 255 3 5&03 5.1 ahss
II1-18 A L3 108 38 7 L9.6 5.7 +696
B 99 259 372 2 43.6 S.0 .58%
III=19 A 26 86 19 5 50.6 5.8 121
B 65 367 277 2 58.7 5.2 « 305
ITI-20 A 30 108 13 5 50.7 6.0 . 566
B 83 367 270 1 55.8 5,1 37k
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Table 2.-=-{Continued)

Txch
. % Organic
Plot No. Avaiiablog m; §:p7, Base pH Matter
100’ . Sat. (%)
1IT-21 A 30 108 25 35 4 2,093 ke.,7 5.9 .66l
B 65 324 320 48 2 9.39) U49.7 5.1 o119
IIT=-22 A 39 130 25 35 4 2.358 L7.1 5.7 .688
B 65 }J32 231 39 1 8.362 62.9 Ce2 493
3 134 497 343 39 2 8.48 69,0 5.5 « 370
ITT=24 A 30 108 38 35 5 2.208 U47.9 5.7 684
B 65 323 291 39 2 9.494 }6.2 S.1 587
II1T-25 A 30 130 25 35 5 2.269 47.9 5.8 «Th2
B 65 432 299 39 2 10,047 49.7 5.0 499
ITI=-26 A 43 173 38 39 7 2.775 52.7 5.8 815
B 73 259 270 39 1 9,615 [0O.6 5.0 407
1IT=-27 A 52 173 38 35 7 2,649 5S.4 5.9 877
B 112 324 291 43 3 9.313 48,5 5.1 <557
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Table 3,--Chemical characteristics of soils at Alexandria
location before fertilization.,

Bxch
. ;4 or ic
Plot No,# Available Mo c'p7' Base pH Mn%ggr
. g 8 ggb Sat, (%)
s.

I« 1 A 43 216 49 S6 6 3.417 53.9 5.6 1,630
B 39 216 129 26 3 L.,601 651.5 4.6 Ul9

I- 2 A 39 281 49 39 6 5.169 40,3 5.% 2.891
B 30 194 171 26 1 6.394 L4044 Lo <696

I- 3 A 39 32 71 39 5 5,503 L45.1 5.4 2.965
B 30 238 165 30 3 5.530 50,1 Sel .678

T- L A 39 173 78 L3 s 4,691 38,4 5.2 2.691
B 22 65 129 30 2 6.117 25.9 4.9 «733

B 35 259 155 30 1 LJ4h9 63.1 5.3 550

I- 6 A 30 302 71 3s 6 L.958 L47.0 5.5 2.392
B 22 151 155 30 3 5.713 39.1 5.0 « 506

B 30 130 147 30 3 5.825 35.7 Le9 o772

I- 8A 35 216 3 30 S5 3,653 uu.a 5.5 2.197
B 30 173 1558 30 1 5.319 ULL. 5.1 017

I- 9 A 39 367 67 35 & 5.009 52,8 §&5,5 2,394
B 35 173 1655 30 1 5.135 46.3 5.0 «571

I-10 A {3 346 112 35 6 S.420 54.0 5,6 2.700
B 22 2108 138 135 3 6.232 30.5 5.1 .650

I-11 A 48 281 38 135 S5 l.02h L3.2 5.5 2,783
B 26 151 165 30 3 5.807 L0.1 S.1 «567

I-12 A j43 28 99 35 5 L4.922 50,6 B4 2,397
B 17 86 138 30 3 5.825 30.1 S.l «5h46

I-13 A 39 194 67 35 6 L.013 LhJ 5.5 2.324
B 22 130 129 30 4 5.917 32.3 5.1 .721

B 39 194 138 26 3 L4.172 55.9 5.3 ULt S

#Roman numeral = block;
treatment; A = A horizon (topsoil); B = B horizon (subsotl).

arabic number = fertilizer



Table 3,=--(Continued)

ok

Exch, % Organic
Plot No. Aveilable (ppm. C8Pe» Base pH Matter
a g & me./ ga¢. (%)
100 g,

I-15 A 39 173 49 30 3 3.807 38.9 5.3 2.202
B 30 130 171 30 3 6.682 34,2 Se1 «TOL

I-16 A 39 302 L9 35 L4 L.Bo2 LL.o S.5 2.697
B 30 238 175 26 L4 L.87h4 58,2 5.3 «551

B 39 151 171 3c 2 6.175 39.4 L9 «697

I-18 A 56 497 97 35 3 6,872 52.2 5.5 3.h76
B 26 151 1bS% 39 3 L.862 48,7 5.2 450

I-19 A 39 281 Lo 26 7 3.724 52,4 S.4  1.726
B J3 216 120 35 3 L.,115 56.9 5.2 « 505

T-20 A 35 281 78 26 L L.753 L47.5 5.3 2.383
3 17 86 97 39 3 3.882 37.4 5.1 «512

T-21 A 43 36 71 26 5 5,303 /8.0 5.5 2,866
B 30 151 147 39 3 5.116 }3,.5 5,0 668
I-22 A 43 367 85 30 b6 5.869 47.4 5.3 2.874
B 22 130 1565 39 5 s.64l8 38,4 5.0 « 790

I-23 A 39 281 71 26 5 L4.574 L8.3 Sl 2.287
B 22 65 129 39 3 S.697 28,5 5.0 657

I-24h A 39 389 108 26 o 6,210 }J9.,2 5S4 3,042
B 22 108 147 43 1 5.685 35,3 5.3 .617

T=25 A St 1389 97 26 6 6,228 §}8.3 Se3 3.159
B 26 43 112 L3 3 5276 26,6 5.2 «557

I-26 A 35 282 90 26 3 5,379 43.8 5.1 2.812
B 17 i3 90 L3 1 5.399 22,2 5.3 o652
I-27 A 35 238 97 26 Y 5.025 43.8 5.2 2.392
B 17 86 108 30 2 L.787 31.4 5.2 .563

TI- 1 A 43 281 67 30 5 5,027 L3.8 5.7 2.949
B 22 86 108 30 3 5.653 26,8 S.2 <554

IT- 2 A 65 US54 90 26 7 6.058 5U.5 6.0 2.758
A 35 194 203 30 1 5.049 57.1 5.2 <11
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“Exch
. % Orranic
Plot No. Available (ppm CaPes pgge pH Matter
a g a me. Sat 7}
100 g. . ’

IT- 3 A 56 5S40 120 30 6 T7.914 50,2 5.8 3,898
B 17 65 120 30 5 5,111 29,3 5.0 L 06
IT- 4 A 48 389 97 30 o 5,895 51,0 5.8 3,184
B 17 65 129 35 1 5.470 29,2 5.1 480
IT- 5 A L32 259 LS 52 6 Lh.482 o67.8 6.1 2,319
B 69 65 143 39 2 6,067 30,7 L8 «530
II- 6 A 69 367 90 30 o 5.650 51,2 5.7 2.952
B 30 86 165 35 1 6.105 33,3 5.1 .50l

TI- 7 A 39 194 49 22 6 4.135 38, 5.8 2,091
B 30 86 175 35 3 5,209 jo.2 5.2 197

IT- 8 A 43 307 97 26 9 3.982 72.0 6.0 2.763
B 26 65 138 30 1 5.0l1l2 29,8 5.2 486

TI- 9 A 35 32u o7 20 5 5.139 46,3 5.6 24546
B 17 130 147 30 5 5.529 37.1 542 .498

T7-10 A 69 432 112 30 7 6,946 U49.0 5.7 3.471
3 22 43 129 30 1 6,138 24.0 5,1 476

II-11 A 35 281 8% 30 o 5157 45.2 5.6 2.689
B 22 108 120 30 3 5.403 31.9 .l 472
IT-12 A L8 389 71 30 b 5.088 54,8 5.8 2.235
B 39 259 151 26 1 L.933 56,1 S.l 07

IT-13 A 73 502 112 20 7 6,341 63.8 6,0 3,239
3 39 151 171 26 3 5.939 L0.3 5.3 429
IT-1y A 35 302 8s 30 9 5.196 U[6.9 5.7 2.468
B 17 86 135 35 1 o.545 26,8 5.1 U478

IT-15 A 48 389 102 26 6 5,723 53.0 5,9 2,652
B 22 130 10 30 5 6,372 34.0 5,2 «510
IT=-16 A 39 259 97 26 7 4e877 47.5 Se7 2,633
B 17 65 120 30 2 6,687 22,4 5.0 1495
IT<17 & L3 324 67 26 o N4.437 54.1 5.9 2,095
B 26 86 129 26 3 5.559 30,3 5.2 1410
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Exch
. % Organic
Plot No, Avatlable 3 CaPes» pase pH Matter
& g . Tga Sat. (%)
e

TT-18 A 52 410 102 26 8 ©6.823 46,1 5.6 3.64l
3 216 130 160 U3 2 6,007 45.3 L.8 1496
IT-19 A 35 238 85 30 7 4,285 L4G.4 5.7 2.242
B 22 108 120 35 3 5.885 29,7 5e2 65
I1-20 A 56 L32 112 30 10 7.176 L4b.9 Se7 3.690
B 26 B 129 30 1 b.B81Y4 25,0 5.0 « 502

I1I1-21 A 56 302 85 26 6 bheS11 5L4.9 6.0 2.423
B 22 108 147 30 6 b.407 30,5 5.2 478
I1-22 & 39 324 71 26 b6 }J.058 52,1 Se9 2.299
B 26 130 180 26 2 0.927 33.0 5.2 433

I1«23 A U3 259 o7 26 [ u.u%o 4o,.8 5.8  2.421
B 27 8c 120 35 2 S5.788 28,5 4.9 olilt7

II-24 A 35 238 90 26 6 14.901 U3.7 S5eb 3,050
B 26 86 108 35 2 5.883 20b.3 4.9 . 501

IT-25 A 65 497 97 26 7 b.068 58,9 5.9 2.091
B 3o 324 199y 30 2 5,930 59,0 5.3 454
I1-26 -A 52 389 97 26 6 b.Th2 U5 546 3.787
B 26 86 147 35 1l 6.T7T7T9 27.b L.9 149G

I11-27 A &0 Ll0 102 26 6 S.465 58,0 S.9 2,551
B 29 151 155 35 2 5.950 38,2 5.0 435

IIT- 1 A 4y 346 49 26 4 L.925 L48.0 57 2.471
B Sl 6 138 65 2 5.071 35.2 L.9 . 310

IIT- 2 A 56 367 71 26 5 5.048 53,2 5e9 2.242
B 51 194 171 35 1 b6.,552 40,9 5.0 401

ITI- 3 A 74 497 108 26 6 ©6.577 50.1 6.0 2.888
B 60 194 151 43 2 5.0655 45.4 5.1 NI

TIT-4 A 48 302 55 26 5 [.962 ULhl4 5.5 2.246
B 48 86 171 43 1 6,039 35,9 5,0 280
ITI- 5 A 71 475 85 26 4 5.873 57.5 5.8 2,538
B 41 151 160 43 2 5.598 }2.5 5.0 «373
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Table 3,--(Continued)

EXOh. % Organic
Plot No, Available L Cap7. Base pH Ha%ter
. g . !i"da S.t. (%)
B

IIT- 6 A 59 432 71 26 5 5,774 52,2 5.9 2,581
B 51 216 169 39 1 5.350 52,1 5.2 369

ITI- 7 A Bo 281 49 26 5 L.762 }3.5 5.6 2.387
B 36 B6 155 L3 2 6,729 29,7 4.9 +«516

I1I- 8 A 91 2lo 60 30 5 4,110 47.3 6.1 2.278
B 36 86 129 L3 1 e.ul46 27.7 ho7 .588

B L7 173 180 i3 1 5,037 53.1 Sel 395

I11-10 A 53 324 %9 26 5 1.969 U45.8 5,8 2,194
B 51 173 180 39 1 5.818 45,8 5,2 «354

IIT-11 A 45 238 49 30 L }4.076 U45.2 5.8 1,951
B 41 151 147 39 2 5,867 38,4 5.0 «356

I11-12 A 3 259 60 35 S L7775 U3.6 5.7 2.312
B 32 108 155 L3 2 6,172 3L.0 5.0 « 365

IIT-13 A 48 281 49 26 4 5,201 39,4 65,5 2,391
B 26 108 138 43 2 6,212 31,3 £.0 471

B 32 130 155 43 1 7.323 30,2 L.9 473

IITI-15 A 42 3%0 71 26 5 5,432 46,8 5,6 2.022
B 27 6 108 43 2 6.774 23.4 4.9 o413

ITT=-16 A 39 19 71 9 5 5.312 34.5 S.4 2.435
B 29 86 90 8 2 6,575 22.3 4.9 1415

IIT-17 A 151+ 151 25 |48 S 3.069 50,8 6.4 1,556
B 132 130 160 148 1 5,025 50,3 5.3 14188

ITTI-18 A 51 475 71 39 6 6. 748 48.4 Se7 3.069
B 32 151 221 43 1 7,069 j/0.5 5,0 «500

ITTI-19 A 48 194 S5 48 4 3,927 L4h.8 5,7 1.824
B 26 86 165 L3 1 b.524 31,6 5.0 « 396

ITII-20 A 107 o605 108 48 7 8.151 54,1 6.2 4,051
B L8 86 147 43 2 6.365 30,9 4.8 « 502
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Table 3,=={Continued)

"EBxeh
. % Organic
Plot No, Aveilable (ppm.) Cap., Base pH Matter
a Mg Na me, Sat (4)
100 g. *
TIT=21 A 62 324 102 43 S  6.493 L3.4 5.8 2.94l;
o) 3s 86 97 L3 2 5.783 26,2 L9 436
TTT=22 & 60 389 71 35 7 5.273 53,9 5.9 2.614
B 35 151 1h47 43 2 5.869 38,5 5.0 1485
ITT=23 A W, 302 LS 35 5 5.269 Ll.h4 Seb 2.5606
B 27 86 151 b3 1 0.803 28.0 5.1 1489
TIT=24 A 4y 412 90 43 b 6777 45.7 .6 2.998
B 27 86 120 146 1 b.396 24.8 5.0 o 115
ITI=-25 A 77 583 108 39 6 .940 60,3 6.0 3.067
3 50 216 155 43 1 5.576 L8.2 5.2 32
II17-26 A 38 173 73 35 o h.o53 37.9 545 2.280
B 33 86 71 L3 1 5.950 21,7 L.9 o107
ITT=27 A 41 2o 38 43 o6 5,104 33.1 5. 2.576
3 30 86 97 L3 1 7.08 21,2 5.0 Ji31
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Table 4 ,~=-Chemical characteristics of socil in Washington

Parish plantation before fertilization,

Exoh
° % Orgsnic
- Sat
100453 .

IT- 1A 52 194 38 30 23 L4.571 33.9 5.7 2.185
B 35 151 71 43 1 3.660 Lh.b 5.3 « 385

I~ 2 A 15 173 38 35 27 3.854 36.9 5.7 1,626
B 22 216 67 43 2  3.457 5h.U4 Sel « 354

T- 3 A 48 173 25 30 24 L4.08y 32.5 5.7 2.109
B 35 173 78 39 1  4.h02 40,3 5e2 430

I- 4 A 39 173 25 35 25 L.14y9 31.9 5.7 2.192
B 26 194 90 39 1 L.,124 L47.5 5.3 <393

I- 5 A 56 173 13 35 25 3.896 32.6 5.7 1,970
B 30 173 108 35 2 4.358 5.8 5.2 <3506

T- 6 A 43 151 13 30 28 3,730 29.6 SeT 2.138
B 26 130 60 48 2 L.184 34.1 S.2 ~1433

I- 7 A 43 1s1 %9 35 29 3.723 38,3 5.7 1.676
B 30 194 S L3 1  L.240 }(5.8 5.3 J4lhl

I- 8A 52 173 49 30 24 3.834 L40.1 5,9 1,769
B 22 173 1lo2 39 1 L.502 43,1 o3 «373

I- 9 A 39 130 25 35 26 3.014 36.8 5.8 1.417
B 30 151 85 39 1 h.337 39.4 5.3 21

I-10 A 39 173 25 35 23 ﬁ.eao 3.7 5.8 1.731
B 26 216 85 L3 1 «340 47.1 Sel4 .1438

I-11 A 48 151 32 35 32 3,398 38,2 6.8 1.450
B 35 173 108 43 1 L.732 L43.1 S.2 400

I-12 A 69 }32 60 39 48 7.801 38.5 5.7 3.650
B 35 238 108 43 2 L.ho3 53.8 5.4 Q67

T-13 A 43 194 19 35 23 L.h411 31.5 5.7 1.986
B 22 194 102 418 1 3,989 652.3 S.l Lli6

I-14 A 65 238 60 35 767 42.1 5.9 2.248
B 30 238 129 48 1 4.455 57.3 5.4 <371

#Roman numeral = block;

arabic number = fertilizer
treetment; A = A horizon (topsoil); B = B horizon (subsoil).
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Exeh

* % Orgzanic

Plot No, Avaiiuble m; g:p.. Base pH Matter
I-15 A 35 194y L3 43 23 3.04) 44,1 5.8 1.815
B 26 173 71 L3 1 3.878 Lh.1 5.1 323

I-l16 A 35 302 38 33 11 3.614 58,2 6.0 1.706
B 22 238 108 43 0 3.975 58,7 S.h «332

I-17 A 30 151 25 43 18 3,000 }40.9 5.8 1.815
B 35 194 120 43 1 L5455 L9 S.2 «554L

B 22 108 67 3y 1 L.148 31.9 5.2 415

T=19 A 52 281 4sS 43 23 L.o9 45.0 5.8 2.770
3 30 194 71 L3 1 5.088 41.9 5.2 J1lo

I=-20 A 35 151 19 36 26 3.274 35.8 Se7 2.067
B 22 194 108 43 1 LJu77 LT7.2 5.2 347
I-21 A 30 108 13 3¢ 24 2,077 4L3.1 5.7 1.334
R 30 151 L3 43 2 3.478 39,6 5.3 U407

T-22 A 39 194 49 39 1le 3.749 4.0 5,8 2,134
B 30 194 120 39 1 4,515 L49. 5.3 410
T-23 A L3 281 383 39 23  L.o94 4L2.7 CeT 2.845
B 26 173 71 L3 1 L.206 40,7 5.3 41l

I-24 A 52 324 55 35 18 4,924 48,0 5.8 2.791
3 30 26 143 43 1 L.96 51.1 5,3 . 387

I-25 A 39 194 38 43 15  3.544 ikl 5.7 1.942
B 35 151 97 43 1 4.8l 37.9 5,2 168

I=-26 A 35 194 43 43 21 3.706 L43.3 5.7 1,869
B 22 173 97 L3 1 L.543 U2.2 5.3 SOl

I-27 A 22 108 38 39 22 2.790 38.8 5.0 1.026
B 22 151 49 48 1 3.332 h2.9 5.2 «35%

TI- 1 A 35 194 38 39 13  3.648 42,4 5.7 1.923
B 26 194 102 8 3 3.869 54.2 S «313

IT- 2 A 39 259 38 39 17 3.852 48.9 5.9 2.0bb
B 26 238 S L3 2 3.347 56,8 Sl «383



71

Table l.~-(Continued)

Exch
. % Oorgsnic
Plot No. Avelienls leeq. na’y’ Base pH Matter
100’ g. Sat, (%)

IT- 3 A 30 161 32 L3 18 2.928 43.9 5.8 1,582
B 35 173 97 35 2  L.148 Le.2 5.2 «33b

II- 4 A 48 3244 38 43 22 h-hlg 50.9 5.8 2.420
B 30 216 97 43 1 L.18 51.h 5.3 . 320

T7T- 5 A 35 151 38 39 18 3.302 40,3 S.b 1.843
B 22 86 o7 35 1 3.381 35.9 Sel » 301

3 30 324 125 43 1 L.765 6l.4 5.4 « 369

II- 7 A 35 302 38 43 22  4.337 U48.5 5.8 2.135
B 22 238 85 43 1 3.390 o63.2 Se5 298

IT- 8 A 35 19 32 48 12 3.506 43,8 5.7 1,677
3 22 23 90 39 2 3.545 61,1 S.l4 «2Th

IT- 9 A 35 194 25 48 16 3.841 38.5 5.7 2.2060
3 30 151 85 39 2 3.417 50,0 5,3 «348

11-10 A 26 130 13 43 17 2,851 35.% 5.7 1.717
B 22 151 67 39 1 3.049 50,5 5.3 «372

IT-11 A 30 151 32 39 18 3.370 37.7 Se7T 2.156
B 22 130 85 39 1 3620 43,8 5.1 «354
IT=-12 A 39 1051 38 39 15 3.181 L2,.2 5.8 1.910
B 30 151 85 43 1 L4.354 39.7 5.2 «291

IT-13 A 39 108 25 39 15 2.528 L0.3 5.9 1.272
B 22 151 38 35 3 2.396 S3.4 5.5 .29

B 26 21lb 97 39 2 4,095 51,9 5.3 327

I1-15 A 22 130 25 39 18 2.923 37.1 5.6 1,524
B 22 151 67 43 2 L4314 36.1 5.2 «323

IT-l16 A 26 130 49 39 18 2.543 50,9 5.0 1.027
B 30 8o 71 43 2 h.035 27.7 5.1 321

TI-17 A 22 151 25 39 17 3.093 38.4 5.7 1.907
B 26 151 138 35 2 4L.094 51,9 Sl 384
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— % Organic

Plot No. _R_Aliélﬂklﬁ_LEﬂﬁLL_jr. Base pH Matter
e g a Sat. (%)

1T=-18 A L8 367 60 62,5 6.0 2.043

B 30 280 199 6l,1 Sel A4lob

B 22 173 169 56,8 5.hi4 « 300

IT-20 A 26 151 25 35.3 5eb6 2.0y5

B 26 130 228 fo.1 S 331

I7-21 A 22 173 25 37.2 5.7 1.912

R 26 173 138 56.7 5.3 « 3604

IT-22 A Lb 216 49 3%.7 Seb 2.83Y

o) 39 151 15% 48.0 5¢2 «393

IT-23 A 30 151 32 58.3 5.7 1,604

B 39 181 155 51.5 5.3 «310

T1-24 A 39 238 38 1.8 S.7 2.04h6

R 30 173 165 533 5.2 « 329

IT=25 A 35 173 32 28,3 S.7 2.019

B 19 86 165 37.2 5.0 «283

IT-20 A 26 173 38 . Lo.8 Se7 1.808

B 26 173 171 . 57.0 543 .290

IT-27 A 35 238 32 4l.4 5.8  2.397

B 26 173 155 56.7 5.3 « 317

IIT=- 1 A 35 130 19 59.7 5.6 1,755

B 30 173 210 48,6 5.2 L41lh

R 30 194 147 1.8 S.4 . 358

IIT- 3 A 26 108 25 60k Seb l.630

B 30 173 112 35 ho.2 5el 342

ITI- 4 A 30 194 49 L3 0245 5.8 1.873

= 30 194 138 35 Sheb 5.3 « 355

TIT- 5A 43 2l 38 35 52.4 5.7 2.272

B 30 173 169 43 47.9 5.2 «331
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Organic
Avallable
Plot No. 'q Za Mg e pH Maré?r
ITI- 6 A 30 130 38 35 5.9 1,332
3 35 194 165 43 5.3 « 339
TIT« 7 A 35 19y 97 39 5.9 1,708
15 30 194 175 9 Sl 331
II1- € A 35 216 25 35 S.8 2.508
B 26 194 151 35 Cel « 360
TII- 9 & L3 194 60 35 5.8 2.251
3 30 194 125 35 Ge2 «335
ITI=310 A 60 302 55 35 5.8 2.096
13} 3% 130 108 30 5.1 387
Ti7-11 & 26 108 13 L3 S.8 1l.k01
B 30 151 108 35 5.2 .09
TTI=-12 A 09 346 55 46 5.8 3.159
3 35 151 102 30 .1 « 350
I17-13 A 35 151 19 39 Se9 1,366
B 30 173 138 30 5l 347
TIT=-14 A 3 130 38 39 5.9 1.5h44
R 35 130 12y 30 5.3 « 309
I11-15 A 48 173 25 35 37.6 5.9 1.£83
B 26 238 195 35 58,2 5.l «357
III-le 4 22 130 25 35 35:1 5.8  1.082
B 30 173 138 35 Shel 5.3 «351
ITT-17 A 48 173 L3 39 48.0 6,0 1.u49
B 26 173 147 35 48.7 5.3 o343
TT1-18 A 73 302 60 43 45.8 5.9 2,606
B 30 173 143 35 48,5 5.3 « 368
IIT1-19 A 39 130 7 35 39.9 0.0 1,352
B 35 194 129 35 ho.5 5.3 333
ITI=-20 A 30 194 19 39 30,1 5.9 2.210
B 26 151 129 30 55.2 Sely 275



Teble l,-~(Continued)

7

Organic
, Aveilable (ppm,)

Plot No. o Vg Na 2 Sote pH Ma?;?r
TIT=-21 A 78 389 %3 43 50 W5 5.9 3.043
B 39 238 188 30 1 55.8 5.3 . 381

TII=22 A 39 151 13 39 22 36.5 5.9 1.83¢9
B 39 173 195 30 1 53.5 5.3 346

ITI=-23 A 73 259% %9 I3 15 37.1 5.8 3,260
B 30 173 188 30 1 53.5 Se2 384

ITT=2L A 35 151 13 39 18 hl.06 5.8 1,019
R 17 194 143 35 1 59.9 5.5 #3445

IIT-25 A 48 173 13 39 20 20,0 Se7 3.045
B 22 194 155 30 1 53,0 5.3 322

TIT=-26 A 52 216 32 39 21 L3.2 5.9 2,156
B 22 173 147 35 2 50.0 5.3 «337

TIT-27 A K3 173 25 39 20 30.0 5.0 2,740
= 26 173 175 35 1 51,6 5.2 « 349
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over lj percent and the pH from 5.4 to 6.4. In contrast to
the Shubuta subsoil from the Homer plantation, the subsoils
at Alexandria were only slightly higher in exchange capacity
end generslly lower in beses than the topsoils. Avallable
Mg wes the only base that was higher in the finer-textured
subsoils,

The Ruston soll in the Washington Parish plantation wsas
similar in chemicsal neature to the Alexandris soils with the
exception of avajlable phosphorus, which ranged from 1l to
51 ppm. (Teble 4). This relstively higher available phos-
phorus is largely residusl from fertilization practices
followed while the field was cropped,

The savailable nutrients in these aocils were so low thst
the addition of fertilizers would have been reguired for
ordinery crop production., The sandy loam snd very fine
sandy loam soils of the rolling and hilly areas of the
Coastal Plain have generslly been shown to require fertili-
zer additions when they contain ss little as 4O ppm. P, 80
ppm. K, 500 ppm, Ca, 50 ppm. Mg, and 70 percent base satura-
tion (63). The topsoils tested in this study were generally
far below these fertility levels with the possible exception
of magnesium,

The results of all soil tests are given in Appendix D,
Due to the manner in which fertilizers were applied and the
s0il was sampled, the so0il samples collected cone and two
years after fertilization were extremely variable 1in

available nutrients, Since the fertilizers were appliled in
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circular bands or holes rather thsesn uniformly broadcast,
soll anslyses frequently showed very high concentrations

of fertilizer elements, pserticularly of the relestively
insoluble phospnate, In apite of this varisesbility, it may
be ststed that there were definlitely residual effects from
the applied phosphseste #nd potash, These effects tended to
vary with the rstes cf phosphate snd potash arnplied and the

lapse of tirme since thelr spplication.

Effects of Fertilizer Trestments on Growth

The avera,e heights snd growth of the surviving trees
for each fertilizer trestaent in the three plantstlions are
given in Tables 5, 6, =znd 7. The averare growth in the
Homer plantation (Tesble 5) was over 50 percent grerter than
th.e avers~-e growth in the Alexendria plantstion (TMable 6);
in fect, the differences 1in growth of the unfertilized plots
in the two plantations were even more pronounced, This
greater growth st Homer must be largely attributed to the
complete eradlicstion of weeds, In the Alexandria plantation
weeds were not effectively controlled and thelr srowth wes
stimulasted by the fertilizers,

The 30 inches of reinfall received rt the Homer loca-~
tion during the six-months period from April through
September exceeded the rainfall for the same period at the
Alexandris location by 5.5 inches in 1959, but it was almost

8 inches less durlng the same perlod in 1960 (Appendix C).
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Table S5.--Averaze heirghts and growth of surviving trees,
Homer plantetion,

Fertilizer Number Aversge Ht. Eft,) Aversge Growth Ert.)
Treatment of ar, oV, eC, &

(N-P205-Kp0) Trees# 1959 1959 1960 1959 1960 3540

O- 0- O 184 0.69 2.22 6,18 1.529 3.898 5,427
0= 0-=100 189 0.71 1.93 5S4y 1.222 3.522 L.744
0= 0=200 206 0.69 2.14 6.31 1.460 L.,166 5,625
0=100- O 181 0.69 2.52 6.80 1.5828 Y4.243 6.070
0=100-100 191 0.7 2467 7.04 1,930 UJ.373 6,304
0-100-200 197 0,70 2.57 6,67 1.861 4.09 5955
0=200- 0 198 0.63 245 6.62 1,813 L.17 5.986
0-200-100 191 0.65 2.50 6.74 1.847 4J.235 6.081
0-200-200 193 0.70 2.45 6,54 1.757 L.087 5.844
100- 0=100 200 0.6L4 1.98 5,90 1.346 3.926 5.271
100- 0-200 180 0.7% 2,15 6,04 1445 3,913 5.358
100-100- O 199 0.58 2.,30 6,70 1.717 L.LL42 6.159
100-100-100 205 0.63 2,38 6,L4 1,748 L4.038 65,786
100-100-200 198 0.66 2.48 6.85 1.821 4.385 6,207
100-200- O 185 0,69 2,30 6,43 1.6l L.106 65,720
100-200-100 188 0,65 2,47 6,93 1.821 4.459 6.280
100-200-200 198 0,68 2,32 6.53 1,640 L.176 5,816
200~ 0= O 177 0.73 1.75 5.5% 1,012 3,740 L.752
200= 0100 175 0.71 1.85 65,5 1.116 3,684 L4.BoO
200~ 0=200 188 0.73 1l.86 5,29 1.145 3,457 L.602
200-100- O 172 0.71 2.20 6.30 1.502 4,198 5,700
200-100-100 189 0.70 2.42 6.88 l.72L LJy06 6,130
200-100-200 182 0.66 2,13 6,26 1.479 L.134 5.613
200=200- O 171 0.73 2.33 6.74 1.599 4.400 5,999
200=200-100 9L 0.66 2,16 6,59 1.535 L.377 5.912
200-200-200 204 0,62 2.20 6,28 1.578 L.077 ©5.656
Averave 190 0.68 2.25 6,36 1.571 L.106 5,677

#Total of three blocksa,



78

Table é6,~~-Averare helghts and growth of surviving trees,
Alexandria plantation.

Fertilizer Number Average Ht, (ft,) Average Growtn (ft,)

Treatment of Apr. Nov. Nov. 1959 &
(N-P20g~Kp0) Trees® 1959 1959 1960 1959 1960 1960

0= O- O 218 0.91 1.27 2.98 0.359 1.680 2.039
0~ 0=100 207 0.89 1.1 3.37 04517 1.920 2,437
0= 0=200 197 0.92 1.28 .03 0.3%9 1.703 2,052
0-100« O 212 0,92 1.52 0.583 2.187 2.771
0-100-100 202 0.88 1.40 0,519 1.967 2.487
0~100-~200 209 0.77 1.39 0.618 1,994 2.612
0=200-100 212 1.01 1,55 0.539 1.993 2,533
100- 0= O 203 2,91 1.33 0.417 1.59) 2.011
100- 0-100 205 0.92 1.30 373 1.2 1,800
100- 0-200 177 0.90 1.34 h35 1,621 2.056
100-100=- O 207 1.00 2,36 357 2.966 .322
100-100=100 206 0.98 2,32 333 2.779 L.l12
100-100-200 197 N.9h 240 hé66 2.938 Lok
100=-200- O 189 N84 2.12 2,706 1,000
100-200-=109 188 n.,82 2,08 1.26 2.597 3.865
200- 0= O 138 0.91 1.23 0.324 1,200 1.524
200- 0=100 209 0.92 1.20 0.283 1.1y 1,697

.
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w
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200- 0-200 176 0.8 1,13 0,286 1.230 1,516
200-100- O 194 0,99 2.29 1.295 3.110 44,4405
200-~100-100 203 1.0 2.48 l.iy  3.152 L.596
200-100-200 185 0.73 1.74 1.015 2,652 3,666
200-200- 0 182 0,85 2,21 1,371 3.049 L.420
200-200-100 20k 1,03 2.46 1.426 3,200 L.626
200=-200-200 183 0.78 1.95 1.257 2.909 lL.166

£ JEvinE o o oFEEE i o Dl Wil

Average 198 0.91 1.75

.
o
W
Q
.
oo
\»
oo

2.242 3,081

#Total of three blocks,



Table 7.-=-Average helzhts and

Washington Parish plantation,
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zrowth of surviving trees in

Fertilizer Number Average Ht, (ft. Average Growth (ft.)
Treatment of Apr. Dec. Dec, 1959 &
(N-Pp05-Kp0) Treess 1959 1959 1960 1959 1960 "y54,
0= 0=100 219 1,06 1.59 .28 0.532 1,680 2,212
0= 0=200 220 1.00 1,60 3,36 0.603 1.766 2,369
0-100-100 217 1.03 1,69 3.52 0.652 1,837 2.488
0-100=-200 216 0.99 1.59 3.43 0.602 1.838 2.440
0=200- O 216 1,01 1.66 3.35 0.650 1,694 2.344
0~200-100 219 0,98 1.53 3.19 0,548 1.650 2.19
0-200=-200 223 1.08 1,70 3.45 0,622 1,746 2.36
100~ 0= O 202 0.1 1.%& 3.20 0.531 1.761 2.291
100- 0-100 193 1,06 1.65 3.53 0.596 1.877 2.473
100- 0~200 198 0,95 1,64 3.72 D.694 2.078 2,772
100-100- O 206 0.99 1.63 3.74 0.643 2,111 2,754
100-100-100 197 0.87 1.43 3.25 0,559 1.813 2,372
100-100=-200 206 0,96 1,60 3.57 0.634 1,974 2.608
100=200- O 220 1.04 1.59 3.36 04550 1,769 2.319
100=-200-100 211 1,01 1.64 3.56 0,636 1.914 2.552
100=-200-200 192 0,81 1.39 3,29 0.587 1.892 2.478
200- 0= 0 173 0.87 1.39 3.22 0.521 1.832 2.354
200- 0-=100 162 1,08 1,67 3.48 0.597 1.802 2.399
200~ 0=200 169 0.98 1,80 3.66 0.820 1.815 2.653
200=100- O 209 0.92 1.3 3,.%6 0.504 2.118 2.626
200-100-100 186 0,98 1.61 3,38 N.62% 1.,7h1 2,384
200=100-200 192 0.92 1l.47 3.25 0.553 1l.752 2.319
200-200- 0 208 1,01 1,57 3.41 0.559 1.833 2,394
200-200-100 208 1.04 1,70 3.66 0.665 1.949 2,616
200=-200=200 203 1.06 1,72 3.56 0.660 1.821 2,487
Average 20l D499 1.59 3443 0,603 1.831 2.436

#Total of three blccks,

#::0nly growth verlod affected by treatments, since fertili-
zers were applied at the vezinning of 1960.
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The total ennual rainfasll of 50 inches during 1959 was 1,74
inches grester at Homer than at the Alexandris location,
During 1960, the totsl rainfell of S50 inches at Homer was
over 1l inches less than the total received at Alexandria,
The differences in nutrient status of the soil before
fertilization were not grest enough to explain the greater
growth at Homer., 1In fact, the topscils in the Alexandria
plantation were generaliy higher in organic matter and bases
then st Homer (Tables 2 and 3). Therefore, differences in
growth between these two locations were probably due more

to weeds competing for nutrients and molsture in the
Alexandria plantastion than to differences in rainfall or to
differences in native fertility of the soils, The effect of
vigorously growing weeds on reducing soll moisture to a
criticsl point for first-yesr pine seedlings has been
stressed by Cummings (18), Derr (20), Doolittle (21),

wWalker (68), and others,

A second observation to bes noted 1s that average growth
for the second year after fertilization was 2,6 times the
average growth for the first year at both the Homer and
Alexandris locationsa, The Homer plantation grew an average
of 1,571 feet in 1959 and 4{.106 feet during 1960, The
Alexandrias plantation grew 0,838 foot in 1959 and 2,242 feet
in 1960, The Washington Parish plantation grew 1,831 feet
in 1960, the first yesr after fertilization., Whether the
increased second-year growth was caused by the edditional

year of age the trees had attained or whether the effects
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of fertilizers on growth were more pronounced the second
year after fertilizstion rerains to be answered. Since the
geges of the trees in all plentations were the ssme, the
fertilizer effects during 1960 would have been expected to
be aimilar for the three plantations, However, the 1960
growth in the Washington Parish plantation was more nearly
of the same maznitude as the 1959 growth in the two other
plantetiona, When one considers the originally higher
fertility status of the scil In the Washincton Parish
plantation (Teble l), 1t appears that the effects of the
fertilizers were more obvious the second year after appli-
cation, The more extensive root systems of the older trees
end possibly more widespread distribution of the soluble
fertiliser elements in the 3011 durlngs the second ye- r micht
have caused this greater crowth, A comparison of the 1961
zrowth in the Washin;;ton Parilsn plantation with its 1960
growth should supply additionsel evidence in support of this
polint,

According to Walker (70), some forest physiologists
believe that a one-year delsy in obtaining hel.ht zrowth
response to fertilizer sapplications 1s ineviteble,
Pritchett and Robertson (S5i) investigated the effect of
tree age at time of applicetion on the response to ferti-
lizers, Three rates of 8-8-8 fertilizer were applied to
slash pine at L and 16 months after trsnsplanting on Lake-
land fine send in Florida. There was no significent re-

sponse to fertlilizer applicsetion smong trees to which
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fertilizer was applied at I montha after transplanting;
however, the same rate of fertilizer per acre resulted in
significant height growth responses in the older trees,

Varlations in growth among fertilizer trestments may
also be noted in the foregoing tables. Data in Table 5
indicate a stimulation of growth by phosphorus snd a retar-
dation of growth in 1959 by nitrozen in the Homer planta=-
tion, The analysis of variance for 1959 growth at Homer
proved the main effects of both nitroven and phosphorus to
be highly significant (Table 8), The effect of nitrozen on
growth, however, was not significant in the analysls of
variance for 1960 growth, but phosphorus continued to have
a highly significent effect (Teble 9)., The detrimental
effect of nitro en on 1959 rcrowth was so severe as to cause
the nitroiren effect to he apparently highly significent in
the snalysls of variance for total growth for the two-year
period (Tsable 10), Although tne interaction of nitroren
with phosphorus did not prove to be significant in any of
the three analyses of varience, the addition of phosphorus
appeared to overcome some of the detrimental ef“ects of
nitrogen on growth, By orthogonal comperison of application
rates, 1t was found that the effect of nitrouen was linesr
whereas tne effect of phosprnorus wes both linear and
quadratic, These efTects sre 1llustrsted in Figures 1C and
11,

The analyses of verisnce for 1959 wvrowth (Table 11),

for 1960 rrowth (Table 12), and for the total growth for the



Table 8.--Anslysis of variance for 1959
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growth in the Homer

plantetion,.
Source of Deggees Sum of Mean P
Varistion Freedom Squares Square
Blocks 2 0.,247780 0.123890 7 652
Trestments:
N 2 1,124,380 0,562190 3L o 70t
P 2 3.414091 1,.707046 105, 374+
K 2 0.,032610 0.016305 1,01
NxP Iy 0.028325 0,007081 Ol
NxK L 0.0904L66 0.022616 1.20
PxK L 0.108437 0.027109 1,67
NxPxK 8 0.2591.32 0.032429 2,00
Combined error 52 0.832418 0.,016200
Totael 80 6.147939

#:3:51zniflcant st

the 0,01 level of probsbility.
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Table 9.-=-Analysis of varilance for 1960 growth in the Homer

plantetion,
Source of Doggees Sum of Meean F
Variation Freedom Squares Squeare
Blocks 2 1.667938 0.933969 13,574
Treatments:
N 2 0.173281 0,0866L0 1,26
P 2 3.222882 1.611401 23424
K 2 0.148878 0.074439 1.08
NxK L 0.375024 0.093756 1,36
PxK L 04353746 0.088L36 1.29
NxPxK 8 0,992263 0.124032 1,80
Combined error 52 3577919 0.0688606
Total 80 11.140531

HiSignificant et

the 0,01 level of probsbillity.
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Table l10,-~«Analysis of varliance for two-yesr growth 1n the

Homer plantation.

Degrees

Scurce of of Sum of Mean P
Variastion Freedom Squares Square
Blocks 2 2.450006 1,225003 Qo Ly Bt
Treatments:
N 2 1,684,381 0.842190 6,524
P 2 13,267376 6.633688 51,364
K 2 0,177624 0.058812 O.l46
NxP 4 0.6364L1L2 0.159110 1.23
NxK n 0,584,200 0.146050 1.13
PxK 31 0.73158L 0.,182896 1.h1
NxPxK 8 1,806621 0.225827 1,75
Combined error 52 6.7157L7 0.129149
Total 80 27.993961

#4#S31ignificant at the 0,01 level of probebility.
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Pigure l0,--The effeoct of nitrogen on growth of loblolly
pine on Shubuts sendy loem and loamy fine sand st Homer,
La,
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Teble 1l,-~Anelysis of variance for 1559 growth in the
Alexandria plantation,

Degrees

Source of of Sum of Mean P
Variatlon Preedom Squares Square
Blocks 2 0.011049 0,00552 Q.12
Treatments:
N 2 224134 2,1312217 6763t
P 2 .833221 L.416610 Lyl Ly 34
K b 0.,029615 0.014807 O47
NxP L 2.597517 0.649379 20,803
NxX 4 0.3C2207 0,075552 2.42
PxK L 0,010034 0.002508 0.C8
NxPxK 8 02115276 0.030659 0.98
Combined error 52 1,623853 0.031228
Total 80 17.877206

##S1gnificant st the 0,01 level of probabllity,
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Table 12,-=-Angslysis of variance for 1960 rrowth in the
Alexandries plantation,

Degrees

Source of of Sum of Mesn F
Variation Freedom Squares Square
Blocks 2 0.032108 0.01605Y4 0.23
Treatments:
P 2 20,267006 10,133503 1y 5. 22w
K 2 0.267526 0,133763 1,92
NxP Ly 6.677846 1.669462 23,9243
NxK b 0.433714 0.10828 1.55
PxK L 0.196620 0.049155 0,70
NxPxX 8 0.210295 0.030037 o.43
Combined error 52 3,628657 0.069782
Total 80 35.,27!-182

#H1S51gnificant at the 0,01 level of nrobabllity,
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two years (Table 13) in the Alexandrias plantation showed the
main effects and the interaction of nitrogen and phosphorus
to be highly significant. When applied alone or with
potash, nitrogen retarded growth. 1In combination with
phosphorus, however, nitrogen increased growth above the
growth of the unfertilized plots. In the same manner, the
addition of nitrogen with phosphorus increased the benefl-
cial effect of phosphoruas, The orthogonal comparison of
application rates proved the rates to be influentiasl on
growth in both linesar and quadratic forms, Becsause the NxP
interaction was significant in the anslysis of variance,
the influence of each element could be illustrated only at
each of the three levels of the other as shown in Figures
12 through 17. The optimm growth response was obtained
with a combined applicsestion of N and P at the raste of 100
pounds per acre of esch, although the maximum growth over
the two-year pericd was obhtalned at the 200epound rate

of esach,

Growth during the first year after application of
fertilizers in the Washington Parish plantation was signifi-
cantly affected only by nitrogen (Table 1l4), The maximum
growth was obteined at the rate of 100 pounds per sacre
(Figure 18), The beneficial effect of nitrogen application
in this plantstion was in direct contrast to the detrimental
effect obtained at the other locsations, The aignificent N
and P interaction in the Alexandris plantation may offer a

possible explanetion for the diversity, It should be
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Table l3.--Analysis of variance for two-yesr growth in the
Alexandria plantation,

Degrees

Source of of Sum of Mean F
Veriation Freedom Squares Square
Blocks 2 0.007473 0.003736 0.02
Treatments:
N 2 15.,124133 7.562066 L7 e7Laes
P 2 55.794123 27.897062 176.01se
K 2 0.,466180 0.233090 147
NxP N 17.132639 4.283160 27.021:
NxK I 1.370082 0.342520 2.16
PxK L 0.,2L9997 0.0621499 043G
NxPxK 8 0.£53184 0.106648 0.67
Conbined error 52 8.,241995 0.158500
Total 80 99.239806

HtSignificant at the 0,01 level of probability.
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Figure 12,-«~Effeot of phosphorus on 1959 growth of loblolly
pine on Bowie fine sandy loem, Ruston loam, and Beauregard
loam nesr Alexandrias, La,
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Figure 13,-«Effect of phosphorus on 1960 growth of loblolly
pine in the Alexandria plantation,
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Figure 16,-=Effect of nitrogen on 1960 growth of loblolly
pine in the Alexandria plantetion,
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Table 1l .--Analysis of varisnce for 1960 growth in the

Washington Parish plantation.

Source of [eg;eea Sum of Mean F
Variation Squares Square
Freedom
Blocks 2 1.069382 0.534691 10,1454
Treatments:
N 2 0.426555 0.213278 o174
P 2 0.052603 0.026302 0.51
K 2 0.020521 0.010260 0,20
NxP L 0.0 5269 0.011317 0.22
NxK L 0.211275 0.052819 1,03
PxK L 0.191332 0.047833 0,93
NxPxK 8 0.328926 0.041116 0.80
Combined error 52 2,660203 0.051168
Total 80 5.006066

#3ignificant at the 0,05 level of probability.,
Significant at the 0.01 level of probability,
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recalled that samples of the topsoll from the Washington
Parish plantation conteined an average of 21 ppm. of avall-
able phoasphorus before the fertilizers were applied, This
amount of .s0il phosphorus may have been enough to support
the increase in growth from the applied nitrogen, in which
case added phosphorus was unnecesssry. In the ssme manner,
the applicetion of more than 100 pounds per scre of P205
produced little or no increase in growth at either
Alexandria or Homer, Loblolly pine may also he more capable
of utilizineg applied nitrogen once the root system has
become well established after out-planting.,

The survival rate in all three plantations was signifi-
cantly reduced by nitrogzen applied in the form of urea,
The grester mortality 1n the ures-trested plots waas attrib-
uted to toxicity. In the same manner, normal growth might
also have heen retesrded by the toxic effect of the urea,
Under normal tempersature snd soil moisture conditlons, urea
i1s raepidly hydrolized and free NH3 may he produced in the
process, In large quantities, NH3 18 usually harmful to the
roots of plants, In a greenhouse study attempted by the
suthor, young loblolly seedlings were rapidly killed by NH3
produced very soon after the addition of relatively small
amounts of urea fertilizer., An excess of smmonium salts
resulting from the hydrolysis of urea might have also
increased the osmotic concentrstion of the soll solution so
that harm to the plants occurred, The manner in which the

fertilizers were applied in this study undoubtedly produced
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much higher salt concentrations in the vicinity of the roots
than would have occurred if the fertilizers had been uni-
formly brosdcast. Injurious effects from the application

of soluble fertilizers have been noted in many of the
reports covered in the review of litersture section,

Murieste of potash produced no significant growth in-
creases at either of the three locations, Woodwell (80)
proposed that from 25-300 ppm, of aveilable K was optimum
for loblolly pine growth, In most plots, the soll samples
contained enough available K to be well above the lower
limit of this renge, Slash pine responded to additionas of
potash only when the soil level of K50 was below 4O ppm.
(52), Very low amounts of available potassium may there-
fore also be sufficient to satisfy the requirements of
loblolly pine,

Further research with fertilizersa applied at rates
below 100 pounds per acre of N and P is needed to determine
what rates are optimum for loblolly pine growth under the
conditions existing in Louisiana, The seme amount of growth
might heve been obteined at lower levels of fertilizers

than were used in this study,

Results of Foliar Analyses

The results of the Chemical anslyses of needles
collected from the Homer plentation after the 1959 and 1960

growing seasons are given in Table 15, No definite trends
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Table 15,.-=Nutrient content of needles collected from the

Homer plantation,

Fertiliszer Rep, N P X Ca
Trestment No, (percent of oven-dry weight)
1959
O- 0= O T 1.74 .086 640 .282 080
1T 1,93 .082 .378 816 <107
III 1,90 +OSL « 760 «356 107
0" 0"‘100 I lobu oloh- .bhO .282 .06u.
T1 1.83 .113 .378 592 «133
17 1.96 <057 66l «333 .093
0- 0-200 I 1.66 .076 Y 872 .259 .06'4,
1T 1.83 <106 378 L6l .133
111 2.15 +060 .728 »311 .080
0-100- O I 1. 79 .090 0728 .329 QObh
11T 2,06 072 « 792 333 «093
0-100-100 I 1,61 092 752 259 .08
I1 1,87 «100 333 <62l <107
IIY 1.76 «076 6506 .289 .093
0-100-200 I 1. 88 0060 .BOO 0259 00 8
II 1.80 .086 311 .680 .080
IIT 2.09 .072 . ohilyly +107
0«200- O T 1.87 .06l .768 «235 .0Lu8
1Y 2.08 .100 <311 . 768 + 067
TIT 1.70 +082 + 840 311 «093
TI 1.91 +116 356 592 .080
IIT 2.13 060 YT N22 «133
0-200-200 I 1,59 079 «568 «235 .080
IT 1,88 «120 «333 « 50U «107
11T 2.68 .058 .86l 311 . 080
1T 1.77 «079 «356 704 053
II1Y 1,82 o84 «952 <311 .080
100- 0-100 I 1.89 «062 552 .3%& « 096
1T 2.07 077 33 o5 .093
ITY 1.75 077 «56 «311 «1h47



103

Table 15,.~-«(Continued)

Fertilizer Rep. N P K Ca Mg
Treatment No. (Percent of oven-dry weight)

100- 0=200 T 1,72 079 «672 « 306 112

I1 2.74 .068 «333 «528 .093

TIT 2.26 . 080 .568 .378 «093

100=100- O I 1.61 « 070 « S0k «259 .06l

11 2.50 07l «333 696 093

IIY 1.95 . 092 .680 «356 093

100-100-100 I 1.72 116 « 512 .282 .06l

IY l1.73 «123 311 648 «120

ITT 1.87 . 096 632 .378 .107

100-100-200 I 1,75 .058 672 «353 . 080

IT 1.93 «130 .289 « 560 «120

ITY 1.82 079 . 784 « 356 . 080

100-200" 0 I 1.b8 .OBb .I.IJ.J.O .329 0080

TT 2,09 113 «378 568 120

IIX 1.91 .106 576 .378 .080

100-200~100 I 2,08 057 632 235 .080

TY 1.78 .076 «333 66l «120

11T 1,74 .080 862 356 080

100-200-~200 I 1.77 . 058 +568 259 « o6l

IT 1.78 . 090 «356 576 «120

IIT 1.68 .10l 592 .378 .120

200- 0- O I 1. 88 0062 .kSB 0282 .080

IY 1.65 . 082 «311 o Thly .133

IIT 1.81 «072 . 560 + 356 »120

IT 1.71 .086 .289 .608 «107

ITT 1,85 « 062 <640 « 356 .080

200=- 0-200 I 1.84 060 472 306 .06l

IT 1,75 070 «333 .872 «120

IIT 2.42 .056 « 592 311 .067

IT 2.05 «102 «333 .640 .107

ITI 1.63 . 076 648 311 .093

200-100-~-100 I 1.81 « 096 080 «259 .06l

11 1,98 «077 7 311 .053

ITI 1.79 . 072 .60 .378 093



104

Table 15.,=--(Continued)

Fertilizer Rep. N P K Ca Mg
Treatment No, (Percent of oven-dry weight)

200=100=200 I 1,58 «056 « 576 235 <08
11 2.1 +086 616 289 «120

111 1.83 Mo i « 7306 «334 0067

IT 1.74 OT77 0l 0 «311 « 107

IIT 2.37 .0bb 252 « 356 .080
200=200=100 I 1.77 080 <696 235 080
11 1.72 «102 .688 «333 «107

ITY 1,98 068 +650b « 356 .093
IT 1.75 .088 .832 «333 » 080

IIT 1,72 « 104 672 «333 +107

1960

0O~ 0O~ O T 1l.41 «O7L «560 189 «107
T1 1,38 .116 +512 .133 .093
TIT 1.40 . 066 Jol <141 . 095
0= 0<100 T 1.41 . 088 .62l 145 «100
It 1.40 116 1480 «126 093

IIT l.42 062 5L .14 8 .088
O" 0-200 I 1.39 .123 .600 .138 .089
11 1.42 .106 . 600 131 .091

177 1.45 .076 552 .09 .051

0-100- O T 1,32 .113 568 +145 .107
TI 1.36 . 096 o5 .116 .10

11T 1.40 .070 ol «153 .07
0=100-100 1 1.43 .113 « 560 e162 . 085
11 1.35 <120 600 . 109 . 093

TIT 1.36 « 079 « Sl .14 .082

0-100-200 I 1l.40 .102 «6l6 153 «096
I 1,35 .116 . 568 119 .087

I1T 1,34 <077 e Sltdy 146 .081
0=200= 0 I 1.33 .08l o 54ly 155 .120
1T 1.40 «106 552 « 10 . 087

ITT 1,35 .079 .50l 14 .086
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Table 1S5,-=(Continued)

Fertilizer Rep. N P K Ca Mg
Treastment No, (Percent of oven=-dry weight)

0-200-100 T leltl .123 600 .187 .088
1T .43 «126 « 560 .128 «093
TTT 1,35 Roxil} « 5Ll »092 .078
0=200-200 I 1.42 . 090 576 «17 100
T7Y 1l.40 120 .58l e12 .083
TIY 1.25 .076 .592 + 092 .05l
TI 1.40 120 . Shly 136 .083
117 1.38 0Tl « 520 141 050
100- 0=100 1 1,49 079 552 .158 «073
11 1.b3 096 «530 .136 .083
T11 1.40 ekl «5G2 <122 .053
IT l1.40 .120 . 656 «11l 083
100-1C00- O I 1.235 .126 .576 .153 « 096
IT 1.30 .082 . 50l .131 .100
II7 1.40 .070 G0 .1565 L0680
100-100-100 T 1.27 106 «592 <11l « 096
TT 1.39 10l 552 119 . 096
1773 1,35 .072 .568 . 092 « 05l
100-100-200 1 l.406 .086 . 600 <145 .083
I1 1,35 .102 616 .121 072
TIT 1,33 07l « 584 134 .039
100=-200=- 0 I 1.239 .08l <600 <150 .091
II 1.40 . 100 « 560 .128 .093
IT1Y 1,45 .080 «576 <155 « 065
100-200-100 I 1l.41 . 068 +608 11 « 080
IT 1.36 .120 o5 2121 .083
I1Y 1.37 «077 584 .158 .051
100-200-200 1 1.40 .080 «592 .138 <067
TI 1l.h46 123 552 .11 «104
ITI 1.41 079 640 «129 . 050
200=- 0= O I l.hY .110 .528 .128 .08l
11 1.50 .110 .512 121 . 093
IT7 1,39 079 « 536 1ol . 058
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Table 15,~~(Continued)

Fertilizer Repe. N P K Ca Mg
Treatment No, (Percent of oven=-dry weight)

200- 0-100 I 1.42 084 568 «109 .085

IY 1.42 .116 600 «112 .087

1171 1.39 077 . 608 <134 .035

200- 0-200 I 1.43 «110 .58k «153 «073

II l1.46 <077 « 600 +126 . 085

T1T 1.45 079 .016 «129 .055

200-100- O I 1.50 .10 .11 88 «160 .080

11 1-llh 008 OSLL% ollh» 0091

TIT .42 . 076 52 «155 .073

200+100-100 T 1.45 .079 616 «153 .069

T1 1l.41 .116 «592 <126 . 080

ITI 1.39 . 080 «656 <1446 .0OlL3

T 1l.42 106 584 .11y 073

TIT 1.38 079 . 552 141 .0L7

200=200- 0 T 1.40 .110 528 +158 .113

TI 1,38 .106 562 126 .080

T17 1.39 . 080 < Sl .16l . 061

200-200-100 I 1.u% .110 .62l .158 067

IT 1,3 104 «576 .121 . 080

11T 1.45 +079 .56 . 165 . 0lo

200=-200-200 I l.41 «126 . 600 .138 .071

TI 1,442 «110 «576 .11b . 080

ITT 1,35 .079 672 +150 .053
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in the uptake of nitrozen, phosphorus, or potassium as =a
result of aspplied fertilizers sre shown in the nutrient
content of the 1959 needles, Extreme variationas between
replicetions were noted, For example, potassium in needles
collected from trees in the second replicatlion wss consist-
ently lower thesn in the first asnd third replications,
Calcium, on the other hand, was hihest in the second replil-
cation, The nitro.;en ccntent of needles from sone plots to
which no nitroren was added exceeded the nitror-en content of
needles from some nlots to which nitrorsen was sdded,
Nitroren, phosphorus, potesslum, encd masnesium are resdily
translocsted from old to youns tissues (35), and 1t mey well
be that the needles produced during 1959 would hsve con-
tained amounts of these elements which were 1In the follieye
of the trees at the time of vplsntingse The content of nutri-
ent elements in 1960 follepe was .enerally lower than in the
1959 follace. Tt should be pointed out, however, thst the
total emounts in the trees mey have incressed even though
percentares decreased, The trees grew nuch taller and pro-
duced considergbly more nee<les during 1960 than during
1959; so the totsl wel.ht of follage produced the second
year fer exceeded the welcht of follace the first year sfter
fertilization. An increase in total dry welcht of needles
causes the concentrstion of some elements to decresse while
absolute amounts are incressing (35), Differences between
replicetions were smaller in the 1300 needle samples than

in the 1959 samples, but azaln no trends in uptake resulting
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from fertilizer applications are apparent from the percentage
concentrations,

The reletionship between applled fertilizers and
nutrient content of the follage collected from the Alexandria
plantation is much clearer, Trees receiving applications of
urea N alone or in combinatlion with potesh contained rather
high percentasges, 2.0 to 2.7, of nitrogen in the 1959
foliage (Teble l6). The nitrogen content of needles from
trees which received phosphate applications in addition to
urea waes somewhat lower, This difference can be explained
by the lsrger wei - nt of needles oroduced by these trees
when compared to the much smaller trees whiech did not
receive the combination of phosphorus and nitroren ferti-
lizers, On a totsl=-growth basis, the amount of nitrosen
may have been the ssme, The percenteges of potassium and
phosphorus also tended to incresse with the application of
phosphate and potssh, Foliare ccllected after the 1960
growing season contained less nutrients on a percentave
basis than did the 1959 foliage, The greater amount of
needles produced by the larcer trees during 1960 would cause
the percentsge contents to decresse while the totsl nutrient
content may have shown little chen-e,

A comparison of the nutrient content of needles
collected from the Washincton Parlsh plsntation before the
application of fertlilizers with the nutrient content of
needles collected after the first year of fertilization can

be made from dsta in Table 17. Nutrient content was rather
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Table lo,~-=-Nutrient content of needles collected from the
Alexandria plantation.

Fertilizer Rep. N P X Ca Mg
Treatment No,. (Percent of oven-d4dry weipght)
1959
0- 0— O I 1.02 .113 .50!4. 0100 .152
1T 1.59 « 056 JL6 .282 224
11T 1,33 «120 .52 .282 160
0= 0-100 T 1.53 «079 « 528 +090 <12l
1T 1,51 .110 « 568 «235 176
II1T 1.51 0102 .600 +259 «160
0= 0=200 I 1,40 « 096 560 +« 090 <152
17 1.48 . 084 .568 «259 +160
T17T 1l.46 .104 592 e 259 .128
0=-100- O T 1.49 <102 bl « 090 «152
T1 l.42 . 080 480 .282 22
111 1.58 <116 .552 235 12
0~-100-100 T 1,48 .092 .608 . 090 «152
TI 1.49 +113 5 .282 <160
IIT 1.2 07 .56 +259 o 1lly
0=100~200 T 1,38 .102 . 568 .110 +b00
11 1,39 +126 . 568 259 .160
0=20C~ O T 1.32 .113 « 560 130 ——
1T 1.46 «070 . 552 .282 22
TIT 1.46 136 «560 .282 .12
0-200-100 T 1.41 .113 .512 .120 .152
I 1.35 «133 «568 .282 22
ITI 1,38 .100 568 .282 176
0=200=200 T 1.34 . 082 «560 .110 .138
I7 .42 110 552 « 259 .22
117 1,31 2126 +«552 +259 o« il
100= 0O~ O I 2,29 058 + 376 « 090 <110
I 2,32 .080 432 «235 220
IIT 2.34 « Olly 1116 .212 .128
100~ 0=100 I 2.19 «057 <504 . 080 « 290
17 2.35 «0bb 4906 «235 o Il



110

Table lo.=-=-(Continued)

Fertilizer Rep., N P K Ca Mg
Treatment No. {Percent of oven-dry weight)

100- 0"200 I 1.32 .Obb .50 .0b0 0110

T 2.11 - 054 60 + 235 .128

ITY 2.17 .0bb «512 « 212 160

100-100- 0O T 1,67 1006 2l 1.2064 «303

I7 1.62 . 082 2L 212 160

TI1 1,52 .106 1180 «259 160

100-100-100 T 1,58 .126 «552 «110 .152

17 1.77 . 090 «528 .259 14l

III l.66 <140 «536 235 i FTH

100-100-200 T l.64 «100 «568 «100 «110

11 1.54 082 « 552 «235 «160

11T -h+ .130 .608 «259 <4k

100-20C- 9 T 1.76 080 JAli 8 «110 «110

IIT 1.39 .136 « 560 « 259 e 1)y

100-200-100 T 1.77 .120 .528 « 090 1400

TT 1.57 .136 «536 » 259 .128

IT7 1.80 . 140 « 50 «259 « 1lydy

100=200=-200 I 147 .086 1488 100 .138

II 1.41 <113 «0lo «259 .128

IIT 1.57 « 100 «616 «235 . Ugly

200- O- O I 2.66 L] Oh,b L] 330 L 080 L) 083

11 2.71 068 408 212 .128

200- 0=100 ) 2.2l 058 «528 . 080 .110

II 2.51 06l 552 212 .112

IIT 2.54 «070 570 «235 .128

200- 0=200 1 2.55 « 057 . 504 .080 345

IT 2.56 D77 . 512 «235 .112

ITT 2.54 « 066 «512 212 .0L8

200-100~ 0O I 2.006 «113 .38 100 <124

IT 2.39 «OT7h 140 235 «112

T1I 2,03 .130 Lo .259 « gl

200-100=100 1 2.1l 10l 21156 100 «138

IT 1.84 086 180 259 .128

TI1 2.20 140 72 235 <1y



Table l6,=-=(Continued)

111

Fertlilizer Rep. N P K Ca Mg

Treatment No. (Percent of oven-dry welght)
200=100-200 T 2.00 . 088 530 « 090 . 800
TI 2.23 . 088 480 + 259 .128
ITT 1.79 <145 «552 259 «160
ITY 2.09 .133 JiliB 235 .160
200=200-100 T 2.13 130 J72 .090 .083
IT 2el3 « 115 +512 259 .128
ITT 1.91 «133 TR Y « 259 «176
200-200-200 T 1.586 .082 552 . 100 . 096
TI 1.89 .110 . 528 235 o 1yl

1960

0O- O0- O T 1,53 . 080 116 184 »110
TTI l.61 .123 132 235 117
0= 0-100 T 1.56 .106 32 .223 +120
IT 1,57 .120 .11 88 165 131
11T «=3 120 120 235 .138
TI 1.65 .130 el e 212 .138
17 1,57 <116 72 212 .138
0=100- O T l.01 .110 472 .202 .10l
11 1.60- .133 LU0 212 <124
TIT l.61 .116 1156 212 .12
0-100-100 T 1.51 .102 132 e233 .131
IT 1.52 «110 1432 «235 124
I17T l1.50 «113 J1lb .223 .12
0-100=200 1 1.53 .110 40 .254 .126
1T l1.52 .102 1408 . 200 .131
ITT 1.61 .123 NI .188 .110
0=200= O I 1.55 .116 ol 223 .126
TY 1,50 100 J156 w212 .138
17T 1.50 .102 J4le 223 .124
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Table lt.=--{Continued)

Fertilizer Repe. N P K Ca Mg
Treatment No. (Percent of oven-dry welight)

0~200~100 T 1,56 .116 4472 235 «135

IT 1.49 «113 448 «193 .138

IIT 1,50 «106 18 200 <124

11 1.55 .120 1132 «223 « 145

I1T 1.53 .116 Jol «188 .12

100- 0~ O 1 1,55 . 0906 A2l .188 .120

11 1,51 <113 1440 212 .138

ITT 1,50 «110 «376 «165 110

100- 0-100 I 1.h6 .100 08 .223 .120

TT 1,51 . 090 308 235 +152

TTT l1.52 .1310 116 212 «117

100- 0-200 I 1.55 106 « 560 202 .118

II 1,58 .100 .u%B .165 124

IIT 1,55 .110 . .212 <117

100-100- 0 I 1,65 110 « 360 » 202 .128

11 l.46 «120 408 165 <124

ITT 1.42 .110 « 360 .212 12h

100-100-100 T 1,52 «104 Ji6l .282 <141

IT 1.48 .1l6 L4 0 «188 .138

ITT .su 110 iy 8 212 «117

100-100-200 I 1,51 .106 1148 .181 .108

II 1.50 « 090 408 .176 .138

IIT 1.45 .106 L1108 212 .131

100=200- 0O T 1.60 .106 L2l .186 «133

IT 1.h46 .126 <1400 165 .131

111 1.43 .106 « 360 0212 .120L

100-200=100 I 1.48 «102 .14 08 «165 «116

11 1.48 .104 2k .188 .124

11T 1.49 .110 NIn <165 .110

100-200-200 T l.56 106 U456 « 200 <19

I7 l.47 .116 L2 <165 124

IIT 1,55 «116 156 .165 .110

200=- 0~ O 1 1.58 113 L72 «151 .11l

1T 1.53 . 096 400 .212 .131

I17 1,59 .113 392 . 200 117
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Table l6.,==-(Continued)

Fertilizer Rep. N P K Ca Mg
Treatment No, (Percent of oven-dry weight)

200~ 0-100 T 1.52 104 108 261 . 146

7T 1l.42 .102 1408 .188 «117

III 1,42 .102 1400 .212 « 096

200- 0-200 T 1,55 .110 L0 . 188 .111

TT 1.49 .120 116 .188 <124

TIT 1.49 104 472 +235 .103

200-100- O T l.62 113 250 141 +101

IT 1,01 .126 1132 «176 .117

TT7 1,55 . 106 . 392 .188 .110

200-10N=100 T 1.57 .113 13480 « 200 .112

17 1.140 .10l 384 176 .110

TIT 1.57 .113 1180 .188 .110

200-100-200 T 1.59 .11b .528 «179 106

IT 1.0 113 N2 .212 124

TIT 1.4 .106 0 <165 <117

200=20N- 0 T 1,57 .113 Q40 .155 .111

I 1.00 .120 1400 .176 .131

ITT 1.57 .110 « 384 .212 .110

200=200-100 T 1.53 2113 408 . 200 .119

IT 1,46 .096 o432 .188 124

ITI 1,58 . 106 L2l « 176 110

200-200-200 T 1,55 .110 .14 08 . 200 .100

TY 1.56 .123 . 88 212 <138

IT1 1.53 .113 o .176 2110




114

Table l17.-~Nutrient content of needles collectad from the
Washincton Parish plentation,

Fertilizer Rep. N P K Ca Mg
Treatment No. (Percent of oven-dry welight)

1959 (Before fertilization)

0= 0= O T 1,67 116 .50 .225 <194
191 1.64 126 48 225 142

ITT 1.80 «07L 1188 »110 . 166

0= 0=100 1 1.69 .120 0180 «275 .168
17 1.03 « 060 488 225 +1le

I11 1.69 «120 . 504 .130 .124

0" 0-200 I 1.72 0123 01-3-88 0225 .1b8
TI 1,70 0706 .536 «325 .129

TIT 1,77 .08t « 520 .10 .12

0=100=- 0O T 1.83 «123 .14 88 <275 .155
TT 1.61 <10 .528 .225 . 116

11T l.76 .088 L1480 .110 .110

1T 1.62 110 <S4l 250 .129

IT1 1,72 .088 . 50l .110 . 096

1T 1,63 «110 L1172 275 1106

TIT 1,70 «126 » 50U <100 . 096

0=200=- 0 I 1.71 «110 496 275 .129
TT 1.6 <145 . 512 .250 .129

TIT 1.65 092 «512 .110 . 386

0=200-100 1 1.78 1306 132 . 225 «155
T7 1.57 «110 .u.bu 0225 .110

ITT 1.69 . 086 1480 100 . 055

11 1,68 .110 480 «250 .12

100- 0- 0 T 1.73 .120 480 . 250 <129
TT l.65 .116 172 . 250 L1142

TIT 1.8 .0832 . 50l .110 . 096

100=- 0=100 T 1.75 .102 o150 . 275 .155
17 1.63 «1306 .512 = ,250 «155

T17 1.60 «113 o Shily +110 .0G6
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Table 17.~~{(Continued)

Fertilizer Ren, N P K Ca Mg
Treatment No. (Percent of oven-dry welcht)
100- 0-=200 I 1,88 .092 « 552 . 225 142
11 1,62 .092 . Shly .250 J1h2
TTT 1.78 «130 « 504 100 0193
777 1.71 . 106 496 .130 . 096
100-100=100 T 1.77 .120 156 250 .129
T1 1.73 . 096 .528 275 .155
17T 1.66 .10 . 512 .J10 . 069
100=100=200 I 1,66 130 b .250 .129
TI 1.76 <145 48 .250 <142
TT) 1.73 . 092 el .120 179
100=200=- 0 T 1.6t 140 504 225 .116
1 1l.68 .126 172 <250 142
T17 1.78 .116 196 .110 <110
100-200-100 I l.61 120 < S0L . 250 159
17T 1.77 .130 .520 «250 142
177 1,67 . 092 L1 80 « 090 .083
100-200=200 1 1.84 .100 .528 . 225 .129
IT 1.63 120 .528 275 . ga
T17T 1.82 092 J72 <070 O
200~ 0= O T 1.79 116 A72 275 $129
T1 1.71 .130 5268 e225 .129
ITT 1,80 090 « 530 «110 .0%6
200« 0=100 I 1,78 .086 520 . 200 129
A 1.69 .102 .536 « 300 «155
TrY 1.69 . 084 480 120 069
200~ 0=200 T 1.68 074 « 552 275 142
11 1.8 .120 Lol «100 . 096
200~100~ O T 1.89 .086 L1196 . 250 .103
1T 1.70 . 088 486 «275 .129
IT1I 1.70 . 050 1480 .120 .12
20N =100=100 T 1,65 .092 Jl6 225 .116
I7 1.68 L OBG .50l 275 L2

TIY 1.73 .130 .1188 110 .138
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Table 17.~=-{Ccntinued)

Fertlilizer Rep. N P K Ca Mg
Treatment No, (Percent of oven-dry welght)
200-100-200 I 1,88 . 096 5306 275 .116
I1 1,68 « 092 .512 275 «116
IIT 1,72 <136 «512 . 100 .138
200-200- 0 I 1.71 110 .hb% .225 .155
1Y 1.72 «100 .52 .225 .129
188 l1.72 .088 .11 88 .110 152
200-200-100 I 1.83 0110 ou72 0300 0155
I l.65 . 096 496 275 .116
IIT 1,78 .088 .528 100 .152
200-200=200 I 1,68 .10b A72 «250 .155
IT 1.71 «120 « 520 «250 142
TIT 1.72 . 090 456 100 .138

1960 (aAfter fertilizetion)

0- 0O~ O T 1,50 .100 ~uly0o .188 .128
T1 1,59 .102 8 «235 «157

TT7T 1,61 . 096 Ll 0 .188 «128

0- 0-100 T 1.&? olOb .hOO .17b 0121
T1 1,62 123 488 .212 +143

TI1 1,60 116 .50l «212 <11l

0= 0=200 I 1,45 .0L8 140 235 «136
II l.52 .104 496 212 s11h

ITT 1,61 .110 .50 itk 143

0‘100- O I 1.39 ¢082 .392 .188 01&3
TI 1,53 +113 .u%o . 223 o143

TIT 1,65 .110 .1, 88 212 .128

0-100-100 I 1.&7 010b .u32 .212 .128
IY 1.63 .120 +«536 223 .128

11T 1.59 .120 « 50l « 200 .128

0=100-200 I 1.45 . 092 432 .212 .136
17 1.51 «11b «512 212 « 143

171 1,62 «1l1lb 490 .188 « 11l

0=200- O 1 1.47 . 082 .u%o o212 «150
IT 1.47 «104 1488 245 <143

TIT 1.60 110 .14 88 .212 .128
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Table 17.~=(Continued)

Fertilizer Rep, N P K Ca Mg
Treatment No. {Percent of oven-~dry weight)

0=200=100 I 1,58 .116 488 212 «143

1T 1.52 «110 496 . 235 .128

117 1,56 116 4906 .235 128

0=200=200 1 1,66 «116 1496 o212 .128

11 1,56 .1lo 528 «235 <143

ITI 1.59 .113 1488 200 «11h

100~ 0O- O T 1,57 .088 352 e 235 . 157

TI 1,61 «106 ol 250 «157

11T 1.71 092 1480 . 200 .11l

100- 0100 T 1.47 .072 16 «235 .128

TI 1.64 102 1196 247 <143

ITI 1,73 .100 . 50k « 200 .100

100- 0=200 T 1.54 . 082 Llb 212 .128

17 1.06 <104 1480 .212 .128

1171 1,70 . 090 188 .188 11

100=100- O T 1.49 076 14N0 «223 «1U3

TT 1,52 120 «512 .200 .128

111 1,58 .116 172 «193 «128

100-100-100 I 1.43 .088 456 176 .128

II 1.5, .120 .5l 223 011N

IT7T 1.65 123 .520 .188 .11

100-100-200 I 1,42 102 bl « 200 .114

1T 1,58 ¢ 1110 . 6090 259 +143

117 1,67 «120 .530 <165 +11h

100-200~- 0O I 1.47 . 090 440 .188 «143

IT 1.0 .123 U456 .212 «157

177 1,68 <120 L2y .235 <143

IT 1.62 0110 ohBB .198 0128

IT1T 1.67 .120 528 .176 .128

100=-200-200 I 1.40 «100 432 .176 .136

T1 1.55 +120 <54l 212 «143

1771 1,60 1106 <536 <179 .128

200"‘ O- O I 1.79 0090 .!4.08 .2?3 .1)-1.3

17T 1,85 .086 408 <247 136

11T 1.77 . 086 U456 .« 200 .128
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Table 17,-=-(Continued)

Fertilizer Rep. N P K Ca Mg
Treatment No. (Percent of oven-dry weizht)
200- 0-100 I 1.57 QOBLL .u» O .219 01
IT 1,65 .080  .u88 212 .12
T17 1.70 102 1196 .212 .11l
200~ 0=200 T 1.55% . 084 .u%a 176 .128
1Y 1.69 .062 488 212 o1
I1T 1.73 . 088 1480 200 12
T 1.53 <1006 432 200 .136
17 1.60 .102 U450 165 11l
200-100-100 T 1.h42 . 080 1400 .188 <136
IT 1,55 110 1488 .188 .128
TIT 1.65 .120 .528 .165 <11L
200-100-200 T 1.42 .102 .uﬁe .l65 136
I7 1.59 .1l6 1488 .176 .114
ITT 1,59 .110 504 L1665 .11
200=200- O I 1,39 . 104 1100 <176 .128
11 l1.62 «110 W32 .188 .11l
ITT 1,75 «155 . 584y 235 .157
200-200-100 I 1.37  .102  .432  .188  .128
TT 1.53 110 4906 165 .100
117 1.67 133 .50l .166 .128
200-200-200 T 1,48 116 448 .188 .11
1T 1.6 .113 1456 .165 .12

I17T l.6 .133 «5lily 2165 .100
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uniform throughout the plantastion both before and after
fertilizetion. The percentages of nutrients apparently were
not greatly influenced by fertilizer applications, although
the nitrogen, phosphorus, snd potassium tended to be some-
what higher in trees which recelved applications of those
elements,

From the foregoing discussion it should be apparent
that the total weight of needles produced by the trees
should be obtsasined in order to calculate the total amounts
of nutrients absorbed by the treea, Differences in nutrient
contents influenced by fertilizer trestments might be
revesaled which are not evident from the percentage composi-
tion of the collected needles,

Very little work has been published on the nutrient
content of current needles of loblolly pine which can be
compared with the results obtained in this study. In l-,
S5-, and B8-year-old plantstions, Zshner (87) found that all
fertilized trees contained significantly more nitrogen in
their foliasge than any of the control trees st the end of
the first growing sesson, Trees fertilized with 300 pounds
of N per acre conteined more foliar nitrogen then trees
fertilized with only 100 pounds. After three growing
seasons, the difference between the high-nitrogen treatment
and the control had disappeared, In the firast year, foliar
phosphorus and potassium were significantly higher in trees
heavily fertilized with NPK than in trees recelving lighter

applications or in control trees, Current needles one yesr
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after fertilization contained from 1,31 to 1,447 percent
nitrogen as compasred with 1,12 percent in unfertilized
trees, Heavily fertilized trees contained 0,105 percent
phosphorus and 0,566 percent potassium, compared with 0.091
percent and 0.475 percent, respectively, in control trees,
According to Fowells and Krauass (24), foliar concentrations
of 0,14 to 0.l6 percent phosphorus and 1,7 to 2.3 percent
nitrocen indicated satisfsctory nutrition of loblolly pine
in greenhcuse atudies,

The state of meturity greatly affects the nutrient
content of needles, Freshly fallen needles of loblolly pilne
have been shown to contein from 0.31 to 0.89)1 percent N,
0.40 to 0,43 percent Cs, and 0,15 percent Mg (16, 41l). The
mature needles are much lower in nitrogen than physiologi-
cally active current needles,

Although no clear relationship was found to exist
between nutrient uptake and applied fertilizers from the
results cf the foliar analyses, 1t was felt that the
nutrient compositions will need to be conslidered in future
asatudies, Close control of the date of sampling, crown
position of the sample, and the total amount of growth

obviously will have to be considered,



SUMMARY AND CONCLUSIONS

In view of the wideapresd interest in the use of ferti-
lizers in Southern forestry, a study was started in 1959 to
supply besic research dets on the response of foresat tress
to the application of commercisl fertilizers, The objective
of the study was to dlscover the level of fertilizaetion
needed to supnly the proper nutrition toc young loblolly pine
plantations for maximum crowth,

Loblolly plne plentations were established at three
different locations in Loulsians in order to test the
effects of the fertilizers under varlied climatlic and soll
conditions, One plantetion was established on Shubuta sandy
loam to loamy ssnd at Homer 1n the northern psrt of the
state, Another was established on a complex of Bowle fine
sandy loam, Ruston loam, end Beaurerard loam nesr Alexandrias
in central Loulsiana, The tnird plantation was located in
the southeastern pert of *he state on Ruston ssndy losm to
loamy ssnd 1n VWashin:ton Parish,

Each plantstion included 27 fertillzer treatments rep-
licated three times in rendomlzed blocks, The plots were
O.1l=~8cre in size and contalned 121 trees each, Ures, super-
phosphate, arni muriste of potesah were spplied by hand in
circular bsnds or in holes around the individual trees at
rates equivalent to 0, 100, end 200 pounds per acre of N,

Pp0g, and Kp0,.

121
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Height measurerents of the survivin: trees in each plot
were recorded prior to the application of fertilizers and st
the end of the 1959 end 1960 growing sessons, In addition,
301l samples from the A snd B horizons in each plot were
collected before fertilizestion end at the end of each grow-
ing season, Ssamples of needles produced during the year
were collected in the eerly winter in 1959 and 1960. The
s0ll semples were analyzed for total exchange capacity, base
saturation, pH, organic matter, and exchangeable bases,
Follar samples were analyzed for total nitroren, phosphorus,
potassium, cerlcium, and maegnesium,

A statistical snelysis of the 195¢, 1960, and totsl
biennlal growth was made hy the analysls of varlance method
to test the effects of the fertilizer trestnents,

The followin, conclusions may be drewn from the results
of this study:

l. The fertility level of the soils involved 1n thls
study was below the level normelly requlred for crop pro-
duction.

2. Some of the applied phosphorus and potaasium
remained 1n the scill through the second yesr. The amount of
avalilable P and K was incressed by the sddition of fertili-
zers, The rates of increesse were 1in proportion to the
sariounts applied, After the first year the available P and K
remalnin~< In the soll decressed,

3. The effects of the applied fertilizers on incress-

ing arowth were zreater for the second year after application
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than for the first year,

4. The complete eradication of weeds in the Homer
plantation probsably sccounted for the average growth being
50 percent greater there than in the Alexandris plantation
where weed growth was not controlled,

5. The effects of the applied nitrogen and phosphorus
fertilizers varied between the three locations., In the
Homer plantation, growth in 1959 and total growth were sig-
nificantly retarded by nitrogen, Phosphorus significantly
increased growth both yeasrs, 1In the Alexendria plentation,
the best growth was made by trees receiving both ures end
superphosphate, The phosphate alone increased growth over
unfertilized treesa, but nitrocen without phosphate produced
less tree growth than the unfertilized trees. The 1960
growth in the Washington Parish plsntation was significantly
greater in plota to which urea N had been applied., The
superphosphate did not increase growth ebove that of un=-
fertilized trees,

6e The optimum rates of application were 100 pounds
per acre of P20g at Homer, 100 pounds per sacre esch of N and
P20g at Alexandria, and 100 pounds of N alone in Washington
Parish,

7« Muriate of potash had no significant effect on
growth at any of the three locations,

8., The survival rate was significantly reduced by the
applicetion of ures at every location.

9. Results of the foliar snslyses were less conclusive
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thsn expected, The percentage concentration of nutrient
elements in needles remsined fairly constant, with one
excevtion, The 1959 foliare collected from plots fertilized
with nitro -en at Alexandria contalned over two percent
nltrorsen, The foliare of trees to which no nitrosen was
added contained less then 1,5 percent nitrogen,

10, Additions]l experiments with nltrogencus and phos-
phatic fertilizers applied at varying rates below 100 pounds

per acre of N and PpOg are needed,
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APPENDIX A

SOIL PROFILE DESCRIPTIONS1

Location: North Louisiens Hill Farm Experiment Station,
Homer, Loulsiana

Shubuta loamy fine sand

Ap 0~ 5" Brown (10YR 5/3) %onny fine sand (76% sand,
19% s1lt, 5% clay<) to fine sandy loeam;
loose and very friable; moderate medium and
coarse granular structure; contains many
medium and fine roots of broomsedge and
carpetgreass,

Ao 5-10" Brown to yellowish brown (lOYR 5/3-5/%)
fine sandy loam (71% sand, 21% s1lt, 8%
clay); loose and very frisble but slightly
firm in place; weak coarse platy structure
whioh breaks down into moderste coarse sub-~
angular blocky structure; contains many
fine roots,

By 10-13" Pink (7.5YR 7/4t) fine sandy lcam (73% sand,
22% silt, 5% oclay); slightly firm moist but
loose and friable when broken down; massive
to weak coarse subangular blocky struecture;
ocontains a few fine roots,

By 13-206" Reddish brown (SYR 4/} elay (40% sand, 9%
silt, 51% clay); firm when moist; strong
fine and medium subangular blooky structure,
with thin patohy reddish brown clay films
common; sontains many fine roots,

Bpp 26-34" Yellowish red (S5YR i4/8), mottled with
yellowish brown (10YR 5/8) and very pale
brown (10YR 7/4), sandy elay (49% send, 13%
silt, 38% clay); friable; strong medium

1, typical profile of esch of the soill series included
in the experimental areas was desoribed by 8. A. Lytle, 801l
Scientist, L.8.U, Department of Agronomy.

ZMoohanicll analyses made by modified hydrometer method
of Patriock (h—?)o
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Shubuta sandy

Ap

B23

Bo2

3L4-h2"+

0- 5"

5- 8"

814"

1y=-21"

S 21-29"

29-38"
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subangular blocky structure, with common
thin patchy yellowish red cley films; con-
tains thin lenses of brownish yellow (JOYR
6/6) and red (10R 4/6) sandy clay loam;
conteins a few Tine roots,

Red (1OR 4/6) heavy sandy clay strstified
with thin lenses of light gray (lO0YR 7/2)
clay and brownish yellow (1OYR 6/6) sandy
clay loam sand sandy loam; contains a few
small to large ironstone gravels and rocks.

loam

Brown (10YR 5/3) sandy loam (66% sand, 27%
s1lt, 7% clay); locase and very friable;
weak coarse platy and moderate medium and
coarse granular structure; contains a few
fine roots,

Very pale brown (10YR 7/3-7/4) fine sandy
loam (65% sand, 27% silt, 8% clay); loose
and friable; structurelesa to weak coarse
granular structure; contains a few fine
roots,

Very pale brown (10YR 7/3) fine sandy loam
(63% sand, 29% asilt, B8% clay); loose and
very friable moist; structureless which
bresks down 1nto weak medium and fine
granules; contains many fine roots,

Strong brown (7.S5YR 5/6) clay loam (42%
send, 26% silt, 32% clay); slightly firm
moist; strong medium subangular blocky
structure with thin patchy clay films on
astructure particles; contains a few fine
roots,

Yellowish brown (10YR 5/6) clay loam (39%
sand, 27% si1lt, 34% clay), mottled 5% with
red (2.5YR h/b;; slightly firm moist; mod-
erate medium subangular blocky structure
with a few thin patchy clay films; contains
& few fine roots and a few small ironatone
rock fragments,

Yellowish brown (1O0YR 5/6) clay losm (41%
send, 31% silt, 28% oclay), mottled 3% with
11ght gray (10YR 7/2) and contains 3% red
(2.5YR l}/6) soft concretions; occasional
thin patchy clay films; friable; weak to



L.ocatiocn:

38=y2"+
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moderate medium subangular blocky structure,

Red (2,5YR 4/6) sendy clay stratified with
thin (1/8 to 1 inch) lenses of light gray
clay and brownish yellow sandy clay loam;
friable; structureless; ocontains a few
small end large ironstone rock fragments
and rocks,

Johnson Tract, Kisatchie National Forest, 1%

miles

southwest of Alexandria, Louisiana

Bowie fine sandy loam

Aoy

0- 5"

5- 8"

8-18"

18=-27"

27-32"

Pale brown (10YR 6/3) fine sandy loam (54%
sand, 41% si1lt, 5% clay) with stains of
grayish brown organic matter; friasble; weak
medium granular structure; ay (10YR 5/1)
and grayish brown (lO0YR S/E?rnntorinll in
root channels and as worm csasts; contains
many coarse and fine roots,

Very pale brown (1l0YR 7/4) fine sandy loam
(50% sand, ULZ s1lt, 6% clay)s slightly
firm moiat; structureleas to weak coarse
Pleaty structure; contains meny fine roots
and many worm casta and root cshannels
filled with grayish brown materisl; con-
tains a few soft and hard brown concretions,

Brownish yellow (10YR 6/6-6/8) clay loam
(35% sand, 34% silt, 31% clay); frisble;
moderate medium and fine subanguler blocky
structure with a few thin patchy brownish
Yellow clay films; contains a few fine
roots and 3% soft and hard brown and bleack
concretions,

Brownish yellow (10YR 6/6) loam to clay
loam (39% sand, 34% silt, 27% clay);
friable; weak to modersate medium subangular
blooky structure; occasional thin clay
films; contains a few fine roots; contains
S% strong brown (7.5YR 5/8) soft concre-
tions and 3% rounded hard and soft dbrown
and black concretions. This layer is more
friable than the layer at 8-18 inches.

Uniformly mottled yellowish brown (10YR
5/6) and brownish yellow (10YR o6/6) loam
(38% sand, 38% si1lt, 24% oclay); friable;
weak to moderate medium subangular blocky



C

32-h2"+

Ruston loam

A3

Ao

By

c

O~ 3"

3- 6"

6=10"

10-18"

18-30"

30-2"+
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and weak medium platy structure; contalns
3% hard brown concretions and 2% yellowish
red (SYR 5/8) soft concretions; has s few
thin patechy clay films on some ped surfaces,

Brownish yellow (10YR 6/8) sandy loam,
mottled 10% with very pale brown (10YR
7/3); friable; structureless; contains a
few thin lenses of sandy clay loam; ocon-
tains 5% yellowish red (SYR L,/8) soft con-
cretions and a few rounded hard brown
concretions.

Dark brown {(1l0YR 4/3) moist, light brownish
gray (1O0YR o/2) dry, loam (41% sand, 49%
silt, 10% clay); frisble; moderate to
strong medium granular structure; contains
many fine and coarse roots,

Dark brown (10YR 3/3) loam; friable; moder-
ate to strong medium granular structure;
contsins many small pleces of charcosl and
many fine roots.

Dark yellowish brown (10YR 4/4) loam (37%
sand, L43% silt, 20% clay); somewhat firm
moist; structureless which breaks down into
friable weak subangular blocks; 25% worm
casts filled with dark grayish brown (10YR
4/2) fine sandy loem; contains many fine
roots.

Yellowish red (SYR 4/8) loam to clay loam
(33% sand, LO% si1lt, 27% clay); friable
moiat; moderate medium subanguler blocky
structure with a few thin patchy clay
films; contains many fine roots and 1% hard
brown concretions,

Yellowish red (SYR 4/8) elay loam (32%
sand, 39% silt, 29% clay); friable; moder-
ate medium subangular blocky structure with
common thin yellowiash red clay films; con-
tains 2% hard and soft brown and bleck con-
cretions,

Yellowish red (S5YR 4/8) sandy loeam;
friable; structureless; contains 1% soft
brown and black concretions,



136

Beauregard loam

Ay

c

O= j"

b= 7"

7-10"

10-18"

16-28"

28 42"+

Dark grayish brown (1l0YR 4/2) moist, light
brownish gray (10YR 6/2) dry, losm (42%
sand, 9% silt, 9% clay); friable; strong
fine and medium granular struoture; ocon-
tains many coarse and fine rocots and 3%
soft and hard small brown and black
concretions,

Light yellowish brown (10YR 6/4) loam,
mottled 20% with grayish brown (10YR 5/2)
and dark brown which are fillings of worm
casts; slightly firm but frisble; struce
tureless but breaks down into weak coarse
gramules; contains many fine roots.

Light yellowish brown (10YR 6/4) loam (38%
sand, Lo% s1lt, 1lo% clay), mottled 5% with
yellowish browm (10YR 5/6); friable; weask
medium and coarse subangular blooky struc-
ture; common fine plant roots and a few
veins of pale brown (1O0YR 6/3) very fine
ssndy loam; contains 3% soft and hard brown
and black concretions,

Pale brown (10YR 6/3) loam (32% sand, 44%
silt, 24% clay), mottled 10% with light
yellowish brown (10YR o/4) and yellowish
brown (10YR 5/8); friable; moderate medium
subangular blocky structure; contains many
fine roots and root channels filled with
light brownish gray (10YR 6/2) and pale
brown {(1OYR b/B?rvery fine sandy loam,

Yellowish brown (10YR 5/4) loam (33% sand,
47% s1lt, 20% clay), mottled 20% with light
brownish gray (10YR 6/2); friable; weak
medium subangular blocky structure; con-
tains many vertical veins of light brownish
gray very fine sandy loam, mottled 5% with
strong brown (7.5YR 5/8) and yellowish red
(5YR l4/6) which appears to be weak
soncretions,

Mottled light yellowish brown (10YR o/l)
and light gray (10YR 7/2) very fine sandy
loam; structureless; friable; contains 5%
brown and black soft and hard soncretions
and yellowish brown (10YR 5/8) soft
concretions.
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Lee Memorial Forest, Washington Parish, Louisiana

Ruston sandy loam

A

O0- 8" Dark grayish brown (10YR 4/2) molst, brown
(10YR 5/3) 4ry, sandy loam (66% sand, 28%
s1lt, 6% clay); friable; moderate medium
and coarse granular structure; contains
many fine and coarse roots,

8-12" Dark brown (7.5YR ) moist loam (l4o%
sand, 41% silt, 13% clay); firm; massive;
contains a few fine roots.

12-13" Yellowish red (SYR 4/8) loam (41% sand, 35%
silt, 24% clay); friable; weak to moderate
medium subangular blocky structure; con-
tains many fine roots and a few thin patchy
clay films,

18-34" Yellowish red (S5YR 4/8) sandy loam to sandy
clay loam (6l1% sand, 20% silt, 19% clay);
frisble; moderate fine and medium sub-
sngular blocky struoturs; numerous fine
roots; contains many thin patchy clay films.

34-4;"+ Reddish brown (5YR 4/4) sandy loam; fri-
able; loose,

Variations:

1.
2.
3.
.
Se
O,
Te

8.
Fe

A amall area of Ruston sandy clay loam, eroded
phase, occurs on the southwestern edge of the area
on slopes of 8 to 12%,

Small areas of slopes above 8% in the western and
northwestern part of the area have a loamy sand
surface layer,

Small areas 1n the north central part of the area
on & 2% slope have a strong brown (7.5YR 5/8)
subsoil.

Small areas in the northeastern part of the area
have a heavy sandy clay substratum with ironstones
at below 36 inches and approaches Ruston sandy
loam, hard substratum phase.

The By horizon 1ls usually underlalin at 30 inches or
leas by sandy loam or sand,

The greater part of the area ranges from 2 to 5
percent in slope.

No A3 layer was observed because this area is in an
0ld cultivated fileld,

In a few places, where underlain by sandy clays,
the By horison extended to depths of 36 inches,

A fTew spots contained enough silt to have a silty
clay loam B horiszon and resembled Lexington.



APPENDIX B

CHEMICAL ANALYSIS CF SOIL TYPE PROPILES

L. o = =88 Bou_ ¢
5 I BN S|
:‘- ‘aﬂgog T o o o . oqo?a cs E.‘I .2’
" -~ 0 3 ye] e ~ g o o [ O+ Q0 o
Soil Q " E B B H H » ot 3 e
Series S pepth e % L L L L L % g a4es 29
Location and Type (in.) -~ & -
Homer Shubuta 0~ 5 962 6,2 11 35 259 71 17 1,182 3,196 63,0
loamy 23 5-10 808 S.p 5 22 130 25 17 1.773 2.761 35.8
fine ssnd By 10-13  ,349 5.3 3 22 130 38 22 1,116 2,235 50.1
By 13-26 o706 4.9 3 91 346 380 26 8,805 14,108 37,2
Bop 26-34 .328 5.0 2 65 130 263 30 9.325 12.464 25,2
Homer Shubuta Ap 0-5 .58 5.3 7 22 130 38 22 1,510 2 029 42,6
sandy A2 5- 8 +300 5.% 3 13 130 25 22 ,657 60,0
loam Ay 8-l .94 5.8 1 13 130 25 22 .39 1.& 71.5
B2; 14-21 430 6,2 3 65 T34 372 35 2,364 5 75.0
Bp 21-29  L311 5.2 3 69 432 380 35 3,612 9.Zo 61,0
By 2938  .203 5.1 3 73 302 343 30 L.4yoo 9,085 5l.e
Alexandria Bowie Ap; 0=5 1,770 5.8 3 30 216 60 26 1.839 3.609 49,0
fine A3 S-8 1,042 5.8 3 22 216 60 22 1,051 2,783 e2.2
sandy By 8-18 ,509 5.0 6 26 173 175 30 4,597 7 117 35.%
By 27-32 150 5.1 2 22 130 85 22 3,874 5 384 28,0

et
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So11 : . 5 F B B F s axd He
Series Depth M e - Y . L P g puo S
Location and Type (in,) -~ 8 -
Alexandria Ruston :i; 3.2 2.217 5.8 3 5o 389 120 22 2.495 5,680 S6.1
By 6-10 715 5,7 3 56 302 138 26 1.5 h.ezu b3.1
By 10-18  ,339 5.3 3 39 216 184 26 5,650 50,0
B3> 18-30 222 5.2 5 43 130 195 26 h.137 64635 37.6
Alexandria B;:::ognrd :% 3: % 2,058 5.2 6 22 216 112 48 3,283 5.561 U41.0
By 7-10  .497 5.2 3 13 130 90 30 3.218 4.781 32.7
B 10-18 gu 5.0 1 22 130 108 30 5,713 7.449 23.3
B3 18-28  .389 5.2 1 26 130 108 35 L.79h 6.563 27.0
Washington Ruston Ap 0- 8 1,631 5,8 10 17 259 8 B6 2.167 4.197 L4B8.4
Parish sandy By B8-12 ,597 6,0 3 26 302 85 30 1.379 3.7 63.7
losm B3y 12-18 «292 5.5 3 30 346 210 39 2.3 6,091 61,2
Bpp 18-34  ,101 5,0 3 17 130 102 30 2,758 L4.432 37.8
¢ 3+ 101 5.3 b 22 130 97 30 2.495 L4.139 39.7

6€T



APFENDIX C

MEAN MONTHLY TEMPERATURES AND TOTAL MONTHLY PRECIPITATION#

Homer Exp, Statio;T_ Hinoatonz Sheridan Fire Towor3
Month Te Prec,, in Te oy Prec,, in Preo,, in
B cae 0 D e O T e B o e DR B )

January M‘-o} Mol 1.56 3.76 '4»5.2 h-boz '-I-.m b.ll.D 6.00 u.38
February 50.9 14.2-5 uobe '-l»olo 510'4- '-I-SOE 6,00 5.5b Te12 6.26
March 55.6 U45.8  L4.,59 3,03 S4.7 50,2 2,50 L.82 3.03 2,73
April 63.4 65.0 4.30 2,67 63.2 65.9 6.71  1.59 5.91  3.34
Mey .6 68,7 6,05 3.51 The3 7045 6,47 2,70 11,59 B.Mé
June T7.1 76.8 1637 5.60 7 o% 9.5 2,20 290 9.0‘4 1.1

July 79.5 80,1 S.06 1,88 80, 2,5 ho26 5.1 10, 6.80
August 79.5 80,9 3.17 5093 8007 797 3038 11,9 5.37 16,75
Sopt.nbor 750“- 7b05 3065 1023 7701 7b.0 lobu L‘..Zb 3. 29 1.93
Ootober 65.3 673  1.87 L4.09 68, 68,9  3.85 6,37 8.71 1.7

November 50.9 56,0 2.24 L.27 52.2 57.9 1,68 1,78 3.63 91
Deceomber '.|.809 h-ll-- 1 5012 10, .'IJJ. !I.809 I-I.b N 5.63 8.10 2.87 h. 85

Annual 63,8 02,3 50,26 50,21 blie6 o642 U4B8,52 61,63 77.52 54,306

®romt U, S, Dept, of Commerce, Climatological Data-<Louisiana (66, 67).
1x¢ 329,5'N latitude, 93°04'W longitude,

25 31°11'N latitude, 92%45'W longitude, approximately l.5 miles west, southwest of
Alexandria plantation,

3at 30051'N latitude, B9959'W longlitude, spproximately 0.5 mile south, southeast of
Washington Parish plantation, No temperature records maintained at this station.

oft



RESULTS OF CHEMICAL ANALYSES OF SOIL SAMPLES

APPENDIX D

“Fertilizer
Available Nutrient
Plot No.t §2;;8§:g;6 g::?iag Content
a g a pH
(1ba,/scre)
Homer Plantation

I- 1A O~ O= O 1 7 39 130 25 43 6.0
2 10 30 151 19 48 6.0

3 10 27 317 38 32 5.6

I-2 A 0~ 0-100 1 4 50 173 49 9 5.9
2 Z 95 173 43 8 5.8

3 82 272 71 23 55

I- 3 A 0~ 0=200 1 L1 194 203 9 5.7
2 2 112 15% 25 8 5.7

3 9 73 136 60 18 Se5

I- 4 A 0-100~ Q 1 6 39 151 60 35 5,9
2 260 22 216 a2 L3 6.1

3 8, 18 181 38 118 &5,5

I- 5 A 0«100-100 1 5 36 108 49 35 5,9
2 192 65 194 13 52 6.1

3 292 36 272 25 23 5,6

I- 6 A 0-100~200 1 4 50 151 38 48 5.8
2 99 1&0 130 -—- 56 6,1

3 99 1l 181 38 23 5.6

I- T A 0=200= O 1 6 L4 173 85 35 6.0
2 391 26 238 38 48 6,0

3 318 32 317 60 23 5,6

1- 8 A 0-200-100 1 6 38 151 25 35 6,0
2 217 52 151 13 L8 6,0

3 292 45 272 38 23 5.7

lRoman numeral = block; arablic number = fertilizer

treatment; A = A horizon (topsocll); B = B horizon (subsoil),

2Period 1l = before fertilization; period 2 = end of

1959 growing season; period 3 = end of 1960 growing season,

141



142

Fertilizer
Avallable Nutrient

Treatment
Plot No. N-Paos-K25 g::‘fi; Content { m = a
(1bs,/acre) g P
I= 9 A 0=200=200 1 6 H{1 151 25 5 6.1
2 285 91 281 138 8 6.1
3 o6 sy 499 K9 23 5,8
I-10 100- O~ 0 1 L 41 151 38 112 6,1
2 9 30 130 === 52 5.4
3 9 23 136 25 18 5.2
I-11 100=- 0-=100 1 5 38 130 13 S 5.9
2 6 86 130 1 8 5.0
3 8 54 136 3 23 5.3
I-12 100- 0-200 1 6 38 151 13 30 6.1
2 6 134 173 32 52 5.0
3 U, 82 136 38 27 5.4
I-13 100-100~ © 1 4y 42 130 L9 35 5,9
2 129 22 108 13 43 5,2
3 72 18 136 38 27 5.1
I=-14 100«100-100 1 3 39 130 13 39 6.1
2 28 73 173 25 48 5,9
3 69 41 181 T3 27 5.7
I-15 100-100-200 1 5 42 130 49 35 5.9
2 161 104 108 13 52 5,5
3 83 32 136 38 27 S.4
I-16 100-200- O 1 5 53 238 25 108 6,0
2 28 35 194 9 43 Se7
3 318 27 317 5 23 5.6
I-17 100-200-100 1 6 35 130 38 35 6,1
2 180 73 181 25 48 5.8
3 172 50 317 L9 27 S.4
I-18 100=200~200 1 6 35 130 55 35 5,9
bed 284 82 2o 13 HEG) 5.7
3 103 L1 136 38 23 S.4
I-19 200=- 0~ O p | 5 45 151 49 5 6,0
2 8 43 151 &0 8 4.9
3 10 32 136 43 18 5,2
I1-20 200- 0=-100 1 6 53 194 97 5 Se7
2 9 112 151 55 8 5.0
3 11 68 136 60 23 5.2
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2;:E££i::f Sample  Available Nutrient

Plot No. N-paos_xao Period 00&}.!!1‘. .
{(1bs./ecre) . . P

I-21 A 200= 0=200 1 5 38 130 38 ﬁs 6.1
2 s 1%3 130 === 8 L.9

3 6 317 32 23 5.1

T«22 A 200-100~ O | 6 39 173 38 35 6.0
2 198 35 216 38 L8 5.2

3 129 23 136 25 27 5.4

I-23 A 200-100-100 1 § 35 151 25 35 5,8
2 155 69 151 25 652 5,2

3 100 41 181 25 23 5,2

I-24 A 200-100-200 % 301 1&1 %gg %g gg g.e
el

3 1sh 5& 181 32 27 5,2

I-25 A 200-200~ O 1 6 41 130 33 35 6,1
2 291 30 151 13 48 5.2

3 267 32 227 3 32 5.

I-26 A 200-200=100 1 6 36 130 13 39 5,9
2 298 78 194 13 B2 5.3

3 254 36 227 25 27 5.3

I-27 A 200~200-200 1 § 32 151 13 39 5,7
2 248 99 151 - 48 5.4

3 169 41 136 25 27 5.4

IT- 1 A O- 0= O 1 S 45 173 38 }J3 5.9
e 6 35 151 25 418 5.7

3 7 36 181 o0 27 56

II- 2 A 0- 0-=100 1 b4 33 151 71 35 5.0
2 y 73 130 55 52 5.4
3 6 73 130 60 23 Sely

II- 3 A 0= 0=200 1 5 39 130 41 39 5.6
2 7 130 130 13 52 £e2

3 7 63 136 49 27 5.5

II- 4 A 0=-100- O 1 6 4y 130 4O 39 5.6
2 109 26 151 32 52 5,8

3 123 32 227 60 27 5.7

IT- 6 A 0-100-100 1 5 %g 151 40 35 5.5
2 192 173 19 48 5.8

3 120 5S4 317 60 32 Seb



Fertilfzer Avallable Nutrient
Tr t
Plot No. N-;;o;:;a(') g::g:é; Content
(lbs,/acre) - g a pH
IT- 6 A 0=100=200 1 S5 45 194 55 35 6,0
2 186 160 216 }9 52 S.Z
3 8y 82 181 L9 27 S,
II- 7 A 0-200=- 0 1 4 41 151 49 39 5.7
2 182 35 238 60 g2 6.3
3 267 32 317 49 27 5.8
IT- 8 A 0=200-100 1 % ug oy 75 9 5.5
2 29 78 21e 32 8 6,0
3 132 50 227 71 32 5.7
IT- 9 A 0=200=200 1 6 39 151 25 43 5,7
2 198 168 173 32 52 5,9
3 273 68 272 60 27 5.7
II-10 A 100« O= O p 6 Ll 86 49 39 Seb
2 8 30 108 25 L8 L.8
3 13 32 136 L9 27 52
IT=11 A 100- 0=100 1 6 38 130 38 30 5.9
2 6 91 108 - L8 o9
3 9 Syh 136 49 27 S
II-12 A 100- 0=200 1 6 36 130 19 30 5,8
2 8 138 108 13 48 L.8
3 8 54 136 38 27 5.4
IT-13 A 100=100- O 1 &6 20 108 32 30 5,5
2 275 17 173 38 j3 5.2
3 132 32 272 60 27 5.3
II-14 A 100-100-100 1 S 38 173 78 43 5.7
2 12 95 324 55 26 5,2
3 67 59 181 60 23 S.lt
IT=15 A 100=100-200 1 4y 23 86 25 39 5.6
2 115 104 130 Z 26 5.0
3 96 59 227 3 27 5.3
I1-16 A 100=-200- O 1 4y 38 151 49 35 5.7
2 233 26 238 67 26 5.3
3 172 32 363 49 32 5.3
IT=17 A 100=200-100 % 5 39 130 29 30 5.7
3 337 50 408 L9 23 5.5
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Plot N qg;:f’gg:f Sample Avail:blo Nutrient

°* N-P205-K20  Period —p—riptentlPemgl o
(1bs,/acre) * g . P

II-18 A 100-200-200 1 L 41 173 85 39 S.4
2 309 121 238 67 26 5.4
3 149 68 272 13 27 5.5
II-19 A 200~ 0= O 1 g 30 108 38 30 5.7
2 6 26 130 25 26 4.7
3 6 32 136 25 18 5,2
IT-20=A 200- 0-100 1 5 36 151 0 39 5,5
2 71 104 173 43 26 L.o6
3 6 73 136 38 23 5.2
II=-21 A 200~ 0=200 1 3 35 130 49 35 5.4
2 53 134 151 38 26 L.
3 6 82 o8 9 23 5,2
TI-22 A 200=100- O 1 4y 42 173 52 35 5.0
2 126 26 216 25 22 5,3
3 si 27 136 38 23 5.3
II-23 A 200-~100=100 1 5 36 108 62 39 5.2
2 161 95 173 43 22 L.9
3 89 {1 136 25 23 5,1
IT=24 A 200-=100-200 1 5 36 108 19 39 5.3
2 161 117 108 19 26 L.7
3 113 54 136 38 27 5.1
II-25 A 200-200- O 1 6 50 130 30 139 5.5
2 150 35 151 L9 22 Leb
3 143 36 136 13 27 5.1
IT1-26 A 200~200-100 1 4y 26 86 19 39 5.4
2 233 69 153 25 26 4.9
3 200 32 181 13 23 5.1
II-27 A 200=-200-200 1 5 47 173 80 39 5.8
2 368 130 238 13 26 5,2
3 286 S50 317 13 27 5.5
ITI- 1°A 0= 0- O 1 6 32 130 51 43 5.3
2 62 30 19 38 26 5,2
3 12 32 }o 25 32 5,2
III- 2 A 0- 0-100 1 5 33 130 15 52 5.6
2 62 99 130 13 26 5,2
3 6 59 136 13 27 5.4



Fertillizer
Trontnon:, Sample Available Nutrient

Plot No. N=P205-K20 perfod Content

(1bs,/acre) . .

L)
=

ITI- 3 A 0- 0=200 4 33 86 50 35
62 151 108 38 30
20 77 227 60 32

9 20 605 13 35
93 17 194 25 26
107 27 181 49 32

5 33 194 49 35
0 86 153 25 26
181

IITI=- 4 A 0=-100- O

IITI- 5 A 0=100-100

8 50 60 27
ITI- 6 A 0-100-200 6 23 216 25 K3
VIO 19 26

99 324
™ 54 453 60 32
6 30 238 13 30

222 26 173 13 26
197 27 227 60 32

5 39 130 38 35
254 104 194 32 26
4oe 63 40 7T 32

% 30 108 19 30
22 99 173 19 26
200 50 499 60 32

5 26 108 13 30
73 17 130 19 22
6 32 136 38 32

3 35 194 49 35

7 68 272 60 32
L 30 1108 38 30

© 63 181 60 36

8 26 108 25 35
161 22 173 49 26
132 27 272 49 32

6 35 108 25 35
602 73 86 43 22
109 50 227 60 32

III=- 7 A 0=-200- ©

ITI- 8 A 0=-200-100

ITI=- 9 A 0-200-200

III«10 A 100=- O~ O

ITT-11 A 100~ 0-=100

ITI-12 A 100~ 0=200

ITI-13 A 1100=-100~ O

IIT-14 A 100-100-100
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Plot No.
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Pertilizer

Treatment,
N=Pp05=K50

(1bs,/ecre)

ITI=15 A

ITI=-10

ITT=-17

I11-18

IITI=19

III=-20

I1T-21

IIT=22

I11=-23

IITI-24

IT1-25

III =206

Sample
Period

Available Nutrient

Content m

o
=

100-100-200

100-200- O

100=-200-100

100=200=200

200- O- O

200~

0-100

200=-

0-~200

200=100- O

200-100-100

200-100-200

200=200~- O

200-200-100

WK W W WK W W W W W W Wi Wi

b
133
136

6

126

b
195
126

190
89

7
121
172

135
9
5
288
38

2
195
180

130
50

18

32
30
73
50
43
125
68

26
26

23
30
69
50
30
143
73
39
35
32
43
99
so
¥
LYl
30
35
27

L3
95

108
130
272

151

181

151
151
227

108
130
317

86
130
317

108
108
136

108
108
13e

130
238
136

130
151
1681

108

194
130

130
216
317

173
259
181

32
25
us

38
L9

%
t
38

3
33

19
38
43

13
25
38

25
25
38

25
55
38

13
25
49

2
38

i3
49

38
60
60

35
32
35

27

35
26

32

30
26
32

35
26

32
35
27
35
26
32
35
26
32
39
22
36
35
36
35
22
41

39
22
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g;:iii:::r s 1e Avalilable Nutrient
Plot No. §.pPr0c-Kp0 P::god Content

{1bs,/acre) - . pH
II1I=27 A 200-200-200 1 7 52 17 38 35 5.9
2 165 147 19 38 206 5,0
3 254y 77 227 49 W1 S.iu
I- 1B 0- 0~ O ; 2 59 367 203 39 5.7
3 6 32 13 49 K1 5.8
I- 2 B O~ 0-100 1 2 176 324 328 39 ol
2 18 95 324 358 26 5.9
3 7 68 181 97 36 5.5
I- 3 B 0- 0=200 1 2 66 302 320 39 5,2
2 27 73 518 277 26 5.1
3 6 100 136 60 K1 ©5.,6
I- 4 B 0-100- O 1 2 zh 389 313 73 5,2
2 9 2 194 316 26 4.9
3 76 36 181 67 41 5.8
I- 5 B 0=~100=100 1 1 65 799 188 43 5.5
2 92 86 497 180 26 5,1
3 126 73 363 49 h41 5.6
I- 6 B 0=100-200 1 2 88 ggz 313 39 S,
2 9 117 3 295 26 5.0
3 80 159 1406 85 32 5.7
I~ 7 B 0~200- O % 2 74 475 328 48 5.2
3 194 45 o8 97 41 5,8
I- 8 B 0«200-100 1 2 71 K10 210 43 Ss.2
2 62 73 518 1les 30 53
3 89 77 272 Y43 32 5.9
I- 9B 0-200-200 1 2 85 840 277 43 5.7
2 10 143 e48 354 30 k.9
3 235 73 453 102 50 6,1
I-10 B 100- O~ O % 2 77T 475 238 48 5.4
3 19 59 317 49 27 5.5
I=-11 B 100~ 0-100 % 2 76 454 228 43 55
3 8 95 181 38 32 5.4
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—-:::EEE:::T Semple  Avallable Nutrient
Plot Nos N-Pp05-K20  period Ct%tont
a a pH
{(1lbs,/acre)

I-]12 B 100~ 0-200 1 2 7T 475 165 43 5.7
2 11 104 691 1165 30 65,1
3 11 122 136 25 jJ1 5.0
I-13 B 100-100- 0 1 2 77 ugz 238 43 5.5
2 152 91 583 313 30 5.l
3 4o 41 181 38 23 5,3
I-1l 100-100-100 % 2 101 583 332 43 5.5
3 s 73 227 55 32 5.4
I-15 100-100-200 % 1 89 497 313 43 5S4
3 52 82 136 25 32 5.4
I-lo 100=-200« O 1 1 97 562 350 52 5,5
2 49s 69 778 305 }3 5.7
3 306 50 U[99 1112 27 5.7
T1«17 100-200+100 1 2 89 389 3906 48 5,6
2 sS4y 104 518 251 43 5,1

3 177 73 227 L9 23 54

I-18 100-200+-200 1 2 103 475 245 48 s,
2 111 1o4 LS54 199 39 u.g
3 75 54 136 32 41 5,5
I-19 200- 0~ O % 2 100 324 380 39 5.4
3 © 41 136 25 650 5,3
1-20 200~ 0-=100 1 2 83 1194 33 52 5.8

2 17 108 432 350 43 L.
3 7 100 227 120 36 5.1
I-21 200« 0-200 1 2 76 281 238 43 5.5
2 12 130 475 217 43 L8
3 5 95 136 32 41 5.1
T-22 200-100- O 1 1 79 497 228 52 5.5
2 ol 73 626 169 43 5.5
3 7 32 181 25 41 5.7
I-23 200-=100-100 % 2 73 389 155 43 5.5
3 8y 41 136 13 32 5.4
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T;:atn:::f Sample Available Nutrient

Plot No. N-P205-K20 Period Content : H
(1bs,/acre) . - P
I-2)4 B 200-100=200 1 2 76 410 305 43 5.3
2 2 89 S2 389 210 9 5.6
3 103 68 136 19 5 5.5
I=25 B 200=200- © % 1 o4 389 368 43 5S4
3 203 32 227 25 36 5.6
I=-26 B 200=200-100 1 2 71 L54 221 L3 5.5
2 206 73 5%0 18y 43 5.4
3 154 41 181 25 32 5,5
I-27 B 200-200-200 % 2 79 302 285 48 5,3
3 89 59 136 13 32 5.4
II- 1 B 0- 0- O 1 1 45 Y475 313 k3 5,2
2 29 652 281 263 35 u.g

3 6 45 18r 38 L1 5,
II- 2 B 0= 0=100 1 2 79 133 285 U3 4.8
2 1 125 583 380 39 4.8
3 11 77 136 71 L1 5.
ITI- 3 B 0~ 0=200 % 2 T4 302 309 43 4.8
3 9 86 136 32 32 5.4
II- 4 B 0-100- O % 1 100 389 1380 39 4.7
3 86 32 181 49 36 5.5
II- 5 B 0=100=100 % 2 65 173 270 39 S.0
3 6; 63 181 -ba 41 S:E
II- 6 B 0=100-200 1 1 83 432 35; 43 5.1
2 25 104 432 372 43 4.8
3 24 113 227 55 45 5.8
II« 7 B 0<200- O 1 2 o4 324 238 U3 5.0
2 116 56 367 251 NJ3 5.3
3 120 36 227 67 36 5.0
II- 8 B 0-200-100 1 2 59 346 273 43 5,0
2 206 8 W32 242 39 4.9
3 129 6 408 112 jJ1 S.e
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{;:Et;::f Sample Available Nutrient
Plot No, N-P505-K20  Period Content -
(lbl,ZQoro) . . P
II- 9 B 0-200-200 % 2 77 389 285 43 4.9
3 177 T3 227 49 L1 5e¢7
I1-10 B 100=- O- O % 1 94 216 387 43 L7
3 9 27 136 32 36 5.2
II-11 B 100~ 0=100 1 2 7 518 270 3 &5,
2 25 56 605 251 %9 5.&
3 5 82 136 25 36 5.4
II<12 B 100- 0-200 1 1 103 626 387 43 5.1
2 K1 1ok usg 320 h8 4.8
3 6 73 13 38 41 5,3
II-13 B 100-100- O 1 2 238 255 h8 L4.9
2 62 g% 281 299 43 L.6
3 92 23 136 49 H41 5.3
IT-14 B 100~100-100 1 2 56 324 290 43 5,0
2 50 56 475 299 b3 he7
3 65 82 227 71 36 5,2
II-15 B 100-100-200 1 2 64 173 277 M43 5,0
2 1 69 322 270 39 U4,.S
3 6 63 13 25 L1 S.h4
II-16 B 100-200- O 1 2 91 3%6 356 39 4.9
2 17 82 389 343 5 L.6
3 120 27 136 38 1 §&,5
I1-17 B 100-200-100 % 2 82 562 358 43 5,1
3 160 45 136 25 W1 S.4
IXI-18 B 100-200=200 1 1 gz 259 320 48 4.9
2 429 h32 263 43 L6
3 126 104 227 102 K1 5.1
II-19 B 200- 0= O 1 1 62 367 299 43 5,0
2 17 52 346 2717 30 4.8
3 S 23 136 25 32 Se2
II-20 B 200- 0<=100 1 2 62 194 328 43 4.8
2 25 28 3 350 22 }.6
3 9 3 13 25 41 5.1
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Pertilizer
Avallable Nutrient
Treatment Sample

Plot No. N'Paos_xaa Period Content i na = pH

(lbs,/acre)
II-21 B 200~ 0=200 1 2 57 238 259 43 4.9
2 17 65 389 285 26 L.6
3 9 68 136 38 jJ1 5,1
II-22 B 200=100- O 1 2 56 367 245 43 5.1
2 17 91 h/io L4os5 22 L.7
3 33 41 272 97 36 5.0
II=23 B 200-100-100 1 2 S0 151 253 43 4.8
2 58 82 432 350 22 5,1
3 4 41 136 38 23 5,0
II-24 B 200-100-200 é 1 73 173 320 43 L.8
3 73 63 136 32 32 5.1
II-25 B 200-200~ O % 2 127 216 320 43 L.9
3 189 27 136 25 L5 5.1
I1-26 B 200=200-100 1 3 27 173 216 43 4.8
2 99 5 45 263 30 he7
3 126 27 13 25 27 5.1
IT-27 B 200-200-200 1 2 68 518 326 43 5.4
2 206 99 691 263 35 4.7
3 279 77 272 55 16 5.6
III- 1 B 0= 0= O 1 1 56 173 257 48 L.9
2 - 52 32, 299 26 .8
3 9 32 181 43 L1 5.3
III- 2 B 0- 0-100 1 1 60 389 313 62 5,1
2 41 52 518 251 30 L.9
3 L 63 136 43 18 5.4
III- 3 B 0- 0-200 1 2 69 130 285 43 5,0
2 - 69 518 277 30 L,.,6
3 5 100 136 55 18 5,1
III- 4 B 0-100- O 1 2 82 J75 242 43 5.1
2 21 652 389 238 26 5,0
3 112 14 181 38 27 5,9
III- S B 0-~100-100 1 2 60 302 231 43 5,0
2 50 151 432 320 30 4.5
3 62 S50 181 49 23 S.L4
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Fertilizer
Avallable Nutrient
Treatment Sample
Plot No. y_po0g-Kz0 Periocd Content {ppm ) . -
(1bs,/acre)
I1I- 6 B 0-100-200 1 2 60 518 257 48 5.2
2 25 69 540 27 26 2.9
3 50 59 272 3 18 o2
III- 7 B 0-200~ © 1 2 60 389 238 43 5.1
2 17 121 626 320 26 L.9
3 yo 23 227 38 23 5.7
III- 8 B 0~200=100 1 1 56 216 285 43 5,0
2 66 91 389 238 30 L.5
3 189 73 227 71 23 5.4
III- 9 B 0=200-200 1 2 82 302 313 43 5,1
2 25 73 389 336 30 5.2
3 157 50 181 60 23 5.7
III-10 B 100- 0- O 1 2 65 346 231 39 L.9
2 58 60 475 225 26 L7
3 6 18 136 25 23 5.1
IIT-11 B 100~ 02100 1 2 52 326 263 43 5.1
2 12 &2 367 257 26 L.9
3 7 59 136 32 27 5.3
III-12 B 100~ 0-200 1 2 56 216 210 39 5,0
2 33 56 99 225 39 5.1
3 10 68 13 13 27 5.3
TII-13 B 100-100- O 1 2 65 281 299 43 4,8
2 25 73 4 270 35 4.7
3 106 18 13 38 27 &5,2
III-14 B 100-100-100 1 1 69 216 291 39 5.1
2 26 52 346 251 39 k.6
3 73 59 136 25 18 5,2
III-15 B 100-100-200 1 1E 23 gﬁz g;g ﬂg E.l
2 o7
3 109 63 136 55 13 5.1
III-16 B 100-200~ O 1 2 9) h84 336 43 5.0
2 9 65 4§32 295 48 4.5
3 92 36 181 49 18 5.1
IITI-17 B 100-200-100 1 3 56 4j32 255 39 5,1
2 3 69 518 291 %ﬂ 4.9
3 89 Kl 227 13 5.2
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L;:E{Ef;:f Sample  Available Nutrient

Plot No, N'PZOS'KQO Period Content - H
(1bs,/acre) . g P
IIT-18 B 100-200-200 1 2 99 259 372 39 5.0
2 h 65 L32 365 L8 Le7
3 160 77 136 60 1} 5,0
ITI-19 B 200« O~ O 1 2 65 367 277 39 5.2
2 2 48 259 193 39 4.6
3 7 27 136 19 23 4.9
III-20 B 200- 0-100 1 1 83 367 270 39 5,1
2 1 69 216 270 43 L6
3 6 50 136 13 18 5.1
IIY-21 B 200- 0-200 1 2 65 324 320 48 5.1
2 1 39 L32 248 ug he7
3 9 77 136 25 1 L9
III-22 B 200~100- O 1 1 65 LJ32 231 39 5,2
2 6 39 518 261 L3 L.b
3 73 32 136 a8 p 113 5.0
ITI-23 B 200-100-100 1 2 134 497 343 39 5.5
2 2 39 346 302 43 k.9
3 100 50 136 32 18 5,1
III-24 B 200-100-200 1 2 65 324 291 39 5.1
2 1 212 346 3416 L8 L.S
3 9 59 136 38 18 5.2
I1I-25 B 200-200-~ O 1 2 65 h32 299 ﬁ9 5.0
2 2 52 I32 257 3 4.8
3 132 32 181 L3 18 L.9
IIT=-26 B 200-200-100 p 1 gg ﬁSg 2&0 39 E.g

2 3 343 3 .
3 122 59 227 38 18 5.1
IITI-27 B 200-200-200 1 3 12 322 291 k3 5.1
2 8 73 3% 309 L3 L6
3 o 73 181 38 23 5.1

Alexandria Plantation

I- 1 A 0= 0= O 1l 6 L3 216 L9 56 5.6
2 3 43 281 S7 35 S.7
3 8 35 302 60 22 5.7
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Fertilizer
Available Nutrient
Treatment 8 1
Plot Noe. N_ons_xza P::go; Content - m - = pH
(1lbs,/acre)
I- 2 A 0~ 0=100 1 6 39 281 49 39 5.%
2 4L 60 367 129 35 S5,
- 3 3 43 302 67 35 5.6
I- 3 A 0- 0=200 1 5 39 324, 71 39 S.4
2 4y 229 367 175 39 5.5
3 3 147 346 71 35 5,7
I- L4 A 0-100- 0 1 5 39 173 78 43 s,2
2 671 35 389 207 L3 S.i4
3 432 35 302 85 35 5.4
I- 5 A 0-100=100 1 3 367 71 39 &5,
2 16% 1%1 97 138 35 5.2
3 56 86 389 78 35 5,6
I- 6 A 0«100-200 1 6 30 302 71 35 5.5
2 226 168 ugs 108 39 5,6
3 92 121 389 71 39 5,5
I- T A 0-200- O 1 6 43 259 60 35 5.4
2 31 35 324 135 35 5.5
3 64 39 389 71 43 5,6
I- 8 a 0=200=100 1 5 35 216 38 30 5.5
2 132 95 238 120 35 5.7
3 36 73 302 60 35 5.7
I- 9 A 0=200-200 1 6 39 367 65 35 5,5
2 5 35 302 10 35 85,4
3 86 156 562 8s 39 SeT
I-10 A 100~ O~ O 1 6 43 3%6 112 35 5,6
2 6 39 281 129 35 5.
3 6 39 302 97 35 5.5
I-11 A 100- 0-=100 % g %g %gi 122 gg g.ﬁ
3 3 56 302 60 35 E.c
I-12 A 100~ 0-200 1 5 43 281 99 35 5.4
2 4L 216 281 188 35 s.ﬁ
3 7 1256 259 78 39 &,
I-=13 A 100-100- O 1 6 39 194y 67 35 §.5
2 219 52 389 165 35 5.7
3 157 35 302 60 78 §&,.5
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Yertilizer
Plot No Treatment, Sample A'&%:E:: Nutrient
. N-PaOs—Kzo Period 4 s . pH
(1bs, /acre)

I=1} A 100-100-100 1 3 39 324, 60 30 5.8
2 323 95 ﬁsu 47 35 5.9
3 116 69 389 71 30 5.8
I-15 A 100~100=200 1 3 39 173 49 30 5.3
2 10 203 475 155 39 5.5
3 155 112 302 Y43 30 5.6
I-16 A 100-200- O 1 9 302 [9 35 5.5
2 15% ﬁa 75 138 35 5.6
3 166 48 l32 67 35 5.6
I-17 A 100=200-=100 % 95 lgi ggg 13; gg ?‘%
3 286 69 L32 71 35 5.0,
I-18 A 100«200=-200 1 3 S6 497 97 35 5.5
2 553 156 605 138 35 5.5
3 953 91 1210 129 35 5,6
I-19 A 200« 0- O 1 7 39 281 0 26 S.4
2 139 212 K75 165 35 5.7
3 7 35 346 L9 30 5.4
I-20 A 200- 0=100 1 4y 35 28 8 26 5.3
2 7 194 389 180 43 5.3
3 5 73 302 49 30 sS4
I-21 A 200~ 0=200 1 S 43 346 T3 26 5.5
2 g 320 410 135 43 5.4
3 151 346 7Y 35 5,7
I-22 A 200-100- O 1 6 43 367 85 30 5.3
2 295 43 410 120 39 5.4
3 311 30 562 102 30 5.5
I=-23 A 200-100-100 1 5 39 281 71 26 S.h
2 310 99 389 160 39 5.5
3 199 56 389 71 35 5.4
I-24 A 200-100-200 1 &6 39 389 108 26 5.2

2 133 251 475 188 L3 Se
3 4ot 108 734 85 35 5,5
I-25 A 200-200- O 1 6 56 389 97 26 5.3
2 112 73 432 138 43 5,5
3 597 35 864 125 30 5,5
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'r;:at! -.: ::f Sample Available Nutrient

Plot No. N_ons-xzo Period Content - -
(lbs,/acre) : P

I-26 A 200-200-100 1 a 35 281 90 26 5.1
2 27 169 410 165 39 5.5

3 267 3 346 71 30 5.4

I=27 A 200-200-200 1 i 5 238 97 26 5,2
2 252 157 10 180 39 5.5

3 203 2 432 97 35 5.4

II- 1 A 0=~ O= 0O 1 5 23 281 67 0 5.7
2 5 9 259 151 3 St

3 3 35 302 S 30 5.

IT« 2 A 0= 0=100 1 7 65 454 90 26 6,0
2 3 233 367 195 39 5.9

3 3 173 432 90 26 5.7

IT- 3 A 0= 0=200 1 6 56 Sgo 120 0 5,8
2 5 272 367 195 3 5.5

3 7 229 [32 108 30 5.6

IT- 4 A 0«=100=- O 1l 6 48 389 97 0 5.8
2 822 35 S4O 165 3 &5.,5

3 394 43 518 108 30 S.L

II- 5 A 0~100-100 1 6 432 259 49 52 6.1
2 600 117 432 147 39 5.6

3 158 104 259 49 30 5.5

IT- 6 A 0-100~200 1 6 69 367 90 0 5.7
2 305 173 367 135 3 5.5

3 234 138 346 90 30 5S4

II- 7 A 0-200- 0O 1 6 39 19 9 22 5.8
2 711 ﬁo 518 151 39 5.5

3 17151 3 216 49 26 §&.5

IT- 8 A 0-200-100 1 9 43 £67 97 26 6,0
2 616 117 432 120 39 5.7

3 267 134 302 97 35 ©§5.5

IT- 9 A 0~-200=200 1 S 35 324 67 26 5,8
2 176 289 302 129 39 5.7

3 457 160 346 55 30 5.6

II-10 A 100- 0= O 1 7 69 432 112 30 5.7
2 S 48 367 188 39 5.0

3 3 43 302 97 35 5,3
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T;:ntml::f Sample Available Futrient
Plot No. N-P20g~-K20 Period Content ™ < -
(1bs,/acre) P
IT=11 A 1100=- 0<100 1 6 35 281 85 30 5.6
2 ﬁ 125 194 135 39 5.1
3 108 259 55 35 5.3
IT-12 A 100~ 0-200 1 6 48 389 71 30 5.8
2 h 229 322 1717 35 5.8
3 3 147 22 38 30 Se7
II-13 A 100=100- O 1 7 73 562 112 26 6,0
2 245 69 6583 199 39 6,0
3 572 73 784 120 30 5.7
IT-1); A 100~100-100 1 9 35 302 85 30 5.7
2 586 138 459 120 39 5,6
3 48 78 216 67 30 5.3
TI-15 A 100-100-200 1 6 4B 389 102 26 5.9
2 431 207 475 171 43 5.8
3 167 156 432 97 30 5.6
II-=16 A 100-200- O 1 7 39 259 97 26 5.7
2 305 30 281 160 43 5.6
3 349 35 302 71 56 S.h4
II=17 A 100=200-100 1 6 43 3 67 26 5.9
2 158 13@ 346 199 35 6.0
3 889 7718 60 35 5.8
IT1-18 A 100-200-200 1 8 s52 10 102 26 5.6
2 274 138 410 188 39 5.5
3 813 143 691 71 30 5.5
II-19 A 200=- O- O 1 7 35 238 85 30 S.7
2 5 26 194 195 35 5.3
3 L 30 173 60 30 5.2
IT-20 A 200~ 0-=100 1 10 56 432 112 30 5,7
2 4y 78 238 184y 39 5.1
3 57 73 821 155 L3 5,6
II-21 A 200« 0=200 1 6 56 302 85 26 6.0
2 4 181 216 97 39 5.4
3 22 117 605 184 43 5.2
II-22 A 200=100~ O 1 6 39 3244 gl 26 5.9
2 160 56 L475 1 % 9 5.6
3 279 26 562 7 3 5,5
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Fertilizer
Available Nutrient
Treatment Sample
Plot No, N'P2°5‘326 Period Content { n L . -
{(lbs,/acre)
IT-23 A 200=100=100 1 L3 259 67 26 5.8
2 77 99 562 199 9 5.7
3 35 60 346 78 8 5.4
II-24 A 200-100-200 1 6 lﬁs 238 90 26 S.6
2 473 3 432 171 39 5.3
_ 3 165 121 302 108 43 5.1
II-25 A 200«200- O 1 7 65 497 97 26 5.9
2 853 39 1756 231 9 5.7
3 267 39 518 112 3 5.5
IT1-26 A 200-200-100 1 6 62 389 97 26 5,6
2 932 117 799 203 39 5.4
3 184 78 389 71 43 e
IT«27 A 200=200-200 1 6 60 410 102 26 5.9
2 616 151 %32 188 39 6.1
3 235 104 389 108 K3 5.5
I1I- 1 A 0= 0= O 1 b Li 3%6 4o 26 5.7
2 13 39 389 171 39 S.7
3 3 35 346 73 39 S.u4
III- 2 A 0= 0=100 1 5 56 367 71 26 5.9
2 2 73 302 169 36 6.0
3 3 117 302 71 39 5.6
ITI- 3 A 0= 0=200 1 6 74 497 108 26 6,0
2 2 143 389 210 35 5,9
3 2 Y717 475 97 as 5.6
IIT=- 4 A 0-100- O 1 S 48 302 585 26 5,5
2 226 35 5%0 165 35 5,8
3 95 3 3689 85 39 6.0
IITI- S A 0-100-100 1 H1 71 ugs 8s 26 5.8
2 24y 104 583 108 39 6.6
3 305 95 605 108 39 5.7
I1I- 6 A 0-100-200 1 5 59 432 71 26 5.9
2 680 181 670 %o 43 6.%
3 140 134 432 5 35 &,
I1T- 7 A 0-200- O 1 5 86 281 49 26 Beb
2 620 39 usz 76 43 6.2
3 343 43 34 97 35 5.4
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~FertIITzer
Treatment, Sample Avalilable Nutrient

Plot No. N-P205-K20 Period - Content m

(1lbs, /scre) . e * pH

ITY=- 8 A 0-200-100 1 5 91 216 60 30 6,1

2 568 117 583 4o L8 6.0

3 89 91 216 L9 39 5.3

III=- 9 A 0~200=200 1 L 74 g&z 85 26 5.8

2 614 160 2 112 52 6.5

3 787 143 907 129 43 5.8

TIT-10 A 100- 0= O 1 5 53 324 49 26 5.8

2 32 39 194 38 43 5.9

3 12 30 302 L9 39 5.7

III-11 A 100- 0=100 1 L4 45 238 49 30 5.8

2 L 125 173 L3 39 5.9

3 3 86 216 49 39 5,6

IIT=12 A 100=- 0=200 1 5 53 259 60 35 5,7

2 3 112 151 32 48 5,2

3 4 112 259 L9 39 5.4

ITI=13 A 100-100- O 1 h 48 281 49 26 5,5

2 660 26 670 56 48 6,0

3 o 35 34 60 35 5.2

III-14 A 100-100-100 1 5 50 238 49 22 5.7

2 6173 65 648 0 L8 6.1

3 152 73 302 0 35 5.3

III-15 A 100-100-200 1 5 L2 346 71 26 5.6

2 647 207 648 76 48 5.8

3 203 99 302 60 35 5,3

III-16 A 100=-200- O 1 5 39 1194 71 39 5.4

2 620 26 821 130 556 5.6

3 330 39 346 71 148 5.4

IIT-17 A 100=200-100 1 5 151+ 151 25 48 6.%
2 766 112 648 56 48 &5,

3 57T 95 259 S5 35 S.L

ITI-18 A 100-200-200 1 6 51 475 71 39 5.7

2 766 229 T34 130 43 S.8

3 267 130 605 85 39 5.3

IIT=19 A 200=- O= O 1 b 48 194y 55 B 5.7

2 22 35 173 60 L3 5.8

3 30 216 55 35 5,2



161

T;:::E.li:;r Sample Available Nutrient
Plot No. N_P.oc-K 2 p Content m
205-K>0 Period : 2 . pH
(1bs,/scre)

ITI=20 A 200~ 0=100 1 7 107 605 108 48 6.2
2 5 207 497 85 43 5.2
3 7 117 L75 60 43 5.2
IIT1-21 A 200- 0«200 1 S 62 324 102 43 5.8
2 5 238 281 97 48 5,5
3 2 151 346 108 39 5,3
III-22 A 200-100- O 1 7 60 389 71 5 5.9
2 L7s 43 648 85 3 6.4
3 95 39 432 71 35 5.5
ITI-23 A 200-100-100 1 S 44 302 49 35 5,6
2 370 99 475 718 L3 6.0
3 51 69 302 60 35 5.2
IIXI=24 A 200-100-200 1 & 44 K10 90 L3 5,6
2 237 104 389 85 L3 6.2
3 660 99 907 108 39 St
III=-25 A 200-200- O 1 6 77 583 108 39 6,0
2 581 60 1015 166 L8 6.%

3 505 60 734 T2 39 5.
III-26 A 200-200-100 1 6 ‘38 173 78 3 5.5
2 607 78 972 76 60 £.8
3 34, 35 302 49 39 5,2
ITI-27 A 200-200-200 1 6 L1 216 138 3 S.%

2 568 117 842 76 0 &5,
3 Lo6 108 346 L3 39 5.2
I- 1 B 0= O= O 1 3 39 216 129 26 4.6
2 6 39 194 143 35 5.3
3 1 35 216 120 35 5,1
I- 2B 0= 04100 1 1 30 194 171 26 4.8
2 15 108 130 180 39 5.8
3 1 48 216 155 35 5.1
I- 3 B 0= 0«200 1 3 30 238 165 30 5.1
2 5 95 216 195 39 .6
3 1 143 259 138 35 5,2
I- 4 B 0-100- O 1 2 22 65 129 30 L}.9
2 15 22 43 125 }3 5.1
3 y 26 130 108 39 5,0
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FertilTzer Available Nutrient
Plot No Treatment, Sample Content m
© N-P205-Ka0 = Period -p—x a Mg Wa pH
{1bs,/acre)

I- S B 0-100~100 1 1 35 259 15855 30 5,3
2 15 108 259 180 39 4.9

3 1; 108 259 120 30 5,0

I- 6 B 0-100=200 1 3 22 151 155 0 5.0
2 6 112 130 165 3 4.6

3 y 69 173 147 35 L.9

I- 7 B 0=200- O 1 3 30 130 7 30 4.9
2 7 30 L3 165 L3 5,1

3 35 30 173 155 39 5.0

I- 8 B 0=200-100 1 1 30 173 155 0 5.1
2 38 65 173 180 3 L.9

3 22 65 216 155 35 5.1

I- 9 B 0=200=-200 1 1 35 173 155 30 §,.0
2 34 160 151 165 39 he7

3 S0 160 216 125 30 4.9

I-10 B 100« O=- O 1 3 22 108 138 2 5.1
2 1 26 65 155 43 L.6

3 1 26 130 129 35 5.0

I-11 B 100- 0=100 1 3 26 151 165 30 5.1
2 2 95 130 171 39 4.7

3 2 65 173 100 39 5.0

I-12 B 100- 0=200 1 3 17 86 138 30 5,1
2 2 65 65 160 4[3 4.6

3 1 104 130 71 35 4.8

I«13 B 100-100- O 1 4L 22 130 129 30 5.1
2 2 26 413 151 39 5.3

3 ify 22 130 108 39 5,0

T-ilf B 100-100-100 1 3 39 194 138 26 5.3
2 13 65 216 155 43 5.0

3 51 48 259 108 39 5¢3

I-15 B 100-100=200 1 3 30 130 171 30 5.1
2 % 104 130 20 L4148 %.6

3 121 130 10 39 .0

I-16 B 100200~ O 1 b 30 238 175 26 5.3
2 53 52 216 180 48 5.3

3 110 26 259 175 39 5,1
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“Tertlllizer
Avallable Nutrient
Treatment Sample
Plot No. N-ons-K26 Period Content { m L _ oH
{1lbs./ecre)
I-17 B 100-200-100 1 2 39 151 131 35 4.9
2 102 L3 130 180 43 L.9
3 193 48 216 147 a5 .9
I-18 B 100-200-200 1l 3 26 151 165 39 5.2
2 28 39 151 171 39 L.7
3 66 65 173 135 35 h.9
I-19 B 200=- 0~ O 1 3 43 216 120 35 5,2
2 49 39 238 129 39 4.7
3 1 35 173 71 35 Le7
I-20 B 200- 0-=100 1 3 17 86 97 139 5,1
2 2 56 65 112 35 4.5
3 2 69 173 49 35 5.0
I-21 B 200- 0=200 i 3 30 151 147 39 5.0
2 2 99 130 175 39 L4.5
3 I W47 173 97 30 L4.7
I-22 B 200-100- O 1 5 22 130 155 39 5,0
2 5 22 130 188 39 L.7
3 7 22 173 147 35 5.0
I-23 B 200-100-100 1 3 22 65 129 39 5.0
2 5 L8 86 151 39 h.6
3 17 48 173 97 30 4.9
T-24 200-100-200 1 1 22 108 47 43 5.3
A 2 [ 11g 108 151 43 4.7
3 25 7 173 85 39 5.0
I-25 B 200-200- O 1 3 26 43 112 43 5,2
2 90 35 43 165 43 4.9
3 152 22 216 97 30 L.8
I-26 B 200-200-100 1 1 17 43 90 43 5.3
2 24 39 43 125 48 5.0
3 97 30 173 78 35 L.9
I-27 B 200=200~200 1 2 17 86 108 30 5,2
2 5 73 65 120 i3 he7
3 86 52 130 60 35 5.0
II- 1 B O 0= O 1 3 22 8 108 30 5.2
2 2 22 86 125 39 5.3
3 3 22 173 85 30 5,2
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ﬁ;:fiif:;f Sample  Available Nutrient
Plot No. N_ong-xao Period cont’nt n m - = pH
(lbs,./acrs)
IT- 2 B 0- 0-100 1 1 35 194 203 30 5.2
2 1 117 216 171 39 5.2
3 h 164 302 97 35 5.5
IT- 3 B 0= 0-=200 1 5 17 65 120 0 5.0
2 2 225 86 120 3 }.8
3 3 125 173 108 35 4.6
IT- 4 B 0-100=~ © 1 1 17 65 129 35 5,1
2 93 22 86 120 43 5.1
3 17 17 259 108 35 5.0
1T- 5 B 0-100=100 1 2 69 65 143 9 4.8
2 68 60 108 108 3 L.9
3 22 65 130 108 35 L4.9
II- 6 B 0-100-200 1 1 30 86 165 5 5.1
2 127 143 151 138 3 L.8
3 72 112 216 120 39 4.9
II- 7 B 0=200- O 1 3 30 86 175 35 5.2
2 436 13 219 60 35 5.9
3 119 30 216 138 43 5,1
ITI- 8 B 0-200+100 1 1 26 65 138 30 5,2
2 268 52 194 138 L43 h.9
3 22 52 130 129 43 4.8
I1- 9 B 0=200-200 1 5 17 130 7 30 5,2
2 16 125 130 160 43 4.5
3 292 242 302 85 39 4.8
II-10 B 100- O~ O 1 1 22 g3 129 30 S.1
2 2 22 6 147 39 Lo
3 4 26 130 90 35 4.9
IT-11 B 100- 0-100 1 3 22 108 120 30 5.1
2 2 91 86 9 43 4.5
3 8 65 173 10 43 L.6
II-12 B 100~ 0=200 1 1 39 259 151 26 5.4
2 1 160 259 155 43 L.5
3 4 156 216 71 35 5.1
IT-13 B 100-100=- O 1 3 39 151 I71l 26 5.3
2 16 30 173 169 39 L.7
3 86 35 346 129 39 5.3
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“Ferjilizer
Avalleble Nutrient
Treatment 9 le
Plot No. N_ons-Kza P::‘;.Od Content . - pB
(l1bs,/acre)
II=-14 B 100-100-100 1 1 17 86 135 5 B5.l
2 82 39 65 71 3 4.8
3 6 35 173 97 39 4.9
II-15 B 100-100-200 1 5 22 130 160 30 5.2
2 3 112 151 129 43 %.8
3 6 99 216 138 39 2
II-16 B 100-200- O 1 2 17 65 120 30 5.0
2 27 13 65 108 L3 5.0
3 267 26 216 85 43 4.8
II-17 B 100-200-100 1 3 26 86 129 26 5,2
2 88 73 130 147 39 he7
3 80 86 216 55 K3 5.0
IT=18 B 100=200-200 1 2 216 130 160 43 L.8
2 156 95 194 147 43 k.9
3 LS 138 34 7 43 Le9
II=-19 B 200« O= O 1 3 22 108 120 35 5,2
2 2 9 86 97 43 u.g
3 é6 17 130 32 h3 L.
II-20 B 200- 0-100 1 1 26 86 129 30 5.0
2 1 60 86 138 39 4.5
3 L 91 130 71 39 4.6
II-21 B 200=- 0«200 1 6 22 108 147 30 5.2
2 1 143 108 108 35 L.7
3 4 131 227 85 36 5,0
II-22 B 200-100- O 1 2 26 130 180 26 5,2
2 7 35 194 199 39 %.B
3 o 32 272 13 32 0
I1-23 B 200«100-100 1 2 27 86 120 35 4.9
2 20 ua 151 102 L3 5,2
3 Y 5 453 78 36 S.1
ITI-24 B 200-100-200 1 2 26 86 108 35 L4.9
2 16 113 86 T1 L8 L.9
3 16 6 136 97 27 4.6
IT«25 B 200«200- O 1l 2 36 324 199 30 53
2 30 22 281 129 139 5.5
3 117 41 jo8 171 32 5,1
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FertiITzer Avallable Nutrient

Plot No Treatment, Sample Content

* N-Pp0g-K20 Period . . pH
(1lbs,/acre)

IT-26 B 200-200-100 1 1 26 86 147 5 4.9
2 264 39 lgo 97 3 5.0
3 169 27 181 120 36 4.8
II-27 B 200=-200«200 1 2 29 151 185 35 5.0
2 2 190 173 102 43 5.3
3 12 150 181 138 27 5.2
III- 1 B 0= O= O 1 2 51 86 138 65 L.9
2 L 26 108 71 39 5.8
3 3 36 227 97 23 S.l4
ITIT- 2 B 0= 0=100 1 1 51 194 171 35 5.0
2 2 134 151 108 35 5.5
3 3 143 227 108 27 5.4
IITI- 3 B 0= 0-200 1 2 60 194 151 43 S.1
2 1 173 151 108 35 S.L
3 3 199 272 108 27 5.4
IITI- 4 B 0-100~ O 1 1 48 86 171 43 5.0
2 88 39 108 71 35 5.6
3 3 L5 136 138 32 5.1
III- 5 B 0=100=100 1 2 h1 151 160 W3 5.0
2 132 95 173 151 35 5.2
3 120 363 129 27 5.3
I1I- 6 B 0-100-200 1 1 51 216 169 139 5.2
2 63 216 173 85 35 5.8
3 3 168 272 138 32 5.4
III- 7 B 0=200- O 1 2 36 86 155 43 L.9
2 207 35 173 135 39 5,1
3 381 36 408 120 32 4.9
IIi- 8 B 0=-200«100 1 1 36 86 129 43 L7
2 488 130 259 120 43 4.9
3 30 91 136 120 27 4.8
III- 9 B 0=-200-200 1 1 47 173 180 43 5.1
2 132 125 259 151 39 5.5
3 368 159 363 108 32 5.4
ITI-10 B 100=- 0= O 1 1 51 173 180 39 5.2
2 3 39 8 60 35 5,0
3 6 L1 272 61 32 5,2
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T::EtImIf::r S empl Avallable Nutrient

Plot No. g_p.o 4 ple Content

-P20g-K>0 Period - - pH
(1bs,./scre)

III-11 B 100- 0-100 1 2 41 151 147 39 5.0
2 2 130 86 L9 39 L.7
3 6 91 136 71 27 5.1
ITI-12 B 100- 0=200 1 2 32 108 155 43 5.0
2 1 86 130 71 43 4.8
3 1 95 {53 147 27 S.1
III-13 B 100-10C- O 1 2 26 108 138 43 5.0
2 85 17 151 112 43 5,2
3 9 27 Lho8 147 32 5.1
III-1y B 100-100-100 1 1 32 130 155 43 L.9
2 3% 26 151 108 39 5,0
3 32 227 155 36 5.1
III-15 B 100-100-200 1 2 27 86 108 §3 4.9
2 S6 108 65 32 43 4.8
3 17 686 136 85 23 5,0
III-16 B 100-200- O 1 2 29 86 90 U8 L.9
2 85 13 43 67 43 5.0
3 20 27 136 97 27 5.0
III-17 B 100=200-100 1 1 132 130 160 48 5.3
2 330 69 130 55 43 5.2
3 31 50 227 15 132 5,0
III-18 B 100-200-200 1 1 32 151 221 43 S,0
2 303 125 194 90 52 5,3
3 1, 100 227 147 32 5.1
III-19 B 200« 0= O 1 1 26 86 165 3 5,0
2 i1 26 130 97 0 L6
3 23 23 181 129 27 k.5
I1I-20 B 200- 0-100 1 2 48 86 14 L3 4.8
2 2 112 173 10 56 L.7
3 3 82 227 129 36 he3
III-21 B 200= 0«200 1 2 35 86 97 3 4.9
2 2 199 130 97 0 Le7
3 3 118 136 97 36 L.2
III-22 B 200-100- O 1 2 35 151 {7 43 5.0
2 1S 30 173 129 652 5.3
3 39 32 272 125 36 S.1
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Fertillizer

Plot No Treatment, Sample Avaig::g: Nutrient

e N-PaOS-KaO_ Period & . y pH
{(1lvs,/scre)
I1T-23 B 200-100-100 1 1 27 86 151 43 5.1
2 36 73 130 71 56 S.1l
3 6 36 181 185 36 5,0
II1-24 B  200-100-200 1 1 27 86 120 8 65,0
2 21 39 151 8% 0 L.9
3 3 S84 227 120 36 44,8
IIT-25 B 200-200- O 1 1 50 216 185 43 5,2
2 236 35 346 138 56 5.7
3 23 Ll 544 155 36 5.1
ITI-26 B 200-200-100 1 1 33 8 71 43 4.9
2 186 26 86 38 S6 4.9
3 ho 27 227 60 41 4.9
III-27 B 200-200-200 1 1 30 86 97 43 5.0
2 161 3 108 35 56 S.0
3 16 8 181 85 L1 L.8
Washington Parish Plantation

I- 1A 0w O~ O 1 23 S2 194 38 30 5.7
2% 17 54 227 85 a#x 5.7
I- 2 A 0= 0-=100 1 27 35 173 38 35 5.7
2 23 L5 181 60 5.6
I- 3 A 0= 0«200 1 2l %8 173 25 30 6&.7
2 21 6 227 71 5.7
I- 4 A 0-100- © 1 25 39 173 25 35 5.7
2 9l 54y 317 78 Se7
I- 5 A 0-100-100 1 25 56 173 13 35 5,7
2 40 63 227 71 5.7
I- 6 A 0«100-200 1 28 43 151 13 30 5.7
2 28 41 181 49 5.6

#Perjiod 2 = end of 1960 growing season.

##Not determined for 1960 soil samples from this plan-

tation,
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!T;:EtImn ;;r Sample Available Nutrient

Plot No, N'PZOS“KZB Period Content { m L . oH
(1vs,/scre)

I- 7 A 0=200- O p | 29 3 1%1 9 35 5.7
! 2 3y go 181 20 5.8
I- 8 A 0«200~100 1 52 173 49 30 5.9
2 22 68 227 49 5.8
I- 9 A 0=200=200 1 26 39 130 25 135 5.8
? 2 63 50 181 L9 5.8
I-10 A 100- O~ O 1 23 39 173 25 35 5,8
2 21 S 227 60 5.7
I-11 A 100- 0=100 1 32 8 151 2 35 5.8
1 2 28 23 181 ﬁ9 57
I-12 A 100- 0=200 1 8 69 432 60 39 5.7
2 30 122 453 90 c.8
I-13 A 100-100- O 1 23 43 194 19 35 5.7
? 2 34 L1 272 60 5.7
-1y A 100-100-100 1 65 238 60 35 5.9
I-14 2 %& 100 272 67 5.8
I-15 A 100=100-200 1 23 35 194 33 h3 5.8
2 30 713 227 T 5.8
I-16 A 100=-200= O 1 11 35 302 38 43 6.0
2 11, 50 Lo8 T 6.1
-17 A 100=200~100 1 18 30 151 25 43 5.8
I-17 2 48 73 181 60 5.8
=18 A 100-200-=200 1 2, 52 238 38 35 5.8
- 2 35 86 227 67 5.6,
-19 A 200=- 0= O 1 23 S2 281 49 43 5.8
1-19 2 28 59 272 71 5.6
I-20 A 200- 0-100 1 26 35 151 19 39 5,7
2 31 73 272 60 S.8
I-21 A 200~ 0=200 1 24, 30 108 13 39 5,7
2 31 73 136 49 5.8
I-22 A 200-100- O 1 16 39 194 49 39 5,8
2 46 63 317 Tl 5.8
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Fertilizer

Plot N Treatment, Sample A';i:;:b%; Nutrient

O« N-P205-K20 Period e PN pH
- (1bs,./acre)

I-23 A 200~100-100 1 23 43 281 38 39 5,7
2 29 91 272 T 5.6
I-=2l4 A 200-100-200 1 18 52 324, 55 35 5.8
2 19 113 363 71 5.8
I-25 A 200-200- O 1 15 39 194 38 43 5.7
2 86 73 317 60 5.7
I-26 A 200~200-100 1 21 35 194 3 43 5.7
2 Lo 68 227 0 5.8
I-27 A 200-200-200 1 22 22 108 38 39 5,6
2 31 68 136 Ls 5.8
IT- 1 A O=- 0= 0O 1 13 35 194 38 39 5.7
2 17 41 227 60 5.8
IT- 2 A 0- 0100 1 17 39 259 38 39 5,9
2 16 73 272 60 6,0
IT- 3 A 0- 0=200 1 18 30 151 32 43 5.8
2 17 54 181 49 5.8
IT=- 4 A 0-100~- O 1 22 28 32y 38 L3 5.8
2 he 3 363 78 6.0
IT- 5 A 0-100-100 1 18 35 151 38 39 5,6
2 L8 59 136 55 5.8
II- 6 A 0-100~200 1 13 48 324 9 L8 6,0
2 60 91 317 7 6.0
II- 7 A 0=200- 0 1 22 35 302 38 [3 5.8
2 19 54 317 55 6.0
II- 8 A 0-200-100 1 12 35 194 32 48 5.7
2 73 73 272 60 5.8
II- 9 A 0«200~200 1 16 35 194 25 48 5,7
2 2L 59 227 L9 5.8
IT-10 A 100- O= O 1 17 26 130 13 43 5.7
2 16 45 136 38 5.5
IT-11 A 100- 0«100 1 18 30 151 32 39 5.7
2 19 77 181 43 5.7
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Fertilizer
Avsllable Nutrient
Treatment Sample

Plot No. N-P2°S-K26 Period Content { m L - -

(1bs, /acre)
II-12 A 100=- 0-200 1 15 39 151 ﬁa 39 5.8
2 16 6 181 3 5.7
IX-13 A 100=100- O 1 15 39 108 25 39 §.9
2 21 36 136 443 5.7
IT-14 A 100-100-100 1l 13 39 281 ﬁe 39 5.8
2 23 104 317 9 5.7
IT-15 A 100-100-200 1 18 22 130 25 39 5,6
2 30 86 136 32 Seb
II-16 A 100-200- O 1 18 26 130 49 39 65,6
2 63 32 136 38 5.5
IT-17 A 100-200-100 1 17 22 151 25 39 §.7
2 23 68 136 38 5.6
IT-18 A 100-200-200 1 17 48 367 60 39 6,0
2 26 95 363 60 5.7
I1-19 A 200~ 0= O 1 18 30 151 25 35 5,7
2 2L 59 227 43 5.6
II-20 A 200- 0=100 1 16 26 151 25 35 5.6
2 19 59 181 43 5.6
II-21 A 200~ 0=200 1 18 22 173 25 35 5,7
2 23 104 227 43 5.7
IT-22 A 200-100- O 1 18 L6 216 49 39 5.6
2 26 73 317 35 5.5
I1-23 A 200=100-=100 1 19 30 151 32 43 S.7
2 20 86 181 38 5.7
ITI=2ly A 200-100-200 1 12 39 238 38 135 5.7
2 26 113 272 49 Seb
II-25 A 200-200= O 1 21 35 183 32 35 5,7
2 ué 68 181 38 5.6
IT=26 A 200=200-100 1 13 26 173 38 35 5.7
2 23 82 181 38 Beb
ITI=27 A 200=200=200 1 15 35 238 32 39 5,8
2 29 104 272 43 5.6
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FertIITzer Available Nutrient

Plot No, JIreatment, Sample Content m

* N=P205=-K20 Perioed . g > pHE
(1bs,/acre)

III- 1 A Q= 0= O 1 24 35 130 19 39 5.8
2 23 32 136 38 5.5
III- 2 A 0= 0-100 1 17 26 216 43 35 5.8
2 21 68 227 138 5.7
TII- 3 A 0= 0=200 1 21 26 108 25 43 5.6
2 26 59 136 32 S.6
III- 4 A  0-100- O© 1 Uy 30 194 49 43 5.8
2 24, L1 227 43 5.6
III- S A 0=-100-100 1 26 K3 216 38 35 5.7
2 29 73 227 49 5.7
III- 6 A 0-100-200 1 18 ﬁo 130 38 35 5.9
2 26 5 136 38 5.8
ITII- 7 A 0=200~ O 1 19 35 194 97 39 5.9
2 37 41 227 38 5.8
III- 8 A 0-200-100 1 16 35 216 25 35 5.8
2 51 100 272 49 a7
III- 9 A 0~200=200 1 25 43 194 60 35 5.8
2 29 650 181 38 5.6
IIT-10 A 100=- O-= O 1 32 60 302 55 35 5.8
2 31 63 272 49 5.5
ITI-11 A 1l00= 0=100 1 il 26 108 13 43 5.8
2 20 59 136 32 5e6
IIT=12 A 100= 0=200 1 51 69 326 55 48 5.8
2 49 109 363 67 5.6
ITI-13 A 100-100- O 1 19 35 151 19 139 5.9
2 29 45 181 32 57
III-14 A 100-100-100 1 36 43 130 38 39 5.9
2 3 59 136 38 Se6
ITI-15 A 100-100-200 1 20 48 173 25 35 5.9
2 21 91 181 43 5.5
IITI-16 A 100-200- O 1 19 22 130 25 35 5.8
2 53 Ll 181 38 5.5



173

;g:.ziiirzzr Sample Avallable Nutrient

Plot No. §.p,05-K50 Period 0q§gpnt m
(1bs,/aore) & a pH
III=17 A 100-200=100 1 15 48 173 4 39 6.0
2 26 173 131 38 5.6
ITI-18 A 100-200-200 1 22 73 302 60 43 5.9
2 26 100 272 49 5.5
III-19 A 200=- 0= O 1 20 39 130 7 35 6,0
2 20 W1 136 32 5.7
III-20 A 200« 0<100 1 20 30 194 19 39 5.9
2 17 63 181 38 5.7
IITI-21 A 200~ 0=200 1 50 78 389 43 i3 5.9
2 39 86 363 55 5.5
III-22 A 200-100=- O 1 22 39 1%1 13 139 5,9
2 37 50 181 43 5«6
III=23 A 200-100=100 1 15 73 259 L9 43 5.8
2 31 82 317 49 5.5
ITI-24 A 200-100=200 1 18 235 151 13 39 5.8
2 30 68 227 38 5.7
ITI-25 A 200-200- O 1 20 48 173 13 39 5.7
2 24y Sy 227 38 5.4
III~26 A 200-200-100 1 21 652 216 32 139 5.9
2 36 B2 227 43 56
IIT=27 A 200=200-200 1 20 43 173 25 39 5,6
2 24 100 181 38 5.
I- 1B 0= 0= O 1 1 35 151 71 43 5,3
2 9 45 181 8% S.h
I- 2B 0- 0-100 1 2 22 216 67 43 s.4
2 6 82 227 78 - 53
I- 3 B 0- 0-200 1 1 35 173 78 9 5,2
2 6 177 136 90 5.2
I- 4 B 0-100~ © 1 1 26 194 90 39 5.3
2 26 41 317 120 5.3
I- 5 B 0-100-100 1 2 30 173 108 35 5,2
2 41 213 227 85 5.2
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g;:-gg::r Sample Available Nutrient
Plot No. H_PZOS-Kaa P.rEOd Content m
K a £ a pH
(1bs,/acre)

I- 6 B 0=100+200 1 2 26 130 60 48 5.2
2 Lo 100 136 L9 S.1

I- 7 B 0=200- O 1 1 30 194 85 43 S.3
2 33 45 272 97 Sel

I- 8 B 0=200-100 1 1 22 173 102 39 5.3
2 166 236 272 97 5.2

I- 9 B 0=200=200 1 1 30 151 8s 39 5.3
2 194 358 181 55 5.2

I-10 B 100- O~ O 1 1 26 216 85 43 5.4
2 4 41 227 85 5.0

I-11 B 100= 0=100 1 1 35 173 108 43 5,2
2 4y 82 181 60 S.1

I-12 B 100= 0=200 1 2 35 238 108 43 5.4
2 6 118 181 49 5.3

I-13 B 100=100=- O 1 1 22 194 102 48 5.4
2 59 32 272 60 5.2

I-1; B 100-100~100 1 1 30 238 129 48 5.4
2 2y 77 272 102 5.2

I-15 B 100-100=200 1 1 26 173 71 L3 S.1
2 9 50 227 85 5.2

I=16 B 100=200=- O 1 - 22 238 108 43 5.4
2 215 27 317 67 S.1

I=17 B 100-200=100 1 1 35 194 120 }3 5,2
2 T 73 227 138 5.2

I-18 B 100~-200-200 1 1 22 108 67 39 5.2
2 Sh 91 136 71 5.1

I-19 B 200= 0= O 1 1 30 194 71 43 5.2
2 9 L1 181 67 heb

I-20 B 200= 0-100 1 1 22 194 108 43 5,2
2 6 73 181 67 he7

I-21 B 200~ 0=200 1 2 30 151 43 43 5.3
2 6 68 136 171 Sel
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g;rEIIlzer Available Nutrient
Plot No eatment, Sample Content m
' NePa05-Kpb  Period —p—lOpteRtyIRRMgl_yo
(1bs, /scre)
I«22 B 200-100~ O 1 1 30 194 120 59 5.3
2 9 32 227 1120 lto6
I-23 B 200-100-100 1 1 26 173 71 43 5.3
2 13 59 227 85 .9
I-2)4 B 200-100-200 1 1 30 216 U3 43 5.3
2 6 73 227 18 5.0
I1-25 B 200-200- O 1 1 35 151 97 43 5,2
2 41 32 136 78 5.0
I-26 B 200-200~100 1 1 22 173 97 L3 5.3
2 4o s} 183 71 5.0
I-27 B 200-200-200 1 1 22 1m1 9 L8 5,2
2 6 331 136 0 5.l
II- 1 B O= 0= O 1 3 26 194 102 48 S.h
2 L 41 227 85 C.5
I1- 2 B O« 0=100 1 2 26 238 55 43 5.4
2 4 109 227 67 5.5
II- 3 B 0= 0=200 1 2 35 173 97 35 5.2
2 4 104 181 78 Sl
II- 4 B 0-100- © 1 1 30 216 97 43 5.3
2 19 41 272 90 5.3
II- 5 B 0-100-100 1 1 22 86 67 39 5.1
2 49 91 136 67 5¢2
II- 6 B 0-100=200 1 1 30 324 125 43 5.4
2 31 163 272 90 5.3
IT- 7 B 0«200- O 1 1 22 238 85 43 5.5
2 4 1 227 60 5.6
II- 8 B 0-200«100 1 2 22 238 90 39 5.4
2 9 54 272 85 Sel4
II- 9 B 0=-200-200 1 2 30 153 85 39 5.3
2 26 100 181 55 Sel}
II«10 B 100« O=- O 1 1 22 151 67 39 5.3
2 9 27 1B1 L49 5.1
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m::r Sample Avallable Nutrient
Plot Noe NoP,Oc-K-0 Period Content m
2 5 2 erio Y g a pH
{1bs, /acre)
II-11 B 100« 0«100 1 1 22 130 85 39 5.1
2 6 gy 181 Tl 5.3
II-12 B 100- 0=200 1 1 30 151 B85 43 5.2
2 7 91 136 49 5.3
I1-13 B 100-100- O 1 3 22 151 8 35 5.5
2 7 27 136 9 S.h4
IT-1; B 100-100-100 1 2 26 216 97 39 5.3
2 7 Sy 227 60 5.3
II-15 B 100-100=200 1 2 22 151 67 43 5,2
2 6 50 136 55 5.2
IT=-16 B 100«200- O 1 2 30 86 71 43 5.1
2 120 27 227 60 5.0
IT=-17 B 100-200-100 1 2 26 151 138 35 5.
2 7 50 227 60 5.3
IT-18 B 100-200-200 i 1 30 280 199 39 5.1
2 20 100 317 97 S.h
IT-19 B 200 0O~ O 1 1 22 173 169 39 S.g
2 hy 27 136 32 be
II-20 B 200~ 0~100 1 1 26 130 228 35 5.3
2 L 104 136 60 L.
II-21 B 200- 0«200 1 2 26 173 1&8 35 5.3
2 4L oy 136 9 5.2
ITI-22 B 200-100- O 1 2 39 151 185 35 5,2
' 2 9 32 181 T 4.8
I1-23 B 200-100-100 1 2 39 151 155 35 5.3
2 7 54 136 67 S.l
II-24 B 200=100=200 1 1 30 173 165 35 5.2
2 20 131 136 49 5.0
II-25 B 200-200- O 1 1 39 86 165 135 5,0
2 L 36 136 60 5.0
II=-26 B 200-200-100 1 1 26 173 171 39 5,3
2 7 50 181 55 5.2
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g;:f{ii::r Avalilable Nutrient
Plot No. ? Content m
N=-P20g-K20 . 2 . pH
(1bs,/ecre)
II-27 B 200-200=200 1 2 26 153 155 42 5.3
2 7 82 181 &5 5.2
III- 1 B 0= 0= O 1 2 30 173 210 139 5,2
2 6 W1 227 78 542
III- 2 B 0~ 0=100 1 2 30 194 47 39 5.4
2 6 104 227 71 St
I1I- 3 B 0= 0=200 1 1 30 173 112 35 5.2
2 6 127 227 85 5.3
ITI- 4 B 0-100- O 1 1 30 194 138 35 5.3
2 6 L1 227 71 S.3
ITI- 5 B 0-100-100 1 1 30 173 169 43 5.2
2 10 59 227 85 S.h4
IIT=- 6 B 0=-100-200 1 2 35 194 165 43 5.3
2 10 95 181 85 S3
III- 7 B 0~200- 0O 1 1 ao 194 175 39 5.4
2 7 1 272 90 S
IIT- 8 B 0-200-100 1 2 26 194 151 35 5,2
2 i1 50 272 97 5.3
III- 9 B 0=200-200 1 1 30 194 125 35 5.2
2 W, 771 272 60 5.3
III-10 B 100=- O0- O 1 1 35 130 108 30 5.1
2 4 L1 227 18 5.0
IIT=11 B 100- 0-100 1 1 30 151 108 35 5.2
2 L 45 181 90 5.3
IIT-12 B 100« 0«200 1 2 35 151 102 30 5.1
-- - 2 4L 82 136 60 5.3
III=-13 B 100=-100- O 1 1 30 173 138 30 5,1
2 7 36 227 85 5.3
ITI-14 B 100-100-100 1 1 35 130 129 30 5.3
2 14 5Sh 227 178 52
IIT=15 B 100=100-200 1 1 26 238 195 35 5.4
2 11 91 227 78 5.3
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Tertilizer
1 Treatment, Semple Available Nutrient
ot No. NePaOr=Ko0 Content m
20g=-Kp Period = & ry - a pH
(1bs,/acre)

III-16 B 100=-200- O 1 1 30 173 138 35 5,3
2 24 32 227 71 5.1
III-17 B 100200100 1 1 26 173 147 35 5.3
2 21 50 272 108 5.3
III-18 B 100-200-200 1 1 30 173 143 35 5.3
2 17 g2 227 97 5.l
III-19 B 200- 0= O 1 1 35 194 129 35 5.3
2 9 36 181 60 5.2
ITII-20 B 200~ 0=100 1 2 26 151 129 30 S.h
2 6 sy 227 49 5.0
IT7I«21 B 200=- 0=200 1 1 39 238 188 30 Se3
2 3 S0 317 85 5.2
III-22 B 200-100- O 1 1 39 173 1965 30 5.3
2 15 18 136 25 Le9
III-23 B 200-100-=100 1 1 30 173 188 30 5,2
2 3 27 227 38 Se3
III-2)4 B 200-100=200 1 1 17 194 143 35 5.5
2 4 18 181 25 5.2
IIT«25 B 200-200= O 1 1 22 194 155 30 5.3
2 21 82 181 25 5.2
IIT-26 B 200-200-100 1 2 22 173 147 35 5.3
2 24y 41 227 38 .8
I11-27 B 200~200-200 i 1 26 173 175 35 5.2
2 3 50 227 38 5.0
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