Relationship between varying levels of copper and soil-pH
on the growth and mineral composition of Arabica coffee

plants”

E A ADUAYI#*

COMPENDIO

Se cultivaron en snelo diboler de Coffea arabica L. (cv 'SL.34°) y se irataron
duvante doce meser con todas las ecombinaciones de reis concenivaciones de Cr (0, 5,
10, 50, 100 ppm Cu y una aspersion de 0,75 per coni Cu,(3) y tres niveler de pH del
iwelo (4,5 - 5,0, 5,5« 6,0, 7,6 - 7,3)

Se observd que los suelos deidos (pH 4.5 - 3,0) que recibieron concentraciones
de Cu mayeves de 5 ppai dievon como vesultado plantas de café con un crecimiento
peneral yetardado. Las hojas mastraran nn contenido bajo de Fe y freron severamente
tlovdiicas en los tiatamientos altos de Cu Los swelor neatvales a alcalinos, anngne
produjeron alge de clerosis en el follaje, se observaron que babian reducido grande-
mente lor efectos retardalovios de las altas concentraciones de Cu, comparado con los
tratamientos en los swelos deidos Bl pH del swelo casi nenival pavecié sev el jdeal para
el crecimionto de las plantas de café, al compararse con el cvecimiento wmds bien pobre
en los swelos dcidor que recibieron rarios bratamicintos de Cu.

Compaiando las plantas testigo con lar asperjadas con Cau, se encontré que las
plastas asperjadas mostraron un estininlo al ciecimiento en todos los niveles de pH,
particularmente en el snelo dcido que presentd awmento en el largo de los brotes y en
el wimero de nidos, gue lor drboles en los niveles altor de pH. Este efecto se refiejé
tambidn en wna concentracion anmentada de elementos nutritivos miiverales en varias
parter de las p/::m’;;.,r, comprarado con plantas cultivadas en sweles con alter niveles de
Cu y con los testigos  El Cu en las hojas fue mds alto en las plantas asperjadar con Cn
en velacidn con las no asperjadar  El anniento del pH del swele por encima de 5,5
deprimid los efectos de la alta acnmulacion de Cn en el swelo y por consigniente mejoré

el crecimieito — Bl autor.

Introdunction

HE pH of any growth medium is an important

factor that influences the availability and uptake

of Cu by plants Reuther and Smith (13),
Reuther et af. (14} working with maize, observed
severe Cu induced chlorosis in plants growing under
very acid conditions {pH below 5 0) and high soil-Cu
content. They noted that heavy liming of the soil pro-
duced better plant growth by reducing the toxic effects
of excess Cu.

¢ Received Tor publications on March 12, 1970

t4 0 Snil Stivnce Department. University of oo Telle. Nigeria

In Kenya, Arabica coffee is grown in soils of dif-
fering pH levels, ranging from below 4 0 at the Coffee
Research Sub-ctation at Upper Kiambu, to 7 8 at Kali-
moni estate near Thika (10). There have been sug-
gestions that Arabica coffee can be produced more
cconomically in soils of a moderately acid pH than in
strongly acid soils (12).

No critical work has been reported, thus far in
Kenya, on the Cu nutrition of coffee in relation to
various pH regimes. Such a stady is necessary in view
of the frequent and continual use of Cu fungicide
sprays on Arabica coffee grown ia soils of varying pH.
The purpose of this study was to examine, in soil-
culture, the interaction between wvarious concentrations
of Cu and different levels of soil-pH on growth and
nutrient composition of young Arabica coffee plants.
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Materials and methods

Soils from coffee plantations at the Upper Kiambu
Sub-station of the Coffee Research Station, Ruiru, Ken-
ya, were selected for their relatively strong acid charac-
teristics (pH 4.3)

Soil samples were collected to a depth of 50 cm,
thoroughly mixed, brought to the greenhouse and ait-
dried  About 5.5 kg of the soil was then put in each
25 om, free-drainage PV plastic pots, painted black
to control afgal growth. To the soil in each pot were
added 28 g of Ammonium Sulphate Nitrate (ASN)
containing 26 per cent IN; 168 g of Single Super Phos-
phate (SSP) containing 21 per cent P,O,, and 14 g of
Chloride of Potash (IXCL) containing 60 per cent K,0
The soil mixture was kept moist with deionized rain
water and incubated for a petiod of about four weeks to
allow chemical reactions between soil and festilizee to
take place before planting the young coffee trees In
this manner a homogenous mixture of the added ma-
teriafs and soil was achieved. Prior to planting the
trees, the pH of the soil in each pot was taken and then
adjusted with “"Magmax Green Label” {containing 26
per cent Ca and 18 per cent Mg), a liming and soil
ameliorative material regularly used on coffee soils in
Kenya.

Treatments

The treatments consisted of all combinations of
three different pH ranges (4.5-50, 5.5-60, 7.0-7.5)
and six coppér concentrations (0, 5, 10, 50, 100 ppm
Cu and 2 0.73 per cent Cu,O foliar spray). The various
Cu levels were obtained by adding powdered Cu,O at
the appropriate amounts to the soil in each pot, or in
the spray treatment by spraying once weekly a solution
containing 0.73 per cent Cu.O on the folinge Each
treatment was replicated three times Hence there were
54 pots, with a single 2 year old coffee plant {cv 'SL
34') per pot.

The differential Cu treatments were commenced
after two weeks of growth at the various pH levels
During the first month of treatment, some adjustments
in pH were necessary. This was done by carefully
removing the coffee trees, remixing the soil with an ap-
propriate amount of “"Magmax Green Label” In cases
- . pH was observed to be higher than expected,
H,80, was added to lower the soil pH. After pH
adjustment, the soil was replaced and the seedings
replanted It was not possible, however, to control the
pH levels rigidly, due to the heterogeneity of the solil,
the timelag in reaching equilibrium and the discrimina-
tory mineral nutrient absorbing behaviour of the seed-
lings

Moisture content was mainteined by additions of
deionized rain water as required The sucface soil in
each pot was occasionally mixed in order to improve
aeration and water penetration. Insect pesls wete con-
trolled by monthly applications of 0.1 per cent feni-
trothion ~ (0,0-dimethyl -0-(3-methyl -4-nitropheny!)

phosphorothinate). In order to control mid-day tem-
perature which was always above 20°C in the green-
house, the foliage of the trees was occasionally sprayed
with deionized rain water, the floor of the greenhouse
flooded with running water and the ventilators switched
on  This procedure was found to have reduced the
greenhouse temperature considerably and to have in-
creased the humidity.

Records

Visual observations of the effects of the various
treatments on the foliage were made weekly, while
observations on the roots were made at the ead of the
experiment, by earefully washing the roots after uproo-
ting them from the pots. The rate of shoot growth was
estimated by measuring the length of the shoat from the
base of each plant to the terminal bud. Diameter of
the stem was measuzed by taking the means of four
readings around the stem at 3 cm from the base The
number of nodes, and floral buds were determined
monthly. At the end of the experiment (after twelve
months of treatment) the coffee plants, separated iato
leaves, wood and roots, were washed in 0.1 N HCI and
0.1 per cent Teepol, rinsed in deionized water and
finally dried ovemight in an oven set at 65°C  The
composition of N, P, K, Ca, Mg, Mn, Zn, Fe and Cu
in the plant and the nutrient content of the soil was
determined as follows:

Soil samples

Air dried soil samples ground to pass through a
10-mesh aylon sieve, were analysed for pH in 1:2.35,
Soil : 0.01 M CaCl., suspension using a glass electrode
pH meter; total-N by the Kjeldahl's methed, organic
matter by the titration method of Walkley and Black:
Available-P by the 0.5 M NaHCO, method of Olsen,
exchangeable K, Ca, Mg, by the ammonium acetate
leaching method and determined by atomic absorption
spectrophotometry, while available-Cu was determined
on an atomic absorption spectrophotometes after extrac-
tion with ¢ 05 M citrate - Na, EDTA solution

Plant samiples

The dey plant tissue samples were ground in a
Wiley micro-hammer stainless steel mill using a 1 mm
sieve  The ground samples were dried overnight at
100-105°C and then placed in a dessicator. Colorime-
tric determinations of total-IN and P were cartied out
on a Technicon auto-analyser: N being determined by
the afkaline sodium phenate-sodium hypochlorite me-
thod and P by the molybdo-vanadate method for the
simuitanecus determination of N and P in a micro-
lijeldahl N-free H.SO,/selenium digest solution. Cen-
centations of K, Ca, and Mg were determined by dis-
solving the ashed samples in 0.5 N HCI, and Fe, Cu,
Zn and Mn were determined in nitric-perchloric acid
digest solution and read on an atomic absorption spec-
trophotometer.
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Table 1 -—Morphological observations on the growth of coffee in soil cultare at various levels of Cu and pH.

Soil - pH Jevels

5.3 - 6.0

T0.753

Vigorous to normal growth of leaves

Slightly depressed  growth;  young
leaves normal, old leaves severely
chlorotic with necrotic patches; nor-
mal root growth.

Normal growth; seme nectosis on
elder leaves, normal root growth

Fairly normal growth; severely ne.
crotic older leaves and slightly re-
duced root growth,

Leaves were severely chlorotic tur-
severe  defoliation,
d'e-back of shoots; severely depres-
sed growth; roots were dark brown

feaves were severcly chiorotic, tur-
ning recrotic; severe defolintion, die
acl of shoots; severely depressed
growth; roels were dark brown in
colowr.

Healthy foliage growth, and vigorous
root development

Young leaves were chlorotic and
later necrotic; reduced root growth

Cu
Treatments
i5-30
Control Depressed  growth chlozotic leaves,
slight defoliation, some lateral roor | and roots
tips were necrotic
5-10 Severely necrotic, defoliation, root
ppm Cu growth slightly reduced
50-100 Leaves were severely chlorotic, later
ppm Cu turning necrotic; severe defoliation, | ning  necrotic;
die-back of shoots; severely depres-
sed growth; roots were dark brown
in colour in colour
0.75% Very healthy growthy tips of some
Cu,0O feaves were slightly necrotic, normal
foliar spray | root development

Resnlis
Morphological obrervationy

The first symptoms from the high Cu treatments,
marked by generally reduced growth of the coffec
plants, appeared on the foliage one month after the
commencement of the treatment. At the end of the
experiment, severe reduction in growth, accompanied
by chlorosis and necrosis on the foliage and pronounced
tip butn of roots were observed at the higher Cu levels.

Table 1 shows differences in symptoms produced in
coffee plants as a function of Cu levels and soil-pH

The control coffee plants grown in very acid soils
(pH 4.5-50) showed slightly depressed growth, and
severe chlorosis in the leaves which finally resulted in
the defolintion of mature leaves These symptems beca-
me more pronounced at the 5-10 ppm Cu treatments
There were numerous shortened internodes and fewer
branches At higher Cu concentrations {10 ppm Cu)
the plants were obviously wilted with pronounced
chlorosis in younger leaves and severe necrosis in the
more mature leaves Die-back of the root system of the
affected plants showed rootlets with an abnormally dark
colored appearance.

Foliar sprays of Cu, on plants grown in Jlow soil-pH,
produced healthier growth than control plants, with only
slight necrosis at the leaf-tips; also root growth was
more vigoious

In medium acid seils (pH 535 - 60}, the control
plants produced normal, and sometimes vigorous growth.
Growth declined slightly in plants receiving Cu concen.
trations from 5 to 10 ppm, with some chlorosis and
necrosis in older leaves; root growth of these plants,
however, was normal At Cu freatments greater than 10
ppm, the symptoms were identical to those observed at

similar Cu concentrations in the very acid soils Copper
sprayed plants (at this medium acid soil pH level)
were vigorous in growth and without any necrotic
symptoms

In alkaline soils (pH 70 - 7.5} the younger leaves
of the control plants were normal in appearance, but
the older leaves had scattered clhlerotic and necrotic
patches. The soots were slightly necrotic. Copper con-
centrations of 5-10 ppm, produced chlorosis in the
young leaves and severe necrosis in the older ones,
while the growth of the roots was slightly reduced At
still higher Cu concentrations (50-100 ppm Cu) com-
plete death of the shoots was observed The roots were
severely reduced in growth, datk colored and without
signs of new growth. These symptoms closely resembled
those observed in plants growing in the other soil-pH
tegimes and receiving similar Cu concentrations. The
Cu sprayed plants in the alkaline soils showed both
chlorosis of the leaves, particulatly in the young leaves,
and some slight necrosis of the root tips

In general, foliar chlorosis was more pronounced in
the Cu sprayed plants in the alkaline soils than in
those grown in the medium acid and strongly acid
soils

Growth characteristics
High Cu concentrations, at various soil-pH levels,

maskedly affected some growth characteristics of the
coffee plant, as indicated in Table 2

Stem: dianieter

Control plants in the very acid soils (pH 45 -
50) showed the lowest increase in stem diametes
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Table 2—The effects of increasing Cu concentrations and various soil -pH on some growth characteristics

in young coffee plants grown in soil culture
Pyr ocent increase in Per cant facrease in Per cent increase in Total No of
stem dinmetor Shuot length Nt of nodes/plant Flower buds
I'rectments Soit - pH - Soii - pH Soil - pH ] Soil . pH
4530 $ 500 ERYA [ 5-%0 ! 3 %00 7073 {550 5 35-60 7075 4354 5 500 7075
- ki
Contral 71 i3 170 v3 147 157 293 400 55 3 16 26 B
5 ppm Cu 15 3% £50 18.0 LR QOEEL TRk 157 26 0% 22.0% 2.4 26 id
10 ppm 13 3 120 10 6% F AW, 4Gk SR 193 283 EIUE K B b 25 21
3 ppm IR QOFE| QOFF | pous | okl 3 yREg bR | 20 oRE | [5.6%% 2 e S
10 pprm (O% | PTEEL BFHEL poeE) ouw | 3EE| [ 7] 20.3%% | 19 3ee | pEa IR 1
375 per ezt Culd soray 77 8 (5 133 L8 0%= | 10 0% 73 4277 303 490 14 Py 17
Mezns 7.6 87 106 58 67 6.9 216 275 3t9 B 16 12

tn this and the following Tables: “

s

relative to plants in the medium (pH 55-6.0) and
alkaline (pH 7.0-7.5) soils Copper treatments from
5 to 10 ppm significantly increased stem diameter of
plants grown in the strongly acid soils, and at highe
Cu concentrations, stem increase was drastically reduced
relative to the control. There was no marked effect of
Cuat 5 to 10 ppm on stem diameter but percent in-
crease in stem diameter was significantly reduced at
higher Cu concentrations in both the medium and
alkaline soils

Foliar application of Cu had no effect on stem
diameter in the very acid soils relative to the control,
but decreased it in the medivm and alkaline soils

Shoot length

The increase in shoot length was severely reduced
at Cu treatments from 5 to 100 ppm at all soil-
pH levels Particulaely, shoot length was almost nif at
50 and 100 ppm Cu

The sprayed treatment interestingly showed the
greatest increase in shoot length at the lowest soil-pH
and a decrease at the other pH levels when compated
to the control treatment

Node Nanhe

Plants in the control treatment produced more
nodes at higher soil-pH levels (55-60, 70-75) than
plants in the very acid soils (pH 435-30). Node
number decreased at 5-10 ppm Cu concentration at all
pH levels, The decrease was less at 100 ppm than at
50 ppm Cu

Indicates diffecences significant at 5 per cent level
Indicates differences significant at 1 per cont level

The Cu sprayed plants showed a significant increase
in node aumber in the very acid soil-pH relative to
plants in the control and scil-applied Cu treatments.
There was no sigaificant effect in node number between
the Cu sprayed and unsprayed plants growing in the
mzdivm and alkaline soil pH Jevels

Fower bud numiber

Flower bud number was consistently the highest
at the medium soil-pH level (55-6.0) and was unaf.
fected by Cu level up to 2 concentration of 10 ppm
Cu. Copper treatments from 5 to 10 ppm showed a
significant increase in flower bud number in plants
growing in the strongly acid soil over the control.
Plants in the aikaline soil had same trend as those in
the medium soil-pH soil. However, the number of
flowers produced was lower Copper concentration
greater than 10 ppm sharply reduced flower bud pro-
duction at ail theee soil-pH levels.

Foliar application of Cu deceeased flower bud
number in comparison with the control, except at the
alkaline pH level

Soil nutrient content

The availabie nutrient content of soils in the pots
at the end of the experiment (Table 3) showed remar-
kable increases when compared to the fertility of the
soils prior to treatments  This was due partly to addi-
tions of N, P, K, Ca and Mg in the fertilizer and
pattly to the effect of added Cu on nutrient availability
The final soil pH values were with one exception (50
ppm Cu, at pH 4.5-5 ) within the desired ranges.
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Table 3 —Nutrient content of soils (adjusted to pH 4.5-5.0) at the end of the experiment.
S T T P, g do
Treatments soil; 001 M e v o e .
CaCl) N J oM i K ‘ Ct E Mg Mn p Cu
Control % iy (23 22 37 79 33 06H 201 3
5 ppm Cu 46 027 268 3.8 79 37 070 242 57%
10 ppm 46 0 28% 22 37 68 7 o 0 60 156 117
50 ppm 52 0 xg% 2 33 5.5 1) = 063 191 53 %
100 ppm 7 to 023 38 26 3% 19 G359 15% Qg
073 pur cent CuO spray i6 0323 26 3% 66G 30 104% 202 &
Moans 48 2% 25 34 65 63 070 1912 284 0
Before start of experiment - 43 nit 1.8 01 02 1.0 0on 36 H

4+ Same data. in this. and Tables & and 5

Total N in the strongly acid soif was significantly
icreased at the 10 and 50 ppm Cu treatments; soil-
organic matter was increaszd at all treatments, except
the 10 ppm Cu, treatments, while Mg and Cu were
consistently increased with increasing Cu  treatments
when compared with the control  There appears to b
no marked cffect of treatments on soil-pH, K, -Ca,
-Mn and -P, except for a significant decrease in soil-
Ca at 109 ppm Cu treatmznt and an increase in Mn in
the sprayed soil.

Table 4 shows the final nutrient levels in the
medium acid soils as affected by varying concentrations
of Cu

Application of varjous Cu concentrations to soils
adjusted to pH 55-60, showed a marked decrease in

Table 4 —Nutrient content of sofls (adjusted to pH

soil-pH and an increase in Mg at the 50 and 100 ppm
Cu rates relative to the control. Soil-Ma was increased
at the 100 ppm Cu concentration. There was a highly
significant increase in soil-Cu with increase in the rate
of Cu treatment. Soil ‘N, -OM, -K, -Ca and -P wers
unaffected by treatment when compared with the con-
trol Copper spray application did not affect soil nu-
trient content, except p¥ which showed an increase over
the control.

The pH values of the soil-applied Cu treatments in
the alkaline soils were slightly Jower than in the Cu
spray soils, as indicated in Table 5

The alkaline soil-pH showed marked increases in
soil-N, -OM and -Cu at increasing Cu treatments from

5 5-6.0) at the end of the experiment

s At oy
Treatments soil: 641 Af !

CaClz) M i Ol 1 I Ca Mg Mn ] P ! Cu

Control 58 018 24 52 179 50 0G0 188 9
5 ppm Cu 57 017 24 35 212 20 (98 2135 HIERA
10 ppm 57 021 0 39 195 36 0355 196 1§30
540 ppm 5 6% 02 23 36 157 15 0% 3} 50 235 [
1634 ppm 5 6% 017 25 29 151 1208 030 144 D RER

175 por eent CuO spray o0 020 24 31 187 i3 068 217 22
Muens 57 010 23 33 18.0 70 095 2112 3117
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Table 5 -Nutrient content of soils (adjusted to pH 7.0-7.5) at the end of the experiment.

CaClz) N oM K € Mg Ma P Cu
Control 71 012 14 23 178 163 031 208 8
5 ppm Cu 72 Q.15 25% 26 181 9.3 (43 158 75%
10 ppm 71 018 24 30 213 73 0353% 243 1G9=#%
50 ppm 71 017# 2. 212 185 180 0.45 232 d45%=
100 ppm 70 016% 25% 30 187 153 035 162 873k
0 75 per cent Cu.O spray 7l (b 16% 3% 25 153 g3 04 150 16
Means 72 016 23 26 88 126 0442 198 8 269.3
3 to 100 ppm. Soil-N was, however, unaffected at the Leaves

5 ppm Cu treatment relative to the control  Soil-pH,
K, -Ca, -Mg, -Mnr and -P were unaffected at the
various Cu treatments, aithough a marked increase in
soil -Mn was observed at the 10 ppm Cu treatment.
The Cu-sprayed treatments only showed increases in
soil-N and -OM in comparison with the control.

Table 6 shows the autrient concentrations in the
leaves of plants grown in soil at various Cu and soil-pH
levels

In the strongly acid soil (pH 4.5-5.0), increasing
the rate of soilapplied Cu markedly decreased leaf

Table 6 —Nutrient eiement concentration in the leaves of young coffee plants as affected by Cu concentrations

and soil-pH
Macra-autcients {per cent in DM} Micro-nutrients (ppm in DM)
Treatments Soil-pH
N B K Ca Mg Mn Zn Fe Cu
Control 51 {26 38 19 02z 335 107 71 51
5 ppm Ca 49 t16* 2.7 18 019 204 138 103 76
10 ppm 46 .20 2 1% 022 238 08 g% 75
50 ppm 4550 3 e 028 1 9% 0.20 330 76 Ti# 87
100 ppm 2 g 25 1 (RS 020 434% G6 FO® 1284
0 75 per cent Cu:O spray 50 0.24 34 1 2% 017 575 R % 74 129 35%
Means 43 G323 26 13 019 352 93 104 92
Control 50 018 35 2.4 0.24 757 83 137 G4
5 ppm Cu 43 0.21 2. 28 022 910 98 157 190
10 ppm g | payee | pge 10% 023 703 108 87 196
30 ppm 5.5-6 0 3 4% G 26%% 23 Q9u* 026 347 167 97 217
100 ppin 3 3% 0 24% 22 1,25 025 685 83 95 211
0.75 per cent Cu:O spray 48 0 2G5 36 23 0.2 333 140 130 200
Means 4.1 023 26 19 02 631 103 1L 164
Control 490 021 2.9 11 0-i3 245 82 1295 G
5 ppm Cu 41 024 27 2.8% 08 a8 97 68
10 ppm 42 022 27 18 030 G235 122 G2 150
50 ppm 7075 35 023 253 12 031 300 H1] 63 222
160 ppm 29 .22 T4 49 0 23% 263 7% 98 164
0.75 per cent Cu spray d 4 025 3.4 2% 0.55 512% 102 159 20
Means 38 022 27 16 GAL 469 96 100 114
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N, -K, -Ca, -Mn and -Fe, and increased -Cu. The ef-
fect of treatments was most felt at Cu fevels frem 50 to
100 ppm  Except for a significant decrease in Jeaf -P at
5 ppm Cu, leaf-P, -Mg and -Zn were unaffected by the
various soil-applied Cu levels. Copper spray treatment
had no effect on leaf <N, -P, -K, -Mg, -Zn and -Fe;
however, & significant decrease was observed for feal
-Ca, and an increase in Mn and Cu, relative to the
control treatment '

Plants grown in the medium acid soil (pH 55-60)
showed a significant decrease in leaf -N and -Cu and
an increase in leaf -P at the 10 to 100 ppm Cu treat-
ments. Except for a decrease in leaf -K at the 10 ppm
Cu treatment, other nutrient concentrations in the leaves
were unaffected by the various soil-applied Cu treat-
ments. Copper spray significantly increased Jeaf -P.

Copper at 100 ppm in the alkaline soil (pH 7.0-
75) significantly decreased leaf -N and -Mg, while
leaf -Ca was increased at the 5 ppm Cu, with a markerd
increase in leaf -Mn at Cu treatments from 5 to 10 ppin.
Foliar spray of Cu markedly increased leaf -Ca and
-Mn

Weod

Nutrient concentrations in the wood of the coffee
plants receiving various Cu and soil-pH tscatments arz
shown in Table 7

There was no appreciable effect of treatments on
wood-nutrient concentrations of plants grown in the

Table 7 —Nutrient element concentration in the wood
and soil-pH.

strongly acid soil-pH. Apart from inconsistent trends in
N, Ca and Mn, increasing rate of Cu from 5 to 100
ppm, including the spray treatment showed increased
wood-Cu concentration when compared with the controt
measurements

In the medium acid pH level, Cu treatments from
S0 to 100 ppm significantly increased wood -Mn and
-Cu, while wood -Mg was increased at 50 ppm Cu and
wood -Mn increased at the 100 ppm Cu treatments. Ex-
cept for an increase in wood -P, Cu spray treatment did
not affect the concentration of nutsients in the wood

Copper treatments from 50 to 100 ppm increased
wood -Mn of plants grown in the alkaline soil Wood
-Cu was significantly increased at increasing Cu treat-
ment jevels from 10 to 100 ppm. There was no effect
of Cu spray treatment on wood nutrient concentrations

Roolts

The concentrations of nutrients in the roots, as af-
fected by the Cu and pH treatments, are shown in
Table 8

Applying Cu from 10 to 100 ppm to plants grown
in the acid soil (pH 4 5-5.0) significantly increased root
-N, while Cu rates from 5 to 100 ppm increased root
P Treatment effects on root -K was inconsistent Cop-
per treatment at 10 ppm decreased root -Te. Root -Cu
was increased significantly at the 100 ppm Cu treatment
level. Copper spray showed a significant decrease in
oot -Fe when compared with the contsol

of young coffee plants as affected by Cu concentrations

Macro-putrients {per cent in DM) Micro-nutricets {ppm in DM)
Trealments Soil-pH i
N i r K Ca ! My Mn Zn Fe Cu
Controi 30 029 1.7 04 nil 186 59 167 44
5 ppm Cu 31 024 22 06 013 429 109 18 87
10 ppm 27 028 23 03 012 371 83 63 1794
50 ppm 4550 27 026 16 07% 010 G447 93 103 141
166 ppm 21 026 13 04 0.09 231 63 119 173%
0 75 per cent CuzO spray x7 027 13 04 007 158 102 152 1232
Means 27 026 17 0s 01o 356 91 125 124
Control 27 021 17 04 [tR§ 13 93 125 59
5 ppm Cu 2.6 023 1.7 6 016 232 105 123 163
10 ppm 26 024 10 06 0.17 198 113 154 190
50 ppm 5560 25 019 22 10% 0.9 512 86 o4 390
100 ppm b 019 20 08 0135 540% 81 73 47308
0.75 per cent Cus O spray 30 0 284 18 04 010 128 102 138 160
Means 26 0.22 19 G 61 014 252 97 117 219
Control 2 028 13 035 02t 33 76 100 44
5 ppm Cu 21 24 15 06 024 137 149 75 135
10 ppm 22 023 13 04 033 108 139 87 172%
50 ppm 7075 21 23 2t 0y 042 348% 104 81 195%
100 ppm 21 290 o4 033 425% 122 48 157%
0 75 per cent Cu;O spray 21 18 06 031 217 119 163 17
Means 21 4 16 035 030 211 118 92 120
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Table 8.—Nutrient element concentration in the roots of young coffee plants as affected by Cu concentrations

and soil-pH

Mucro-niutricets (per cent in DM) Aicra-nutrients {ppm in DM}
Treatments Soil-pH
N { P K Ca F Mg Mn ! Zn l Fe Cu
Control iz 037 14 04 007 335 l 7 822 180
5 ppm Cu 21 | 018" 09 04 008 351 60 63 384
10 ppm 155 | 018 12 0.4 008 £46 50 3029 563%
50 ppm 45-50 15% L 13%% 0 5% 03 004 218 62 343 1946
106 ppm 1o* | 016% b1 03 004 535 40 333 7308+
075 per cent CuO spray 232 030 16 05 1 06 262 i7 300% G0
Means 1.7 021 il 03 006 374 35 456 17440
Control 2.3 0.24 19 06 015 149 57 4935 82
5 ppm Cu 18 015 [ 07 016G 213 o6 3006 274
10 ppm 1.8 030 1.2% 035 008 279 38 219 496
50 ppm 55-G0 g {o011# Q3% 0 4% 005% 264 93 370 135:4%
100 ppm 15% [ 0.10% 02wk [UEES Q5% 208 75 209 17299
0 75 per cent CuQ spray 2.4 ¢ 28 17 06 010 268 78 470 45
Means 9 19 10 0.5 08 I6t TG 354 830
Control 2 039 1.4 06 020 I8 65 639 77
5 ppm Cu 232 .37 15 0.7 028 208 5% 420 210
10 ppm 19 02 it 0.1 ¢ 1 377 50 339 341
50 ppm 7075 13# 0.13% [ [ n13 $79% 68 218 1277%
HI0 ppin Ld® | g 19% 06 0 016 265 46 276 1202%
075 per cent CuO spray 17 0.37 1.4 0.9 010 11 51 427 52
Means 1.7 027 190 05 016 256 55 386 528

significant decrease in P. Plant -Cu was increased at
the 160 ppm Cu treatments Copper spray treatment
also showed marked decreases in plant -K, -Mg, -Mn
znd -Fe when compared with the controt

At Cu treatments 1anging from 5 to 100 ppm in
the alkaline soil-pH level, plant -P and -Fe were signi-
ficantly decreased, while Cu treatments from 50 to 100
ppm resulted in decreased plant -N, -K, -Ca (at 100
ppm Cu only), -Mg and -Zn  Plant -Mn was increased
at the 5 and 10 ppm Cu treatments and plant -Cu
increased at Cu treatment rate from 50 to 100 ppm
Copper spray decreased plant, -P, -Zn, -Fe and signifi-
cantly increased -Cu refative to the control

Diseussion

A comparison of growth records showed that a
medium acid or slightly alkaline pH led to better shoot
growth, the production of more nodes and a slightly
more increase in stem diameter than was the case at the
very acid pH. In respect to the number of flower buds
counted, which has been correlated with yield of berries
(9) the medium acid pH appeared to be optimal.

Even 5 ppm of added Cu led to a marked reduction
in shoot growth and node number but it did not reduce
stemn diameter nor decrease the number of Flower buds;
at the extreme pH levels, there was in fact, an increasc
in flower buds These facts are not necessarily contra-
dictory because the flowers were produced on wood
existing before the start of the experiment

Copper teeatments from 50 ta 100 ppm in the
medium acid soil showed marked decreases in root -P,
-Ca, -Mg, while reot -Cu was markedly increaszd rela-
tive to the control A consistent decrease in root -K was
cbserved at increasing Cu treatment levels. Copper
spray did not affect root nuirient concentration Cop-
per treatments at 50 and 100 ppm in the aikaline soil
showed significant decreases in root -N, -P, -K. Root
-Mn was increased at the 50 ppm Cu treatmenis from
50 to 100 ppm markediy increased root -Cu relative to
the control Copper spray treatment did not affect oot
nutricnt concentrations

Total amonnt (g or myg) of nutrients iy the plant

The total amount of nutrients in the coffee plants,
as influenced by Cu treatments under varicus soil-pH
levels, is showa in Table 9

Plants grown in the strongly acid soil and at Cu
ticatments levels from 5 to 100 ppm showed significant
decteases in plant -P, -K (except for trealment at 10
ppm Cu), -Ca, -Zn, and -Fe in comparison to the con-
trol. Plnt -N, -Mg, and -Mn were decreased at the 50
and 100 ppm Cu treatment. Copper spray treatment
significantly decreased plant -Zn and Fe.

At Cu treatments from 5 to 100 ppm in medium
acid soil, plant -N, -K, -Mg and -Fe were decreased,
while Cu treatments from 10 to 100 ppm decreased
plant -Ca, -Mn and Zn Plant -P was unaffected by
treatment, except at the 30 ppm Cu which showed a
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Table 9 —Total amount of nutrient elements in g or mg in the whole coffee plant as affected by Cu con-

centrations and soil-pH.

Macro nutrients i) Micro-nutrients (mg)
Tseatments Soil-pH
N P , K } Ca ; Mp Mn Zn Te Cu
Control i1 036 27 1.1 015 11 % 15 3
5 ppm Cu 28 0.16% 16T 08 Gil 12 % G 5
) ppm 27 0 20% 17 0 6% 011 9 2% 5% 18
S ppm 4550 1.4% | o0 paE VL 034 0 0G* 7" 1 4% 23
10G ppm RS ni2## 0o% {) B 0 (6™ 7¥ ] Fik gE A
075 per cent Cu:0) spray 30 03l 2.6 08 011 1 2% 7 4
Means 26 021 i7 06 010 10 2 7 16
Control 5.4 0 34 39 i 8 027 18 4 13 3
5 ppm Cu B 021 19% s 017% 18 3 G* 5
10 ppm 20% 027 1 %% A 0 14% 1% 2% kL 7
50 ppm 55-640 15% 0 10% () G 5% DR T 1 RHH 12
100 ppm 1.7% 012 1 (e 0 G6* 0n30* 115 1% Aok 26F
073 per cent CuO spray 36 029 24¥ 12 0 15% 8% 3 8% 4
Means 34 N2z 19 10 015 12 2 G 9
Control 37 038 24 09 036 5 3 13 2
5 ppm Cu 27 | D26 19 13 032 10% 3 6 q
10 ppm 31 024% i9 09 G35 TOFE 3 G 6
50 ppm 7075 13% | g game 0 QFH 035 0 16% 7 ]EF A 0¥
100 ppm 1.4% | Qg3 1k 0 4% 015% 6 1% ik 10%
.75 per cent CuaO spray 25 0.25% 20 11 029 8 2% 7% 12
Means 24 | o023 17 08 0.27 8 2 6 7

Applied Cu levels above 10 ppm were obviously
highly toxic, as indicated by the very marked decrease
in all parameters measured including the number of
flower buds. These high Cu concentrations apparently
interfered with the development of flower buds on
wood afready formed. At 10 ppm Cu, the growth para-
meters were clearly affected relative to the control (ex-
cept stem diameter at pH 4 5-5.0 for which the control
value seemed anomaleus) and the increase in flower
bud numbers at both the very acid and somewhat al-
kaline pH levels relative to the control, might possibly
be regarded as fiowers induced by stress caused by
unfavourable soil-pH levels such as those obtainable in
the strongly acid and alkaline soils

Copper sprays had a relatively slight effect on some
of the growth parameters. It should be noted, however,
that shoot growth and the formation of nodes at the
lowest pH level (4 5-3.0) were promoted by the Cu
sprays, though, admittedly this result was significant
only for the first character The number of flower buds
was decreased by Cu sprays, though not significantly
It seemed as though the Cu spray treatment had gene-
relly promoted piant growth relative to the control
treatment, and hence producing a slight ‘tonic’ effect
often observed in coffee after Cu spray applications
(1, 4, 18).

In alf respects, including morphologic symptoms, the
effects of Cu added to the soil were most scvere under
very acid soi} conditions It should be noted, however,

that the control plants thrived considerably less well at
this soil-pH level. This fact may be explained by the
ready availability of most heavy metals, as well as by
the high concentration of H-ions per se  Reference to
the undesirable effects of low pH on several plants has
been muade by Reuther and Smith (13}, Seatz and Pe-
tersont (16), Dolar and Keeney (2)

In the present study, the highest accumulation of
trace elements, particularly Cu (180-7308 ppm) was
cbtained in the roots, and to a lesser extent in the wood
at the very acid pH level. It is inferred from this ob-
servation that under fow soil-pH fevel (4.5-5.0) high
Cu accumulation both in the soil and the roots would
result in severe root injury and would adversely affect
plant growth by hindering the absorption (by the roots)
of other mineral elements. Ishizuka (5, 6) found that
high root-Cu hindered nutrient translocation and arres-
t=d the meristematic activities in the roots,

At the high pH level (70.7.5), at least in the con-
trof, growth was not as favourable as under slightly
acid conditions. This might be attributed to an inade-
quate availability of some trace elements, particularly,
Fe and Cu (8, 11) Leeper (7) observed that Cu and
other heavy metals are less mabile in alkaline soils, due
to the formation of copper hydroxide, phosphate and
other complexes, and since their atoms form covalent
links and chelete compounds, they become tightly ab-
sorhed to the extent of not being available to plants.
Following the findings by several workers (3, 15, 17)
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on other crops, it is inferted in coffee, from the data
presented herein, that the adverse effects of excess Cu
could be reduced by liming a very acid soil-pH to neat
neutral pH and at the same time, increasing the fertility
status of the soil through fertilization

Sumnary

Two-year old Ceffea arabica L (cv 'SL.34°) trees
were grown in soil cultwie and treated for twelve
months witly ail combinations of six Cu concentrations
(0, 5, 10, 30, 100 ppm Cu and 075 per cent Cu.O
spray) and three soil-pH levels (4 5-5.0; 55-6.0; 7.0-
73).

It was observed that acid soils (pH 435-50) e
ceiving Cu concentrations greater than 5 ppm resulted
in coffee trees with generally stunted growth The
leaves showed low Te content and were severely chlorotic
at high Cu treatments Neutral to alkaline soils although
producing some chlorosis on the foliage, were observed
to have greatly reduced the stunting effects of high con-
centrations of added Cu as compared with treatments
in the acid soils Near necutral soil-pH appeared ideal
for the coffee plants when compared with the rather
poor plant growth in the acid soil receiving varying Cu
treatments

Comparing the control plants with the Cu sprayed
enes, it was found that the Cu-sprayed plants showed
growth stimulating effects at all pH levels, particularly
at the acid soil-pH which had increased shoot length
and node number, than trees at the high pH levels
This effect was also reflected in increased concentration
of mineral nutrient elements in various parts of the
plants when compared with plants growing in soifs ap-
plied with high Cu levels and the control Leaf-Cu
was highest in the Cu sprayed plants relative to the
unsprayed ones. Increasing the pH of the soil above
55 depressed the effects of high Cu accumulation in
the soil and heace improved growth.
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