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OTKmJTION

The significance of copper in plant nutrition m y  b© recognized 
by its designation as an essential microelement or micronutrient for 
the growth of plants* these terms are appropriate for copper when 
distinguishing it from other nutrient elements such as nitrogen, phos­
phorus , or potassium which are required by plants in quantities of a 
much greater magnitude • The tern micronutrient will ho used in this 
discussion.

As an essential element for the growth of plants and animals, 
copper has received a great amount ©f attention. This is partially 
explained by the fact that it m s  one of the first of the micro- 
nutrients to he established as an essential for plant growth. In 
the past twenty-five years a great amount of work has been done la the 
field of copper nutrition of animals as well m  that of plant nutrition. 
The accumulation of information on this subject is, in a large measure, 
due to iKf>roveraents in techniques of biochemical analyses and in chemi­
cal purification procedures. Inasmuch, as copper is present In 
sufficient amounts for plant growth in ordinary* sources of unpurifled 
water and chemical compounds It is necessary to adopt special methods 
for removing it or at least greatly lowering its concentration so 
that adequate control of any supplied copper m y  be obtained for experi­
mentation.

Sine© 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, exanthem of fruit trees (ii3), "recla­
mation disease" of cereals (3?), and chlorosis of plants in certain 
areas are examples of nutritional diseases of plants which are the
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result of insufficient copper* Among animals, easootic ataxia ($0, 
"stringy wool” (8) of sheep, and ^falling disease,f (10) of cattle 
are disorders which have been attributed to copper deficiency* Ani­
mals m y  obtain sufficient copper from their forage diet, but in areas 
where pasture plants are characteristically copper-deficient nutri­
tional disorders are likely to develop. Animals of these areas may 
be subnormal not only £rcam a deficiency of copper, but also because of 
a decreased supply of forage caused by copper-deficient soils*

Two problems are presented by these considerationsj namely, de­
tecting copper-deficient soils and determining an adequate method for 
supplementing copper so that it may be utilised by plants.

Copper deficient soils may be grouped into three general cate­
gories: the muck or peat soils which m y  contain relatively large
amounts of copper but in which the copper is unavailable for plants) 
the extremely sanĉ r soils which actually contain, so little copper as 
to be insufficient for plant growth) and the last category includes 
soils which, although they m y  contain sufficient copper per se for 
plants, show a beneficial response to additional copper apparently 
by virtue of making other elements more available, ^he copper re­
quirement for the third group of soils is the most difficult to 
evaluate because tee factors which regulate the effects of copper 
In the soil are incompletely understood*

With respect to its role in plants certain functions have been 
assigned to copper. It is now well established teat copper is a 
constituent of certain msymtoe (k, 6, 30) although the physiochemical 
relationship of copper to their molecules is not understood.
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Copper nsy be considered as & m  of the two most iapcxrtaat ele­
ments used as fungicides* It is extremely toxic to highor plants as 
’soil as to fungi in concentrations which, by comparison with those 
of laacronutrients, are- very minute, Beyond the classic explanation 
for the effect of heavy metals on protoplasm very little is knosn of 
the effects of copper on plant® in concentrations ranging from the 
point of sufficiency to excess.
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m n m  o f  u r m m m

The literatim cm copper nutrition up to 191*8 has boon extensively 
reviewed in tfee fourth edition of the Bibliogr&ptgr of the Literature 
on the Minor Elements and Their Relation to Plant and Animal nutrition 
( H i )  • Th© literature relating to the biological significance of copper 
in foods has been reviewed by Monler-^llll&m© (31). ^ore recently a 
series of papers and discussions from a sysposium on -copper metabolism 
held at the dohns %pklns Bniwrsity (30) have comprehensively summa­
rised the advances in the field® ©f soil science, animal and plant 
nutrition, and biochemistry*

It is now generally agreed that Bortel® (11) in 1927 m s  the first 
to demonstrate that copper is an essential nutrient for the growth of 
fungi# Working with Aspergillus niger he found that the yield and color 
of spores were influenced fcy the quantity of copper present# In the 
absence of copper the growth of this organism m s  decreased and its 
spores light tern in color, but with the addition of copper the yield 
was increased and normal black pigmentation developed.

Conclusive evidence for the essentiality of copper in the nutri­
tion of higher plants m s  initially presented la 1931 by Anna L# Sommer 
using sunflowers, tomatoes, and flax (li5). Frier to and since this 
discovery copper has been recommended as a r f o r  dieback (or 
emathema attributed to copper deficiency) in massy specie© of fruit 
trees (2, 12, 16, 17 and 19). Ihs beneficial response of copper addi­
tion® to muck and peat soils m s  revealed by the research of Felix (18) 
in Hew Xork, and Allison, Bryan, and Hunter (l) in Florida.

Russell and H&ans (39, 1*0} obtained increases in yield on several 
truck and field crops in Delaware, Maryland, Hew Jersey, Virginia,
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Hcrth Carolina, South Carolina and Georgia by the use of ten to fifty 
pounds of copper mtlfobo per acre#

With respect to the unavailability of copper in organic .soils 
Mulder (33) has sad© the following observations:

Although the copper content of most soils is very low, 
deficiency systems of the plants as a result of m  absolute 
lack of copper are found only sporadically* f m m m e  of 
certain typos of peaty substances will often re due© the 
availability of soil copper, as a result of which deficiency 
symptoms in the plants occur. In his earlier work the writer 
has shown (28) that such substances are able to fir relatively 
large amounts of copper in such a way that it was unavailable 
for Aspergillus niger. Furthermore it was demonstrated that 
hytit^pBSE^KtS^^Eiueing bacteria are able to fix copper 
in an uimvailable form. This was not sinply copper sulphide, 
since copper supplied in this form m s  found to be readily available for plants and Microorganisms like A* nigcr* * • • •
The behavior of copper in organic soils is diZfelwOTom that 
of other cations; Luc&s(3l) observed that copper sulphate 
was precipitated, probably as the hydroxide, when the pH of 
the soil-mter suspension m s  greater than h*7* Ihen a 
hydrogan»soil m s  treated with copper acetate, copper was 
adsorbed as the divalent cation Cur4, and as the monovalent 
cation cosjplex (GuCH-XOO)** Harwiia (32) found that addition 
of oat straw and alfalfa m l  with a oarbon-nitrogen ratio 
of 30il gave a rise in exchangeable copper of a san<%r loom 
from 8.1* to 22*0 itiiû epwms per 100 gm* of dry soil# This 
increase was not due to the presence of copper in the organic 
matter* Ihom the amended soil m s  incubated at 2f°, 37°, and 
1*5° G. for lit days, available copper had agafx&reached the 
initial low level. At 2° no change was found, indicating that 
the organic coî >ounds which were responsible for the increase 
of exchangeable copper were decomposed by microbiological 
activity*
The literature pertaining to copper deficiency symptoms for many 

plant© has been sruM&ri&ed in Piagnostie Techniqueg for Soils and 
Crop© (25) • There is a worked similarity of the most obvious symptoms 
for most herbaceous plants, vis., stunting of growth, all leaves 
chlorotic or blue green in color, and certain derangements of terminal 
growth ehoractorised by cupping, withoring and death of terminal leaf­
lets, and the failure to fom aeod*



tbB toxicity for plants of several copper compounds has been 
determined. Coupln (l>) found that fen* wheat plants the following 
percentages in a water culture solution were lethal 5 copper bibroraide, 
O.OOUS} copper bichlorate, 0.005} copper sulfate, 0.0055} copper ace­
tate, 0.0057} and copper nitrate, 0.006. He concluded that there is 
little difference in the toxicity of the different copper compounds 
since their effect is due to the copper ions. Isiauka (2li), working 
with rice plants, found that this specie® could withstand concentra­
tions of 100 p.p.m. Cu if only one-half of the roots m m  subjected 
to it while similar plants died when all of the roots m m  subjected 
to 56 p.p.m.

The copper content of healthy plants varies widely among species 
(?, 22) and within species grown on different sails (23). Beeson (?) 
and Ooodall and Gregory (22), in their reviews on mineral composition 
of plants, have copiously cited research dealing with the copper 
content of msgr species of plants* The copper content of plant 
material is not necessarily an Indication of the adequacy of copper 
supply* Bailey and %Hargue (5), using the tomato, found that the 
copper content of eoppcr-starved plants m s  slightly higher than that 
of plants receiving copper treatamts, on the basis of unit dry might} 
furthermore, the accixmlations of copper in plants with various copper 
treatments were essentially the same.

Mulder (3li), using Aspergillus niger as an indicator plant, has 
considered the following copper concentrations as criteria of probable 
plant responses In micrograms per gram, <  0.1*, very deficient} 1 to 
1.5, slightly deficient} and >2.0, not deficient.
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Most experiments on the effects of copper ©a plants growing in 
the greenhouse and in the field have utilised copper sulfate 3 however, 
some research 'has been dons using ether compounds. %ims (29) found 
that CuCO and Cu^(PO^)^ gave as good response to crops a® GuSO^* On 
mrsh soils in Hnssia the nibmie, oid.de, chloride, acetate, carbonate, 
andmaJachite forms of copper gave bemficial responses {hi)*

21 )w& been found that tho copper content (of substrates ami within 
the plant) inflnonce® various chemical constituents of plants. A® 
would bo inferred from the ehlenetic ^p^te® associated with copper 
deficiency the chlorophyll content varies directly with the copper eon- 
tent of the plant (hi). in accord with their concept of mtrient- 
eleaent balance Shear, Crane, and IJsyers (h2) have cited evidence that 
aluminum nay exert a competitive effect on copper and, when absence 
of alsatdsnsa is approximated, copper ssy become toxic. Hlceaan and 
Donald (38), growing rye on copper deficient soils in Australia, found 
that additions of potassium and copper reduced the amount of iron in 
the plant ash, and additions of copper increased the copper content and 
reduced th© manganese in the ash. Th© research of Lfp»a and Gericlcc 
(21) indicated that copper antagonised sodium chloride, sodium sulphate 
and sodium, carbonate in Berkeley adobe soil, the antagonism being evi­
dent with three successive barley crop®. Amon (3) found that the 
growth of barley plants, supplied with ammonium nitrogen was favorably 
affected by the addition of copper (in contrast to a lack of response 
when the plants wore supplied with nitrate nitrogen) • Gilbert, @b al. 
(20, 21), in comparing the composition of leaves and fruit of copper 
deficient bung trees with that of normal tree®, found no difference 
in per cent of non-reducing sugars, a lower per cent of reducing sugars



and starch In deficient leaves,, and mter insoluble nitrogen higher 
in deficient leaves. In making a similar corâ aarison Lncas (28) re- 
ported that the addition of copper to deficient mmk soils in the 
greenhouse increased the ascorbic acid content of barley, oats, and 
fall-grom spinach. Also the appHeatiom of copper- increased the 
carotene content of greesfcorae-grovm *Sia&tf spinach^ barley, carrots, 
and oats. The protein content of plants deficient In copper m s  found 
to be abnorrmlly high, indicating that copper is not directly involved 
in the formation of proteins.



a&d i m m m

Certain phases of the copper nutrition of plants wcro concen­
trated upon in the research reported herein* The first objective m s  
the quantitative determination of copper in the soils of several 
locations in the state of Maryland. the second objective included a 
study of the type of copper expound from which copper would be most 
efficiently supplied t© plants* ®he third abjective m s  directed to­
ward the accumulation of further information on the role of copper in 
certain specie© of plants, with the hope that generalisations might 
be possible.

The problem of determining the quantity and availability of 
copper for plants in certain areas of Maryland was studied by the use 
of several different techniques* ^he first to be described is that 
of measurement of copper In the ©oil*

Sine© the soils of Haxyland are relatively low in native organic 
matter, the actual copper content may be expected to more closely 
parallel the amount which 1© available to plants* This is in contrast 
to the muck and peat soils of Florida, Michigan and Hew Xork in which 
the copper is rendered unavailable to plants by its association with 
the organic matter.

Two areas on the University of ^asyland Experiment Station farms 
(College lark and Salisbury) wore ©elected for field scale experi­
mentation* The soils at those locations differed in certain respects. 
At College Park the soil m s  a comparatively infertile sandy loam 
(Sassafras) although, by cosq>arison, it m s  much more productive than 
the soil at the Salisbury location. The plots at Salisbury were
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situated on a vezy sandy* T^ll-drainsd soil (Bvesboro) of low fertility 
which is characteristic of the "eastern shore” or peninsula soils*
Son sasg&os nere taken at uniform intervals and the copper content 
determined coloringtrically, after extraction with 21 llaCl (37) W  
the use of roboanic acid (13) and also bio&ssayed by means of the 
l̂u3*̂0r Aspergillus ntger Method (3U) •

ObsarmtionB of plants grwn in the areas mentioned above with a 
variety of suppimmntal 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 t© deter­
mine the response of crop plants in general to additions of copper, 
a wide variety of plant® were selected for growth cm these soils. In 
this regard the species m m  selected with as much diversity of type 
and growth habit as possible, i.e., root crops, foliage crops, mono- 
cotyledonous and dicotyledonous plant®, the horticultural and 
agronomic crops used in these tests were, furthermore, selected in such 
a way as to represent those of importance in Maryland both from the 
standpoint of acreage and of cash value. The selection was limited 
to row crops in order to include a greater number of crops with a 
minimum of cos^lexity in cultural procedure®, the following species 
and varieties were used in l$i#s Cucumber (Qucumia aativua L. c. A & C), 
Beet (Beta vulgaris 1. c. Detroit Dark Bad), Snap Bean (Phaseolus vul­
garis L. var. huE&lls Alsf. c Stringless Green Pod), Bush Dima Bean 
(Phaseolus limengis Macfad. c. Henderson), Irish Potato (Solanua 
tuberosum L. c. Katahdia), Sweet Potato (Ipomoea Batatas L. Poir. c. 
Haney Hall), Tomato (lycoperalcum eaculentum Hill. c.Butgers), Tobacco 
(Dicotiana $&baeua L. e. Maryland Broad Leaf), Sweet Com. (2e& Maya L.
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mr. rugosa Bonaf* c. Golden Cross Bantam), and Field Cora (J©a Ilayg 
L. mr* indentata Bailor c. Southern States #362)*

With ten species being used it m s  necessary to Unit the number 
of treatments to a minimum so as to have sufficient replication. Con­
sequently a control and only two treatments tops used in the 19h9 
namely, copper sulfate as a soil application and as a foliage appli­
cation. This salt of copper m s  selected for a variety of reasons. 
First, it is one of the most soluble salts of copper and, therefore, 
would b© 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 effect as a fungicide but also because of 
a stimulatory effect on the plant itself which has been suspected. 
Third, copper sulfate has been the most commonly used salt for supply­
ing this mlcronutrient to commercial fertiliser mixtures. Hcwsver, 
in spite of these considerations, it will be shown later that this 
salt is probably not the ideal m y  of supplying copper to deficient 
soils.

In the \9hS tests all plots were treated with the remaining 
essential micronutrients (with the exception of iron) so that a defi­
ciency of any one of them would not obscure the observation of a 
response to copper if this element were actually deficient.

at College Park, Maryland, 19h9* The design m s  
of nine blocks, each of which m s  thirty by fifty 

feet in area. These blocks were arranged in a 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 m s  the same within all blocks so that any shading



ELMS X
YiMw of flw of the wfŷ i jj& til© test plots on
tli© University of IJaryXand %^rlment Station Farm at 
Doling© Bark, Boland, August 19k9* ' fte® ©rops from 
left to rlgtsi, field com, mm&b com, tobacco, 
tomatoes, siveet potatoes, Xriak potatoes, Item beans, 
snap teams, i$@©ts, SMBidL WES6E00Bftll@$S9'#
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or border effect on any particular crop would, therefore, be 
a uniform affect Hiroughout th* vxperim&b. ^n dune It, 19to 
the crops wore planted. Prior to planting the ioU received 
5-10-5 fertiliser applied at the rate of 50G pounds per acre. 
At planting time additional 5-10-5 fertiliser m s  applied at 
the rat© of $30 pounds per acre as a band six inches fro® the 
plants on both sides of each row, with the exception of sweet 
com and field corn. To the band application of fertiliser 
sine- sulfate and borax, each at the rate of ID pounds per 
acre, wore added. Copper sulfate at the rate of 10 pounds 
per acre m s  added to the band application for three of the 
blocks in an arrangement consistent with the X&tin square.
Sand m s  used to distribute these miercmmtrients cm the com 
since no additional 5-10-5 fertiliser m s  added. Biesiaent&l 
-sulfur in an amount equivalent to that applied as copper 
sulfate m s  added to the band applications on the blocks not 
receiving this COTpcmnd. Manganese chloride (500 p.p.®.) m s  
sprayed on plants of all blocks on July 23 at the rat® of h 
gallons per block. On the sane day copper sulfate m s  sprayed 
on the plants of three blocks at the sane concentration and 
rate as that of mnganee© chloride. This amount of copper is 
equivalent to approximately 2 grans of elemental copper per 
block, fhe remining three blocks received no copper and thus 
served as controls. Xield data were taken at appropriate 
intervals for the various crops and by mans of am3ysis of 
variance the treatments wore compared.
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Experiment at Salisbury, ijiryland, ±9h9*+ this location the 
experiment consisted of the same features as those of the 
College Park location with the exception, of planting dates, 
which were approximate-iy one week earlier, and arrangement 
of blocks* Owing to the shape of the area it m s  impossible 
to use a Latin, square, so the blocks wore randomised. in a 
manner which prevented any adjacent repetition of treatments* 
the data at this location were statistically analysed on the 
basis of three replications.
sBie results of these first field experiments {191*9) indicated that 

the application of copper sulfate m s  not beneficial to yield at either 
location, the foliage application at College Bark m s  actually detri­
mental to yield* Inasmuch as the concentration of treatment m s  
relatively low the possibility that available copper m s  not deficient 
m s  suggested. Therefore, the following field experiment in 1950 m s  
Halted to and its scope increased at the mlisbuxy location where 
copper insufficiency would be .more likely.

An additional factor in the 1950 field exporisient m s  the use of 
several different copper compounds. In order to facilitate this in­
crease in treatments it m m  necessary to decrease the number of crops 
for investigation. This revision of design allowed the statistical 
©valuation of treatments on individual crops. The following species 
and varieties were used in 1950 5 Tomato (Lycopersicum esculentum 
!H11. c. Bwtgers), and Tobacco (Btcctlana Tabaoua. L. c. Maryland Broad 
Leaf). In order to determine any possible effect of -other micro- 
nutrients on the availability of copper the treatments consisting of 
the various copper compounds were split so that only one-half of each
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would receive a mixture of compounds supplying boron, manganese, 
sine, mgmsiusa and iron.

Ibqjerisiont at Salisbury, %ryla»d, 1950: Figure 1 shows the 
modified Latin-sqmr© arrangement of treatments in this ex­
periment. Sach column consisted of four rows of tomatoes and 
four rows of tobacco (Plat© 2), th© ram being five foot 
apart- and 1$0 feet long. An additional space of ten feet m s  
left between th© nine major blocks of th© Latin square. Bach 
area to which a single treatment (e.g., 1*) m s  applied, 
within any major block of the Latin square, contained four 
10-foot rows or twelve plants of each species, tha®, each 
of the seven major treatments m s  applied to 72 plants of 
each species, half of which received all micronutrients ex­
cept copper, the tomato plants were set in the field on 
Sfegr 17 and the tobacco plants m  <*wne 7. Fertiliser (5-10-5) 
was applied in th© sane manner and at the same rate as that 
of the 19h9 experiments, the soil treatments with the various 
copper eoi5>ounds being added to the band application, Th® 
concentration of th© copper sulfate soil treatment m s  in­
creased over the 191*9 level tc a rate of 15 pounds per acre.
The regaining copper -compounds were supplied in amounts which 
contained mights of elemental copper equivalent to that con­
tained in th© copper sulfat© treatment, ^h© foliage appli­
cation of copper sulfate m s  the sast© concentration (500 p.p.su) 
and rat© as in 191*91 however, it was applied at three times 
(July 11, July 20 and August 1, 1950) instead of only once. 
Yield data on tomatoes were taken on six dates of picking,
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F i m m  i. m m m t m r  of theathsmts bj tie silx^urt, muotiahd, 
fisid smnxiEiT, 15̂ 0.

Column I Column II Column III

1* 6 It*
2 7* 5Row 1 3* 1 #
i* 2* 7Sa­

lt* 1* 6
5 2 7*

Row 2 s» 3* 1
r i 2*

3

. 6 1*7* 5 2
Row 3 1

2« 7 h
3 5#

X Check
2 CuSO, . 3' S 0

k 2
3 Cuo 
k Cuo0
£ Cu3 (Concentrates)
6 Cu (Flake)
T Foliage Spray CuS0]4 • £ HgO
Treatments 2 through 6 were soil applications.

^Indicates the following co^xnmds, each at the rate of $ lbs./A.# 
'were added to the regular fertilisation.
Borax
2aS0^ . H20 
^30^ • 7 Hg0
lfaSGi * H Ok 2
F©2(SQk)3 . X H20
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whereas tlx© data on tobacco « ru  ta b u la te d  a t ha rvest and a t 

the tin ®  o f s trip p in g  and grading o f leaves* I t  should be 

noted th a t extras© car© m s taken to  have p e rfe c tly  sym m etrical 

spacing o f p la n ts  in  a l l  treatments and to  have a coaplet© 
stand o f as un ifo rm  p la n ts  as p o ss ib le . In  o rder to  aeeosaplish 

the la tte r ,  c e rta in  p la n ts  were removed and replaced a t an 

e a rly  da te . In  view  o f these precautions and with the aim  o f 

in crea s ing  s ta t is t ic a l p re c is io n , y ie ld  data were taken on the 
in d iv id u a l vam o f p la n ts  w ith in  each trea tm ent (e .g ., le )#

Thus 10  observations were ta b u la te d  for each crop fo r  any 

p a rtic u la r grow th measurement.

Greenhouse Ibq̂ ertosaftg»
Copper D e fic ie ncy* In  order to  observe d e fic ie n cy  system s in  

seve ra l species o f p la n ts , a m ts r  c u ltu re  exjj& riiasn t was in s t i­

tu te d . The method o f S tou t and Amm% (hh) m s used, w ith  c e rta in  

m iner v a ria tio n s  (P lat©  3 )* Iw o - llie r  pyrex beakers, used as 

cu ltu re- co n ta in e rs , were pa in ted  on the o u ts id e , f i r s t  w ith  

b la ck  p a in t and them with white p a in t. Covers w ith  ho les to  

aeooanodate p la n ts  and aerator®  were oast from  p la s te r o f P aris 

and soaked in  p a ra ffin . Immersion pyrex f r it te d  f i l t e r  tubes 

o f fin e  p o ro s ity  (30 mu dlaau d is c .) were used fo r  a e ra tio n  

of the c u ltu re s , ^ i r  pressure a t 6-10 pounds per square inch  

m s provided by a ir  compressor. F ive lf>0~watt ineandesoent 

lig h t bu lbs approxim ate ly e ighteen inches above the tops o f the 

cu ltu re s  provided a d d itio n a l illu m in a tio n  in  the  morning .from 

hiOP a.m. u n t il p;00 a .a . and in. the evening from  UsOO p.m .

1S1 v r l l  3  * 0 0  p: .S I.
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The species used included Kale (Brassica olenacea 1. tar. 
aeepfaala DC* c* Hardy Winter), Cauliflower (Brassica eleracea

sattva L. w .  longifolia Lam.)
Observations and photographs war© made at various intervals 

of growth and finally the plant smteri&l m s  analysed for copper. 
Copper Excess s Another ex£smrii»x& m s  parfomad in the green­
house with plants growing in soil, it m s  designed to determine 
some of the effects of excessive amounts of copper on two species 
of higher plants.

Gne-year-eld hydrangeas (Hydrangea mcrophylla (Thubb.) DC.) 
growing in six-inch pots of mndy loan soil and tomatoes

feet tall, .growing in a growl bed containing a similar mixture 
of soil. The composition of these soils with respect to copper 
m s  within the range for norml plant growth. Since excessive 
amounts of copper were applied with the aim of producing detri­
mental effects, the initial amount of copper in the soil m s  
not a consideration•

Forty plants of mch species were divided into ten group® 
of four plant® each. %eh of the five treatments m s  applied 
to two of the groups, or to a total of eight plants, of each 
species. Tbs treatments were spaced in such a m y  as to have 
the maximal distance between replicate group®. The group® of 
tomatoes in the ground bed were divided by means of panes of 
greenhouse glass vertically sunk in the ground to a depth of 
ten inches, thereby, enclosing an area of approximately 12.8

L. var L. c. Gisa 6-1) and Roma in© Lettuce (Lactura

©sculeatum tHii. c. Hutgers), approximately 2-
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g^u&re feet for the fern* plants isilhin (flat# U). Gopher 
sulfate, the oixSy cdmpoimd used in this es^riment, m s  applied 
to. the soil in the following amounts per plant of each species t 
*165, *5, 1*5, h*> and 13*5 graasu ^he copper sulfate for each 
group of four plants « s  dissolved in a uniform velum© of water 
and applied, in this form*

After treatments were applied th© soil in which the 
bydrasigeas mere growing contained, on a. dry might basis, approxi­
mately 30, 90, 270, 810 and 2U30 p*p*»* of added elemental copper, 
respectively, in the above sequence of treatments* fhe hydrangeas 
received only one application, on -T%reh ii, 1951, whereas the 
tomatoes received two applications, on imrch h and on March 15*
The copper concentration of the soil in which the tomatoes nere 
growing could not be estimated with any degree of accuracy* how­
ever, if compared to field seal© applications' the rates in 
pounds per acre would have been 10, 30, 90, 2?Q and 810, respec­
tively. Several weeks after the application of treatments, 
observations and photographs were taken and leaf samples wre 
preserved for Chemical analysis*

Chemical p e te m lm tio n s  t

Unless othervd.se stated sables representing the youngest fully 
mature loaves were dried iiwdi&iely in a forced-draft oven at 65° C. 
All saaples ©xoopt those of the 19U9 field experiment war® ground 
with a mortar and pestle to prevent copper contamination*

Par copper do terminations throe- to fivo-gpma. sample© of dried 
leaf material (unless the also of the sample m s  limited) were ashed 
for twelve hours at 500° C. and the ash taken up with 10 ml* of
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glacial acetic acid. The ash solution m s  reduced to approximately 
$ ml. by boiling, then filtered through a ^iha^aan 1*0* filter paper 
and brought to a volume of $0 ml. with doubly* distilled water* ^his 
solution was then analysed for copper by the rubeanie acid method 
(13).

for the analysis of potassium, calcium, and magnesium, sables 
of leaf material were ashed in the same manner as above. However, 
the ash m s  taken up with. 10 ml. of lei hydrochloric acid, evaporated 
to diyness, placed on a steam bath, for two hours and the residue then 
taken up in an additional j? ml. of 111 hydrochloric acid.

Potassium and calcium were determined bgr the use of a Beckman 
Spectrophotometer with a flam® attachment.^

Ihgmsium m s  determined colorimetrically by the use of titan 
yellow (3T).

Phosphorus w  determined by an adaptation ©f standard colori­
metric methods based upon the formation of molybdenum blue (26). 
Statistical Treatment of Bata i

The analyses of variance were made according to the method out­
lined by Snadecor (1*1*) *

■Courtesy of Dr. 1. E* Scott, Department of Horticulture, 
University of IJaiyl&md.
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Field Experiments 19h9-
The results of the rube&nlc acid method and the bolder Asper­

gillus fiiger method, for the- quantitative determination of copper in 
the soil sables from College Park and Salisbury, were not la agree­
ment. By the first method concentrations of O.hl p.p.a. at College 
Park and 0.3h p.p.m. at Salisbury were indicated. The second method 
indicated that l.U and 0.I4. p.p.m. copper were present in the College 
Park and Salisbury soil.®, respectively (Hate 5).

Concerning yield data in 19h9 only nine observations were possible 
per location for each crop (for any particular growth measurement) | 
therefore it m s  impossible to test for statistical significance, by 
analysis of variance, on each crop. However, data on each crop, 
representing a definite criteria of development, were selected and 
analysed simultaneously. The data which were used in this analysis 
(Appendix tables 1, 2, 3, h, $t 6, and ?) are shown graphically in 
figures 2 and 3.

The growth of Irish potatoes and the two types of com m s  
extremely irregular within blocks and, therefore, the data on these 
crops m s  not included in the statistical analyses.

Table I shows the simultaneous analysis of variance of the raw 
data from both location®. As would be expected in an analysis of 
several crops with groat differences in magnitude of yield, the vari­
ance duo to crops was highly significant. Tb© high significance of 
locations m y  bo largely attributed to the variation in crop response 
to the different soils-.
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Uulder Ap of copper in soil e&sples from
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175 L

150

125

IOO
CUCUMBER

(FRUIT)

LBS

3 5

3 0
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20 LL
BEET
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LBS

2 5
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I 5 

10
SNAP BEAN

(PODS)

LIMA BEAN
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2 2 5

2 I 5

2 0 5

195 n i
SWEET POTATO

(SALABLE ROOTS)

I 2 0  -

115.

110-

10 5

TOMATO
( F R U IT S )

200 -

19 0  -

ISO -

170

I I —  CHECK

k W i  — C o S 04  ON SOIL

—  CwS04 F 0 L IA 6 E  SPRAY

WEIGHTS REPRESENT THE TOTAL 

OF THREE REPLICATIONS

TOBACCO
(FRESH WEIGHT OF STEM S LEAVES)

FIGURE 2 . A COMPARISON OF CROP YIELDS 

1949 FIELD EXPERIMENT 

SALISBURY, MARYLAND
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310

30 0

2 9 0

2 8 0

C U CUM BER

( F R U I T )

L B S  
-* *

30

25

20 L
BEET

( E N T I R E  P L A N T )

LBS.

9 0

85

80

75

SNAP BEAN

( P O D S )

70

6 0

4 0 L
LIMA BEAN

( PO OS)

I 20

I 10

100

90

SWEET POTATO

( S A L A B L E  R O O T S )

2 4 5

2 3 0

2 15

200 Li
TOMATO

( F R U I T S )

195

190

185

180

| I —  CHECK

n i l
TOBACCO

( F R E S H  WE I G H T  OF S T E M  «  L E A V E S )

CSNSSl —  C u S 0 4  ON S O I L

—  C v SO F O L I A G E  SP R AY  4

W E I G H T S  R E P R E S E N T  THE TOTAL  

OF T H R E E  R E P L I C A T I O N S

FIGURE 3. A COMPARISON OF CROP YIELDS

1949 FIELD EXPERIMENT  

COLLEGE PARK MARYLAND
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mB XE I
AWtiszsis of y A m m m  of pai? m m  from t m  c o m m  m m

AMD GALXSEUHX FIELD EXEBHBERTS —  X9h9

Source of 
variation

Degrees of 
freedom

Sum of squares Variance V

Total I2S 106020.81*
C 6 71557.02 11926.17 168.16**
T 2 91.26 1*5.63 0.61*
E»
(L)
(E)

5
IS

1*1499.19
(1*193.52)
(305.67)

899.38
1*193.52
76.1*1

12.68**
59.13**
1.07

G x T 12 429.74 35.81 0.50
C x R*

(C x L) 
(C x H)

30
(6)
(21*5

23657.28
(21793.26)(1864.02)

788.57
3632.21
77.66

U.U**
51.21**
1.09

T x R»
(T x L) 
(T x H)

10
(2)(8)

1531.01(221.2!*)
(1309.77)

153.10
110.62
163.72

2.15*
1.552.30*

G x T x B*
(C x T x I.)
(0 x 7 x E)

60
Si

1*255.31*(1*05.81*)
(3849.50)

70.92
33.82
80.19

0 —  Crops 
T —  Tm&tmttfm 
R & R' —  BapUoattoms 
E» -<—■ Indicates that the tiro sources iiaaedtateSar beXosr have 

contributed to its variation*
L —  locations 
^Significant at lJ per cent.
^ S ig n ific a n t a t 1 per cen t.
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A comparison of the treatments on various crops at Salisbury re­
veals no systematic -trends (fig. 2)* However, the same comparison 
at College Park (fig* 3) indicates that in six of the seven crops there 
m s  a downward trend in .field in the following order: ebeck> GuSG^-on- 
soil> OwSQ^-foXS&g© spray. Thus, further statistical analyses of the 
data from individual locations were made# An analysis of variance of 
the raw data from Collage Park (table IX) failed to show significance 
in this trend* The high significance in crops suggested that crop 
variability m s  obscuring any possible significance of treatments.
It is apparent that the analysis of raw data does not make allowance 
for the wide differences in yield and in spread of yield among the 
various crops, likewise the same least significant difference cannot 
be applied to all crops. Consequently, two methods of coding wore 
used (tables III and X?) and although one m s  slightly more striking 
in offset, both methods removed the variation due to crops. The 
analysis by the second method is probably more effective in reducing 
all crop yields to- comparable terms for analysis. Inasmuch as we are 
not interested in the comparison of absolute yields, coding methods 
may bo Justified.

The Interactions were combined w ith  the original error term 
since no significance m s  shown, when they were taken o u t.

Th© copper sulfate foliage application m s  the only treatment 
that produced a significantly different yield (lower) from that of 
the control. Only general conclusions may b© drawn regarding th© 
effects of treatments in this experiment since significant differ­
ences due to treatment may only be found in the treatment totals.
The total yields for the copper sulfate foliage spray indicate a
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TABIS II
AHAIX3IS OF VATUAHCE OF HAW DATA FROM TIE 
C0LXEG3 PARfl FEIS EIH3RIIEHT —  1949

Source of 
variation

Degrees of Sum of squares 
freedom

Variance F

total '62 62208.60
Treatments 2 262.61 131.30 2.08
Crops 6 57657.58 9609.59 152.55**
Hows 2 297.38 148.69 2.36
Columns 2 841.08 420.54 6.67**
Error 5o 3149.95 62.99

Treatment W m m  for Crops
,vith OaSO. as foliage Control X*. 8. D •

fertilizer sjaray %  US

Cucumber 100.9 94.4 103.5.Beet 9.3 8.3 11.0
Snap Bean 26.2 26.2 30.3Lima Bean 22 .U 18.2 23.3Ssseet Potato 34.7 31.1 38.9Tomato 74.2 72.3 79.2Tobacco 65.9 62.2 61.2

Trmtemnfr Totals 
1001.1. 938.6 1042.9 103.29 137-75
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« 1 V* 'cVi'iv

i i !  m.

110111! I l l

F.X3I3 OF m itDUICI CF ?AU BATA OOI1F AS 

mR  GIFT CF ISA!! FCA FACH CFO?

! COIFXK! XAHi: P1GIS IF1SFIISI1T — 19l9

Scarce o f Degrees o f 3us o f sqm res Variance F
v a ria tio n freedom

T o ta l 62 2li266*li6

Treatments 2 21*28.62 12U.31 3.36*

Crops 6 00.00 00.00 0.00

Hows 2 2305.05 1152.52 3 .1 f#

Golem s 2 lii9 2 .1 0 %6. 05 2.06

j^ rro r >0 isdbo.65 360.81

Treatm ent masrn fo r  drops

CtiSd w ith GuSO  ̂ as fo lia g e C o n tro l L . S. I).

fe r t ilis e r spra^- 55 15

Cucember X0X.2 $4.? 103.8 32.32 I43. l l
Beet 97.k 87.3 ix5.li
Snap Bean 55.0 5i*.8 105.5
U rn  B©an 105*0 85.3 105.5
Sweet Potato 99.3 89.1 m J j
Tomato 9$ *6 56.0 105*1
Tobacco 1QU.3 58.5 96.9

Treatm ent T o ta ls

2103.3 1537.7 2257.0 217.18 325*66
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TABLE IV
ABAIISI3 OF VAKCMEE CF HAW BATA COED BY 
ADDU3Q- 10 TO EACH BATCH ADD SXFKES5OT3 IT 
AS ESR CBHT CF lEAH1 FOH EACH CHOP HI TIE 
C0U2QE BABE FEU) EXHSKBEH? —  19k9

Source of 
variation freedom

Sirs of squares Variance F

Total 62 1X632.39
Treatments 2 1165.33 582.66 3.59*
Crops 6 00.00 00.00 2,29
Bows 2 1087.53 *3.76 3*3$®

Columns 2 1280.61 6i*O.30 3*9$®

Error 56 8098.92 161.97

Treatment 1%ams for Crops
CnSO^ with CuSO^ m  foliage Control 1. S. D.
fertiliser spnaj 5£

Cucumber 101.2 95.2 103.5 20.86 27.82
Beet 98.7 93.7 107.5Snap Bean 96*h 96.2 107.3Bean 103.k 90.0 106.5Sweet Potato 99.5 91.5 108.9Tomato 98.8 96.5 10U.6Tobacco 103.8 98.7 97.3

Treatment Totals 
2X05.8 1986.7 2207.7 165.59 220.85

■Hlew mmu is equivalent to original mean plus 10.
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P. P.M. 
IN D.M.

CUCUMBER BEET SNAP LIMA IRISH SWEET TOMATO TOBAC-CO SWEET FIELD
BEAN BEAN POTATO POTATO CORN CORN

□  -  CHECK - C v $ 0 4 ON SOIL | - C u S 0 4 FOLIAQE SPRAY

FI6URE 4 . COPPER CONTENT OF LE.AVES. 1949 FIELD EXPERIMENT, SALISBURY, MD.
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AmrrsiB or w m m m  m  axe-dhx m s m  of Tcmcoo i m m s
B k u m m ,  IMXUSB, 19$0

Scarce of Degrees of B m  of sqmrts Variance F
mriatiom freedom

Hoplications
Tr. x Trace IX.
Tr. x Clr*
Tr. x Heps#
Trace BX. x dr.
Trace El* x Baps.
Or. x Beps.
Tr. x Tree® El# 

x Or*
Tr# x Trace EX.

6
1
*3i-.
XX

XI

Tr. x Or. x
Trace Bl. x Or# x B
Error
Total

12
66

132
22

122

1*1̂ 1

330b,*S

122.0

^ 0 . 0  
3f&.0 

.7
i#3

2079.0

 ̂.li

#6
.7

• *» 
3143.2

.7

.0?
1&&.82**

2.00^
•10
.71
.80
1.0?
3.SS&#

.38

X.l
l.<

8I4SO66O



interaction m s  insignificant another analysis of -variance m s  sad© 
on the smsia&tiom of grades (table ¥1). In this mwmr  the variance 
due to grades m s  completely restored and the precision for estimating 
other variables m s  increased, %th methods of analysis indicated a 
lack of significant differences due to treatments. The significance 
of replications m y  be attributed in part to soil variations and also 
to the border effect of one crop upon the other*

legato yields were recorded on six dates of picking and analysed 
on the basis of twelve replications#, as m m  the tobacco data* In 
the analysis of variance of thee© data ( table VII) the second order 
interactions m m  included in the error term since m m  mm. signi­
ficant tshen considered as a distinct source of variation. ?h© 
significant differences in yield among treatments is graphically pre­
sented in figure $ A* It Is evident that the yields of cuprous and 
cuprte oxide treated plants are significantly greater than those of 
the check# copper sulfate soil application# and copper sulfate foliage 
application.

The increasing yield of all treatments on successive dates 
accounts1 for the significance in this source of variation, Variations 
in. yields among replications m y  be attributed to the same factors 
causing variation among replicates of treatments on tobacco*

+he significant Interaction of trmtment x trace element is 
largely d m  to the lower yield when the additional trace elements were 
added to cuprous oxide, cuprtc oxide# and to the copper sulfate foliage 
treatments# whereas the trace clement addition increased yields of -toe 
remaining trmtmants (fig* 5 B —  the. saiae data mere used in $ A),



37

2/USE 71
ASUXSXS OP TOESMKSS OH SOHS&2IOH OF GE&DS 

H EIM 'S  «» A33W3KT WmCCO LEAVES

SALXSBOBX, tSUUIAND l?SO

3ourc0 o f 
va ria tio n

Degree# o f
friodo®

t e i o f memme Variance■ '••SI1 F

Trm ts»ot© 6 2 M 0 3913 .98

Trace Elegants 1 3m 3d6 .0?

Bopileattoii® 11 133320 12120 3 .0 3 **

T r. x time© % .* 6 m i3 w m .27

Trace E l* ac Bepe,a 111* h x m 3 m *95

T r* x  lejss. M 306$$% M il 1 .M

E rro r lad t m m 399k

T o ta l w 7 7 *M l

^S ignifican t a t 5 per cent. 
^ S ig n ific a n t a t X per cent.
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t m m  vrr
mwnmxs or maiim oh tqe&to xxsm

a&usfflszr* 1950

Saar©© of 
variation

Degree® of 
freedom

i »  of sqmr©i Tar$js®3© P

Troatamto 6 133^4 2229 2.25*

Trace 1 3013 3013 3.05

Data# 5 2507362 50U472 $06.80**

^plication® l l 5 5m 5081 $.U t**

? r. x Trace S i* 6 191470 32Ii3 3.28**

T r. x Bates 30 20̂ 3? 681 .69

Tr * x Reps. 66 103X# 1563 1.58**

Trace H I. x Dates 5 0303 X'ViO 1.68

Trace H I. x Baps,• X I 10735 1703 1.72

Dates x Rep®. 55 228001 UWO It.20**

Error a n 989

Total 1007 3781031*

^SlpElflcwa^t a t $ par cant. 
'S ig n ific a n t a t 1 par ©ant.
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0.5

WITH A D D I T I O N A L  TRACE ELEMENTS  

f I — WIT HOUT

1 — CHECK
2 — C0S04
3 — CuO4 — Co20
5 —  CoS
6 —  Co
7 — CuS04 FOLIAGE SPRAY

A I 2 3 4  5 « 7 B I Z 3 *  o 6 J

FIGURE 5. YIELD OF TOMATO, 1950 FIELD EXPERIMENT,
SALISBURY, MARYLAND (v a l u e s  r e p r e s e n t  m e a n s

OF 144 OBSERVATIONS FOR EACH TREATMENT)
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Greenhouse Experiments:
Copper deficiency: Of the three species of plants grosm in the

water culture experiment, cauliflower and kale developed visual symp­
toms of copper deficiency. In both species the only variation in 
foliage color from that of the control plants m s  one of a decrease in 
the intensity of greenness (Plates 6 and 7). Tfm cauliflower plants 
in the cop|>er deficient culture showed a narked stunting of growth 
three weeks after germination while the kale plants showed no reduction 
in else.

Table VIII show® the variations in copper content of plants which 
were grown in the deficiency experiment.

Copper excess: Since the hydrangea plants were growing in a
much smaller volume of soil than the tomatoes, relative to the slse 
of copper sulfate applications, a much more drastic effect of the 
treatments m s  noted. Within 24 hours after the treatments were 
applied the leaves of the hydrangea plants which received 13.5 grams 
per pot showed a water soaked appearance and were reddish brown in 
color. Plate 8 Illustrates the effect of the higher rates of copper 
treatment. (Mote —  one-ha If of the leaves had been removed as an 
ninitial sample" prior to treatment.)

IThen the leaves were killed on the plant® of the two highest 
treatments (four days after treatment) they were removed for chemical 
analysis. leaves 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 foliage of the tomato plants which 
had received the highest level of treatment and on these plants only
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TABLE, VHI
copeb ccnxearr or piabts

COPPER JBFICIS«!X E X E B I E E  —  1951

Species Age of 
plant® 
ushenAhM-MMML*! jk.jS,m m m a
(dap i)

7*eatmat IMber of 
plants in 
each con- 
pesite 
SBnple^

llw$b®r of 
determi­
nations
averaged

Copper 
content 
in p.p.®.
of P.M.

Cauliflower 80 Control 5 h 2U.3

Hinas
Copper 5 2 18.1

lettuce 56 Control
Lt-lrma
Oopper

15

15

k

2

30.1*

26*7

SOa k$ Control 3 2 11.2

Copper 3 1 6.9

KtoOe 75 Control 2 2 xo.5

IEjius
Copper

2 1 1 .0

•*Tba stem and all leaves of each plant rnsre included*
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d i l  a fte r  the second 
to  the y l^ a iw
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tlie older leaves wear© affected (Plate 9) • Leaf samples were taken 
for analysis 26 days after the first application of copper sulfate.

The results of 'the chemical detsnoinatiGns on loaf maples from 
the excess experiment are shown .in table II and figure 6. Both species 
receiving the two lowest levels of treatment were the same with respect 
to the quantities of elements determined despite the fact that the 
second level of treatment was three times as large as the first. The 
differences in copper content as a function of treatment are shorn 
graphically on a log-log scale. Im&mrnh m  this experiment was of 
relatively short duration, inorganic constituents would not be ex­
pected to show extreme quantitative variations, fhis lack of variation 
is evidenced by the data of table IX and only those elements showing 
systematic trends are shown graphically in figure 6, namely, copper, 
total nitrogen, and potassium.



iiiULM X&
XraQAB2C COIIFOSISIOH o r i e m b s 

GOPISR BHES3 B & S E B S ®  —  195l.

g .  OtiSO, Cm. p.p.®. If 5 total it.© . /g .* 1) .  Mi

perplant
l a  B . K .* l a  P . &*$«•- w E Ca %

.i& 12 .3 1 .8 8 •7b •67 .2 6

•5 1 1 .0 1 .8 9 .5 9 .73 * 2 li

Ilydrangea 1 .5 2 0 .2 1 .99 .5 7 .7 5 .6 1 .2 6

k.S 2 8 5 .1 2*36 .m .7 7 .6 7 .2 7

1 3 .5 31&&.6 2 .3 7 .« a .9 0 .60 >26

.33 1 6 .8 U .37 71 • | j. .55 2 .52 •k5

1 .0 1 6 .8 1**14; .72. *62 2 .3 2 •k?

Tewto 3 .0 2 2 .6 .73 .72 2 .0 ? .39

9 .0 lu 5 6 •69 *?*} .  f t 2 .2 0 .k 5

2 7 . 0 11*1.8 iw te .69 .69 2 .2 k .k8
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OO
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BI3CUS3IGM

%  this investigation a variety of isethods have been used for 
determining the amount of copper available to plants. A comparison 
of the chemical and biological assay methods Indicates the latter as 
being the more .reliable*

There are several reasons for the undesirability of chemical 
methods. Different chemical methods than those -which m m  used might 
be more sensitive or might be better adapted for determining the 
utilimble fraction of total copper present In a soil, bat the final 
conclusion night b® applicable only to a limited number of soil types 
and species of plants. A reliable chemical method for soil analysis 
should make allowance for a consideration of the organic matter present 
in the soil, inasmuch as this factor profoundly* influences the avail­
ability* of copper (33). Chemical analysis of plant imtoriaX may be 
even less adequate than chemical soil analysis since the copper con­
tent of tissues may not vary m  a unit dry weight basis with variations 
in copper supply (£)•

The outstanding advantage of biological methods for the analysis 
of copper in soils is that they more accurately determine the portion 
of total copper which is available to plants, ^h© Solder Aspergillus 
niger Method m s  found quite reliable in this respect. A final 
evaluatim of results in this method is possibly less critical than 
in chemical methods} however, the error involved should be insigni­
ficant in experimental and practical commercial application. The 
growth of higher plants on a variety of copper treatments, particularly 
the species for which a soil is to be used, represent® the ultimate 
criterion for the identification of copper deficient soils*



m

Th© results of these experiments surest that the form of copper,
1.©*, compound, used for the correction of deficiencies has received 
too little attention in the past. %«t experiments and commercial 
applications have utilised copper sulfate, and where soils were actually 
deficient a beneficial response to this ec®|Jound has been obtained.
With the Insignificant effect of the single concentration of copper 
sulfate, when compared to the check in the field experiments at Salis­
bury, narylaisd, it is impossible to state 'Aether higher concentrations 
would have produced beneficial responses, The poroiainent feature of 
this experiment may be abserved i**a comparison of the treatments in­
volving various copper compounds. Considering A s  fact that all com­
pounds were supplied to the soil in a manner which would provide 
chemically amounts of copper it is noteworthy that the
oxides produced a significantly greater yield than the check or copper 
sulfate treatment. An explanation for A c  difference in response 
cannot b® advanced on the basis of these experiments! however, a 
theoretical interpretation could be based on differences in solubility 
of the coŝ jounds. Inasmuch as the oxides are far less soluble than 
the sulfate they might remain in contact with roots for longer periods 
of time Ails the sulfate, by comparison, would be leached from, tip 
soil relatively soon, particularly on the very santy coastal soils 
with which this investigation is concerned.

Th® behavior of plants in the copper excess experiments furnishes 
certain information on the toxicity effects of copper* ^he results 
indicate that copper, within the range of concentrations used in the 
soil, m s  not absorbed by the plant in direct proportion to its con­
centration in the substrate (table IX, fig. #)• At the two lowest
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concentrations of treatiaaixt the pirate contained essentially the m m  
quantities of copper despite the fact that the second concentration m ®  
three times as large a® the first* While treatment concentrations were 
increasing in geometric mxivmm the hy&magem plants of the thro© 
highest treatments aocisnalated coiner In. proportionate ly greater incre-

V

nents. ^he -Mae effect m s  in evidence# to a lesser extent# in the 
tiro highest level® of copper treatment applied to t o  team to plants. 
There were m  evidences of injury to the hydrangea plants in the first 
three levels nor to -the first four levels on .tomato..plants. &rm 
these observations it is apparent that hydrangea and tomato plants have 
wide tolerances with respect to copper concentrations in the soil ms 
long as the -cw>mentrations remix* below a critical level (a tore! be­
tween the third and fourth treatment in hydrangeas* and between the 
fearth mad fifth in tomatoes). Above this critical level the meb&nis® 
for regulating absorption is incapacitated, which in turn results in 
death of the plant .

Ii^reasive differences in the zeewmtetttm or decrease of other 
elements as a result of excessive copper mgr not bo observed from this 
maqpmriiKmt* this is in part due to t o  lisafted sequence of torn touts 
mad in part duo to t o  tort duration of t o  ©spertont. However# in 
view of t o  relatively short length of time in which t o  treatments 
were in effect t o  differences in chemical composition# though snail# 
nay be considered as substantial evidence of real effect®. Of t o  
elements analysed only total nitrogen and potassium concentrations 
showed uniform trends in successive treatraents and though th© trends 
am  not identical in the two species of plant® there is t o  iixdioatios 
that both constituents m y  accumulate to a greater extent as t o
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sulfate, does not.
3* Tom to and hydr&ngea plants maintain relatively uniform 

amounts of copper in their leaves over a vide range of substrate 
comeatratiMs until a maxiaaua or critical concentration is reached, 
at uhlch the ©ntiy of copper is no longer regulated and is accumulated 
in great quantities.
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FEIB EHEHEEHTS —  19lt9

cation

1 66.9 98.8 165.7
Ch&ck 2 51.6 99.8 I5i.lt

3 lt6.6 1U.9 158.5
total 165.1 310.5 It 75.6

1 lt9.7 68.8 118.5
Cn3CVFoliUge 2 21.0 117.8 138.8
Bpm&

3 75.6 96.6 172.2
Total 11*6.3 283.2 lt29.5

1 37.lt 98.8 136.2
CV&y
m,. ** a 1*7.1 96.2 Ut3.3Soil

3 30.0 107.8 137.8
Total Hlt.5 302.8 ltl7.3
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t v m t m n t
1 ^ C p o v m t e ^ ’

Collie l3̂;3P$S Looatlcms
cc^lii©d

I 
**

I 
*

Ir,

*?<”> *7 # § 28* $
C b s o k £  $.k 

3 8.9 

T o t a l  20.5

32.2

p u t

37.6

W . l

1 5.li 19.3 22t.7
Cia0Ov
Folisf©
Sp-â r

2 ' 5.6
3 7.3

32.6 38.2
3lt.O

Total 18.3 f%,6 H .9

1 7.8 17.8
CdSDj 2 3.7 31.3 35.0
wB
Soil 3 29.7 39*1

Total 20.9 @•8 99*1
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32.1
3 if #Cl

.7 70*1 134.8

i 12.lt 15.9 28.3
€hi3% 2 1/i.it 21.7 38.1
%ra^- 3 18.3 17.0 35.3

Total 47.1 54.6 101.7

1 17.7 23.2 40.9
CuSCK 2 14.0 20.3 34.3on
Boii 3 19.5 23.7 43.2

Total 51.2 67.2 T1R ,k
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AFHSHDIX TABLE 5 
S5E3ET POTATO ('.'EIGHT XD3XS —  SAIABIE ROOTS) 

FIB IB EXEEHI1EKTS —  191*9

Treatmn% RepXl-
cation (pounds)

College Park 
(pounds)

Locations
coibi&od

1 67.5 36.6 10l*.l
Cheek 2 71*.9 38.2 113.1

3 1*9.0 1*2.0 91.0
Total 201.1* 116.8 308.2

1 82.2 30.8 113.0
Cn3%
Foliage

2 77.8
59.9

31*.1* 112.2
Spray 3 28.2 88.1

Total 219.9 93.1* 313.3

1 73.2 32.5 105.7
CnSG^on

2 72.5 29.1 101.6
Soil 3 70.5 1*2.5 113.0

Total 216.2 10l*.l 320.3



m

AFE3HDIZ B1BE 6 

TOSITO (tfSIO® yiEXB —  FSSJTS) 
FEE) EXJKKDeSES — 19i*?

l&w&mmb EspXX»
mi&jm f ruiMt yaAii

CoUtege Park 
(pouaus)

Locations
oô bijiod

I 35.9 69.3 105.2
2 3i*.5 76.3 110.8

li3.G 92.0 135.8
T o ta l 134.2 237.6 351.8

1 35.lt 79.6 u 5 .o

0&UFoliag-s
2 35.8 80.9 116.7
3 50.7 56.5 107.2

. to ta l 121.? 217.0 338.?

1 38.5 89.9 128.8
GiiSOj,
om

2 35.6 72.8 112.lt
S o il 3 31.0 60.1 91.1

T o ta l 109.1 222.8 331.9
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AWE8DXX S&HtE 7
Txmaao (mm  ve k jk t m mm m> imrns)

Traaiaasafc Be»pli~ Salis&tury Collage T&yk

~ . .

1 3̂0*0 46.0 116.0
Clssok .2 5i.*> <§2.1 113.?

3 59.0 73.5 132.5
Total 176.6 183. f> -26ft *2

OllSOj;
1
2

62.2
75.4 80.0

126.6
155.4Foliage

«*» 59.0 42.3 101.3
Total 196»*» 186.7 383.3

1 67.0 63.2 130.2
CnSOjj 2 57.7 62.5 120.2
on ...

Soil 3 67.7 72.0 139.7
"otal 192.4 197.7 390.1
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