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ABSTRACT

Green beans and spinach were grown in field plots in a 2% x 3 factorially
arranged split plot design to study the effect of soil fertility treatments on the
chemical composition of the edible plant parts. Two levels each of lime, phos-
phorus, and potassium and three levels of nitrogen were established on a2 Mexico
silt loam soil that was initially low in fertility.

No green bean yield response from the treatment was obtained because of
pre-planting management and weather. Significant yield increases of spinach were
obtained from all main treatments; nutrient interaction effects on yield were also
observed. NO,-N, Ca, K, Mn, Zn, Mg, Na, and P concentrations in the edible
parts were determined. The concentrations of most of these elements in both
vegetables were affected by soil treatment. The net effect of any one soil treat-
ment depended on the levels of the other treatments.
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1965). Zinc absorption by plants has been found to be a function of soil pH and
not of calcium concentration in the soil (Wear, 1956; Wear and Patterson, 1965).

Calcium apparently alters the ratio of Na and K absorbed by plants. Over-
street et 4/, (1952) showed that Ca can increase or decrease K absorption, de-
pending on the concentration of K supplied to the plant. Nielsen and Over-
street (1955) and Overstreet ez @/, (1952) have suggested that Ca may act as a
co-factor in the utilization of the potassium-carrier complex, assuming K absorp-
tion involves the reaction K* + HR — KR + H*, where KR is the carrier com-
plex, thus driving the reaction to the right. This suggestion would explain the
stimulation of K+ absorption by liming the soil. Viets (1944) and Overstreet
et al. (1955) have shown that Ca stimulated K uptake at some concentrations
and inhibited uptake at other concentrations. This was explained by hypothesiz-
ing that Ca was taken up by two separate mechanisms, one of which is strongly
inhibited by K and the other less so (Overstreet ez 4/, 1955).

Thomas and Krauss (1955) noted that Na accumulated in plants in propor-
tion to the decrease in K in the rooting medium.

Fertilization Effects on Mg Content

Conroy and Lambe (1962) found that the Mg content of tomatoes decreased
with P application to unlimed soil. These same workers found that liming in-
creased soil Mg availability and increased uptake of Mg by tomatoes. Reith
(1965) reported that application of K fertilizer just sufficient for optimum yield
had practically no effect on Mg in the plant but excess K fertilizer tended to de-
press the Mg percentage. Bingham ez 4/ (1958) found that excessive use of
Ca(H,PO,), fertilizer increased the Mg content of sour orange seedlings.

Effects on Micronutrient Content

Bingham and Garber (1960) found that excessive Ca(H,PO,), applied to
six California soils with a pH 6.0 increased Mn and Mo absorption by sour or-
ange seedlings. Application of large quantities of Ca(H,POy,), to alkaline soils
reduced Mn and Mo in sour orange leaves to a level below the low Ca(H,PO,),
treatment.

Many workers have reported that P fertilization reduced Zn uptake by plants
(Bingham and Barger, 1960; Bingham e? /., 1958; Olson ef 4/., 1965; Rogers and
Wu, 1948; Wear and Patterson, 1965). The cause of the reduction in Zn uptake
appeared to be a P-Zn physiological antagonism which probably occurred at the
root surface (Olson ef @/, 1965, Stukenholtz e al., 1966). Phosphorus appeared
to have a limited influence on Zn uptake where the soil exchange complex was
relatively highly saturated with K (Olson ef 4/, 1965; Stukenholtz et 2/, 1966).
Under conditions of low levels of soil P, K may even increase Zn concentration
in some plants (Wear and Patterson, 1965). Boawn et /. (1954) reported that P
application to a Washington soil had no effect on uptake by field beans of either
applied or native soil Zn.
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Other Nutritive Effects

Wiklander (1966) has shown that dilution of nutrient solutions from 0.1
to 0.0001 M strongly reduced the uptake of Ca, K, and Na by barley and pea
plants, whereas only a slight influence was found on uptake of Mg.

All plants vary to some extent in their mineral element requirements, and
every element in a nutrient media influences the other elements in relation to
plant growth (Shutte, 1964).

MATERIALS AND METHODS

Site of the experiment was the Missouri Claypan Station near McCredie.
The plot area had been in unimproved, ungrazed meadow for several years.
Mexico silt loam was the predominant soil type in the area. Soil tests were made
by standard Missouri soil testing procedures (Graham, 1959). Soil samples were
taken before the green beans were planted in summer, 1965, and after the green
bean harvest in September, 1965. The soil test data are summarized in Table 1.

A 2° x 3 factorially arranged randomized split plot design was used. The fer-
tilizer treatments included three levels of N, two levels of lime, two levels of K,
and two levels of P in all combinations with five replications. Carriers used were
ammonium nitrate, 45 percent superphosphate, 60 percent muriate of potash,
and calcium hydroxide.

The quantities of Ca, P, and K used for the spinach were different from
those used for the green beans because of the change in soil test concentrations
that resulted from the fertilization of the green beans prior to the spinach. The
fertilizer treatments are given in Table 2. All fertilizers were broadcast and disced
in after plowing.

Each plot was 10 x 20 feet. One commercial variety each of green beans and
spinach was selected as listed in Table 3, with planting and harvesting dates. The
vegetables were seeded in six rows per plot with Planet Junior seeders drawn by
a small tractor. The green beans were thinned 15 days after planting to one plant
every 3 inches. The spinach required no thinning after germination. Sprinkler it-
rigation was applied to the green beans on August 3 and 4, 1965. Natural rain-
fall was adequate thereafter. The spinach was irrigated only on April 2, 1966, to
facilitate germination. Sevin insecticide was applied to the green beans; no other
insecticide, fungicide, or herbicide was needed.

The green beans and spinach were hand harvested from measured rows
within the 10 x 20 foot plots with due allowance for border effects. Harvests
were made when growth on the most advanced plots was at a stage suitable for
canning. Two grab samples were taken from bulk yields of each plot and washed
with distilled wter. One sample was frozen for nitrate determinations and the
other sample was dried at 65°C and was used in mineral analysis.

Nitrate was extracted from homogenized plant samples with hot 2 N KCl.
Determinations of the NO,-N in the extracts were made using reduction by De-
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The effect of P on Ca concentration of spinach grown on unlimed soil may
be explained by dilution due to increased yield (Tables 6 and 9) but this expla-
nation could not apply to spinach grown on limed soil. The increase in Ca con-
centration of spinach due to P on limed soil must have been associated with in-
creased vigor of the plants (and perhaps greater soil contact by the roots) and
the fact that the level of Ca in the soil was sufficiently high to offset any dilu-
tion in the plant resulting from the maximum growth of the spinach grown on
the Ca,P, plots.

Nitrogen fertilization tended to increase the Ca concentration of spinach on
both limed and unlimed soil except for the N, treatment on unlimed soil. On
unlimed soil, the N; treatment gave a lower Ca concentration than the N, treat-
ment. These effects of N must be associated with increased H ion activity in the
soil resulting from nitrification.

The K, lime, and P treatments had significant direct effects upon the K con-
centration of the spinach (Table 4). The K fertilizer effect was purely 2 matter
of availability in the soil. Phosphorus fertilization reduced the K concentration
in the spinach both at low and high soil K levels; this is likely a dilution effect
on K because of increased yield. Lime increased the K concentration in the spin-
ach, perhaps as a result of the complementary ion effect and operation of the car-
rier concept as proposed by Overstreet and co-workers (Nielson and Overstreet,
1955, Overstreet ¢ al., 1952).

All main effects and interactions were significant for the Mn concentration
(Table 4). Mn toxicity symptoms were observed on unlimed plots. It is likely
that as various treatments were applied, the availability of soil Mn, coupled with
growth changes and consequent changes in dilution, were responsible for the
many interactions. Also, the wet weather probably influenced Mn availability.
Since P and K deficiency symptoms were also observed in plots where those ele-
ments were not applied to the soil, it was apparent that many degrees of defi-
ciency of P and K and toxicity of Mn could have been created by the various
treatment combinations. Schutte (1964) aptly described this situation: “. . .it
must be appreciated that not all deficient plants show (deficiency symptoms).”

The Mn concentration in the spinach was decreased by lime, P, and K and
increased by the N treatments. The magnitude of the decrease or increase in the
Mn concentration due to treatment depended, of course, upon the combination
of treatments. Liming caused the greatest decrease in Mn concentration in the
spinach leaves due to its raising soil pH. The increase in Mn concentration due
to N treatment was probably due to increased soil acidity resulting from nitrifi-
cation of the ammonia from the applied NH,NO,. The soil which received 300
pounds of N per acre had a soil pH .2 to .3 unit lower than the soil which re-
ceived 100 pounds of N.

Increasing rates of N increased the Zn concentration of the spinach, prob-
ably due to the effect on soil pH (Tables 4 and 7). Lime and P both decreased
Zn concentration but the Ca x P interaction was significant. Figure 1 shows the
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magnitude of these effects. Phosphorus has been shown to decrease the solubil-
ity of Zn in the soil and to affect Zn uptake (Bingham and Garber, 1960; Stu-
kenholtz et al., 1966). Potassium fertilization had no effect upon Zn concentration
in the spinach.

Lime, P, and K additions had statistically significant influences on the Mg
concentration in the spinach leaves, but the third order interaction of these three
treatments was also significant (Table 4). Figure 2 illustrates these effects. Po-
tassium application strongly decreased the Mg concentration of the spinach
leaves; this effect was attributed to a combined influence of the complementary
ion effect and dilution within the plant as a result of increased growth due to K
treatment. Due to yield increases obtained with K, the decrease of the Mg per-
centage in the leaves appears to conflict with results given by Reith (1965).

As would be expected, K decreased the Na concentration in the leaves; how-
ever, there were significant second order interactions, i.e. Ca x N, P x K and P
x N (Table 4). It is suggested that these interactions arose due to the effect of
lime and P on growth.

250 b
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Fig. 1——Effect of Ca and P soil treatments on the Zn content of spinach leaves.
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Fig. 2—Effect of Ca, P, and K soil treatments on the Mg content of spinach leaves.

Green Beans

The yield of green beans was not greatly affected by any treatment. Growth
conditions appeared optimum. The land was plowed and laid fallow for a month
prior to seeding, which apparently accomplished several things contributing to
the lack of treatment response. Plowing killed the growing vegetation, thus re-
ducing competition for soil nutrients. The warm weather, coupled with opti-
mum but not excessive rainfall and the open nature of the fallow soil resulted
in mineralization of soil N and P as well as oxidation of Mn. Thus, at the time
of planting, a supply of available nutrients had accumulated. The average yield
of green bean pods was 36.2 pounds of fresh pods per 100 feet of row. The coef-
ficient of variability was 17 percent which indicated considerable variation unac-
counted for.

The 200 pounds of N per acre caused the greatest NO,-N accumulation in
the green bean pods (Tables 10 and 11). The response to N fertilizer as meas-
ured by NO;-N accumulation in the bean pods is similar to the dual peaks ob-
served with increasing rates of nitrogen in several vegetables by Brown and
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Smith (1966, 1967). There was no specific explanation for this phenomena. Lim-
ing the soil caused a significant increase in pod NO;-N, probably due to im-
proved nitrification as a consequence of the higher pH produced by the lime.
The significant Ca x K x N interaction suggests that the mechanism of NOs-N
accumulation in the pods is more complex than a direct effect of lime or N fer-
tilizer (Table 11).

Nitrogen fertilization and liming significantly increased and P fertilization
decreased the Ca concentration of the bean pods (Table 10). There were no sig-
nificant interactions between treatments. Liming could increase Ca availability to
the plant by mass action whereas P could have caused formation of insoluble
calcium phosphates which would reduce the supply of available Ca. One expla-
nation of the N effect is that increased H ion activity due to nitrification offset
the P effect.

The carrier concept as proposed by Overstreet and co-workers (Nielson and
Overstreet, 1955; Overstreet e 4l., 1952) which related Ca and K in the ion up-
take mechanism(s) is of value in explaining the significant interaction among
lime and K fertilizer and the K concentration in the pods (Table 12). Liming
suppressed the K concentration in the bean pods where K fertilizer was not ap-
plied but increased the K concentration where K was added to the soil. Thus,
the stimulating effect of Ca on K uptake appeared to depend upon the level of
available K in the soil as inferred by Overstreet ez 4/, (1952), and Viets (1944).
Potassium fertilization directly increased the K concentration in the bean pods.
Some reservations should be expressed concerning the effects of lime and K fer-
tilizer on the K concentration in the pods because the fourth order interaction
(Cax P x K x N) was significant at the 5 percent level (Table 5).

TABLE 12 - AVERAGE PERCENTAGE K IN GREENBEANS GROWN AT

DIFFERENT LEVELS OF LIME AND POTASSIUM IN THE SOIL
(DRY WEIGHT BASIS)*

Treatment Code

Treatment Ky Ky
Code % %
Cag 1.74 1.91
Cay 1.61 1.99

* Codes correspond to Table 2.

Although no Mn toxicities were noted in the snapbeans, the treatments sig-
nificantly affected the Mn concentration of the bean pods (Table 5). The Ca x N
interaction was significant as were the main effects of lime (Ca), N, and K
(Table 13).






SUMMARY

Spinach

The fact that maximum yields were attained with the low rate of nitrogen
indicates that under the conditions of this study the optimum level of nitrogen
fertilization was at or below 100 pounds per acre when lime, P, and K supplies
in the soil were adequate.

Both the P and lime status of the soil affected the NO4-N level of the
spinach. Phosphorus decreased the NO;-N concentration in spinach grown on
unlimed soil but increased NO,-N concentration of the spinach leaves on limed
soil.

The Ca concentration of spinach leaves was the result of many interacting
fertility factors. K fertilization increased and P fertilization decreased the Ca
concentration of spinach on unlimed soil; opposite effects were found on limed
soil.

The carrier concept was offered as an explanation for the increase in X con-
centration of the spinach grown on limed soil as compared with unlimed soil.
Phosphorus, by increasing spinach growth, tended to decrease the K concentra-
tion in the leaves.

Mn concentration of the spinach leaves was influenced by all fertility prac-
tices. The absolute effect of any one treatment was affected by the level of all
other treatments. Soil moisture, as a result of the wet growing weather and
changes in soil pH, had profound influence on availability of Mn in the soil.

Mg concentration in the spinach was reduced by application of K fertilizer.
The cause of this reduction was thought to be a combination of dilution by the
growth increase caused by K and the operation of the complementary ion effect
in the soil with K and Mg as the functioning cations.

Both P and lime additions decreased the Zn concentration of spinach but
the magnitude of the effect of either P or lime depended on the level of the
other. Increasing rates of N fertilization increased the Zn concentration of the
spinach through a decrease of soil pH by nitrification of the ammonia from the
NH,NO; source.

Green Beans

Yield of green beans was not greatly affected by any treatment. The lack
of yield response was probably due to pre-planting cultural practices since soil
tests indicated low levels of Ca, P, and K in the soil.

Maximum NO;-N concentration in the bean pods was achieved with 200
pounds of N per acre. NO4-N accumulation in the pods was shown to be more
complex than a response to N fertilizer alone.

The K concentration in the beans was influenced by both lime and K fer-
tilizer. Liming the soil reduced K concentration on the K, treatment. These re-
sults are evidence of the operation of the enhancing effect of Ca on K uptake
where K is not limiting in the soil.

Mn concentration in the beans was increased by increasing rates of N fer-
tilizer on unlimed soil but was only slightly affected by N on limed soil. K fer-
tilization increased the Mn concentration in the beans.

The Zn concentration in the beans was decreased by liming and increased
by K fertilization.
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