ABSTRACT

Brown, John C. The Influence of Copper Compounds Applied
to Muck Soil on the Yield, Growth Pattern and Composition of

Certsin Crops.

bIn view of the importance of a supply of copper for
plant growth on certain acid muck soils of Michigan,a further.
study of copper's role in plant growth was undertaken.

Spring wheat, sudan grass, corn, tomatoes; sugar beets,
oats and celery were grown on copper-deficient muck soil
obtained from the Michigan State College Experimental Muck
Farm. This muck contained 86% orgenic matter, had a pH of
6.0 and analysis for some of the elements showed a content
of 3.3% nitrogen, .21% potassium, .12% phosphorus, 2.5% cal-
cium, .27% magnesium, 1.3% iron and .0011% copper.

A 3-9-18 fertilizer was ﬁsed at the rate of 3000 lbs.
per acre, plus the principal micro-nutrient elements.

All the plants grown in this investigation gesve a marked
response to copper compounds as evidenced in greater yields.
Copper deficiency symptoms were notedvin each cese where
copper was not applied to the soil.'

Beneficial effects upon growth were observed in growing
spring wheat on sterilized muck soil where copper had not
been applied. These plants produced good vegetative growth
but showed copper deficiency at time of head formation. very

few heads were produced.
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The absorption of copper by the plants studied, effected
the uptake of iron, nitrogen, potassium, phosphorus, calcium,
magnesium and silica.

The copper content of corn kernels was lower from plants
grown in copper-deficient muck soil than in soils with suf-
ficient copper. Seed from plants grown in the latter soil
produced normal plants whereas seed from the copper-deficient
soil produced dwarfed plants which showed permanent copper
deficiency symptoms.

Copper aids in chlorophyll formation. Only where copper
was supplied to the soil did the reducing sugar and nitrogen
contents approach equal percentages in growing wheat. With-
out copper the nitrogen content of the plants remained high
and the reducing sugar.low-

The addition of copper to the soil resulted in a greater
number and welght of fruit harvested from the tomato plants.

Necrotic spots appeared on some of the tomato fruit where cop

!

ﬁer had not been included in the fertilizer. These necrotic
areas were not found on the fruit harvested from plants where
copper had been applied.

Sugar beet yields were higher where copper was applied
to the soil and a red coloration appeared on the cut surfaces
of the root. The red color did not appear when copper was
not used.

A cross section of the beet showed the coloration to be

concentrated in concentric rings. These rings corresponded
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to the secondary vascular tissue. The coloration is believed

due to the presence of a copper enzyme and a suitable substrate.
Copper is balieved necessary for the normal metabolic

activity of the plant processes.
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" THE INFLUENCE OF COPPER COMPOUNDS APPLIED TO MUCK
SOIL ON THE YIELD; GROWTH PATTERN AND
COMPOSITION OF CERTAIN CROPS

INTRODUCTION

Plants grown on the acid muck soils of Michigan have
benefited from an application of copper to the soil. The
part which copper occupies in the metaboliec processes of
‘these plants has not been established. The purpose of this
study was to investigate further the role which copper

takes in plant growth.

REVIEW OF LITERATURE

The importance of copper in plant and animsl metabolism
has been expressed by Elvehjem (15) as follows: "A complete
understanding of the action of copper wiil bring us distincitly
neerer an understanding of the fundamental processes in living
matterm.

Elvehjem (15) reports Miessmer in 1817 as probably the

first worker to show that copper actually was a ddnstituent
of plants. Later Sarzeau (1830) found copper in numerous
plants and determined the amount quantitatively. The work of
Dischamps (1848) in the further study of vegetables revealed
that a relationship existed between the copper in plants and

that in the soil on which they were grown; while Chevreul (1368),




in & more general statement, suggested that copper was quite
widely distributed in organic matter.

Elvehjem (15) further reports the work of Maquenne and
Demoussy, and Fleurent and Levi (1920) as establishing without
question the universal distribution of copper in plant life.
Maguenne and Demoussy found 3 to 40 p.p.m. of copper in all
the plant materials they analyzed and suggested that copper
must be‘an essential element in plant metabolism. The fact
that copper was found in the more active tissues of the plant
e.g. young shoots and leaves, led them t6 conclude that copper
in some way aided in the vital functions of the plants.

Bain<{5) in 1902 reports the beneficial action (over and
above its fungicidal effects) of Bordeaux mixture used as a
spray on the foliage of plants. The outstanding results se-
cured in some cases from the use of Bordeaux resulted in its
general acceptance. However, the immediate cause of this
beneficial action and its mode of operation had to be estab-
lished. He cites experiments with peach leaves in which copper
was applied to the leaf in spots overnight and there was dis-
tinctly moré starch under each of these spots. He contributes
this greater starch content to the greater chlorobhyll content
of the plant where copper was applied.

Lutman (36) noted that the increase in yield of potatoes
was directly proportional to the amount of copper sulfate used.
A table is given showing yields of potatoes from sprayed (Bor-
deaux mixture) and unsprayed plots from 1891 to 1911. The

sprayed pots had an average yield of 263 bushels as ‘compared




to 159 bushels per acre for the unsprayed. He also noted
that the application of Bordesux mixture brought sbout a
daily increase in the emount of starch produced per plant.

Floyd (20) reports dieback or exanthema as one of the
most important of the diseases of citrus trees. The severity
of the disease was increased with increasing amounts of organ-
ic matter in the soil or large applications of nitrogenous
fertilizers. Copper sulfate applied to the soil was found
to correct this disease.

‘Upon establishment of the Florida Everglades Experiment
Station in 1923, poor plant growth was rather general on the
Experiment Station'soils, as well as on other raw peat soilé
of the Everglades. The first corrective work was done in the
sumer of 1925. This work, reported by Bryan (8), shows the
marked stimulating influence of copper and manganese on the
peat soils of the Florida Everglades. The stimulating action
of.both copper and manganese seemed to be closely‘éssociated
with chlorophyll development. The green coloration, presum-
ably due to an increase in chlorophyll, was prcduced within

ten days after treatment. The plants receiving copper and

manganese produced mature seed, while the untreated ones failed
entirely. These soils contained from 1.5 to 10 per cent iron.
Felix (18) found the addition of copper sulfaste made pos-
sible the growth of onions and lettuce on unproductive peat
soils of New York.
Harmer (23) has found copper sulfate merkedly beneficial

on the more acid mucks of Michigan. Crops most responsive




included lettuce, spinach, dill, wheat, sudan grass, okra,
carrots, onions, potatoes and tomatoes.

Copper has also been found to have a marked stimulating
influence in animal life. Elvehjem (15) reports Harless in
1847 as detecting copper in the blood of marine animals and
showing that it exists not as a free salt, but in combination
with protein. This copper-containing protein which was named
hemocyanin by Fredericq (1878) is apparently an oxygen carrier
anaglogous to the hemoglobin of higher ahimals.

Rose and Bodansky (41) made a gquantitative study of the
~copper in 35 marine animals. The amount of copper in the or-
ganisms was examined frequently and was found to diminish as
the animals ascended from the comparatively simple to the more
complex.

The factors controlling the affinities of hemoglobin and
hemocyanin for oxygen are reported by Elvehjem (15) as being
the same, and that these blood pigments are not fundamentélly
different because one contains iron and the other copper.
Also, that the variation in the affinity of individual hemo-
cyanins fof oxygen is undoubtedly dependént upon the physico-
chemical’changes taking place in the protein part of the mole-
cule.

The chemical relationship existing between chlorophyll
and hemoglobin is reported by Orth, Wickwire and Burge (39).
One point of difference however, is that magnesium.is the ele-
ment in chlorophyll corresponding to iron in the hemoglopin.

Elvehjem and Sherman (17) showed that copper does not




influence iron assimilation but it i1s indispensable for the
transformation of the absorbed iron into blood hemoglobin.
Their results showed that in the absence of copper, inorganic
iron is readily assimilated and stored in the liver and sﬁleen
of rats. The iron so stored cannot be used for hemoglobin
formation until copper is supplied.C‘After coprer is supplied
the greater part of the iron in the liver is removed and built
into hemoglobin of the blood. Copper as reported here is not
necessary for iron assimulation but it is necessary for the
synthesis of hemoglobin.

A similar experiment carried out by Elvehjem and Hart
(16) on young chicks gave comparable results.

Cook and Spilles (11) showed that the addition of copper
to an iron-low diet of rats resulted in a depletion of the
reserve iron in the spleen.

Copper has also been found present in certaln enzyme
systems. Oxidative enzymes that contain copper are divided
into two groups by Ball (6) according to their substrates.

One group would contain those enzymes which oxidize mono or
polyphenols, the other, those enzymes whose substrate is as-
corbic acid. Enzymes in one group do not appear to be sble

to catalyze the oxidation of the substrate for the other group.
However, enzymes of both groups presumably cetalyze the oxi-
dation of their substrates by reason of the change of copper
from the cupric to the cuprous form, the letter being reoxi-
dized by oxygen.

In a proposed classificetion of the chemical elements




by Thatcher (45), he believes there is sufficient experimental
evidence to justify the hypothesis that manganese and iron,
copper and zinc are two pairs of mutally coordinating cata-
lysts for oxidation-reduction reactions; the former, for bio-
logical reactions in which the addition or removal of oxygen
is the basis of the energy exchange and the latter, for those
in which loss or gain of hydrogen is involved.

An interesting paper by Shear, Crane and myers (42) on
the nutrient element belance, as a fundemental concept in
plant nutrition, sdds additional importance to the role any
one element may play in plant nutrition.

Shear, et al. point out that the conéentratign of salts
in leaves is regulated by the absorption power of the roots.
The growth of the whole plant, including the formation of
seeds, is agaln controlled by the transformation of the nutri-
ent salts as they are assimulated by the green leaves. Leaf
analysis is an integration of all circumstances which influence
the aVailability of the salts in the soil. Quoting the above
authors, "It has been the experience of the authors, both under
Tield and greenhouse conditions, that there are no symptoms
the cause of which can be accurately diagnosed visually".

They hold further that maegnesium deficiency may result from

an excess accumulation of potassium in the leaves. Calcium or
magnesium accumulation or a combination of both may produce
potassium deficiency. Excess of phosphate, copper and zinc

or of manganese and cobalt; or too low a level of potassium,
magnesium or calcium in relation to either or both of the

others, may cause iron deficiency.




All other factors being constant, plant growth is a
function of two varisbles of nutrition (42), intensity and
balance, as they are reflected in the composition of leaves
when the plants are in the same stages of growth or develop-
ment. Maximun growth and yield occur only upon the coin-~
cidence of optimum intensity and balance. g

Interpretation of the nitrogeﬁ content of leaves in
terms of the nitrogen stafus of plants is complicated in that,
when nitrogen is supplied, it accumulates only to the extent
to which its avallable supply will permit growth. In other
words, if the intensity and balance of the other elements are
favorable for a high growth potential, growth will be in pro-
portion to the availaeble nitrogen supply and accumulation of
nitrogen will be prevented by its utilization in additional
growth. A specific example of the effect of sn essential
eiement, namely copper, on the accumulation and utilization
of nitrogen, can be cited from thé work of Gilbert, Sell and
Drosdoff (21). They state that nitrogen applications to tung
trees in early stages of copper deficiency failed to increase
linear growth, but greatly increased the incidence of copper
defiéiency.

It has been definitely established that copper is essen-

tial for plant growth in a general review of the literature

on this subject by Sommer (43).




EXPERTMENTAT, PROCEDURE

A copper-deficient muck soil was obtained from the
Michigan State College Experimental Muck Farm. This was
a virgin muck which had never been fertilized. The muck
consisted of 86 per cent organic matter, had a pH value of
epproximately 6.0 and contained 3.3 per cent total nitrogen,
.21 per cent potassium, .12 per cent phosphorus, 2.5 per
cent calcium, .27 per cent magnesium, 1.3 per cent iron and
.0011 per cent copper. Unless otherwise indicated this muck
was used throughout the following experiments and all treat-
ments were made in triplicate or guadruplicate.

The fertilizer used consisted of a 3-9-18 applied at
the rate of 3000 lbs. per acre in all cases except where in-
dicated in special experiments. The major elements were
applied in the form of chemically pure potasgium-di-phosphate,
potassium nitrate and potassium chloride.

The micro-nutrient elements were applied in all experi-
ments unless otherwise indicated as follows: Ferric sulfate
50 1lbs./A., cobaltous acetate 25 lbs./A., manganous acetate
50 1bs./A., zinc acetate 25 1bs./A., boric acid 25 1bs./Aa.,
calcium oxide 200 1lbs./A. and copper sulfate 200 1lbs./A. The
term copper will be used throughout this experiment to mean
- copper sulfate unléss otherwise stated.

These constituents were'all weighed out separately and
mixed thoroughly with six thousand grams of muck soil of uni-

form moisture content, which was then placed in two-gallon




glazed jars. In one experiment with corn four-gallon jars
were used employing twelve thousand grams of soil.

This procedure was used throughout these experiments
in an sttempt to obtain as much uniformity as possible.

For each experiment new virgin muck with the above stated
fertilizer applications was used. Every precaution was
taken to avoid contamination of jars with copper.

The crop in each jar was harvested, weighed end im-
medistely dried in a hot air oven. After drying the crop
was weighed sgain and the loss in moisture determined. In
the first two experiments anelyses were made of the plants
from each jar. ZFXach jar contained an equal number of plants
and, in most experiments using wheat, the number of plants
was maintained at fifteen. In the experiments following the
two mentioned above, the plant material from each Jjar was
weighed separately, and those from the replicated treatments
were composited and ground in a Wiley mill to pass through a
20 mesh sieve. This material was used in the determination
- of some of the elements of the plant.

All plent material was thoroughly ground and mixed before
samples were taken. A‘three-gram sample of the plant material

representing each treatment was ashed, the ash heated gently

with HCL for one-helf hour and then filtered. ‘he filtrate
was diluted to 200 ce. Aliquots for analysis were taken from
this dilution. Separate samples were used in determining total

nitrogen. ‘'he above procedure holds true for all experiments

in this investigation.
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Methods of analysis used in these experiments were as
follows:

(1) Silica - according to Piper, C. S. 1944 Soill snd
plant analysis. Interscience Publishers, Inc.
N. Y. 263-265.

(2) Copper - Carbamate method 1940 wmethods of Analysis
Assoc. of Off. Agr. Chemists, Fifth Edition 122.

(3) Iron - Thiocynate method 1940 Methods of Analysis
Assoc. of 0ff. Agr. Chemists, Fifth Edition 126.

(4) Nitrogen - Kjeldahl Method 1940 liethods of Analysis
Assoc. of O0ff. Agr. Chemists, Fifth Edition
26-27 .

(5) Potassium -~ according to the Determination of Ex-
changeable Potassium in Soils using Hexanitro-
dyphenylamine by Lawton, K. 1945 Soil Seci.
of America 10: 126-128. :

(6) Phosphorus - using ammonium molybdate and Fiske-
Subbarow reducing agent. The colorimetric de-
termination of phosphorus by Fiske, C. H. and
Subbarow, Y. 1925 Jour. Biol. Chem. 66:
375-400.

(7) Caleium - according to Peech, M. and English, L.
1944 rMicrochemical Soil Tests™ Soil Science
57: 167-195.

(8) Magnesium - adcording to Peech, M. and English, L.
1944 Titan Yellow prrocedure. Microchemical
S0il Tests. Soil Science 57: 167-195.

(9) Reducing sugar - according to "A study of methods for
the determination of sugar in crop plants. By
Waldron, D. R., Ball, C. D., Miller, E. J. and
Benne, E. J. 1948 Jour. of the Assoc. of Agr.
Chemists 31: 708-714.

The results of the analvsis made are reported in table

form appearing with each experiment.
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EXPERIMENT 1

This experiment was set up as described above with the
objective of noting the growth habits of plants with and
without copper added to the soil.

Other variables included:

(1) Different ways of applying copper to the soil as
used by wWillis and Piland (47) which led to the question in
their work as to whether copper was effective in the soil or
in the plants. In their study they applied copper half-way
down in the soil of the jJars.

In this experiment the following variations were used:

(a) Copper was applied half-way down in the Jjar.

(b) Copper was mixed thoroughly in the soil.

(¢) Copper not applied.
| (2) Silicic acid was applied in increasing amounts from
25 pounds up to and including 3000 pounds per acre for the
purpose of observing any effect it might have on the avail-
ability of the copper.

Each treatment was triplicated in two-gallon jars con-
taining 6000 grams of muck soil and 3000 pounds per acre of
3-9-18 fertilizer plus the micro-nutrient elements. All treat-

ments received 200 pounds of calcium hydroxide except treatment

twenty-one. A description of treatments and yields are given

in Figure 1. Tables 1, 2 and 3 show the results of the analysis
of the wheat straw and heads. Where copper was not used in the

soil, no heads»were produced. Thus, no comparisops can be made

with the weight and composition of the heads produced where




O* NO COPPER APPLIED
M= COPPER MIXED IN SOIL
L= COPPER IN LAYER HALF WAY DOWN IN JAR
I TREATMENTS
WHEAT STRAW 21-M NO CALCIUM CARBONATE APPLIED
22-N NO FERTILIZER APPLIED
U . 23-M NO MANGANESE APPLIED
WHEAT HEADS . 25-M NO MICRO ELEMENTS APPLIED
ALL OTHER TREATMENTS REGEIVED 3000 Ibs. EQUIVALENT
- 3-9-18 PLUS MICRO ELEMENTS
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CuSO4=1-M 2-L 3-0 4-M 5-L 6-0 7-M 8-L 9-0 (O™ II-L 120 I13-M K4-L I5-0 16-M i7-0 18-M 19-0 200 2I-M 22-0 23-M 24-M 25-0
S10,XH,0=251bs. 25 25 100 100 100 250 250 250 S00 500 500 000 1000 1000 2000 2000 3000 O 3000 3000 O 2000 O 2000

TREATMENTS
Fig. 1 RESPONSE OF SPRING WHEAT TO GOPPER AS APPLIED WiTH VARIED RATES OF SILICIC ACID TO MUCK SOIL
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the percentage content

TABLE 1

Effects of two rates of éopper and several rates of application of silica on
of certaln elements 1n mature wheat

Treatments Yield gms. ‘ ‘
Lbs./A. dry wt. Per cent composition in straw . % in heads
Cu S1 |Straw Hds, Total Ash - Cu Fe Si N. K P Ca Mg Cu N K

200 25 | 56 |38 94 2.68.0018].011| .45| .31 .56‘ 009[.28].07 [ 0050 | 1.55] .43

200 100 52 .| 36 88 2.82].0012].009| .19] 29| .24 | 10|420],11 | 0052 | 1.47 ] 460

200 250 | 64 |42 |106 2056600161 .011] 426] 430] ¢25 | 008|e21[e10 | +00563 | 1.45| .53

200 500 | 65 |41 106 269610016 .012] 31| ¢32] ¢30 )] 409[.22(.10 | .0062 | 1.,56]| .52

200 |1000 | 87 |39 96 2.88].0012].010] «55| +31] 25| «08[e23].11 | 40061 | 1.53]| .55

200 [2000 | 61 |41 102 4¢33]¢0004],002]3458] ¢36] 20| ¢04[.08].05 | 0062 | 1.55| .49

200 |[3000 | 66 |35 | 101 5¢01].0007].002|3:97] «33{ «20 | 407].08[,03 | .0053 | 1.59| .48

200 [None | 62 |43 105 2657 [+0013].012] 66| o31] 439 | «08[.12(.11 | 40048 | 1.54| .51

¥ Cu 25 12 0 12 14,30 0022 4026 1472 4,07 6,27 91 .65 .34 - - -
0 100 { 12 0 12 15,96 ].,0027}.,020]1.71]|3.,95[4.42 | .78].58].28 - - -
0 250 10 0 10 15.66 |.0022].023 2.16 4456|5434 | 499 (.71 (.30 - - -
0 500 8 0 8 17499140017 .029|2630]|4451]4¢96 [1e00 [+472 |430 - - -
0 1000 12 0 12 16:52] 0031|020 3425]/4617|5452 | 092,61 .30 [ No heads produced
0 |[2000 12 0 12 | 20.33[e0026]4021|8,65[3e8L|5463 [1402 (666|430 - - -
0 {3000 14 0 14 | 20.59|.0024],021|8.,55|3.92|6e37 | 81 [.54 [425 - - -
0O |[None 14 0 14 13.86|.0017].026] .54|4.07|5.46 | .924].59].34 - - -
O |[None¥ 23 5 28 4,57[.0018]|,015| .68[1.84] .14 | «15]/.89(.49 | .0021 3.01 -

3 No fertilizer used

eT



TABLE 2

- Effects of two rates of copper and several rates of application of silica on
the total content af certaln elements in mature wheat

“Treatments Yield gms. ' ' Total content
Lbs./A. dry wt. Total content in straw (gms.} in heads

Cu Si |Straw Hds. Total| Ash - Cu .Fe Si N K. P __Ca Mg Cu N _K_
200 25 | 66 | 38 94 |1.49]/.0010/.,006] .25| 17| .31| .05| .16]| .04 «0019| ¢59].16
200 | 100 | 62 | 36 B8 | 1446|+0006)4005] 410 | «15] 412| +05{ .10} .06 +0019] «53].22
200 | 250 | 64 142 | 106 | 1.65]|40010]4007] 17| «19| 416} 05| 14| .06 «0022] .61|.22
200 | 500 | 65 | 41 | 106 | 1.92]|.0010].,008( +20] 21| 20 .06]| 14| .07 «0021) .64 (.21
200 [1000 | 57 | 39 96 | 1465]40007]|4006[ 6432 | 18| o¢14] 05| ,13] 406 +0024] .60 |.21
200 |2000 61 41 102 2.64].0002]|,001{2,18| .22| .22] 02| .05| .03 00025| .64 1.20
200 [3000 | 66 | 35 | 101 | 3.29]/.0005|,001{2.80 | ¢22] 13| .05| .05| ,02 «0019] .56 1,16

200 |None | 62 | 43 | 105 1.581.0008].007] +41] 19| 24| .05| 07 .O7 20021) .66 |22

12 | 1.73 ,0005 .003 421 .49 .76 ,L11 .08 .04 - - -

NoCu 25 12 0
0 100 12 0 12 1e84/,00031.,002] 20| 45| 51| 09| .07 .03 - - -
0 250 10 0 10 1e51|.0002].,002] 21 ] 44| 452 | +10| 07! 03 - - -
0 500 8 0 8 1e37140001]|.002] o418 | ¢34| 38| 08| 06| .02 - - -
0 1000 12 0 12 1s921.0004|,002! .38 | 48] 464 | 11| 07| 404 | M heads prodwced
0 2000 12 0 12 [ 2.52].0003]|.,003{1.07 | .47| .70] .13]| .08] .04 - - -
0 3000 14 0 14 2.92|.0003].003({1.21 | 56| «91| 12| 08| .04 - - -
O [None 14 0 14 1.87[.0002]|.,004| 07| 455]| 74| 13| 08| .05 - - =
O |[Nonex| 23 5 28 1.06/.0004|,004| .16} .43| .03| 04| .21] .11 .0001] 15| =

#* No fertilizer used

A
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TABLE 3

The response of spring wheat to copper layered in middle of Jar
as compared to copper mixed throughout soil

Treatments| Yield gms.

Lbs./Ae dry wt. Per cent composition in straw % in heads
Cu Si |Straw Hds. Totsl] Ash Cu Fe Si N K P Ca Mg. Cu N K
200 25 48 24 72 |4.,02(.,0012 - o850 | 66| o46| =~ | = - «0058 | 2,52 | 432
200 100 47 20 | 67 | 3476 ].,0020 - 009 | 57| 99| = | = - 00047 | 2417 | 462
200 250 47 39 86 | 3473140016 [o014| 53| 044 | ¢65|ell] «30].12 20056 | 1,88 | .50
200 500 46 25 71 | 4403].0013 |.012]| 27| «69| ¢46]e19] «30],10 00656 | 2.16 | +54
200 | 1000 57 19 76 | 4.24|.,0021 = |1e22 | o66| 68| = - - - 2.55 -
200 | 3000 67 46 113 | 4.21|.0004 - | 3,26 | 29 - - - - 0069 | 1.61 | .21
200 |2000 64 44 108 | 3.52/.0020 = |1e8l] 30| «24| = - - +0054 | 1.58 | .48
No-Cuf 1000 13 0 13 19.561].001€ = Be33 | 375 553 | = - - - no heads -

. Total composition in grems _

200 25 48 24 72 | 1.93 0006 - o4 433 JR2 - - - «0014 61 .08
200 100 47 20 67 | 1.,76|.0009 - 16| B7] 46| - - - +»0009 43 | J12
200 250 47 39 86 | 176 {0008 [4007]| +25| 21| ¢31]e05] 614].06 «0022 73 | «20
200 | 500 46 | 25 71 | 148540006 [4006| o412 | ¢332 | 21 |09 «14].05 0014 54 | 414
200 | 1000 57 19 76 | 2443 [,0012 - o 70 | 38| 39| = - - - 49 -

200 | 3000 67 46 113 | 2.82|.0003 - 2419 ¢20] = - - - 0027 «74 | .10
200 2000 64 44 108 | 2425].C013 - |1ls16]| 419 15| - - - 0024 70 | 21
NoCu| 1000 13 0 13 | 2.58].0002 - 1110 | 50 )] 473 = - | - « no heads -

ST
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copper was applied. These are the only tables of such data
that will be presented.

This wheat was planted March 1, 1947. Three weeks later
a retardation in growth was noted where copper had not been
‘applied. On April 5, 1947 a prohounced difference in color
of plants receiving different treatments was noted as follows:

| (a) No fertilizer - grayish green..
(b) Complete fertilizer minus copper - light
yellowisgh gréén.
(c) Complete fertilizer plus copper - dark natural green.

Where silica had been applied from 2000 to 3000 pounds
per acre the plants grew much more erect and the straw was
“more brittle.

Of particular interest (Figure 1, treatment 2), is the
plant produced by placing the copper in a layer "half-way"
down in the jar instead of mixing it thoroughly in the soil.
This relationship holds in all cases of layering instead of
mixing copper in this experiment.

The plants'that did not receive copper (Fig. 2) produced

no heads and soon dried up. Figures 3, 4 and 5 show in more

detail the response of spring wheat to copper.

No marked differehces in yield were noted with increasing
amounts of silica applied. But, differences in the composition
Oof the plants are noted in Tables 1, 2 and 3 with increasing
silica content. It can be seen that where silica was applied
~at the rate of 2000 lbs./A. the plants contained much more

silica. At the 2000 and 3000 1bs./A. applications of silica




Fig. 2 Response of spring wheat to copper. Thq wheat
producing heeds received copper, those.gars of
wheat not producing heads did not receive copper.

Fig. 3 Response of spring wheat to copper. Treatments are
left to right: (66) No fertilizer - WNo copper,
(67) No fertil

izer - Copper, (58) Fertilizer - wo
copper. ~ : :

17




Fig. 4 Response of spring wheat to copper.
are: (Left) No fertilizer -
No fertilizer - Copper added,

Treatments

No copper, (Center)
(Right) Fertilizer -~
Copper added.

18
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Fig. 5 Development of wheat heads as effected by a copper
applicetion. (Left) No fertilizer - No copper,
(Center) Fertilizer - No copper, (Right) Fertilizer -
Copper.

(where copper had been applied), the percentage copper and
iron was reduced as compared to those treatments receiving
the lower applicetions of silica. The percentage (Table 1)
copper and iron was higher in similar treatments which did
not receive copper. The content of the major elements found

in these treatments are shown in Figure 6.
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SUMMARY

Copper epplied "half-way" down in the soil of the jars
did not stimulate plant growth as it 4id in those Jjars where
the copper was thoroughly mixed with the soil.

Silica applied in the form of silicie acid to the soil
influenced the uptske by the plaﬁt of Cu, Fe, Ca and Mg where
copper had been‘applied. The upteke of silica was markedly
increased et the 2000 and 3000 1b./A. applications.

The copper-deficient whest plants were characterized by
a lighter green color, retarded growth, curling and dying-

back of the tips and no head production.

 EXPERIMENT 2

This experiment was designed to further investigate the
findings in Experiment 1. Copper was applied (200 1lbs./A.)
to three jars as follows: (1) At the bottom of the jar,

(2) in middle of jar, (3) broadcast at the top of jar, (4)

mixed thoroughly in the soil and (5) mixed in soil plus 2500

1bs./A. silicic acid. These treatments with their effect on ‘g
vields and element compesition are given in Tables 4 and 5.
Figure 7 shows the average yields of straw and heads for
these treatments. VYields from jars in which copper was mixed
in the soil were slightly better than yields of jars where
copper was applied at the bottom or top of soil, and much
"better than where copper was applied as a layer "half-way"

down in the soil of the Jjar. Plesnts from this latter treatment




The effect of copper, applied at different depths in the soil,
on yield and composlitlon of spring wheat

TABLE 4

Yield gms.
Treatment dry wt. Per cent composition in straw

Straw Heads Total Ash Cu Fe S10o N K P Ca Mg
200 Cu
bottom Jar 70 24 94 Be96 |40018 | 4026 (1e1l7 |1495 2478 |45 | 436 | 427
200 Cu _ '
middle jar 56 15 71 10,57 },0022 | .029 097 12447 [|3474 |51 | 447 | «28

+ 200 Cu -

top jar 65 | 25 90 8422 | 0014 | 4021 J1e50 [1o92 12458 1452 | 32 | 20
200 Cu mixed
in so0il 69 26 95 8,77 ],0021 | .029 «88 [2.09 3,02 447 | 435 | 20
200 Cu '
2500 81 72 32 104 12.87 {0009 | 4003 5638 [(1a74 [1el3 [e39 | 415 | 402
200 Cu 8-9-0 |
NH4CgO4* 69 24 93 7e35 40012 [,017 11,54 |5.46 70 .58 | +82 | 442
No Cu 40 0 40 12,64 |.0019 {.031 o7l |3e21 14426 465 | «65 ] «31

% 1,000 lbs./A. ammonium oxalate added

a
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TABLE 5

The effect of copper, applied at different depths in the soil,
on yield and composition of spring wheat

Treatment dry wt. Total contsnt in straw (gms.)
Straw Heads Total | Ash Cu . Fe Sics N K P Ca Mg

1l 200 Cu

bottom jar 70 24 94 6.27 | «0017 | 6024 [1410 1684 [2.62 | ¢42 | 34 | o425
2 200 Cu

middle jar 56 15 71 5.91 | +0016 | +021 89 | 1e76 | 2466 | ¢36 | 434 | 20
3 200 Cu - o

top Jar 65 25 80 | 5634 140013 | 019 [1e35 | 1673 (2633 | ¢47 | «29 | «18
4 200 Cu Mixed

in soil 69 26 95 5.07 | ,0020 | ,028 e84 [1.99 12.88 | ¢45 | o34 | .19
5 200 Cu

25600 Si 72 32 104 5,06 | +0009 | .003 |5.61 | 1,82 [1.18 | «41 ] +16 | .02
6 200 Cu 8-9-0

NH4C0043% 69 24 93 9.27 | »0011 | .O16 | 1.43 | 3,21 65 | «54 | +76 ] 439
7 No Cu 40 0 40 6.05 | 40008 | 4012 228 | 16428 | 1,70 | 426 | 4261 .12

# 1,000 1lbs./A. ammonium oxalate added

1514
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. WHEAT STRAW 5-Gu= RECEIVED 2500 Ibs./A (EQUIV.) SILICIC ACID
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TREATMENTS

Fig. 7 RESPONSE OF SPRING WHEAT TO COPPER AS APPLIED IN VARIOUS POSITIONS IN JAR
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showed copper deficiency symptoms (curling and dieing-back
of terminal growth) similar to wheat leaves of Figure 8 in
an early stage of its growth. These symptoms later dis-
appeared at what is believéd to be about the time the roots
of the wheet reached the copper. Growth had been retarded
and the plants ne?er entirely recovered as indicated by the

yields shown in Figure 7.

Fig. 8 Compgrison between two wheat leaves on right
showing copper deficiency symptoms; and two
normal leaves on left.




The first roots developed by the young wheat seedlings
were observed to grow rapidly and tended to spread along the
bottom of jar. Thus, in treatment 1, Figure 7 the roots
would be in contact with the copper at an early stage of their
growth. Applications broadcast on the top would also be in
close contact‘with newly developing fibrous roots. It would
appear that the roots of the wheat seedlings were not able to
obtain the copper layered in the jar. These differenqes in
vield and plant growth observed are believed to be a result

~of the differences in accessibility of the copper.

INTRODUCTION TO EXPERIMENTS 3 AND 4

Hoffer (27), working with corn, found that when corn
plants grow in a soil without adequate available potassium,
iron compounds accumulate in the joint tissﬁes. He considered
this effect as a characteristic symptom of potassium starvation.

Willis and Piland (46) working on certain unproductive
acid peats of North Carolina, in growing corn, found an ex-
cessive absorption of iron and lodgement of iron in the nodes.
Either heavy potash applications or the addition of copper
sulfate corrected this condition. They 1indicated that the
symptom of iron accumulation in the nodes of corn is therefore
not specific for potash deficiency.

Heald (25) describes the general effects of a shortage
of potassium as follows:

(a) A reduced photosynthetic activity and consequently

a retarded or dwarfed growth of storage organs, such as fleshy

26
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roots or tubers, or in cereal crops the development of veg-
etative structures at the expense of the grains.

(b) In woody plants a suppressed or weak development
of the terminal shoots which may end in a '"die-back" as has
~been shown for both wild species and cultivated fruits.

(c)»The appearance of yellowish, brownish or white
spﬁts in leaves at first near the margin and later blighting
of the follage and premature death if the shortage is not re-
lieved. The amount of stored carbohydrates, such as sugars
and starches, is in direct proportion to the amount of avail-
able potash.

fxcegsive nitrogen applicetions are reported by Camp
and Fudge (10) as accentuating copper deficiency. They cite
oﬁher authors who have made similar observations.

In view of the varied opinions concerhing the response
of crops to copper as affected by the presence of excessive
nitrogen, the possibility of a relationship existing between

potassium and copper and a possiblé tie-up by calcium of the

copper applied to the soil, pfompted these two experiments.

EXPERIMENT 3

In the absence or presence of copper how do varying amounts
and different forms of nitrogen (organic and inorganic), dif-
ferent amounts of potassium, sugaer and acetates affect plant
growth?

The treatments for this experiment with the vields of

straw and heads of wheat are given in Figure 9.




WHEAT YIELD GRAMS PER JAR (DRY WEIGHT)
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l WHEAT STRAW
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RATE Cu Ibs/A
ADDED Ibs/A (NOTHING) NO3 m NO3 Nu: uo; NHE N03 NH% (NOTHING)
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0-9-18 3-9-0 3-9-18 3-9-27 3-9-36 3-9—18

0= NO COPPER APPLIED
Gu= COPPER APPLIED (200 ibs./A)

TREATMENTS
I-0=NO FERTILIZER APPLIED
2-Cu= ONLY COPPER APPLIED
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TREATMENTS

Fig. O RESPONSE OF SPRING WHEAT TO COPPER AS APPLIED WITH VARIOUS AMOUNTS AND KIND OF FERTILIZER TO MUCK SOIL
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The plants of this experiment responded as anticibated
to the treatments spplied. Large applications of nitrogen
vproduced more vegetative growth in the plant and vice verss,
whether applied in the organic or inorganic form. Increasing
amounts of potassium seemed to have né pronounced effect on
the growth of the plants in this experiment. The plants did
not produce heads and made vefy poor growth with all treat-
ments where copper was not added. The characteristic curling

of leaves and dying-back from the tips was typical.

EXPERIMENT 4

Sudan grass, a copper-responsive crop, was used in this
experiment. The objective was to observe any relationship
which might exist between potassium and treatments with and
without copper; increasing the copper sulfate application up
to 2500'lbs./A. Could extremely large applications of copper
stimulate plant growth in the absence of potassiumy What
effect would the application of calcium, at varying rates,

have on the above relationship?

The data from this experiment is presented in Figure 10
and Table 6. In Figure 10 it is noted that where potassium
had not been applied there was very little response to increas-
ing copper applications. All plants showed stunted growth and
produced very few heads. It is interesting at this point to
mention that the deficiency symptoms produced where potassium
had not been applied (but with copper added) were outwardly

similar to those produced where potassium was applied (but




O= NO COPPER APPLIED

l SUDAN GRASS STRAW
FERTILIZER APPLIED AT RATE 3000 ibs/A (EQUIV.) PLUS MICRO

[] ELEMENTS

SUDAN GRASS HEADS TREATMENTS
3-0 = ONLY MAJOR ELEMENTS (8-9-0) APPLIED — (NO MICRO)
21-Gu= ADDITIONAL 250 Ibs./A (EQUIV) MANGANESE APPLIED
22-Cu= ADDITIONAL 7501bs./A (EQUIV) MANGANESE APPLIED
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Response of sudan grass to copper, potassium and calcium
applied in varied amounts on muck soil with

TABLE 6

and without a high level of nitrogen

Yield gms.
Treatment ary wt. Per cent composition In straw
Lbs./A. Straw_Hds. Total| Cu _Fe N XK P Ca Mg_
1 S Cu 48 | 8 56 |.0031[.020| .95]|.17]|.11 |1.06]| .65
-1 o
o S |No Cu 53 | 6 59 |.0026].019/1.21].17|.12 | 1,05| .69
3 No_Cuse 42 | 2 44 |.,0026] - [2.15(.73] - - -
4 No Cu 38 | 2 40 |,0022[.021(2.32 [142|.70 | 1.54 | 1.39
5 200 Cu| 47 | 2 49 1.0044|.026/2.17].68[.73 [ 1.65[ 1,39
[3 400 Cu | 47 | 2 49 1.,0041| - [2.39].09]| - - -
7 600 cul 49 | 3 52 1.0035| - |1.95].17| - - -
8 900 Cu| 57 | 3 60 [.0036].023]|2.26[.41]|.69 | 1.76 | 1.51
9| 1500 Cu| 51 | 2 53 |.0051! - |2.15]|.15| - - -
;ﬂ 2500 Cu| 51 | 2 53 1.0043].016|2.03(.25|.63 | 1.36 | 1.29
200 Cus
11 500 Cae 47 | 1 48 1.00291.025|2.20 |.28(.67 | 1.50 | 1.41
200 Cu
12 © |3000 ca | 49 | 2 51_l.0025| - |2.02]|.14]| - - -
' {200 Cu |
13 o [6000 Ca| 50 | & 55 1.0045| - [2.00/.93]| - - -
¢t | 200 Cu
14 , |9000 ca| 56 | 8 64 |.0035/.023/1.94/.89(.18 [1.96| .88
900 Cu
15 500 Ca| 57 | 5 62 1.00341.,020/1,78|.48(.51 [ 1.21] 1.08
900 Cu
16 3000 ca| 52 | 5 57 1.0027| - [1.76[.12] - - -
900 Cu
17 6000 Ca| 54 | & 60 1.0035| - |1.61].15] - - -
9C0 Cu
18 9000 Ca | 55 | 5 60 ].0040| - |1,72].12]| = - -
2500 Cu
19 3000 Ca | 54 | 5 59 1.0042| - [1.50[.24] - - -
2500 Cu )
20 9000 Ca | 48 | 3 51 1.00561,020]|1.90).93/.22 |1.58 | 1.01
348 B8
21 0 Snl a7 | 2 49 l,0026] - |1.87l.63| - - -
750 Mn
9000 Ca
22 200 cu| 55 | 6 61 1,0038| - [1.62].17] - - -

(o 8
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TABLE 6 (Cont'd)

Yield gms. _
Treatment Cdry wte Per cent composition in straw
Lbs./A. Straw Hds. Total Cu Fe N K P Ca Mg

0

23l V| Noocul 55 | 2 | 57 l.0020] - |1e65f1.16) - |- | -

— o

24 5 200 Cu 86 14 100 |.0026].022 + 98 89126 |e311.,30
~ y

25| V|_No Cu| 34 1 35 1.0016].,027| 249 | 2,01].66 [.89].69
o

26 5 200 Cu 87 14 101 ].0035(.019] 1.19 +59 128 |451].47

27 400 Cul 83 15 98 1.00371.017 « 96 2751430 104745
28 600 Cu 95 19 114 1.00221.016 078 1 1,00 .25 |.44].37

29 1500 Cul 107 16 123 1.0036 - .78 981 - - | -

30 2500 Cu| 105 18 123 1.0029 |.,018 +69 641.24 |1.39].31

200 Cu ' '
500 Ca 85 15 100 1.0025|.019 «83 +60 1.27 |56 | .47

200 Cu A
3000 Ca 83 13 06 |.0029].027 | 1416 | 153253632

900 Cu
o) 3000 Ca 92 | 21 113 1.0028 |.028 296 | 1.421.23(.39].28

900 Cu :
34 9000 Ca 81 13 94 1.0028 - l.16 1 1.13} - - -

8 -9 = 18

2500 Cu
35 (9000 Cal 81 | 19 100 {.0028 j.022]| 1.13 | 1,08 1,11 1.50 .30

# No micro-nutrient elements applled

#3% Calclum applled as calclum hydroxide; copper applied
as copper sulfate
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copper not added). This condition (shown in Figure 11) was
characterized by a firing (red) of the tips and edges of the
leaves with some curling and dying-back. The relative re-
sponse of the plants to the fertilizer treatments is shown
in Figure 12.

Highest yields were obtained with & complete fertilizer
and 1500 to 2500 1bs./A. epplications of copper without
adding calcium. Upon adding calcium to similar treatments

there was a marked decrease in yields as shown in Figure 10.

Fig. 11 Copper-deficient sudan grass leaves. The dark
areas on leaves were red in color.
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Fig. 12 Response of sudan grass to copper and potassium.
Treatments were: (1) "Cu" plus "K", (2) "K"
without "Cum™, (3) "Cu" but no "X", (4) No *cu"
and no "K", (0) No fertilizer applied.




SUMMARY

(1) Sudan grass did not respond to inoreaéing amounts
of copper in the absence of potassium.

(2) Sudan grass didsnot respond to an application of
potassium in the absence of copper.

(3) Maximum yields were obtained with the addition of
1500 and 2500 1lbs./A. equivalent of copper sulfate in the

abseﬁce of calcium., With the addition of calcium to similar

treatments the yields were decreased.
EXPERIMENT 5

At this stage of the investigation no correlation had
been observed between the fertilizer treatments used and any
stimulating effect from a treatment which had not received
copper. Fertilizer applications in the absence of copper
increased copper deficiency symptoms.

Even though the wheat plants had developed die-back and
appeared straw-colored in the absence of copper; there was a
rapid response when copper was applied at that stage of ma-
turity. This is brought out vividly in Figure 13 in which
the plant on the left did not receive copper, the center jar
received copper one week and the jar on the right two weeks
before picture was taken. All plants had previously appeared
as those in the jar on the left having received a complete
fertilizer but no copper.

This die-back of new growth in a copper-deficient plant

is further shown in celery Figure 14.

35
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Fig. 13 Response of spring wheat to copper after developing

copper deficiency symptoms. Treatments were:
Jar (58) No copper, (19) received copper one week

and (29) received copper two weeks before this
picture was taken.

Fig. 14

Response of celery to copper. Plants on left show
dying-back of new growth, copper was not applied.

The plants on right received copper and maintained
normal growth,
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Experiment 5 was designed to investigate the availa-
bility and use of some different copper compounds as affect-
ing plant growth.

Table 7 and Figure 15 give an outline of the treatments
and data secured. The copper-containing compounds were mixed
into the soil and each jar Qohtained equivalent amounts of
copper. Figure 16 shows the uniform growth of the spring
wheat. Yields from jars receivihg twenty-five pounds of cop-
per sulfate per acre were as high as those yields from 100 1bs.
per acre applications.

The cupferron was added as a possible means of tying
up some of the iron in the soil.

Finely divided electrolytic copper (C.P.) gave bene-
ficial effects. Copper applied as the metal gave results
almost equal to the applications of copper salts.

The results from the copper pyrophosphate catalysts
are in agreement with those found by Armiger and co-workers (2).

The results with treatment 11, Fig. 15, where no ferti-

lizer had been applied except 100 1lbs./A. of copper sulfate,
brings out the importance of copper as an aid to head forma-

tion on wheat.

SUMMARY

Spring wheat gave favorable response in growth to the
different copper-containing compounds used in this experiment.
The per cent nitrogen in the plants where copper was not applied

continued to be high. Only where copper alone was applied to




TABLE 7

Response of spring wheat to different kinds and rate
of application of copper compounds; ‘the
copper added in equivalent amounts.

Treatment Yield gms. Per cent composition in straw
rate dry wt. : )

#/A.| Strew Heads Total| Cu Fe N K P Ca Mg.
1| V1wl 25 28 | 26| 54 |,0019]|.011| .43| .51].17].28].11
2 E") 1000 28 | 26| 54 |.o010|.012] .45] .58|.14].22].11
3 | None| 12 17| 13 |.c011].c21|53.03|1.45(.65(.46].24
g_m‘;.* 25| 25 23 | 48 1.0013] — 41 41 = |~ | =
5| 1%l 200 25 | 25| 48 |.0017| — | .40| .2a| - |~ | -
6|0 <[ 25 25 25 | 48 |.0013| — | .39| .37 = | = | -
7—#‘" 5 100| 26 24 | 50 |.0031| — | .41 57| = |~ ]| =
8| |=| 25| 25 | 25| 48 |.o008] — | .38| .60| = |~ | —
ol [ 8] 100] 26 24 | 50 |.0010| = | .40] 70| - |- | -
10 g None| 11 10 | 21 |.0016{.016|1.14| .25].10{.62].35
11 |o ?ﬁ 100 12 14 | 26 |.0013|.011] .76| .25|.07.49].30
12 ﬁ@ 100] 21 20 | 41 |.o017| — | .e0]| 84| = | = | =
15 & oot 14 1] 15 |.o021|.0282.77]2.44].61].51].24

* Cupferron

Cu-8
Cu-4A
Cu-H
Cu-E
Cu~-P

nnes s

was added (200 1lbs./A.)

Copper sulfate

Tetra copper calcium oxychloride

Copper hydroxide
Electrolytic copper (CP)
Copper pyrophosphate catalysts
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Cu-S= COPPER SULPHATE
Cu-P = COPPER CONTAINING PRO-PHOSPHATE CATALYST
Gu-A = TETRA COPPER CALCIUM OXYCHLORIDE

I WHEAT STRAW Cu-H = COPPER HYDROXIDE
Cu-E = ELECTROLYTIC COPPER (C.P.)

D WHEAT HEADS TREATMENTS
‘ I3 NONE = GUPFERRON ADDED (250 (bs./A EQUIV.)
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Fig./5 RESPONSE OF SPRING WHEAT TO EQUIVALENTLY ADDED DIFFERENT KINDS OF COPPER CONTAINING SUBSTANCES
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Fig. 16 Response of spring wheat to different copper com-
pounds. . Treatments were: (Left to right)
(1) Copper not used, (2) copper sulfate 100 lbs./A.,
(3) copper pyrophosphate catalysts 100 1bs./4.,
(4) tetra-copper calcium oxychloride 100 lbs./A.,
(5) copper hydroxide 100 lbs./A., (8) electrolytic
copper (C.P.) 100 lbs./A., (7) copper not used but
200 1bs./A. cupferron added.

the soil (no other fertilizer) did the head yields exceed

that of the straw.

EXPERIMENT 6

Experiment 6 was set up, as a result of the work by
Piper (40) on partial sterilization of the soil which in-
creased growth and copper uptake of the plant, to determine
whether muck would react in the same manner as the mineral

soil investigated. He concluded that the increase in availa-
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bility of copper, as & result of partiasl sterilization, in-
dicates that the'deficiency in the Dobe soil (highly calcar-
eous sﬁelly sand) was one of unavailaebility rather than lack
of total copper. Also, that copper becomes necessary for
growth in the early seedling stage and apparently remains
essential as long as active growth is proceeding.

"Each treatment was set up in triplicate. Six jars were
sterilized by steam at 10 pounds pressure for eight hours;
three Jars with copper applied, and three jars containing no
copper. This sterilization process was repeated three days
later to kill any microbes that might have been in the spore
stete previously. Six other jars were prepared comparable to
those above but were not sterilized. Spring wheat was planted

in all jars. The treatments are shown in Table 8.

TABLE 8

Response of spring wheat to copper as affected by
sterilized and unsterilized muck soil :

Yield gms.
Treatment dry wt. :
Straw Heads cu Fe N K P Ca Mg
%
14 |No Cu 19 |None |.0016 | .021 |2.93 |4.36(.79(.62].32
[ B
s 8 |eu 51 | 29 |.0010 | .012 }1.55 |1.12].39 .22 |.14
3 % [No_Cu 63 8 .0018 [ .012 |3.00 | 2.14|.52].59 |.38
4 Cu 85 | 2 {.0027 | .010 |2.13 |1.21{.37].53 |.34

*S ~« Sterilized muck soil
**Un-3 - Unsterilized muck soil
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Where copper had not been applied, bﬁt the soil steril-
ized, plant growth was rapid and vigorous in the early stages.
It was not until these plants had started to head that copper
deficiency symptoms appeared. These symptoms appeared suddenly
and very few heads were produced. This is reflected in the
yields shown in Table 8 and in Figure 17. Sterilized muck
produced greater yields of straw both with and without copper
than did the unsterilized soil. Copper notably favored head
formation. #tigure 18 shows the appearance of the plants.‘ The
differences in size and fullness of wheat kernels produced are

shown in Figure 19.

SUMMARY

Sterilization of muck soil stimulated the growth of wheat
plents. When copper was not applied, the sterilized muck pro-
duced plants with abundant vegetative growth but very few

heads and showed copper deficiency symptoms at time of heading.

In comparison, a muck not sterilized (no copper spplied) pro-
duced very little vegetative growth, no heads, and the plants
showed copper deficiency symptbms early in their growth cycle.

The results of this experiment indicate that steriliza-
tion possibly mekes some nutrient elements more availsble
(including copper) and that the deficiency of copper in this
soil is one of lack of availability rather than lack of total
supply .
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Fig. 18 Response of spring wheat to copper as effected by
sterilized and non-sterilized muck soil.
Treatments were as follows:

(1) No Cu - Not sterilized, (2) No Cu - Sterilized,
(3) Cu - Not sterilized, (4) Cu - Sterilized.

44



Fig. 1¢ Comparlison of wheat kernels from plants grown on
muck soil receiving copper (left) and no copper
added (right).

EXPERIMENT 7

The percentage nitrogen was high in all wheat plents
to which copper was not applied thus far in these experi-
ments. KXraus and Kraybill (33), and subsequently many other
investigators, have sought to give expression to the metabolic
roles of carbohydrates and organic nitrogenous compounds in
terms of the relative proportionsbof these compounds in the
plant. Working with tomato plants they recognized four dif-
ferent metabolic conditions in terms of the proportionate
amounts of these two types of substances present. Each of

these conditions are distinguished by a characteristic morpho-

logical response on the part of the plants. One of these
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conditions corresponding to the outward appearances of a
copper-deficient wheat plant grown during this investigation,
'wes given as follows: |

"A very low proportion of available carbohydrates to
avellable nitrogen. The tomato plants were vigorous vegeta-~
tively but unfruitful. Stems were thick, pithy and succu-
lent. Leaves were large, soft and dark green. Chemical analy-
sis showed the plants to be low in reserve carbohydrates, but
relati%ely high in gvallable nitrogenous compounds".

Any interpretation of the results of Kraus and Kraybill,
or work of a similar nature by other investigators, must be
based on an evaluation of the relative roles of the carbohy-
drates and nitrogenous foods at different stages in the growth
cycle of the plant. Hicks (26) relates that in the wheat plant
the proportion of available carbohydrates to available nitro-
genous compounds increases progressively throughout the veg-
etative period, and flowering occurs when this proportion be-

comes sufficiently high.

A deficiency of carbohydrates has been found by Howlett
(28) to induce microspore degeneration and pollen sterility
in the tomato.
Yocum (49) believes that if the nitrogen content is kept
high, growth may go on at such an abnofmal rate, using SO
much of the food that the plant fails to get a storage supply
of cafbohydrates sufficient to csuse it to become reproductive.
Nickery (38) points out that, of all the biochemical

constituents of cells, nitrogenous compounds should be the
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most closely integrated with vital activity. Through the use
of“nitrogen (le) concomitant synthesis and breakdown of
nitrogen compounds is now regarded as a characteristic of
life. The difficulty and the challenge of nitrogen metabo-
lism lies in the fact that it is ﬁot enough to explain the
path of synthesis or the reactions of nitrogen compounds;
one should know thelr interrelation with other physiological
processes. .

Hamilton and Gilbert (22), workiné with tung trees,
found that the higher the level of nitrogen applied, thé more
severe were the copper deficiency symptoms. Gilbert, Sell,
and Drosdoff (21) suggested the existence‘of a copper/nitrogen
ratio. In their work with tung trees they found the rate of
photo-synthesis, in copper-deficient tung leaves, to be about
one fourth that of the normal leaves. There were no signifi-
cant differences between leaves from normal and copper-defi-
cient trees in the percentage of non-reducing sugar; but the
percentage of reducing sugar in deficient leaves was low and

that of starch outstandingly low. This condition indicates

eilther a decreasse in formation or an increase in utilization

of reserve carbohydrates in such tissues, or both.

Expefiment 7 Was designed for the following purposes:
(1) To note any differences in nitrogen content between a
copper-deficient end normal plant, (2) to follow the course
of reducing sugar development in these plants, and (3) to
Observe the growth curve produced.

Seventy-two jars were set up as previously described in
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the experimental procedure. One half of these Jars received
a 200 1b./A. epplication of copper sulfate, the remaining 36
jers did not receive copper. Spring wheat was planted into
these jars and the first harvest was made on four jars of
each set (copper and no copper treatments) when the plants
were 19 days 0ld. The remaining harvest dates were made at
7, then 10 day intervals, using three jars from each set ex-
cept for the last date of harvest in which only two jars re-
mained. Figure 20 shows the appearance of the plants when

they were 116 days o0ld, which was the last harvest date.

Fig. 20 Response of spring wheat to copper;
(1) received copper, (2) copper was
not applied.

Reducing sugars and total nitrogen (XKjeldshl) were deter-

mined at time of harvest for each set of treatments. Total
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yield of both green and dry weight was recorded. These data
are presented in Figure 21 and Table 9.

During the course of this experiment, a striking differ-
ence was noted in the green color of the plants as harvested,
or when extracted with ethyl alcohol, between the copper-~
deficient and normal plants. Thus, when the plants were 47
days o0ld a comparative test for chlorophyll was run on the
copper-deficient and normal plants. This test consisted of
taking a uniformly chopped 4 grasm sample from each harvested
treatment. These samples were each thoroughly pulverized by
mixing in a Waring blender for nine minutes and the chlorophyll
was extracted with ethyl alcohol.

The alcoholic extract was separated from the fibrous re-
mains by use of a sucﬁion filter. The residue was washed
free of chlorophyll and diluted to 200 cec. An aliquot of this
200 cc. was placed in a colorimeter tube and the light trans-
mitted through the solution was measured by use of the Evelyn
colorimeter employing a 440 filter. The results from these

comparative chlorophyll determinations are recorded in Figure

22. It is evident that there was less chlorophyll in the cop-
per-deficient plants as compared to the normal plents having
received copper. The latter plants progressively increased
in chlorophyll content until they were 87 days old, after which
the wheat heads began to ripen end the plants began to lose
their chlorophyll.

The presence of less chlorophyll in a copper-deficient
plant in comparison with that in a normal plant receiving

copper is in agreement with the work of Bergman (8), Orth, et al.
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TABLE 9

Yield and composition of spring wheat at different ages
as effected by copper applications to muck soil.

Treatment Yield gms. Per cent composition in straw
Age of plant| green dry Reducing
harvested wt. wbe. Ash N K sugar
19 days
1 Cu 9 1l — 6.03 — 1.79
No Cu 9 1 4,21 .94
26 days
2 Cu 19 2 — 5.14 - .55
No Cu 15 2 5.30 e 39
35 days
3 Cu 33 4 — 4,75 - .86
No Cu 21 2 5.26 « 38
40 days
4 Cu 53 6 —_ 4.81 _ 1.02
No Cu a7 3 4,94 .39
47 days
5 Cu 74 7 — 5.15 —_ .45
__No Cu 35 3 4,74 .28
57 days
6 Cu 141 13 12.09 3.85 4,20 1.26
No Cu 50 5 15.54 4,30 4,76 .59
67 days
7 Cu 163 18 12.16 3.92 4.44 .48
No Cu 50 5 14,18 3.98 5.96 21
77 days
8 Cu 164 | 20 9.80 4,49 4,11 5.13
No Cu 71 7 14.4) 5.18 5.20 53
87 days
9 Cu 166 31 9.08 2.90 3.21 2.31
No Cu 74 10 13,31 4,24 4.66 1.02
97 days '
10 Cu 184 35 7.62 2.51 2.93 2.33
No Cu 72 11 13.88 3.57 4,92 « 30
106 days ‘
11 Cu 202 47 6.69 2.27 2.05 2.25
No Cu 54 10 15.67 3.34 3.89 .45
116 days
12 Cu 159 51 6.64 2.04 1.94 1.50
No Cu 20 10 14,97 3.00 3.92 «23
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(39) and observations made by Harmer (24).

Various suggestions have been offered according to
Bennett (7) to explain chlorosis as due to the inactivation
of iron, namely, by excesses of other elements in chlorotic
leaves. Inactivation has thus been ascribed to an excess of
phosphorus, potassium and manganese.

Such element excesses, or high percentage content of
the elements, were found present in copper-deficient plants
thrdughout the experiments conducted in this investigation.

Figure 21 shows the yields and relationships of the
spring wheat with regard to nitrogen and reducing sugar.of
the copper-deficient and normal plants. It is of special
interest that where copper had been applied to the soil, the
reducing sugar content of these plants increased at the approx-
imate time that nodes became evident and hesd formation appar-
ent. The reducing sugar content of these plants throughout
the remaining growth cycle followed approximately the same
trend as the total nitrogen content. It was at this stage of
growth that differences in the total nitrogen content of the

copper-deficient plants and the normal plants became evident,

and remained so, throughout the remaining growth cycle of the

plants.

SUMMARY

Data from this experiment indicates that the lack of cop-
per, in some way, results in a decrease in chlorophyll forma-

tion. This in turn decreases the production of carbohydrates,
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and with the very high total nitrogen content existing in the
copper-deficient plants, produces a very unfavorable cerbohy=-
drate/nitrogen ratio for normal plant development. These
plants remeined vegetative end did not produce heads. Where
copper was applied to the plants, the reducing sugar in the
plant advanced approximateiy in the same order of magnitude
as that of nitrogen.

Oats acts similarly to wheat (Table 10 and Figure 23) in

its growth habits when its medium for growth is a copper-deficient

muck.
- TABLE 10
Response of oats to copper grown on a
copper-deficient muck soil
Yield ‘
Treat- dry wt. Per cent composition in straw
ment gms. Ash Cu e N X P Ca Mg

1 No Cu 14 12.5 ]1.0021 { .024 | 4.60 | 3.19 .86 .81 .51

2 Cu 34 10.0 | .0036 | .015] 2.82 ) 2.49 | .67 | .46 | .52




Fig. 23 Comparison between normal oat leaves (left),
’ and copper-deficient oat leaves (right).

EXPERIMENT 8

A corn crop was grown in the greenhouse on a copper-
deficlent muck soil, with and without copper. When the
copper-deficient plants were about two feet high, the leaves
failed to unroll at the terminal portion. Disintegration of
portions of the leaves and disappearance of chlorophyll sppear-
ed at these areas. The plants shown in Figures 24 and 25 are
exemples of such deficilency symptoms. At approximately a week
after these symptoms had appeared, the plants recovered and

produced apparently normal plants.(Figure 26).
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Fig. 24 Copper deficiency symptoms in corn. Note failure
of second leaf from left to unroll.

¥ig. 25 Copper deficiency symptoms in corn. Note sticking
together of three leaves at top.




Fig. 26

b

Hybrid corn plents grown with and without copper
applied to a muck soil. Treatments were: (1)

No copper, (2) Copper. The seed planted was raised
on mineral soil which showed no copper deficiency.
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Why should corn show this recovery and growth without
a copper épplication, whereas the deficiency symptoms were
)so pronounced in the case of wheatv

Corn and wheat kernels from semples used in previous
plantings were enalyzed for copper. TFour times as much cop-
per was found per kernel in the corn than in the wheat. ‘This
indicated the possibility that the larger corn kernel might
have sufficient copper to aid the seedling plant in its early
growth. Hybrid seed grown on copper-deficient muck (no copper
applied) and seed from copper-sufficient mineral soil were

planted. The treatments are given in Table 11.

TABLE 11

Variability of corn seed, grown with and without copper,
as influencing the production of the succeeding crop
grown on a copper-deficient muck soil.

Yield gnms. .
Treatment dry wt.. Per cent composition in stalks
Corn stalk Cu Fe N K P Ca Mg
1*¥ No Cu 19 .0010 | .019 | 2.17 | 2.04 | .66 | .46 | .35
2** No Cu 33 .0015 | .018 | 2.57 | 1.91 | .59 | .58 | .33
3F** oy 53 .0020 | .023 1 1.53 11.31 |.46 | .46 | .30
Seeds planted Trestment
*1 No Cu grown seed - Copper not applied to soil
**¥2 Cu grown seed ~ Copper not applied to soil
**%*3 Cu grown seed ~ Copper applied to soil

A progressive difference in the yields between treatments is
noted. Figure 27 plainly illustrates the differences which

actually existed.
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Fig. 27 Response of corn to copper applied to a muck soil.
Corn on the left received copper, on the right no
copper. The corn used in both treatments for plant-

ing wes grown on a copper-deficient muck soil, (no
copper applied).
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Where the seed that was planted had been grown previously
on copper-deficient muck soil, stunted growth of the corn
plants resulted and very marked copper-deficiency symptoms
were noticed. |

The original seed grovn on mineral soil showing no cop-
per deficiency, (treatment 3, Table 11) received a 200 1b.
per acre equivslent spplication of copper sulfate and it is
evident that the plants did respond to this treatment. The
total copper and irdn contents progressively increased from
treatment 1 through and including treatment 3.

Samples of the corn seed planted with the treatments
above were analyzed for copper. The results were as follows:

Number of seed Wt. grams % Cu

Original minersl soil
grown hybrid corn seed 23 5.52 .00051

Copper-deficient grown :
hybrid corn seed (muck soil) 23 5.12 .00027

Additional treatments were arranged for planting corn

using corn seed grown on sterilized and non-sterilized muck

soll, each soil with and without copper. These treatments

are given in Table 12. None of the soil from these treatments
received copper at the beginning of the experiment. After the
plents were one month old and all plants were showing some
degree of copper deficiency; one jar from each three of a treat-
ment was given an applicetion of 200 lbs. per acre of copper
sulfate broadcest on the surface of the soil. The response

was almost immediate. Within four to five dayé those plants
receiving copper recovered from the chlorotic appearance and
the- symptoms in which the leaves were rolled and stuck together

no longer appeared in the new growth.




TABLE 12

Yield and composition of corn stalks as effected by source of seed plented
end e copper gpplicatlion to the soil

Treatment Corn stalks gms. Per.cent composition in stelks

green wt,. dry'wt. “ Ash _ Cu Fe N K P Ca Mg
1 g j‘: No_Cu 197. 29 8.78 }.0010 | 026 {1.96 | 2.31 | .72 | .38 | .23
2 %T’ @ Cust 253 41 6.67 | ,0013 | ,019 |1.26{ 1,70 | .45 | .80 |.28
3 §§ 3‘: No Cu 199 ' 32_!. 7.51 20013 .026 1.84 | 2,40 | .52 | .46 | .27
4 §‘ ;é Cust 246 44 4,91 | ,0010 | .022 | .88 1,35 | .34 | .41 | .19
5 s..g % Ne Cu 158 20 10.35 .0012 o030 13411 | 3429 | «83 | 452 | « 37
6 é @ @ Cus 292 57 4.73 | ,0009 | .021 |1.06 1.05 | .37 | .31 | .38
7 oF % No Cu 137 16 | 10.87 |.0018 | .028 |2.40 | 3,05 | .91 | .52 | .38
8 = & ;é Cus 295 51 4.96 | 40012 | 018 |1414 | 1427 | 632 | «37 | +27

# Copper was applied after plants were showing copper deficlency symptoms
one month after planting corn. )
#% Un=-S - Unsterilized
sit¢ S -« Sterilized

19
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Figures 28, 29 and 30 show corn plants with typical
copper deficiency symptoms. Figure 31 shows the difference
in growth of plants grown from a copper-deficient seed and
a plant grown from the same seed but receiving copper one
month after being plented. Approximately the seme number of
lesves was found on each of these plents. The plant fails
to grow at the internodes where intercslary growth takes
place. Figure 32 shows -the treatments and yields obtained.

The roots from the soil in each jar were screened free
of muck soil, washed, dried in an oven at 70°C and then
weighed. The treatments, yields, and element composition
are given in Table 13.

The yield of roots was extremely low (Figure 32) where
copper had not been applied to the soil.

In comparing the copper content of the corn stalks and

roots grown with these various treatments (Tables 12 and 13),

the percentage copper content of the corn stalks, where cop-
per had not been applied, is in most cases higher than where
copper had been applied. The opposite is true in the case
of the roots of theée same plénts, Where copper was applied
to the soil the corn roots conteined, in most cases, a much
larger percentage and total content of copper than roots pro-

duced in muck not receiving a copper applicetion.
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Fig. 28 Corn leaves from normal and copper-deficient plants.
(1) Top leaf - from extremely copper-deficient
plant in late stages of maturity, (2) middle leaf -
showing copper deficiency, (3) bottom leaf - from
seme plant as middle leaf, one month after copper
was applied. ' '

Fig. 29 Comparison of copper-deficient and normal corn leaves.
The three copper-deficient leaves show, (left) striped
chlorosis appearing, (center) curling of terminal
portion of leaf and loss of chlorophyll, (right) striped
chlorosis and dying-back from edges; all are at angles
to a normal leaf which crosses from bottom left hand
corner up into the upper right corner.
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Fig. 30 Corn plant showing characteristic copper deficiency

symptoms. Note curling and sticking together of
leaves. ~
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copper-delicient corn nlants (rizht) 2s to lewsth
of internodes and development of taus

Tig. 31 Compareotive differences between normal (left) and
e

8
1.
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TABLE 13

Yield and composition of corn roots as effected by source of seed planted
and a copper application to the soil

Corn roots

Treatment gma. Per cent composition in roots

dry weight ‘Ash% Cu Fe N K P Ca Mg
1 £ x |Nocul 6 5,33 |,0010 | ,049 |1.83 |2.12 |.20 |.30 |.10
2 bo & | cu 8 3.92 |.0022 | .055 |2.15 |1.10 |.12 |.42 |.12
3 g:,’ % No Cu 7 3,96 |.0020 | .040 |1.35 |1.61 .15 |.2¢ |.11
4 S S | cux 11 3.63 | .0022 | 045 | .91 [1.10 .10 |.28 |.14
5 $§ § No Cu 3 5479 ) 40014 | ,045 2,03 |1.85 |.24 |.38 |.27
6 £ | @ | cux 13 3.50 | ,0023 | 041 [1.10 [1.21 [.15 | .33 |.14
7 §§ :*}S No Cu 2 5.00 | .,0010 | .044 [1.38 [2.02 |.21 [.27 |.14
s F0 | & 9 4,00 |.0019 | .055 |1.08 1,13 |.11 | .48 |.16

# Copper was applled after plants were showing copper deficiency symptoms

one month after planting corn.
Un-S - Unsterilized

¥ S - Sterilized

49
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SUMMARY

This experiment indicated that there was a minimum,
vet sufficient amount of copper in the corn seed grown in
a soil containing available copper, to aid in the develop-
ment of & normal plant. This was not the case for the same
variety of corn seed harvested from a copper-deficient muck
soil; On the basis of this study it would appear that,
when copper-deficient seed is planted on copper-deficient
soll, it is likely to produce permanent copper-deficient

plants which will not fully mature.

FXPERIMENT 9

It had been observed in some preliminary experiments
(not reported here) that tomatoes grown on a copper-deficient
soil produced normal blossoms (Figure 33) but‘these blossoms
failed to set fruit to the extent of those to which copper
had been applied. |

Was this a question of fruit setting? Would the plants

maintain and produce more fruit if the fruit were set through
hormone treatment? |
In an attempt to answer the above questions an experiment
was set up using the Spartan Hybrid variety of tomato.
- Tomatoes were grown in two series of 18 jars each, each
series contained six replications of the following treatments:
(1) No fertilizer applied to the soil.
(2) Complete fertilizer plus copper.

(3) Complete fertilizer, copper not applied.
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Fig. 33 Response of tomato plants to copper in early stages
of growth. Center jar received copper; others did not.

In one series the tomato blossoms were sprayed with hor-
mone to set the fruit, the other serles did not receive the
hormone spray. The treatments and the tometo fruit yields,
by date, are reported in Table 14. The appearance of the

tomato foliage of the two series is shown in Figures 34 and 35.

Of special interest in this experiment was the develop-
ment of necrotic spots which occurred on the tomato fruit where
copper had_not been added to the soil. Such necrotic areas
did not occur on the tomato fruit where copper had been applied
to the soil. Figures 36, 37, 38, 39, 40 and 41 show the nature

of this tissue breakdown of the tomato fruit.




TABLE 14

Yield and number of Spartan Hybrid tomatoes as effected
by application of copper to muck soil and the
use of hormone spray in fruit setting.

Hormone Treated

Date No fertilizer | Fertilizer £ Cu |Fertilizer-No Cu
harvested No copper
Wt. gms.]Number| Wt. gms. | Number| Wt. gms. | Number
3-16-48 182.7 | 2-0R* 295.7 | 2-0R* 199.6 3-3R*
3-20-48 725.1 5 n 1709.61 11 » 347 .0 4-4R
3-22-48 110.0 1 v 832.0 7" 550.0 5-1R
3-26-48 87.0 1 » 2163.0) 20 » 487.0 4-3R
3-30-48 154.0 2 " 282.0 5 533%.0 6-4R
4- 3-48 214.0 3 v 520.0 6 " 696.0 7-1R
4- 8-48 145.0 2 " 372.0 4 " 568.0 6-1R
4-13%-48 69.0 1 v 119.0 1 = 455.0 5-0R
4-19-48 38.0 1 1118.0| 12 498.0 6-0R
4-24-48%% 138.0 g 3149.,0] 63 ¢ 1343.0 34-0R
Totals 1,862.8 | 26-0R 10,560.3 |131-0R 5,676.6 80-17R
Total number harvested - 237
Total weight harvested - 18,099 gms.
No Hormone Used
Date No fertilizer | Fertilizer # Cu | Pertilizer-No Cu
harvested No copper
_ Wt. gms.] Number| Wt. gms. | Number| Wt. gms. | Number
3-16-48 0.0 | 0-OR* 300.1( 5-OR] 46.5 1-1R*
3-20-48 250.5 2~0R 888.8 8 n 361.,7 5-4R
5-22-48 192.0 2-1R - 1000.0 9 526.2 7-3R
5-26-48 515.0 4-1R 1477.0 13 " 394.0 4-4R
5-30-48 115.0 1-0R 481.0" 5 409.0 6-2R
4- 3-48 382.0 5n 634 .0 7 " 174.0 3-0R
4- 8-48 76.0 1" 1866.0 22 " 1216.0 17-2R
4-13-48 0.0 o 1062.0 12 » 920.0 12-0R
4-19-48 0.0 on 384.0 5 567.0 8-0R
4-24-48%% 568.,0 |24 2362.0 84 " 1508.0 53-0R
Totals 2,098.5 | 39-2R 10,454.9| 170-0R| 6,122.4 116-16R
Total number harvested - 325

Total weight harvested - 18,676 gms.

*  Number accompanying "R" indicates number of tomatoes with
necrotic spots.

** Green fruit from the last harvest.
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Three treatments of tomatoes receiving hormone.
Left - no fertilizer, Center - no copper, Right -
copper added. rruit on these tomatoes was set

with hormone spray.

Three treatments of tomatoes where hormone was not used.
Left - no fertilizer, Center - no copper, Right - copper
added. Compare difference in height of tomatoes in

Fig. 34 and those in this Figure.
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r

Fig. 36 First harvest of tomatoes with the following treatments:
' Top row - hormone not used.
{(a) Left - copper added to soil
(b) Center - copper not applied
(e) Right - no fertilizer
Bottom row - fruit set by using hormone spray; seme
treatments as above.

Note: Necrotic areas in tomatoes where coppser was
not added to the soil.

Fig. 37 Tomato fruit on copper-deficient plant beginning to
show necrotic areas in tissue. Note dark areas
around bottom of tomato.
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Fig. 38 Tomato fruit on copper-deficient plent showing
more advanced stages of necrotic areas in tissue.

Fig. 39 Tomato fruit on a copper-deficient plant showing a

tomato on the right with definite necrotic areas in
tissue. :




4

Fig. 40 Tomato fruit from no copper and copper treatments.
Left - No copper applied to soll (note necrotic areas).
Right - Copper applied.

Fig. 41 longitudinal section of tomato fruit from treatments:

Left - No copper applied to soil (note the nature of
necrotic areas).

Right - Copper’appliede
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Where hormone spray was used to set the fruit of the
three treatments, earlier and larger yields were obtained
in the first four pickings, as compared to those yields where
no hormone was used.

Figure 42 brings out the contrasting difference noted
in total weight and totel number of tomatoes harvested.
Table 15 gives values showing that a greater nuﬁber of toma-
toes were harvested with all treatments where hormone was not
used to set the fruit. But, the total weight of harvested
tomatoes was slightly more from the hormone treated plants
that were grown on soil which had received copper. This
same table gives the analysis of the tomato foliage. The

emount of copper is higher'where hormone and copper were used.

., SUNMARY

Hormone sprey did not seem to alter the effects of copper
upon piant growth. The spray hastened fruit set and enlarge-
ment of tomato fruit. This acceleration of growth was méin—
tained by the plants up to a certain poiht, at which- time,
vegetative and reproductive growth stopped and the plants only
mainteined their fruit. The appearance of a bopper-deficient
tomato leaf is shown in Figure 43.

Where hormone spray was not ﬁsed, a larger number but smaller
fruit Wés produced. These tomato plants produced greéter vege-
tative growth then where hormone spray was employed.

In either case (hormone or no hormone), the effect of cop-
rer on plant growth was reflected in greater number and weight
of tomatoes where copper was aﬁplied to the soil. Necrotic

areas appeared on‘fruit where copper was not added.
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TABLE 15

Effect of copper, with and without hormone, on follage growth
and composltion of tomatoes grown on muck soll

Treatment Tométo fruit Foé;:§e Per cent coﬁposition in tomato folliage
vield gms. number dry wt. Ash Cu Fe N K P Ca Mg
Hormone used ‘

1 No Cu¥ 1,863 26 28 9487 | 40016 | 4020 | 1,92 | 18 | «30 | 2.68 | 1.51

2 Cu 10,560 131 88 11.42 [ .0021 ] .025 | 1.17 [1.64 | .53 | 2.25 51

3 No Cu 5,677 80-17R3 68 13.34 | 0015 | .027 | 1.97 2.38 75 | 2447 «85

_Hormone not used /

1_No Cust | 2,099 39-2R% 36 9430 | 0014 | 015 2,15 | .15 | .29 | 3,09 | 1.35

2 Cu 10;455 170 94 11.45 | .0015 | .023 1.56 2,05 | .62 ] 2.26| .55
'3 No Cu 6,122 |116-16R:x 74 12,22 | 40014 | 021 | 1,96 |1.96 | .76 ] 2,77 | o 77

# No fertilizer used ’ '
s#% Number accompanying "R" indicates number of tomatoes with necrotic spots

b



Fig. 43 Tomato plant showing copper deficiency in leaves.
These spots appeared white or translucent.

EXPERIMENT 10

As pointed out previously in the Review of Literature
(reference 6), oxidative énzymes that conteain copper may be
divided into two gr&ups according to their substrates.
Tyrosinase and oxygenase are two of these enzymes.

Steéle (44) reports the distribution of tyrosinase in
the higher plants as similar to, but not identicel with, that
of oxygenase. Apple fruit, beet and mangoid roots and potato
tubers contain both tyrosinase and oxygenase. A difference
may exist in this respect betweeh various organs of the same
plant, e.g. the leaves of the lac tree conteains oxygenase and
tyrosinase, but the latex, which contains laccase (31) (a

copper enzyme) has no effect on tyrosine.
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Steele (44) further relates that in many cases, e.g.
potato and mangold, the darkening of cut tissues is due to
thé oxidation of the hydroxyl-smino-acid tyrosine to a black
compound called melanin. An intermediate stage can be dis-
tinguished when a red compound is produced temporarily upon
exposure to air. TFigge (19) claims that melanin formation
due to tyrosinase can be regulated by the oxidation-reduction
potential of the medium. An enzyme has been isolated which
catelyses the formation of the red pigment; the subsequent
changes to melanin are independent of enzymes.

Kubowitz (34) has shown that potato oxidase (tyrosinase)
contains copper and that the activity of the oxidase toward
catechol as the substrate is proportional to the metal content.

Dalton and Nelson (13) show tyrosinase to be a copper
protein. |

Experiment 10 was set up to see if there was any différf
ence in the activity of the enzyme system of the sugar beet
with and without copper applied to the soil. No determination
was made of the individual enzymes acting. It was planned to

‘observe any difference in rate of coloration of the cut beet
root.

This experiment consisted of three treatments:

(1) No fertilizer used, (2) complete Tertilizer plus a 200 1b.
per acre application of copper sulfate to the soil and (3) a
complete fertilizer but no copper added.

Where copper had been applied, the beet fbliage'grew faster

and maintained a darker green in the early stages of growth.
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This difference in size between the plants of the copper and
no-copper treatments disappeared as the plants became larger,
but the darker green color of the beet leaves on the "copper-
treated soil was maintained.

. These beets were harvested after growing seven months.
The yields are shown in Figure 44. Figure 45 shows the rela-
tive size of the beets as produced by these three treatments.

After harvesting the beet roots, those from each treat-

ment were separately cut'into squares. A red tinge Was noted
on the beets receiving copper almost immediately after cutting.
The beets without additional copper did not devélop this red
tinge. Figures 46 and 47 show the contrasting differences
between the beets receiving these two treatments. Pictures
were taken at 2, 5, 6, 9 and 12 minute intervals and differ-
ences were very marked in all cases. The red color produced
gradually turned black. The differences noted may be attribu-
ted either to the lack of an enzyme or to the lack of its sub-
strate in the absence of copper.

- The yield of beets and the percentage composition of
some of the nutrient eiements in the sugar beet leaves are

presented in Table 16.

The percentage copper of the beet roots from two ferti-

lized treatments was as}fbllows:

Per cent ‘Total gms.

(1) No copper applied
- to soil ﬂ .0011 .0023

(2) Copper applied to
soil .0013 .0039
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Fig. 45 Sugar beets grown on fertilized and non-fertilized
muck soil with and without copper. Treatments were:
Left - Fertilizer plus Copper '
Center - Fertilizer - No copper
Right - No fertilizer - No copper

Fig. 46 Sugar beet roots grown with and without copper
showing red coloration (left) where copper was
applied. The beets on right did not receive copper.




Fig. 47 Cross section of sugar beets from copper and no
copper treatments. Left - copper applied to soil.
Note dark rings which have developed around beet.
Right - copper not added to the soil. Note absence
of dark rings.

The black rings noted in Figure 47 (copper applied)
approximates each of the secondary vascular systems of the
beet roct. This is a region of growth and enlargement of
cells. This black coloration possibly indicates the presence
of an enzyme and its substrate in this region of metabolic
activity. These black rings were not produced in the absence
of copper. |

This may also reflect a varied rénge of the oxidation-
reduction potential as observed in experiments by Figge (19).
He found that any system, which would tend to shift the redox-
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TABLE 16

The response of sugar beets to copper as applied to & muck soil,
end the effect of copper on the chemical composition
of sugar beet leaves

- Treatment

Yield of beets

roots gms. leaves gms. Per cent composition of beet leaves

green wt. green wt. Ash cu Fe N K P Ca Mg
1l No Cus 22 | 81 15.30 ) 0026 | 027 | 3.21 ] 0.21 +27 | 2,49 [ 3.74
2 200 Cu 302 267 15,96 | 0027 | 4027 | 1.92 | 3435 | 1,17 | 1423 2.51'
5 No Cu 205 240 21.78 | «0024 .023 2.66 1 4.10 | 1.67 1 2,12 | 2,56

# No fertlilizer applied

143]
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potential of a chromogenic granule in a cell or a reaction
mixture away from its optimum in either direction, would

inhibit the action of the tyrosinase enzyme, while a shift

toward the optimum would accelerate it.
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GENERAL DISCUSSION

Allison (1) did work to determine if the effect of
copper was in the plant itself or in the soil environment
of the plent. He found practicelly normal development fol-
lowed the working of copper directly into most any part of
the plant system without contact of the treatment with the
s0il itself. Rather marked response was obtained by him,
in this way, by using metallic copper placed directly into
the seed piece of sugarcane.

king (32) working on soils of varying organic matter
content studied the fixation of copper in these soils over
a period of one to twelve years. He found the organic matter
content of these soils had more influence on the concentra-
tions of soluble copper than did the total quantity applied.
Those soils heving a higher percentage of organic matter
contained a much smaller amount of soluble copper, even

though receiving approximately equal amounts of copper.

The growth of cowpeas was retarded in an acid sassafras
loam (pH 5.4) when 200 1bs. of more of copper sulfate was
used by Daines (12). In peat soil (pH 6.0) he applied copper
sulfate at the rate of 6,400 lbs. per acre which did not
retard growth. |

Jamison (30) states that an ordinary application of
copper to soil would doubtless be toxic were it not for the
fixation of the copper.

Results obtained in the writer's investigation with corn

indicate that the amount of copper in a corn kernel, grown
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from a soil with sufficient availsble copper, is at a min-
imum, but sufficient to aid in the production of & normal
plant.

“ Other investigations on the manner of applying copper

to the soil have indicated the Importance of the availsbility
of copper to the plant. The copper was lesgss available to the
plants when layered "half-way" down in the Jar of soil and
copper deficiency symptoms developed in wheat until the

roots had reached the copper. Copper appears to be needed

in the plant for proper metabolic functioning of the plant
processes even in the early stages of growth.‘

Sterilization of the muck soil caused increased growth -
in the sbsence of copper, but the wheat plants did show cop-
per deficiency at the heading stage.

The investigations of the varied copper applications to
the soll indicate that any beneficial effect on plant growth
by copper is not due to the direct effect on the soil itself.

Bailey and mc Hargue (3), working with tamatoes, found

plants or portions of plants showing severe copper starvation
conteined relatively large amounts of copper and that this
copper was evidently in an immobile state.

Willis and Piland (46), working with corn,'compared the
influence of copper on the intske of iron and considered the
accunulation of this element in the nodes as identical with
that brought about due to the lack of potassium. Corn plants
analyzed by them for iron showed consistantly higher percentage

contents of iron, where copper was not applied, as compared
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to plants produced on a soil which had received copper.
These results are in agreement with those of the present
investigation.

Iron and copper have been found concentrated in the
éhloroplasts of leaves by Neish (37). Copper showed an even
greater tendency to collect in the chloroplasts than did iron.
He points out that iron and copper show the same localization,
tending to support the view that some oxidative reactions
are centered in the chloroplasts which require their catalytic
action. Determinations he made of the inorganic iron and cop;
per showed that, although most of the iromn in the chloroplast
is present in the inorganic form, there is an appreciable a-
mount which may be in organic combination. Copper is present
in the c¢hloroplasts largely in organic combination.

Willis and Piland (47) conducted an experiment in which

the roots of iron-deficient cotton plants were divided be-

tween solution cultures containing ferric citrate and copper
sulfate, slone and in combination, giving evidence that copper
sulfate will produce an iron-deficiency chlorosis., It appear-
ed that these effects were due'largely to reactions external
to the plant, but there was also evidence of the immobiliza-
tion of iron within the plant under the influence of copper.
Wood and Womersley (48), working with oats, report copper
as being immobile in the leaves and present after death in the
tissue of the plant. The copper-deficiency symptoms noted in
the oats were accounted for by insufficient uptake of copper

during spikelet formation, coupled with the immobility of copper
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in the leaves., The deficiency symptoms reported were in
accordance with those observed in this investigation

(Figure 23).

| Working on the iron and chlorophyll content in the
leaves, Jacobson (29) found a proportionality existed be-
tween total iron and chlorophyll content. He found that,
before chlorophyll can develop, the total iron éontent of
the leaf must exceed a certein minimum level; this is deter-
mined by the species and the growth conditions.

In the writer's investigation less chlorophyll was found
in the copper-deficient wheat plants than those plants which
had received copper. These results are in agreement with
Dickey, Drosdoff and Hamilton (14), working with the tung
tree, who found the young copper-defiéient leaves a lighter
green color than were the normal leaves. As the leaves de-
veloped, chlorosis wes evident over the entire surface of
the leaves. Upon analyzing the mid-shoot leaves from un-

treated one yeer old copper-deficient trees, they found that

these leaves contained 3 p.p.m. of copper. The leaves from

the same age trees of the same area, which had recovered from

copper deficiency after a soil treatment, contained about

4 p.p.m. of copper. Apparently ohly minute amounts of copper

are necessary to effect recovery from copper deficiency.
Percentage nitrogen was found to be high in the copper-

deficient plents of the present investigation. Reducing sugars,

on the contrary, were low throughout the life‘cycle of the

wheat plants studied. Where copper was applied to the soil,

the reducing sugar content in the plants at the time of wheat
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heading advanced approximately in the same order of magnitude
as that of nitrogen and the chlorophyll content was much
higher than that in copper-deficient plents.

Luces (35) states that the marked response of plants to
copper is possibly due to an unbalance of nutrient elements
within the plant.

Throughout the present study the difference in nutrient
balance is to be noted between the copper-tréated and un-
treated plents. Tomato fruit produced on copper-deficient
plents showed necrotic areas on the fruit. These necrotic
areas were not produced where copper had been applied to the
soil. This necrosis of the tissue, in spots, in addition to
fewer nuiiber and weight of tomatoes produced on the copper-
deficient plants, is believed due to an unbalance of the nu-
trient elements in the plant and lack of sufficient carbo-
hydrate. The percentage nitrogen and potassium are particu-

larly high in suéh plants.

Work with copper treated and non;treated sugar beets
showed a difference in coloration of the cut beet root upon
exposure to air. The development of a red color in the copper-
treated beet root and no color where copper was not applied
rossibly indicetes the lack of the enzyme or its substrate
in the absence of copper.

Bailey and Mc Hargue (4), working on the enzyme activity
of tomato and alfalfa plants, suggest that the amount of poly-
phenol oxidase present in the plant is a function of the avail-

able copper.




vl

SUMMARY

The effect of copper on the growth and compositiqn of
wheat, sudan grass, corn, tomatoes, sugar beets, oats and
celery (grown on muck soil) was investigated and is summa-
rized as follows:

1. In the acid muck soil studied, copper was not suf-
ficiently evailable to the plants for normal plant growth.

2. The absorption of copper by the plants investigated
effectéd the uptake of iron, nitrogen, potassium, phosphorus,
calcium, magnesium and silica. A relationship between the
accunulation of copper and iron in the plants was observed.

3. Copper deficiency in wheat was first‘evidenced by a
retardation in growth and a light green color of the foliage.
This was followed by a curling and dying-back of the leaf
tips, with subsequent loss of chlorophyll and drying of the
leaves. No heads were produced.

4, Corn seed harvested from plants grown on copper-

deficient muck soil produced plants showing permanent copper

deficiency symptoms. Seed obtained from plants where copper
had bgen applied to the soil contained more copper. The amount
of copper in the latter seeds was at a minimum, but apparently
sufficient to aid in normal plant growth. The development of -
roots in the early stages of plant érowth are believed to be
favorably influenced by the copper contained in the seed.

5. Copper aids in chlorophyll formation. Only where cop-

per was supplied to the soil did the reducing sugar and nitrogen




contents approach equal percentages in growing wheat. With-
out copper the nitrogen content of the plants remained high
and the reducing sugar low.

6. The addition of copper to the soil resulted in &
greater number and weight of fruit ﬁarvested from the tomato

plants. Necrotic spots appeared on some of the tomato fruit

where copper had not been included in the fertilizer. These
necrotic areas were not found on the fruit harvested from
plants where copper had been applied.

7. Sugar beet yields were higher where copper was epplied
tc the soil and a red coloration appeared on the cut surfaces
of the root. The red color did not appear when copper was
not used.

A cross section of the beet showed the coloration to be
concentrated in concentric rings. These rings corresponded
to the secondary vascular tissue. The coloration is believed
to be due to the presence of a copper enzyme and a suitable
substrate.

8. Copper is believed necessary for the normal metabolic

activity of the plant processes.
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