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ITRODUCTION

The significance of copper in plant muirition may be recognized
by its designation as an essential microelement or micromutrient for
the growth of plants. These terms are appropriate for copper when
distinguishing it from other matrient elements such as nitrogen, phose
phorus, or potaseium which are required by planbts in quaniities of a
mch greater magnitude., The term micronutrient will be used in this
discussion.

As an essentinl element for the growth of plants and animals,
copper has received a great amount of attention. This is partially
explained by the fact that it was one of the first of the micro-
nutrients to be established as an essential for plant prowth. In
the past twenty-five years a pgreat amount of work has been done in the
field of copper mutrition of animels as well as that of plant nutrition.
The acewmlation of information on this supject 18, in a larpe measure,
due to improvements in techniques of biochemical amalyses and in chemi-
cal purification precedures. Inasmuch as copper is present in
sufficient amounts for plant growth in ordinsry sources of unpurified
water and chemical compounds it is necessary to adopt special methods
for removing it or at least greatly lowering its concentration so
that adeuwate control of any supplied copper oy be obtained for experi-
mentation.

Since the discovery of copper as an essential element for plants
and animals, the cause of several important nutritional disorders has
been explained. In this regard, exanthemz of fruit trees (L3), "recla=
mtion disease' of cereals (35), and chlorosis of plants in certain

areas are examples of mutritional diseases of plants which are the



result of insufficient copper. Among animals, ensootic ataxia (9),
"stringy wool” {8) of sheep, and "falling disease" (10) of cattle

are disorders which have been attributed to copper deficiency. 4ni=-
mls may obialn sufficient copper from their forage diet, but in areas
where pasture plants are charscteristically copperedsficient nutri-
tional disorders are llkely to develop. Animals of these areas may
be subnormal not only froma deficiency of copper, but also because of
a decreased supply of forage caused by copper-deficient soils,

Two problems are presented by these considerationsy namely, de-
toecting copper-deficisnt molls and determining an adequate method for
supplementing copper so that it may be utilized by plants.,

Copper deficient soils may be groupsd into three general cate-
gories: +the muck or peat soils which may contain relatively large
amounts of copper but in which the copper is upavailable for plantsj
the extrenmely sandy solls which actually contain so little copper as
to be insufficient for plant growth; and the last category includes
s0ils which, although they may contain sufficient copper per se for
plants, show a beneficial response to additlional copper apparently
by virtue of making other elements more avallable. Ihe copper re-
guirement for the third group of soils is the most AIfficwlt to
evaluate because the factors which regulate the effects of copper
in the soill are incompletely understood.

With respect %0 i%s role in plants certain functions have been
esgigned to copper. It is now well established that copper is a
constituent of certain enzymes (L, 5, 30) although the physiochemical
relationship of copper o their molecules is not understood.



Copper may be considered as one of the two most important ele-
ments used as funglcldes. It is extremely toxic Yo higher plants as
well as to fungl in concentrations which, by comparison with those
of macronutrients, are very mimute, Beyond the classic explanation
for the effeoct of heavy metals on probtoplasm very little is known of
the effects of copper on plante in concenbrations ranging from the
point of sufficiency to excess.

The investigations reported herein are concerned with several
agpects of copper nutyition. A primary objective was the assossment
of the awailable copper for plants on two soil types, combined with
& study of the type of copper compoundd which would most readily ful-
£111 the requirements of & variety of plant specisa. Certain
measrements have boen made of plant comstituents with the aim of
evaluating the direct or indirect influwences of copper on biochomical
processes. Particular emphasis was placed on an examination of the
plant responses to copper in the range of concentration from suffi-
clency to excess.



The literature on copper mutrition up to 1548 has been extensively
reviewed in the fourth edition of the Bibliogreply of the Literature
on the ltinor Clements and Their Relation to Plant and Animsl Nutrition
(14)., The literature relating to the biological sigmificance of copper
in foods has been reviewed by lonier<¥illiams (31). More recemtly a

sories of papers and discussions from a gymposium on copper metabollsnm
held at the Johns Hopkins University (30) bave comprehensively summa-
rized theA advances in the fislds of sell science, animal and plant
mitrition, and biochemistry.

It is now genmerally agreed that Bortels (ll)i in 1927 was the first
to demonstrate that copper is an essential nubtrient for the growth of
fungi. Working with Aspergillus niger he found that the yield and color
of spores were influenced by the Quantity of copper present. In the
absence of copper the growth of this orgpanism was decreagsed and 1ts
spores light brown in color, but with the addition of copper the yield
wag increased and normal black pigmentation developed.

Conclusive evidence for the essentiality of copper in the nutri-
tion of higher p}a.ma wag initially presented in 1931 by Amma L. Sommer
using sunflowers, tomatoes, and flax (L5). Frior to and since this
discovery copper has been recommendsd as a remedy for dieback (or
exanthera attributed te copper deficiency) in many species of fruit
trees (2, 12, 16, 17 and 19). The beneficial response of copper addi=-
tiona to muck and peat soils was revealed by the research of Felix (18)
in ¥ew York, and Allisom, Bryan, and Hunter (1) in Florida.

Rusgell and lamms (39, LO) obtained increases in yield on several
truck and field crops in Delaware, lnryland, New Jersey, Virginia,



Horth Carolina, South Carclina and Georgia by the use of ten to fifty
pounds of copper sulfabe por acre.

#ith respect to the wnavailability of coppsr in organic soils
mlder (33) bas made the following cbservations:

Although the copper content of most solls is very low,
deficiency symptoms of the plants as & result of an abaolute
lack of copper are found only sporadically. FPresence of
certalin types of peaty substances will often reduce the
availability of soil copper, as & result of which deficiency
symptoms in the plants occur. m his earlier work the writer
hag shown (20) that such substances are able to fix relatively
mmﬁmmrmmhawmtitmmmm

bus nlge Furthermore it was demonstrated that

in an mmwﬂabls t‘m zsm was not simply copper wl,phida,
gince copper supplied in this form was foumd 4o be readily
available for plants and microorganisms like A. niger. « « « »
The behavior of copper in organic soils is diT?e] that
of other cations. Iucas(31) cbserved that cepper sulphate
was precipitated, probably as the hydroxide, when the pi of
the soil-wmier suspension was greater than ﬁ.?. ¥hen a
hydrogen~sodl was treated with capgs r acetate, copper was
adsorbed ag m&a divalent cation Cu** and as the monovalent
cation complex (CuCH.CO0)*. Hurwitz (32) found that addition
of oat strew and alfi:u’a meal with a ecarbon-nltrogen ratlo

of 30:1 gave a rise in exchangeable copper of a sandy loan
frmﬁ.h’w%.ﬁmimmmm. of dry soil. This
W&mmmwmmmwcmrmmme
matber. %hen the amended soil was incubated at 29°, 37°, and

45° c. for 1 days, available copper had agaimreached the
initial low MI. At 2° no change was found, indicating that
the organic compounds which were responsible for the increase
of Wble copper were decomposed by miorcbivlogical

ac e

The literstuve pertaining to copper deficlency symptoms for many
plants has been summerized in Disgnoskic Technigues for Solls and
Crope (25). Thore is & warked simdlarity of the most obvious symptoms
for most herbaceocus plants, vis., stanting of growth, 211 leaves
chlorotic or blue green in color, and certain derengements of terminmal
gmwbh charascterized by cupping, withering and death of terminal lsaf-
lets, and the failure to form seed,




[

The toxicity for plants of soveral copper compounds has been
determined, Coupin (15) found that for wheat planta the following
percentages in a water culture solution were lethal: copper bibromide,
0.00L8; copper bichlorate, 0.005 } copper sulfate, 0.00553 copper ace=
tate, 0.0057; and copper nitrate, Q.C}Ofi-. He concluded thalt there is
little difference in the toxdcity of the different copper compounds
since their offect is due to the copper ions. Isimuka (24}, working
with rice plants, found that this species could withstand concentrae
tions of 100 p.p.m. Cu if only one~half of the roots were subjected
$0 it while similar plants died when all of the roots were subjected
£0 50 DePelte

The cepper conitent of healthy plants vardes widely among species
{7, 22) and within species grown on different soils (23). Beeson (7)
and Coodall and Gregory (22), in their reviews on mineral composition
of planis, have coplously cited research dealing with the copper
conbont of muyy species of plants. The copper condent of plant
material is not necessarlly an indication of the a@w of copper
supply. Dailey and lkllargue (5), using the tomato, found that the
copper content of copper-starved plants wag slightly higher than that
of plants receiving copper treatments, on the basis of unit dry weighty
furthermore, the accumilations of copper in plants with various coppor
treatments wexe ossentially the same,

Hulder (3L), using Aspergilius niger s an indicator plant, has
considered the following copper concentrations as criteris of probable
plant vesponse: In micrograms per gram, < O.k, very deficient; 1 to
1.5, slizhtly deficient; and D 2,0, not deficient.



Lopt experimenis on the effects of copper on plants growing in
the gresnhouse and in the field have utiliszed copper sulfate; however,
Yorns (29) found

some research has been done using other compounds
that Cuo 3 and CuB{?Oh}g cave ao ;;msi response to crops as Guﬁﬁh. On |
marsh solls in Mussia she nitrase, oxide, chloride, acelals, carbonmate,
and malachite forms of copper gave beneficial recponses {(L7).

I. ime been found that the coppsr content (of substrates and within
the plant) influonces varicus cherical constidunents of plants. As
would be inferred from the ehlormotlic gymptom assoclated with copper
deficiency the chlorophyll content variec ddirectly with the copper cone
tent of vhe plant (L1). Ir accord with their concert of nutrient-
elepent balance Shear, Crane, and leyers (42) have clied svidence that
aluninum oy cxort @ competitive effect on copper snd, when aboence
of ai!mairmt is approximmted, copper may become toxic, Hiceman and
Donald (30}, growing rye or copper deficilent ccils in Australis, found
that addisions of potassiun and copper reduced the amcunt of irom in
the plant agh, and edditions of copper increaged the copper combent and
reduced the manganese in the ash. The research of ILipmen apd Gericke
(27) indicated that copper anitagonimed sodiun chloride, sodium sulphate
and sodium carbomato in Berkeley adobe soil, the antagonisn being evi-
dent with three puccossive barley crops. Arnen (3) found that the
growth of bariey planta supplied with armonium nitrogen was favorably
affected by the addition of copper (in contrast to 2 lack of response
whon the planis were supplied with nitrate nitrogen). CGilberi, et al.
(20, 21), in comparins the composition of leaves and fruit of copper
deficient tung trees with thet of normel trees, found no difference
in per cent of non-redueins sugars, a lower per cent of recducing sugars



and starch in deflicient leaves, and water insoluble nitrogen higher
in deficient leaves. In making a similar comparison Lucas (28) re-
ported that the addition of copper to deficisnt muck sui;a in ‘bhe
greenhouse increased the ascorbic acld content of barley, oats, and
fall-grown spinach. Also the application of copper increased the
carotene content of greenhouse-grown vwheat, spinach, barley, carrois,
and oata., The protein content of plants deficient in copper was found
to be abnormally high, indicating that copper is not directly imvolved
in the formation of proteins.



IATCRIALL AND METHODS

Certain phases of the copper mutrition of plants were concenw
trated upon in the research reported herein. The first objective was
the quantitative determinatlon of copper in the soils of several
locations in the state of Maryland. The second objective included a
study of the type of copper compowrx! from which copper would be most
efficiently supplied to plants. The third cbjective was directed to-
vard the accummlation of further information on the role of copper in
c@r@m species of plants, with the hope that generalimations might
be possible,

Field Zxperiments:
The problem of determining the quantity and availability of

copper for plants in certain areas of lfaryland was studied by the use
of several different techniques. 7hs first to be described is that
of mecasuroment of copper in the soil.

Since the soils of laryland are relatively low in native organic
matter, the actual copper content may be expecited Ho more closely
rarallel the amount which is available o planis. This is in contrast
to the muck and peat soils of Florida, lichigan and Hew York in which
the copper is rendered umavailable $o plants by its association with
the organic matter.

Two areas on the University of llaryland Experiment Station farms
(College Fark and Salisbury) were sslected for fiecld scale experi-
mentation. The solls at these locations differed in certain respects.
At College Park the soll was a comperatively infertile sandy loam
(Sagsafras) although, by comparison, it was much more productive than
the soil at the Jalisbury location. The plots at Salisbury were
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situated on a very sandy, well-drained soil (Evesbore) of low fertility
which is characteristic of the "eastern shore" or peninsula solls.

301l samples were talen at nnifom intervals and the copper content
determined colorimetrically, after extraction with N NaCl (37) by

the use of rebeanic acid (13) and also biloassayed by moans of the
llder Aspergillus niger lethod (3L).

Obaervations of planbs grewn in the areas mentioned above with &
variety of supplemental copper treatments constituted the second phase
of the investigations and may be considered as another method for
identifying the quantity of copper in the soil. In order to deter-
mine the responss of crop plants in general to additions of copper,

a wide variety of plants were selected for growth on these soils. In
this regard the species were selected with as much diversity of type

and growth habit as possible, i.e., root crops, foliage crops, mono-
cotyledonous and dicotyledonous plants. The horticultwel and

agronomic crope used in these tests were, furthermore, selected in such
a way as to represent those of importance in laryland both from the
standpoint of acreage and of cagh value., The selection was limited

to row erops in order to include & greater mober of crops with &
mindumm of complexity in cultural procedures. The following species _
and varieties were used in 1949: Cucumber (Gnams sativus L. c. A & C),
Beet (Beta yulgaris L. ¢. Detroit Dark Red), Snap Bean (Phaseolus vul-
sh Lima Bean

garis L. var, humilis Alef. ¢ Stringless Green Pod), B
(Phaseolus limensis Hacfad. c¢. Henderson), Irish Potato (Solanum

tuberoswm L. c. Katahdin), Sweet Potato (gmwm Batatas L. Poir. c.
Nancy Hall), Tomato (Lycopersicum esculentum 1411. c.Rutgers), Tobacco
(Nicotiana Tebacum L. ¢. lBryland Broad lLeaf), Sweet Corn (_?_ﬂg Mays L.




var. rugosa Bomaf, c. Golden Cross Bantam), and Field Corn (Zea lays
L. var. indentata Bailey c. Southerm States #3a2).

#With ten species being used it was necessary 4o limit the number
of treatments 0 & minimum so as to have sufficient replication. Con~
sequently a control and only two treatments were used in the 1949 season,
namoly, copper sulfate as a soil application and as a foliage appli-
cation. This salt of copper was selected for a variety of reasons.
First, it is one of the most soluble salts of copper and, mmfare »
would be expected to be readily available to plants. Second, copper
sulfate as a fungicide has been the subject of many investigations not
only in view of its primary effoct &8 a funglicide but also because of
a stimilatory effect on the plant itself which has been suspected.
Third, copper sulfate his been the most commonly used salt for supply-
ing this micromatrient to commercial fertiliser mixtures. However,
in spite of these considerations, it will be shown later that this
salt is probably not the ideal way of supplying copper to deficient
goils,

In the 19L9 tests all plots were treated with the remaining
essential micromutriente (with the exception of iron) so that a defi-
clency of any one of them would not obscure the observation of a
response to copper if this element were agtually deficient.

Experiment at Collepe Park, laryland, 19L9: The design was

composed of nine blocks, each of which was thirty by fifty

feet in area. Thess blocks were arranged ina 3 x 3 latin

square and each block contained one fifty-foot row of each

of the ten crops mentioned earlier (Plate 1). The sequence

of crops was the same within all blocks =o that any shading



PIATE 1

View of five of the nine bloocke in the test plots on
the University of Maryland Experiment Station Ferm at
Gollege Park, Maryland, August 19L9. ~The crops from
left to right, field corn, sweet corm, tobaceco,
tomatoes, awees potatoes, Irish potatoes, 1ims bomns,
snap beans, beets, and cucumbers.






or border effect on any particular crop would, therefore, be
a uniform offect throughout the experiment. <n Junc 1L, 1949
the crops wereo planted. FPrior to planting,the soll recelved
5«10-5 fertilizer applied at the rate of 500 pounds per acre.
At planting time additional 5-10-5 fertilizer was applied at
the rate of 500 pounds per acre as & band six inches from the
plants on both sides of each row, with the exception of sweet
corn and f£ield corn. To the band application of fertilizger
sinc sulfate and borax, each at the rate of 10 pounds per
acre, were addsd. Copper sulfate at the rate of 10 pounds
per acre was added to the band application for three of the
blocks in am arrangement consistent with the latin square.
dand was wsed %o distribute these micromairients on the corm
since no additiomal 5-10-5 fertilizer was added. Llemantel
sulfar in an amount equivalent to that applied as copper
gulfate wag added to the band applications on the blocks not
recelving this compound.
spreyed on plants of all blocks on July 23 at the rate of 4

ilanganese chloride (500 pep.m.) was

gallonz per block. On the same day copper sulfate was sprayed
on the plants of three blocks at the same concentration and

rate as that of mangancse chloride. This asmount of copper is

equivalent to approximately 2 grams of elemental copper per
block. The remsining three blecks received no copper and thus
served as conbrols. Yield data were taken at appropriate
intervals for the various crops and by means of amalysis of

variance the treatments wore compared.




Experiment at Salisbury, Imryland, 1549: 4t this location the
experiment consisted of the same fealures a&s those of the V
College iark locabtion with the exceptlion of planting dates,
which were approximately one week earlier, and arrangement

of blocks. Uwing to the shape of the area it was impossible

to use a latin square, so the blocks wore randomized in a

manner which prevented any adjacent repetition of treatments.

The data at this location were statistically 2anilyzed on the

bagis of three replications.

The results of thesec first field experimemts (19L9) indicated that
the application of copper sulfate was nob beneficial to yield at elther
location. The foliage application at College Fark was actually detri-
mental 4o yield. Inasmuch as the concentration of treatment was
relatively low the possibility that available copper was not deficient
wags suggesied. Therclore, the following fleld experiment in 1950 was
limited to and its scope increased at the Salisbury location where
copper insufficiency would be more likely.

An edditional factor in the 1950 field experiment vas the use of
several differemt copper compounds. In order bto facilltate this ine-
crease in treatnments it was necessary to decrsase the mumbor of crops
for investigation. Thls revision of design allowed the statistical
evaluztion of treatments on individusl crops. The following speciles
and verieties were used in 1950: Tomato ( Lycopersicun esculentum

11, c. Rutgers), and Tobacco (licotiana Tabecum L. c. Haryland Broad

leaf). In order to determine amy possible effect of other micro-
nutrients on the availability of copper the treatments consiating of
the various copper compounds were split so that only one-half of each
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would receive a mixburs of compounds supplying boron, manganese,

zine, magnesium and iron.
Ixperiment at 3alisbury, Jaryland, 1950: Figure 1 shows the
modified latin-square arrangement of treatments in this ex-
poriment. Hach columm consisted of four rows of tomatoes and
four rows of tobaceo (Plate 2), the rows being five feet
apart and 150 feet long. An additiomal space of ten feet was
left between the nine major blocks of the latin square. Each
area to which a single treatment {(e.g., l«x&)‘rm applied,
within any mejor block of the latin square, contained four
10=-foot rows or twelve plants of each specles. Thus, each
of the seven mjor treatments was applied to 72 plants of
each species, half of which received all micromutrients ex-
cept copper. The tomato plants were set in the field on
Hay 17 and the tobacco plants on Jume 7. Fertilizer (5-10-5)
was applied in the same manmer and at the same rate as that
of the 1949 experiments, the soil treatments with the various
copper compounds being added o the band application. The
concentration of the copper sulfate soil treatment was in-
ereased over the 1949 level tc a rate of 15 pounds per acre.
The remaining copper compounds were supplicd in amounts which
contained weights of elemental copper egulvalent to that con-
tained in the copper sulfate treatment. The foliage appli-
cation of copper sulfate was the same concentration (500 p.p.m.)
and rate as in 1949; however, it was applied at three times
(July 11, July 20 and August 1, 1950) inatead of only once.
Yield data on tomatoos were taken on six dates of picking,
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FIGURS 1. ARPANOELENT OF TRZATIENTS IN THE SALISBURY, MARYLAND,
FICID IXPERIZENT, 1950.
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whereas the date on tobacco were tabulated at harvest and at
the time of stripping and grading of leaves. It should be
noted that extreme care was taken to have perfectly symmetrical
spacing of plants in all treatments and to have a complete
stand of as uniform plants as possible. In order to accomplish
the ladter, certain plants were removed and replaced at an
carly date. In view of these precaubtions and with the alm of
increasing statistical precision, yilsld data were iaken on the
individual rows of plants within each treatment (C.g., 1%).
Thus h;ﬁ observations were tabulated for each crop for any
particulzar growth messurement.

Creenhouse Iogperiments:

Copper Neficiencys In arg%ar to observe deficlency aympi
several species of plants, & waier culbure experiment was insti-
tuted. The mothod of Stout and Arnon (h@.?} wa.s uﬂ@&,_wﬁh certain
minor variations (Plate 3). Two-liter pyrex beakers, used as
culture containers, were painted on the ocubside, Llrst with
black paint and then with white paint. Covers with holes 4o
accormodate plants and aerators were cast from plaster of Paris
end soaked in paraffin. Immersion pyrex fritted filter tubes

of fine porosity (50 mm. diam. disc.) were used for aeration

of the cultures. Air pressure at 8«10 pounds per square inch
was provided by an air corpressor. Five 150-watt incandesesnt
light bulbs approximately eighteen inches above the tops of the
culturcee provided additlopal illumination in the morning from
1200 aeue until 2:00 a.m. &ad in the evening from L:00 peme

wnhdl 3::3’} Telle
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The species used inclwed Kale (Drassica oleracea L. var,

acephals DC. c. Hardy Winter), Cauliflower (Brassica oleracea
L. var. botrytis L. c. Giza 1) and Romeine lattuce (Lactura

gativa L. var. longifolis Zam,)

Cbservations and photographs were made at various intervals
of growth and finally the plant material wes amlyzed for copper.
Copper Lxeess: Jnother experiment was performed in the green-
house with plants growing in soil. It was designed to determine
some of the effects of excessive amounts of copper on two species
of higher plants.

One-year -old W(an macrophylia (Thunb.) DC.)
growing in six-inch pots of sandy loam soil and tomtoes
(Lycopersicum esculentum #11. c. Rutgers), approximately 23
g in a ground bed containing a similar mixture

feot tall, i

of seil. The composition of these soils with respect to copper
was within the range for normal plant growth. Since oxcessive
amounts of copper were applied with the aim of producing detri-
mental effects, the initial amount of copper in the soll wes
not a considevation.

Forty plants of each specics were divided into ten groups
of four plants each. Zach of the five treatments waz appiied
to two of the groups, or o a total of eight plants, of each
spocies. The treatments were spaced in such 2 way as to have
the maximel distance between repllcate groups. The groups of
tomatoes in the ground bed were divided by mesns of panes of
greenhouse glass wrm.cally sunk in the ground to a depth of
ten inches, therely, enclosing an area of approximeiely 12.8



PLATE 3
Water cultures waed in the copper deficiency experiment.
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square feet for the four plants within (Flate L). Copper
sulfate, the only compound used in this experimont, was applied
toc the soll in the followling amounts per plant of each species:
o155, o855 Le5, Lo5 and 13,5 grams. The copper sulfate for each
group of four plants was dissclved in a wniform volume of water
and applied in this form.

After treatnents vere applied the soil in which the
I’gﬁrangaas were growing contained, on a dry weight basis, approxi-
mtely 30, 90, 270, 810 and 2430 p.p.nm. of sdded elemental copper,
respactively, in the above sequence of ircatments. The hydrangeas
received only one application, on lareh L, 1951, whereas the
tomatoes recelved two applications, on !mrch L and on lMarch 15.
The copper concentration of the scil in which the tommtoes were
growing could not be estimated with any degree of accuracy; howe
ever, 1f compared to field scale applications the rates in
pounds per acre would have been 10, 30, 90, 270 and 810, respec-~
tively. GSeveral wecks afier the application of itreatments,
observations and photographs were taken and leaf samples were
reserved for chemical amalysis.

Chemical mmmﬁms

Unless otherwise stated samples representing the youngest fully
mature lcaves were dried immediately in & foreced-draft oven at &5° C.
A1l samples except those of the 1949 field experimont were ground
with 2 mortar and pestle %o prevent copper conbamination.

Tor copper determimations three- to five-gram samples of dried
leaf material (unless the silze of the samplc was lindted) were ashed
for twelve howrs 2t 500° C. and the ash takem up with 10 ml. of



PIATE L
Tomato plants used in the sapper excess experiment.






glacial acebic acid, The ash solubion was reduced to approximtely
5 ml. by boiling, then filtered through a " hatman 4OY filter paper
and brought te & volume of 50 ml. with doubly distilled water. This
solution was thon analysed for copper by the rubeanic acid methed
(13).

For the analysis of potassium, caleium, and magnesium, sanmples
of leaf material were ashed in the same marmer as above., However,
the ash was taken up with 10 ml., of l:1 hydrochloric acid, evapcrated
to dryness, placed on & steam bath for two hours and the residue then
taken up in an additiomal 5 ml. of 1:1 hydrochloric acid.

FPotassium and caleium were determined by the use of a Beckman
Spectrophotometer with a flame attachwent.»

Ypgnesiun was determined colerimetrically by the use of titan
yellow (37).

Fhosphorugs was determined by an adaptation of stapdard coloeri-
metric methods based upon the formation of molybdenum blue (26).
Statistical Treatment of Data:

The analyses of variance were made according to the method out-
lined by Smedecor (Lh).

#*Courtesy of Dr. L. T Scott, Depertment of Hortioulture,
University of laryland.

23



Field Experiments 19L9:
The regsults of the rubeanic aecid method and the imlder ﬁ»ﬁ;r—

w %ﬁi moethod, for the quantitative determination of copper in
the soil samples from College Park and Salicbury, woere not in agree-
ment. By the first method concentratioms of 0.4l p.p.m. 2t College
Park and 0.3} p.p.m. at 3alisbury were indicated. The second method
indicated that 1.4 and 0.4 p.p.m. copper were present in the College
Fark and Salisbury soils, respectively (Plate 5).

Concerning yleld data in 1949 only nine observations were possibls
per location for each crop (for anmy particular growth measurement)}
therefore it was impossible to test for statistical significance, by
analysis of variance, on each crop. However, data on each crop,
representing a definite criteria of dewlamentv, ware selected and
analyzed simultaneously. The data which were used in this amalysis
(Appendix tables 1, 2, 3, L, 5, 6, and 7) are shown graphically in
figures 2 and 3.

The growth of Irish potatoes and the two types ‘ef corn was
extremely irregular within blocks and, therefore, the data on these
crops was not included in the statistical amalyses.

Table I shows the simultanecous amalysis of variance of the raw
data from both locations. As would be expected in an analysis of
soveral crops with great differences in magnitude of yleld, the vari-
ance due to crops was highly significant. The high significance of
locations may be largely attributed to the variation in crop response
to the different scils.
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ANALYSIS OF VARIAHCE OF RAW DATA FROU THD COLIEGE PARK

TABIE X

AND SALISBURY FIRID EXPERIIENTS -~ 1949

28_

Vegroes of

Bource of Sun of squeres Jardance r
variation freadom
Total 125 106020.8)
¢ & 715857.02 11926.17 168 .15
T 2 91.26 LSe63 0oL
Rt 5 L499.19 £99.38 12, 68x
(L) 51; (%193.52; 1193.52 59,135
(R) L 305.67 76l 1.07
Cx7T 12 1429¢72-& 35-61 0050
C x Rt 30 23657.28 768.57 11,11
(c x L) (63 (21793.26) 3632.21 51.21%#
{(C %= Rr) (2L (18484.02) 7766 1.09
(T x L) (2) (221.24) 110.52 1.55
(T < R) (8) (1309.77) 163.72 2.30%
CxT xR S0 L255.34 70.92
(c xTx1L) 5123 (L05.8L) 33.82
(cx7Txn) L8 (3845 ,.50) 80.19
C == Crops

T == Treatments
R & RY -= Raplications
RY «= Indicates that the two sources immediately below have

L == Locations
#8ignificant at 5 per cent.
#uSignificant at 1 per cent.

contributed to its varlation.
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A comparison of the treatments on various crops at Salisbury re-
veals no systematic trends (Fig. 2). However, the sams comparison
at College Park (fig. 3) indicates that in six of the seven crops there
was & downward trend in yield in the following order: check) CuS0) -on-
soil > CuS0j ~-foliage spray. Thus, further statistical analyses of the
data from individual locations were made. An amalysis of variance of
the raw data from College Park (tabls II) failed to show significance
in this 4trend. The high significance in erops suggesbted that crop
variability was obscuring any possible significance of treatments.
It ia apparent that the amalysis of raw data does not make allowance
for the wide differences in yield aud in spread of yleld ameng the
various crops. Ldkewise the same least significant differemce cannot
be applied to all crops. Consequently, two mathods of coding were
used (tables III and IV) and although one was slightly more striking
in effect, both methods removed the variation due to crops. The
analysis by the second method is probably more effective in reducing
all crop yields to arable terms for amtlysis. Inasmuch as we are
not interesbed in the comparison of absolute ylelds, coding methods

my be Justified.

The interactions wore combined with the ordpginmal error tem
since no sigmificance was shown when they were taken ocut.

The copper sulfate foliage application was the only treatment
that produced a significantly different yicld (lower) from that of
the comtrol. Only general conclusions may be dravn regarding the
effects of treatments in this experiment since significant differ-
ences due to treatmont mey only be found in the treatment totals.
The total ylelds for the copper sulfate foliage spray indicate a



TABIL IX
ARATYGIS OF VARIANCE OF RAW DATA FROL THD

COLIGE PARK FISID EXFERTICNT -- 1949

Source of Degreeg of Sum of squares Variance P
varlation fresdonm
Treatments 2 262,61 131.30 2,08
Crops 6 57657.58 9609 .59 152 55
Rows 2 297.38 148.69 2.36
Error 50 3149.95 62499
Ircatment leans for Crops
ﬁ’s:i%@h with G&%{}k &g foliage Control Lo 8o Do
fortilizer apray 27 ¥
Cucusber 100.9 9heli 103.5
Boet 9&3 8 -3 11.0
Sweet Potato 3he7 3l.1 38.9
Tomato Th.2 72.3 79.2
fobacco 6509 6242 6le2
Treatment Totals
100 938,46 10h2.9 103,29 137.75
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Degrees of Sum of squares

Source of Variance F
variation freadon

Total é2 2426646

Treatments 2 2h28.62 1214.31 336
Crops 6 00.00 00,00 0.00
Rows 2 2305.05 1152,.52 3.19%
Colums 2 192,10 Th6.05 2.06
Zrror 50 18040 .69 360,81

Treatmont leans for Grqgg

ﬂaﬁﬂh
fertilizer  spray

, with Cuﬁﬁ& asg foliage Comtrol

L. S Do
AN

12

Cucumber
Beet

Snap Bean
Tima Bean
Sweet Potate
Tomato
Tobacoo

101.2 9heT
FTeki 87.3
9540 94L.8
105.0 85.2
9? 03 89 01
?8 06 96 [ ] 0
10443 98.5

103.8
115.4
109.9
10%.5
111.4
105.1

969

32.322 3.1

Treatment Totals
21033 1937.7

T3
1951

- 70{3

2L7.18 329.66




TABLE IV

ATALYSIS OF VARIANCE CF RAW DATA CODED BY

ADDTING 10 TC TACH DATUY AND EXPROSSING I7T

AS PR CENT OF IEAN* FOR EACH CROP IN THE
COLIZNE PARK FIELD EXFERDMENT -- 1949

Source of Degrecs of Sum of squares Variance F

varistion frocdon

Total 62 11632.39

Treatments 2 1165.33 582,566 3e595

Crops &) 00.00 0QL,00 2,29

Rows 2 1087453 5U3.76 3435%

Columns 2 1280.61 640430 3.95%
50 8098.92 161.97

Treatument Heans for Cmﬁ
Gqu}h with Cuﬁﬁh as foliage Control Le S5¢ Do

fertilizer spray % 1%
Cucumber 101.2 95.2 103.5  20.86 27.82
Beet 987 937 107.5
Sweot Potato 99.5 91.5 108.9
Tobacco 10303 9807 973

Treatment Totals
2105.8  1986.7 2207.7 165.59 220.85

INew mean 15 equivalent to ordgimal mean plus 10.
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FIGURE 4. CGOPPER CONTENT OF LEAVES, 1949 FIELD EXPERIMENT, SALISBURY, MD.




TARIE V
AMATYSIS OF VARIANCE ON AIR-DRY WRIGHT OF TOBACCO IZAVES
SALISBURY, MARYIAND, 1950

Ay
1%

Source of Degrees of Sum of sQuares Variance ¥
variation freedon
Treatments G 7827 1304.5 .67
Trace Elenents 1 122 122.0 07
Orades 2 7308207 3654103.5  1884.023
Replicationa 1 Lhbbo Lolo.0 2,08
Tr. x Trace El, 6 2124 35440 .18
Tr. x Or. 12 16593 1382.7 T
Tr. x Reps. 66 102186 15L8.3 .80
Trace £l, x Gr. 2 1158 2079.0 1.07
Trace El. x Reps. 11 13908 12@5&.2 o#5
Gr. X Beps, 22 1&305 ThaBl 385k
Tr. x Trace El.

X Ore 12 8743 728.5 .38
Tr. i m Zl. m 87889 1331.7 .r;?
Tr. x Gr. x Reps. 132 3&5’58 2752.&’; 1.3
Drece Sl xOr. 22 49590 3163.2 1630
Error 132 255902 1938.7
Total 503 6&50@@

#3ignificant at 5 per cent,
#uSignificant at 1 per cent.
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interaction was insignificant another analysis of variance was made
on the summiion of grades (tabls VI). In this manner the variance
due %o grades vas complehely removed and the preeision for estimating
other variables was inereased. Doth methods of amalysis indicated a
lack of significant differences due to treatments., The significance
of replications may be atiributed in part to soil variations and also
to the border effect of one crop upon the other,

Tosato yields were recorded on six dates of picking and amalyzed
on me basis of twelve replications, as were the tobaceco data. In
the analysis of variance of these data (table VII) the second order
interactions were included in the crror term since none was signi-
ficant when comsidered as a distinct source of variation. The
gignificant differences in yleld among treatments is graphically pre-
gsented in figure 5 A. It is evident that the yieclds of cuprous and
cupric oxlds treated plants are significantly greater than those of
the choeck, copper sulfate soll application, and copper sulfate follage
application.

The inereasing yleld of all ireatments on successive dates
accounts for the significance in this souwrce of variation., Variations
in yiclds ameng replications mey be attributed to the same factors
causing variation among replicates of treatments on tobacco.

The significant interaction of treatment x trace eloment is
largely due to the lower yicld when the additional trace elements were
added to cuprous oxide, cupric oxide, and %o the copper sulfate foliage
treatments, whereas the trace clement addition increased yields of the
remaining treatments {(fig. 5 B == the same data were used in 5 A).
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TADIZ VI
ABALYSIS OF VARIANCE O SUIDATION OF GRADD
WETGHIS (F AIR-DRY TOBACCO IHAVES

Source of Degrees of OSum of squares  Variance F
variation freeden

Treatments 6 23480 3913 .98
Trace Elements i 3% 3% .07
Replications n 133320 12120 3.03%#
Tr. x Trace 51, fs f;B?B 3.0&;2 W27
Trace £1, x Reps, 11 LTy 3792 95
Tr. x Reps. 66 306558 Lkl 1.16
Error A6 263657 3991

Total 167 775481

enificant at 5 per cent.
msigniﬁn;ant at 1 per cent.




TABIE VII

ANALYSIS OF VARTANCE ON TOUATO YINID
SALISBURY, IAIYIAND, 19%0

Source of Degrees of Sum of squares Variance ¥
variation freedom
Treatments 6 1337 2229 2.25%
Trace Slements 3013 3013 3.05
Dates 5 2507362 501472 Bcnﬁow
leplications 11 55901 5081 5ellen
Tr. x Trace [1. 6 19470 3215 3,284
Tr. x Dates 30 20437 681 o559
Tr. x Reps. r‘”a 1{}3163 15&3 1,58
Trace D1, x Dates 5 8303 Wﬁ 1.5‘3
Trace Ul. x Reps. 11 18735 1703 1.72
Dates x Reps. 55 228801 laéo L 20mn
Error 811 Mh&? 989
Total 1007 378103L

#Significant at 5 por cent.
#3ipnificant at 1 per cent.
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Gresnhouse gg:eriments :

Copper deficiency: Of the threc specics of plants grown in the
vater culture experiment, cauliflower and kale developed visuwal sympe
toms of copper deficiency. In both specles the only variation in
foliage color from that of the control plants was one of a decraase in
the intensity of greemness (Flates 6 and 7). The cauliflower plants
in tho copper deficient culture showed & marked stunting of growth
three weeks after permination while the kale plants showed no reduction
in size,

Table VIII shows the variations in copper content of plants which
ware grown in the deficiency experiment.

Copper excess: Jince the hydrangea phnfas wexrs growing in a
mch smaller volume of soil than the tomatoos, relative to the size
of copper sulfate appliestions, a much more drastic effect of the
treatments was noted. thin 2L hours after the treatments were
applied the leaves of the hydrangea plants which received 13.5 grans
per pot showed & water soaked appearance and were reddish browm in
color. Flate 8 illustrates the effect of the higher rates of capper
treatment, (Note -~ one-half of the leaves had been removed as an
"initial sample" prior to treatment,)

Vhen the lsaves wore killed on the plants of the two highest
treatnents (four days after treatment) they were removed for chemical
analysis. Ieaves of the remaining three treatments were not killed
at this time and were sampled for analysis 15 days after the treat-
ments were applied,

Injury appeared only on the follage of the tomato plants which
had received the highest level of trestment and on these plants only






TABLE VIII
COPFER CONTENT OF PLANTS
COPFER IEFICINNCY DXPERTIENT -- 1951

Species Age of Treatment Ihumber of Dunber of Copper

plants plantz in determi~ content
when each com= nations in p.p.m.
sampled posite averaged of D.l.
{days) samplet
Cauliflowsr 80 Control 5 L 2h.3
s S 2 18.1
Copper
Romaine 56 Control 15 L 30.0
lettuve '
ldms 15 2 26.7
vopper
Kale L5 Control 3 2 11.2
ilwus 3 1 6.9
Copper
Kale 75 Comtrel 2 2 10.5
Yrms 2 1 1.0
Copper

#The stem and all lsaves of each plant were included.
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the older leaves wore affected (Plate 7). Ileal samples were taken
for analysis 206 days after the first application of copper sulfate.

The redulits of the chemleal determinations on leaf samples from
the excess experiment are shown in table IX and figure 6. Doth species
recelving the two lowest levels of treatwent were the same with respect
to the quantitids of elements determined despite the fact that the
second level of treatment was three times as larpge az the {irst. The
differences in copper content as & function of treatment are shown
graphically on a log~log scale. Inasmuch as thiz experiment was of
relatively short duration, inorganic constibuents would not be ex- |
pected to show extreme quantitative variations. This lack of variation
is evidenced by the data of table IX and enly those elements showing
systemtbic tmmﬁ are shown graphically in figure 6, mamely, copper,
total nitropgen, and potassium,
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ge Cuﬁﬂh Cu pepame K% ﬁnfa}” Me@o/Be Do Motk
added in D vo¥ in D, ileswn
por B, £ ca g
plant
265 12.3 1.88 S5 LTk T W26
5 11.0 1.89 59 W3 .68 .2k
Hydrangee 1.5 20.2 1.99 ST LT5 WAL .26
L.5 285.1 2.36 BB LT 6T .27
13.5 3126 2.37 L W90 W80 .26
.33 16.8 37 L W55 2,52 W5
1.0 16,8 Lol 2R 2032 W7
Tomato 3.0 "-’::g; L.h5 o733 W72 2,07 W39
9.0 b L5 W9 T2 2,20 LS
27.0 1.8 W o9 2.2L LB

Lali3

#Average of eight replicates.

wiaverage of duplicates taken from composite samples of eight

replicates each.
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DISCUSSICON

In this investigation a variety of methods have been used for
dotermining the amount of copper available to plants. A comparison
of the chemical and biclopical assay methods indicates the latter as
belng the more reliable.

There are several reasons for the undesirability of chemical
methods. Different chemlcal methods than those which were used might
be more sensitive or might be better adapted for dﬁtemirﬂng the
utilizable fraction of total copper present in a soill, but the fimal
conclusion might be applicable only to a limited muber of =zoll types
and species of plants. A reliable chemical method for soll analysis
should mkerallmmxwa for a consideration of the organic matter present
in the soil, inaamuch as this factor profoundly influences the avall-
ability of copper (33). Chemical anslysis of plant material may be
even less adequate than chemical soll amalysis since the copper con-
tent of tissues may not vary on a4 unit dry weight basis with variations
in copper supply (S).

The outstanding advantage of bilological methods for the analysis
of copper in soils is that they more accurately determine the portion
of total copper which is available to plants. The lulder Aspergillus
niger Jethod was found guite reliable in thisz respect. A final
evaluation of resulis in this methed is ponsibly less critdcal than
in chemical methedaj however, the error involved should be ineignie-
ficant in experimental and preactical commercial application. The
growth of higher plants on a variety of copper treatments, particularly
the species for which a soil is t0 be used, represcnts the ultimate

criterion for the ldentification of copper deficient solls.
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The reaulfss of these experiments suggest that the form of copper,
i.6., compound, used for the correction of deficisncies has received
too little attention in the past. lost experiments and commercial
applications have utilized copper sulfate, and where soils were actually
deficient 8 beneficial response to this compound has been obtalned,
With the insignificant effect of the single concentration of copper
sulfate, when compared to the check in the field experiments at Salise
bary, Marylamd, 1t 4is iwmpossible to state whethor higher concentrations
would have produced beneficial respomses. The prominent feature of
this experiment may be obserwved im a comparison of the treatments in-
volving various copper compounds, Considering the fact that all com-
pounds were supplied to the soil in a mamner which would provide
chemioally equivalent amounts of copper it is noteworthy that the
oxides produced a significantly greater yleld than the check or copper
sulfate troatment. An explamation for the difference im response
cammot be advanced on the basis of these experimentsj however, a
theoretical interpretation could be based on differences in solubility
of the compounds, Imasmuch as the oxides are far less soluble than
the sulfate they might remain in eonmt’with roots for longer pericds
of time while the sulfute, by comparison, would be lsached from the
so0il relatively soon, particularly on the very sandy coastal soils
with which this mes%igation is conocerned.

The behavior of plants in the copper excess experiments fwrnishes
certain information on the toxiclty effects of copper. The results
indicate that copper, within the renge of concentretions ugsed in the
soll, was not abzorbed Ly the plant in direct proportion to its con-
centration in the substrate (table IX, fig. 6). At the two lowest
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concentrations of treatment the plants contained essentially the same
quantities of copper desplite the fact that the second concentration was
threc times 23 large as the first., Vhile treatment concentrations were
inereasing in gecaetric sequence the %m&mngm plants of the three
highest treatments accumlated copper in proportiomately greater incre-
ments. ZThe sam offect vas m‘mme, to a lesser extent, in the

two highest levols of copper treatmenmt applied to the tomato plants.
There were no evidences of injury to the hydrangea plants in the first
three levels nor to the first four levels on tomato - plants. Frem
these cbservations 1t is apparent thas hydrangea and tomato plants have
wide tolerauces with respect to copper concembrationa in the soill as
long as the concentrations romaein below a criticel lovel (2 lovel be-
tween the third and fourth treaiwent in hydrengeasz; and botween the
fourth and £ifth in tomaitoes). Above ‘!5111.5 critical lovel the mechanism
for regulating absorpbtion is incapacitated, which i twrn resulis in
death of the plant.

Impreassive differencea in the accumilation or decrease of other
eloments ag & rosult of excessive copper may not be obsorved from this
experiment. This is in part due to the limited soquence of treaitmenis
and in part duoc to the short duretion of the experiment. However, in
view of the relatively short longth of time in vhich the treatments
were in effect the differonces in chemical composition, though small,
may be considered as substantial evidence of real offects. Of the
olements amalyzed only total ndtrogen and potaasium concentrations
showed uniform trends in euccesgive treatments and though tho tronds
are not identical in the two specles of plantas there iz the indication
that both constituents may accwrmlate to a greater extent as the
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sulfate, does not.

3. Tommto and hydrangee plants maintain relatively wniform
anounts of copper in their leaves over a wide range of substrate ,
concentrations until a maximum ar coritical concentration is reached,
at which the entry of copper is no longer regulated and is accummlated
in great quantities.
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AFPDNDIX TABIE 1

CUCULECR (WEIGHT YICID == FRUIT)
FICID DXFERIICNTS == 19L9

57

Hepli~

College Park

locations

B& : ]
cation ( pmmdsg (pounds) combined
i fsﬁ.g 98.8 15;5:.?
Gheck 2 510 ﬁl 99 08 151 oh»
3 LBes 111.9 158.5
Tobal 165.1 310.5 L75.6
o 1 L49.7 8.8 118.5
Folifige 2 21.0 117.8 138.8
Spray
3 5.6 9646 172.2
1 37.4 98.8 136.2
on 2 i&? ot 9@-2 1143 03
Seil
3 30.0 107.8 137.8
Total 302,.8 Li7.3

k.5




APPEMDIX TABIZ 2
BEET (WEIGHT OF DWTIRE PIANT)
FISLD SXPERTMENTS w 19L9

L

A

Treatment Repli- Salisbury College Park Locations
cation (pounds) (pounds) conbined
1 13.L 9.5 22,9
Check 2 11.1 8.0 9.1
3 12,1 15.7 27.8
Total 36,6 33.2 69.8
1 é.& 10,2 17.0
Cu30 2 é,i.s k.8 11.3
Feo e _
Spray 3 11.0 10.1 21.1
Tetal 2h.3 25.1 Lo
1 11.0 5.l 16.1
Cus0y, 2 5.8 1.7 17.5
Qszil 3 7.k 11.2 18.4
Total 2h.2 28,0 52.2




LPPEHDIE TABIE 3
SWLY BEAN (WSICHT YIOLD we PODS)
PINID DXPIRDIDNES «- 1949

Treatmont Hepli- bﬂliﬁbur{ Collepe Park Locations
cation {pounds { pounds coubined
1 é.z 22.7 28,9
Check 2 Sk 32,2 376
3 8.9 3642 Ls.a
Total 20.5 91.1 111.6
1 5. 19.3 2L.7
Cust, 2 8.5 32,4 38,2
I j
Spray 3 7.2 257 3Le0
Total 18.3 T8.6 9649
1 7.8 17.8 25.6
cumh 2 3.7 31.3 35.0
Soil 3 Peli 29.7 3%.1
Tﬂt&'l 2’:309 mog 9?07




APPEMDIX TABIE L

LA BEAY (WEIOHT YIZID -- POD3)
FIELD BEXFERIIENTS —- 19L9

s VELOCNNT O CHmST
1 18.3 26.0 Lh.3
Check 2 10.8 21.3 32.1
3 17.6 22,8 40.L
Total laxf:;";.”i 70.1 116.8
1 12.4 15,9 28.3
gm . 2 6.4 21.7 38.1
Spray 3 18.3 17.0 35.3
Total L7.2 Sh.efi 101.7
1 17.7 23.2 L0.9
Cuso), 2 1.0 20.3 3h.3
Sot1 3 19.5 23.7 L3.2
Total 51.2 6742 1184




APPENDIX TABIE 5

SWZET POTATO (VZIGHT YIEID -~ SAIABIL ROOTS)

FIELD EXPERIIENTS - 1949

g

e

College Fark

Treatment Repli- Salisbuzg Locations
cation (pounds (pounds) conbined
1 67.5 366 10h.1
Cheeck 2 The9 38.2 113.1
3 9.0 2,0 91.0
Total 201.4 116.8 308.2
1l 82.2 30.8 113.0
Cuso), 2 77.8 3L 1i2,2
Foliage
Spray 3 59.9 28.2 88.1
Total 219.9 93.4 313.3
1 73.2 32.5 105.7
on
Soil 3 705 2.5 113.0
Total 216.2 104.1 320.3




APPENDIZ TABLS &

TOMATO (VEIGHT YIDID -= FRUIT)
FIEL) BAPERIMENTS -- 1949

College Park

i&i}&iw MM : 1 lovationg
on {pounds (pounds) combined
1 35.9 nps 105.2
Chisck 2 3he5 503 110.8
3 L3.8 92.0 135.8
Total 11L.2 237.6 351.8
1 354 7946 11540
g&@ 2 35.8 8049 116.7
Jpray 3 50.7 56.5 107.2
Total 121.9 217.0 338.9
1 38.5 89.9 128.4
Cuso), 2 39.6 72.8 112,k
Soil 3 31.0 0.1 91.1
Total 10941 222.8 33149




APPENDIX TABIZ 7

TUBACCO (FROSH WEIGHT OF STSY AW IZAVES)

FINID DXPERTIEKTS == 1949

Collepe Park

e WEDOCHET Cpmay e
1 és.a LB.c 1160
Check 2 51.6 62.1 1137
3 5.0 73.5 132.5
Total 17846 183.6 262.2
1 62.2 shak 126.6
Cusgy, 2 T5.4 60.0 155.4
Foliage
Spray 3 59.0 L2.3 101.3
Total 196.4 135.7 383.3
1 6740 63.2 130.2
Cusoy, 2 577 62.5 120.2
Sei1 3 677 72,0 139.7
192.4 197.7 390.1




APPIIDIX TABIE &
HEAY COPYER CONTEWT OF IBAVES (BARTS FER MILLION IN DIY IATTER)
SAIISBURY, MARYIAMD, 1949

Cucumbor Dest Onap BDean Idma Bean Irish Swet  Tomto Tobacco Sweet Field

Totate TFotabo Corn Corn
Check 18.1 16l 13.8 12,4 3062 22,9 15.6 23.0 30,3 27.1
Cul0y
on soil 1947 7.0 12,3 1.4 33els 22,y 1.3 21.8 33.0 27.4
Cus0),
follage

sy 181  17.3 1.7 Lo 334 29 168 232 L8 26

0



