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EAA®OAOTIA.— Potassium - Magnesium antagonism in tomato and
cucumber grown in plastic greenhouses, by P. H. Koukoulakis,

A. D. Simonis, S. Bladenopoulou*, 3ix tod ’Axadnpaixod x. 'lwdrvov
Ianaddxn.

INTRODUCTION

The effect of the antagonistic KxMg relationship on plant nutrition
has been a research subject since 1922 when Gardner first observed Mg defi-
ciency symptoms in tobacco (Foy and Barber, 1958). The relevant investi-
gations that followed eversince, showed that among the factors responsible
for the decrease of plant Mg content, K plays an important role. According
to Welte and Werner (1963), K fertilization is considered as the most impor-
tant reason for the Mg deficiency in crops. In fact both the K added and the
excess exchangeable K of soil, may act antagonistically on Mg (Foy and
Barber, 1958).

The antagonism of K on Mg has been observed in many crops (McColloch
et al., 1957, Foy and Barber, 1958, Adams and Henderson, 1962, Loue, 1978).
Obviously this relationship becomes economically important, when the Mg
content decreases below the critical level (0.5-0.9%) (Smilde and Roorda van
Eysinga, 1968), to the extent that the yields are negatively affected (Welte
and Werner, 1963, Tisdale et al. 1985). In certain cases, the KxMg relationship
has not only an effect on leaf Mg content, but also on animal health, due to
«grass tetany» caused by the low Mg content of fodder crops. In this case,
it is not sufficient to maintain a Mg leaf content higher than the critical
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values, but also it is necessary to be still higher, for the physiolcgical growth
and development of animals (Welte and Werner 1963, Loué 1978).

In spite of the importance of the KxMg relationship on plant growth, very
few workers have quantitatively evaluated its affect on crop yields. Adams
(1978) states that the marketable fruit yield of cucumber decreased by 209,
due to Mg deficiency owing to the application of high K levels, while Loué
(1978) showed that the antagonistic effect of KxMg on yields may be posi-
tive when Mg is applied in a single doze and in combination with various K
levels to soils with low K, Mg and Ca content. On the other hand, the appli-
cation of high levels of Mg decreases the yields at the low K levels, while the
effect of Mg is very small at the higher K levels. Results from wheat exper-
iments conducted on calcareous soils (pH=8) with a low exchangeable Mg
level, showed strong positive interaction between K and Mg. Addition of 60
Mg /ha to sugar beets increased yield by 11 ton /ha, while K decreased the
yields in the absence of Mg, but it increased them when applied in combi-
nation with Mg (Loué 1978). Loué emphasizes, that the decrease of Mg leaf
content is basically due to the low level of soil available Mg, rather than to
the application of K. When the soil Mg level is low, it must be improved by
the addition of Mg to such an extent that the use of high K levels will be
possible without the occurrence of antagonistic effect of K. The decrease of
K fertilizer application with the view to avoiding the effect of the KxMg
relationship on yields and on Mg leaf content, is by no means a solution to
the problem.

In Greece, the antagonistic effect of K on Mg becomes more serious
with the time owing to the cultivation of dynamic crops such as maize and
protected vegetables. Furthermore, the problem becomes more acute due to
the intensification of Agriculture. The necessary use of high K levels is ex-
pected to make more acute the already existing Mg deficiency symptoms in
tomato and cucumber grown in plastic greenhouses and to further increase
its negative effect on yield and possibly on quality.

The complete lack of relevant information about the KxMg antagonism
under Greek conditions for the evaluation of its effect on crop yields and the
need to forecast its future influence on Agriculture, made necessary this
research work, the specific purpose of which is to study the effect of KxMg
antagonism on the Mg nutrition and yield of tomato and cucumber crops
grown in plastic greenhouses in the area of Thessaloniki.
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MATERIALS AND METHODS

The experiments were conducted in the area of Langada and Vasilika
prefecture of Thessaloniki during 1981-84. The effect of four K levels (0, 200,
400, and 600 kg K,O /ha) on tomato (Lycopersicon esculentum
Mill, co. Derinia, GC-204 and Jolly) and five levels (0, 200, 400, 600 and 800
kg K;0/ha) on cucumber (Cucumis sativus L, co. Bambina and
hyb-1453) was studied. A randomized block design (Snedecor and Cohran,
1969) in four replications (Kaltsikis, 1983) and plot size 4.5 X3 m and 3 X2
m for tomato and cucumber, respectively, was used. The physical and chemi-
cal characteristics of soils were: SCL, CaC0;=0.20-2.6%, ECx10%3=0.80-2.0
mmbhos /em (25°C), Organic matter=1.50-6.50%,, available soil P (Olsen)=
70-150ppm, excepting one case where P was 5 ppm, available soil K (Dirks)
=2.20-850 mg K;0/100g and pH=6.8-7.3.

Fertilization: 400 kg N /ha were applied uniformly to all plots (1/3
as (NH,),SO4 basal dressing and 2/3 as side dressing (NH,NO,) in four
dosages). Also, 1/2 of K as (K;S0,) basal dressing and 1/2 side dressing
in 2 doses, and 300 kg P,O; /ha was applied basically to only one experiment
as 0-20-0.

Leaf sampling: The tomato leaf samples were taken according to Smilde
and Roorda van Eysinga (1968) and cucumber leaves according to Roorda
van Eysinga and Smilde (1969). The leaves from each tretment were sepa-
1ated into three categories: blades (B), petioles (P) and whole leaves (B +P).
They were washed with de-ionized water and dried in the oven at 88°41 C.
They then were ground and stored in plastic bags for chemical analysis.

Chemical analyses: 1g of dry matter was ashed at 550°C. The ash was
disolved in 6N HCI and diluted with distilled water to 250ml. K was deter-
mined flamephotometrically and Ca and Mg volumetricelly with 0.01 N EDTA
(Jackson, 1960). The available soil P was extracted with 0.5 M NaHCO,
(pH 8.5) (Olsen et al, 1954), and the soil K determined with the method of
Dirks Scheffer (1933), while the organic matter with the Walkley-Black method
(Modification by Axaris, 1971).

RESULTS

The cucumber and tomato yields obtaiued dnring 1981-1984 are shown
in Table 1. In Fig. 1 the relationship between the K levels applied and the
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yields obtained as well as the leaf Mg content, is given. The antagonistic K
effect on cucumber Mg content of leaves is given in Fig. 2, while the negative
relationship between K and Ca leaf content for cucumber and tomato is de-
picted in Fig. 3.

DISCUSSION AND CONCLUSIONS
The application of K in various levels to tomato and cucumber, during
1981-84, did not increase, significantly, the marketable fruit yields. On the
contrary, in certain cases K affected negatively the tomato yields (Exp.
pLTK 1981 and 1984) and cucumber (PLAK 1983) (Tab. 1). This
decrease in the case of tomato varied from 11.56-13.879%,, while in cu-
cumber it was about 8.0%, as compared to zero treatment.

Table 1

Effect of K on tomato and cucumber fruit yields (ton /ha)

Treatments
kg/ha PLTK-81 | PLTK-82 | PLTK-83 | PLTK-84 | PLAK-81 |[PLAK-82 [PLAK-83| PLAK-84

0 177 131 120 150 128 84 187 | 181
200 154 125 132 153 141 96 17614192
400 161 131 130 141 131 87 174 | 192
600 153 145 145 133 140 82 172 | 202
800 - - - - 148 89 183 | 210

As it is shown in Fig 1, application of K decreased fruit yields, and Mg
content in tomato leaves up to 1.83% DM. This level was however higher
than the critical value of 0.909, suggested by Smilde and Roorda van Eysinga
(1968) below which deficiency symptoms may possibly appear. The maintance
of the Mg content of leaves at a relatively satisfactory level, was due to the
fact that the soils were sufficiently supplied with exchangeable Mg as shown
by the Ca/Mg ratio which was smaller than 7 (Tisdale et al., 1985).

According to Welte and Werner (1963) the increased K use in plants
grown on soils poor in Mg, causes the appearance of Mg deficiency symptoms.
On the contrary, the application of high K levels to soils rich in Mg, increases
both the Mg uptake by plants as well as the yields. That is why to soils poor
in Mg, it is necessary that Mg be added along with the K fertilization (Welte
and Werner, 1963, Loué, 1978).
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Applied K not only acted antagonistically on tomato Mg leaf content
(Fig. 1) but on cucumber as well (Fig. 2). Correlation between K and
Mg leaf content showed a strong negative relationship in both tomato (Fig.
3), and cucumber. Similar correlation was found between Ca and K leaf
content in cucumber.

The antagonistic effect of K on leaf Mg content explains to a great
extent not only the non significant effect of the added K levels on fruit yields
but also its negative effect on yields (Tab. 1).

The intensive fertilization with K is necessary in the case of protected
vegetables due to the fact that they are K-loving crops. This necessitates
the presence of the soil available Mg in high levels for overcoming the anta-
gonistic effect of K on Mg and thereby avoiding the KxMg negative effect
on yield (Welte and Werner, 1963, Loué, 1978).

From the above discussion it is concluded that both K and the KxMg
relationship act as controlling agents on Mg and K nutrition of tomato and
cucumber. This is also supported by the fact that the ratio K /Mg of leaf
could be used as an index of plant supply with K, owing to the close corre-
lation found between the above ratio and the K leaf content of plants (Welte
and Werner, 1963, Koukoulakis, 1986).

Summarizing the results of this work, the following may be stated:

—K affected antagonistically the Mg leaf content in both tomato and cu-
cumber and decreased the marketable fruit yields.The negative effect of KxMg
ranged quantitatively from a lack of response to applied K, up to the yield
decrease by 11.56-13.879, and 8%, for tomato and cucumber, respectively.

—The decrease of the Mg level in leaves due to the K antagonistic effect,
makes K and KxMg, controlling agents of the Mg nutrition of tomato and
cucumber.

—The application of K in high levels, which are necessary for cucum-
ber and tomato, not only for high yields, but also for the improvement of
their quality, must be done in combination with Mg in case the soil is inade-
quately supplied with Mg. The maintainance in soil of a relatively high level
of available Mg is necessary to counteract the negative effect of the KxMg
on yields and quality of both tomato and cucumber.




SYNEAPIA THE 25 ®EBPOTAPIOY 1988

180 -
= 3t o170
@ o =
= &
(41} (o]
E B
> a2 0 160; -
= © T —=-=-—0 Mg
4 >
o Yields
= 411 1
- ; A .
0 200 400 600
Ko O kg/ha

1. Fig. Effect of K on marketable tomato fruit yields and leaf content (Blade+ petiole)
in Mg. (Exp. PLTK 1981).
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Fig. 3. Relationship between tomato leaf dry matter K and Mg content (blade B, and
petiole P) (a=Exper. PLTK-1982, b=Exper, PLTK-1983 and ¢=PLTK-1982).



138 ITPAKTIKA THEX AKAAHMIAZ AGHNQN
REFERENCE

1. Ad ams, P., How cucumbers respond to variation in nutrition, Grower 89, 199-201, 1978.

2. Adams, F. and J. B. Henderson, Magnesium availability as affected by
deficient and adequate levels of potassium and lime. Soil Sci. Soc. Amer. Proc. 26,
65-68, 1962.

3. Axaris, G. S., 1971, A test for a simpler modification of the Wakley-Black method
for the determination of organic matter in soil samples. Scient. Bull. No 3 period
1966-1970, Soils and Fertilizer research Station Thessaloniki (Gr).

4. Dirks-Scheffer, Zicher fir Pflanzener und Bodenk B. 12, 49 8, 1933.

5.Foy, C. D. andS. A. Barber, Magnesium deficiency and corn yield on two acid
Indiana Soils. Soil Sci. Soc. Amer. Proc. 22, 145-148, 1958.

6. Jackson, M. L., Soil Chemical Analysis. Prentice Hall Inc. Engwood Cliffs, N.Y.
USA, 1960.

7. Kaltsikis, P., The number of replicates required for vegetable yield trials pro-
tected. Agr. Research 7, 49-56 (Gr), 1983.

8. Koukoulakis, P., Intensive potassium fertilization of tomato and cucumber
in plastic covered greenhouses of Northern Greece. Proc. Potassium Symposium.
March 11-13, Athens, 1986.

9.McColloch, R.C., F. T. Bingham and D. G. Aldrich, Relation of soil
potassium and magnesium nutrition of citrus. Soil Sci. Soc. Amer. Proc. 21, 85-88,
1957.

10. Loué, A., The interaction of potassium with other growth factors, particularly
with other nutrients. In: Potassium Research-Review and Trends. Proc. 11th Congr.
Inter. Potash. Instit. Berne, Switzerland, 1978.

11.Olsen, S. R.,, C. V. Cole, F. S. Watanabe and L. A. D e an, Estimation
of available phosphorus in soils by extraction with sodium bicarbamate. Circular
No 939, USDA Washington, C.D. USA, 1954.

12.Snedecor, G. W. and W. G. Cochran, Statistical methods. The Iowa State
Universiry Press, Iowa, USA, 1969.

13. Tisdale, S. L., L. N. Werner andJ. D. Beaton, Soil Fertility and Fer-
tilizers. 4th Edition, USA, 1985.

14. Welte, E. and W. Werner, Potassium-magnesium antagonism in soils and
crops. J. Sci. Fd. Agric. 14, 180-186, 1963.




ZYNEAPIA THE 25 ®EBPOYAPIOY 1988 139

IMEPIAHYH

"Avtaywviopog xoAAlov - payvnolov oty Omd xdAudr topdrag xal &yyoupidc.

X¢ mepadpato Almaveng Tig Topdtag (Lycopersicon esculentum Mill, co.
Derinia GC-208 xal Jolly) xai dyyovpudc (Cucumis sativus, L co. Bambina
xal Hyb-1453). mob  mpayparomoriByxay of Oeppoximo pd mhaotuey xdhvdn
otic meployeg Aayxadd xal Baciiixédv 1ol Nopol Osocatovinng &md vo 1981-84,
¢papudomnxay téoocpa dmimeda K oy topdra (0, 20 40 xal 60 kg K,O [ovp).
xal gva Emmiéov (80 kg KoO [omp.) oty dyyovpik, of metpapatiey Sidktany tév
Toyatonompévey 6pddwy ué Swotdoeig tepaylony 3X2m  xal 4,5X3m, avricTor-
A%, Y& T perém) Thg avraywvieTinds Enidpacmg Tob xahiov artig dmodboelg xal
ot 0pédy &y o mave xadhiepysLdy pé Mg.

Bpébnxe 6w 70 K &puce dvraywvioting oty meplextidmta Tod Mg ota
UM TG TopdTag %l THG &yyovptds xal pelweoe Tig dmodbeels &md 11,6-13,9% ot
topdra xai 8% oty dyyovpud. ‘H oyéon KXMg, Aoyw g dvraywviotixiig Spdang
™5 610 Mg tév @idwy, Sp& ooy &vepyds pubutotinds mapdyovrag oty Bpédm Tév
xeMMepyer@y adt@v pé Mg, uitepa o yapmAa énineda ol Swwbéoipov Mg.
‘H mpoobixn SYmidv dbocwv K Ba mpéner va ouvodedetar, otic mepimtdoeig ya-
pnAey émmédoy Swbéotpon Mg ot Edagog, pé mapddhnhn mpocBien Mg, &vé
amoguyl) VdmAGY d6ocwy K yid Ty dvriustdmion tév Suoueviv émmrdoswy TG

avtayovioTixfic dpaons Tob K otd Mg, 8tv drotehel Aday ol mpoBAfuaTos.



