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Effect of Continuous Cropping of Corn
on the Mineral Uptakes
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Abstract

[ffect of continuous cropping of corn (Zea mavs 1. cv. P3358) on the mineral
uptakes was examined using fields cultivated with corn/barley (summer/winter) (con-
tinuous cropping) or Ttalian ryegrass (control) for 12 years. Dry weight of corn wag
suppressed during the growing period by continuous cropping.  The suppression was
remarkable in the ear and leaf hlade at late growth stage. K concentration was
increased glightly by continuous cropping, while Ca, Mg. Zn, Mn and Cu were suppres-
sed. The suppression in Mn concentration was remarkable at late growth stage.
Uptales of K and Fe mostly occurred before milk ripe stage and were scarcely affected
by continunus cropping. Uptakes of Ca, Mg, Zn. Mn and Cu, on the other hand,
continued until the late growth stage and were suppressed by continuous cropping.
The suppression of Mn and Zn uptakes increased at late growth stage. The results
obtained imply that decreases in mineral uptakes at late growth stage are one of the

causes of injury hy continuous cropping of corn.
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Introduction

Corn cultivation has the advantage of drv
matter production and digestibility as feed stuff.
The yield of corn, however. declines after several
vears of continuous cropping.  Three factors are
considered as the causes of the decline : a) disease
and insect damage. b) unhalance of soil nutrients
and ¢) allelopathv.  In terms of the soil nutrients,
a rescarch on the mineral uplakes by corn is
considered effective. The present study deals
with the effect of continuous cropping ol corn on

the uptakes ol minerals.

Materials and Methods

Iixpertmenlal fields

The study was conducted on an experimental
field of National Grassland Research Institute,
Nishinasuno, Tochigi. The soil was composed of
brown forest soil. Fields cultivated with corn/
barley (summer/winter) or Italian ryegrass for 12
vears were used as continuous cropping (CC) and
control fields, respectively. Two hundred/100
and 200 kg/ha/yvear of each of N, P.0: and K.0
had been applied Lo the corn/barley and [talian

ryegrass cultivations, respectively.
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Plani malevials
After adjusting the soil pll to 6.7 with cal-

cium carbonate, 200 kg/ha of cach of N, I’,0, and

K.O were applicd to bath fields. The seeds of
corn (Zea mavs Loy, P3358) were sown wilh

space of 7021 em on May 18.

Measwrewrent of wrincral concentrations

Mincral concentrations of corn were mea-
sured at milk ripe (August 10) and vellow ripe
(September 20) stages.  After being dried at 80 C
in forced air and ground. minerals in the sample
were extracted with 1 M HCI for 1 day with
occasional shaking for determination by atomic
abhsorption analvsis. Mg and Ca were measured

in the presence of =r.
Results

Fitect on dry matter growth
Effect of CC on corn dry weight was shown in

Fig. 1. Dry weight of corn was suppressed during
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Fig. 1 Effect of continuous cropping on the dry
weight of corn.

the growing period, especially at the late growth
stage.  The changes in dry welghts of c¢orn
organs were shown in g, 2. Leaf blade, leaf
sheath and stem of control increased until late
July and thereafter remained almost unchanged.
Growth of these organs wasg suppressed after late
July by CC, and leaf blade decreased alt late
growth stage.  Dry weight ol ear increased rapid
Iy after late July, while the increase was suppres-

sed at late growth stage by CC.

Effect on mineral concentiations
Effect of CC on the mineral concentrations of

whaole corn plant was shown in Table 1. Ca, Mg,
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Fig. 2 Effect of continuous cropping an the dry
weights of corn organs
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Fig. 3 Effect of continuous cropping on the mineral
concentrations in corn organs. Open and
closed circles indicate continuous cropping and
control, respectively.

Zn. Nn and Cu concentrations were decreased at
bath milk and vellow ripe stages by CC. Zn
concentration ratio of CC to control decreased at
vellow ripe stage.  Effect of CC on the mineral
concentrations ol corn organs was shown in Fig.
3. K concentrations in Jeal blade, leaf sheath and
stem was ncreased at milk and yellow ripe stages
by CC. while Ca, Zn, Mn and Cu decreased.

Fiteet ou mineral wptakes

Effect of CC on the mineral uptakes ol total

and were suppressed by CC, especially Mn and Zn.
Lflect of CC on the mineral uptake ratio after
milk ripe stage was shown in Fig. 5. Mn and Zn
uptakes after milk ripe stage were suppressed by
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Effect on miineral balunce

Effect of CC on equivalent ratio of K/(Ca—
Mg) in whole corn plant was shown in Table 2.
K/(Ca—Mg) ratio was increased by CC al both
milk and vellow ripe stages.

Discussion

The present study examined the effect of CC
on mineral uplakes of corn for elueidation of
mechanism of injury by CC. Dry weight ol corn

was suppressed throughout the growing period by
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Table 1. Effect of continuous cropping of corn on the mineral concentrations of
the whale plant.

K Ca Mg Fe Zn Mn Cu
Growth stage and Field =
%) (ppn)
Milk ripe stage
Continuous cropping 0.42 460 420) 16.1 3.6 1.8 0.92
Control (.37 66() 528 15.7 e 2.9 .36
Ratio 1.14 (.70 .80 1.03 (.68 0.62 0,65
Yellow ripe stage
Continuous cropping 0.34 448 476 4.5 5.9 1.8 1.5
Control 0.30 660 540 12.0 6.2 4.2 1.8
Ratio 1.13  0.75 (.88 1.13 0.63 043 0,83

The concentrations are indicated as in FW.

Table 2. Effect of continuous cropping of corn an the cultivation on CC field (Fig. 1).  The suppression
E?auri]\:alent ratio of K/(Ca+Mg) in whole was remarkable at late growth stage due to the
------- = repression  of ear growth with concomitant
Field K/{CatMg) decrease in leaf blade, suggesting that decrease in
Milk ripe stage  Yellow ripe stage photosynthesis was responsible for the repression

Repeated cropping .84 [..35 of the ear growth (Fig. 2).
Control |.28 1.03 Uptakes of K and Fe having occurred mostly

before milk ripe stage were scarcely affected by
CC, while uptakes of Ca, Mg, Zn, Mn and Cu
having continued until late growth stage were

The value indicates equivalent ratio.

suppressed by CC, suggesting that decreases in

mineral uptakes at late growth stage were largely

;_"’ responsible for the suppression by CC (Fig. 4).
E;a ar Most of the uptake ratios of these minerals after
z milk ripe stage were in fact suppressed by CC
E (Fig.5). Mn and Zn uptakes were conspicuously
'ié suppressed at late growth stage by CC, and con-
2 e centrations of Mn in the whole plant and Zn in the
; leaf hlade were 2 and 7 ppm, respectively. Defi-
‘E cliencies of Mn and Zn have been reported to accur
& | at less than 10 and 20-25 ppm in many plants,
E K ca Mg Fe 7n Mn Cu respectivelv®  Aldrich and  Leg! noted that
corn is the most sensitive to Zn deficiency.

Fig. 5 Effect of continuous cropping on the ratios of Although the hunger signs were not observed in

mineral uptakes after milk ripe stage. Ratio of
mineral uptake after milk ripe was calculated
by division of the uptake after milk ripe stage
with uptake until yellow ripe stage. minerals as compared with other crops, and vet

the present study (data not shown) and 1t 1s gener-

ally recognized that corn contains low level of
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Mn and Zn concentrations in CC corn in the
present study were low, implying that the corn
had been in a state of deficiency.

Suppression of dry weight at the late growth
stage by CC coincided with decreases in mineral
uptakes, implving that decreases in mineral up-
takes at late growth stage are one of the causes of
injury by CC of corn. Elucidation of the mecha-
nism of decreases in mineral uptakes at the late

growth stage will be the subject in the future.
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