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Table 1. Composition of nutrient solution

Composition of N, P, K Lomposxtlon of Lhe other nutrlents
1. Basal nutrient solution* \ CaCl, 0.25~5.0 mM**
[NH-N 1mM+NOy-N 4mM] | MgS0, 1.0mM
KNO, 4,0 mM \
NHH,PO, 1.0mM
2. Nitrate-type nutrient solution | Fe 1. 0 ppmtk
[NOs-N 5 mM] B 0.5
KNO;g 4.0 mM Mn 0.5
NaNO; 1.0mM \ Zn 0.05
NaH,PO,  1.0mM ' Cu 0.02
3. Nutrient solution for phos- Mo 0.0l

phorus treatment

[NH-N 1 mM+NOg-N 4 mM] !
NH,NO, 1.0mM x
VaHﬁOi 0.02~1.0 mM

* chular compomtnon of nutrient SOlthlOﬂ
#* Calcium levels were changed as necessary.
*#*k [ron was added every other day as citrate prior to each pIl adjustment.
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Tig. 6. Effect of solution temperature on relative uptake rates of calcium
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Table 2. Effect of solution temperature on calcium deficiency and
growtl of maize plants.

Ca concentration 0.25 mM 2.0 mM
Cultivars Gohsei 91 Nagano 1 Gohsei 91 Nagano 1
Solution temperature Low High Low High Low High Low High
Leafl serration (%)* 87 100 77 90 73 93 17 53
Height (em)** 57.0  449.7 93.5 70.2 80.3 62.2 112.8  91.7
Size of stem***
i Major axis (cm) 10.7  12.8 13.8 13.5 2.0 11.8 14,3 15,5
| Minor axis (cm) Q8 110 12.5 12.0 1.0 10.7 13.0. 18.5
Growth (D. M., g)¥*** 1.9 2,2 4.2 3.2 3.3 2.5 5.6 4.8

* Average percent of serrated leaves in newly emerged five leaves in six repli-
cations.

** Average height of shoots in six replications.
**% Average size of major or minor axis of maize stems in six replications.
e Average dry matter of plant tops in six replications.
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Table 3. Effect of phosphorus concentration on the degree of leaf
serration in each plant and on average growth of shoots.

P concentration 0.02 0.05 0.10 0.25 1.OmM

H “? {i;‘l‘i 1;[ I

] - t b i iift

ol | * i H i i

- - 4 + itt

Average shoot weight (D.M., g) 3.4 4.3 4.3 4.6 5l
Avcrapn shoot height (cm) 69 68 66 70 66
[ + -‘i‘ ft ft ff

Nagano | ' B ! _1_ * g

N = = + = x

Average shoot weight (D.M,, ¢) 4.4 6.3 7.0 8.0 9.0
Average shoot height (cm) B0 92 91 91 97

Degree of leaf serration was evaluated by the following view points.
— The plant had no serrated leaves,

+ The plant mieht have a slichtly serrated leaf.

+ The plant had slichtly serrated leaves,

+F The plant had clearly serrated leaves.

| The plant had increasing and intensilving serrated leaves.
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Table 4. Relationship between serration and calcium content in
young maize leaves before emergence.

Ca content No. of leaves

in leaf - —
(pmol/g D.M.) total healthy serrated in each Ca level
(a) Tine classification of Ca levels using all the leaf samples
6.00 or less 9 0 9 100
6.01- 7.00 & 2 6 75
7.01- 8,00 10 1 8 80
8.01- 9.00 9 2 7 77.8
9.01-10. 00 5 0 3 60
10.01-11.00 11 5 6 54.5
11.01-12. 00 7 3 4 571
12.01-13. 00 6 2 3 50
13.01-14. 00 5 5 0 0
14.01-15. 00 5 3 1 20
15.01 or more 43 37 1 2.3
Whole class 118 60 48 —
(b) Rough ch%smcahon using all the leaf samples
10.00 or less 41 5 33 80.5
10.01-13. 00 24 10 13 54.2
13.01 or more 53 45 2 3.8
(c) Rough classification in respective cultivars
Nagano 1
10.00 or less 13 3 9 69. 2
10.01-13. 00 9 6 2 22.3
13.01 or more 37 32 2.7
Gohsei 91
10.00 or less 28 2 24 85.7
10.01-13. 00 15 4 10 66.7
]3 01 or more 16 13 1 6 3
(d) Rough cla \“lﬁCEltlon using Samp]e% of c‘(pcrlmenl for Table 2
10.00 or less 23 5 18 78.3
10. 01-13. 00 10 5 5 50
13.01 or more 15 15 0 0
A]l thv class 48 25 23 —
(e) Rough chssmcatxon using samples of experiment for Table 3.
10.00 or less 7 0 4 5741
10.01-13.00 10 4 5 50
13.01 or more 2 18 2 8.7

All the class 40 22 11
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A Characteristic Symptom of Calcium Deficiency in
Maize and Sorghum. IIL

Some factors related to development of the symptom
Masumi Morirsvcu and Toshio Kawasaki

Summary

A well-known symptom of calcium deficiency in maize is 'Bull whip’. Previously,
we identified a characteristic leaf serration found in maize and sorghum as another
symptom of calcium deficiency.

In this paper, several solution culture experiments were carried out to clarify the
factors related to the development of the leaf serration due to calcium deficiency in
maize, and the following results were obtained.

The content and distribution of 4Ca in the mature leaf blades were unrelated to
the symptom of serration due to calcium deficiency. Thus, further measurements
should be made using younger leaves.

The results of chemical fractionation using young maize leaves right after the
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full emergence of the blade suggested that leaf serration is accelerated by a low level
of the easily soluble fraction of calcium in plant tissues.

Although the calcium content in corn plants was not directly related to the ac-
celeration of leaf serration at a higher root temperature, the severe leaf serration at a
higher root temperature seemed to be induced by a decrease in the relative uptake
rate of calcium.

Calcium analyses of several young leaves at various ages from pre-emergence Lo
development showed that the content of calcium in young maize leaves increased
rapidly after the leaves had emerged, and that serration is detectable even in the
leaves before emergence when their calcium contents are very low.

The induction of leaf serration was clearly accelerated by a higher level of am-
bient phosphorus, but leaf serration was found even in phosphorus deficient plants in a
low ambient calcium condition. So, it is considered that high levels of phosphorus may
not be a direct cause of the symptom, but may intensify the symptom through the
fixation of available calcium in plant tissues.

Serration in the young leaf stage just before the leaves emerged was generally
found in the leaves which contained less than 13 umol Ca/g D. M., i.e., about 500 ppm
Ca in dry matter. This critical concentration for the induction of serration in the

young le aves was the same for all cultivars and was not affected by the culture
condition.
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