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Studies of the Manganese Excess of Carnation

III. Effects of Manganese Concentration in Nutrient

Solution on Growth and Flowering

Akira Isuipa, Masao Masur, Takayasu Ocura and Akira Nukava
College of Agriculture, Shizuoka University, Ohya, Shizuoka

Summary

Carnation cv. ‘Coral’ was grown in sand culture and fertilized with complete
nutrient solutions containing 0, 0.5, 5, 10, 20, 30, 60, 90, 150 and 300 ppm Mn.
Days from planting to flowering were not influenced by Mn concentrations, but
growth was reduced above 30 ppm Mn. Mn was most concentrated in the leaves,
less in the stems, and least in the petals, and the content in those parts signifi-
cantly increased as Mn concentrations raised from 0 to 300 ppm. Tipburn symptoms
on the upper leaves of the plants receiving 60, 90, 150 and 300ppm Mn appeared
about 120, 110, 50 and 40 days after treatment, respectively. Thereafter these
symptoms, at 150 and 300 ppm Mn, developed toward the middle to the lower
leaves. Critical Mn concentration in the nutrient solutions, and Mn content in the
leaves causing toxicity symptoms were 60 and approximately 2600 ppm, respectively.
These symptoms were highly correlated with Mn content in the leaves above 60
ppm Mn in the nutrient solutions. Mn distribution was slightly lower in the middle
leaves. Elements other than Mn were not influenced by Mn concentrations, except
that Fe : Mn in the leaves decreased with increase of Mn levels.
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Table 1. Mn concentrations and nutrient solution
used in excess Mn studies with carnation.

Mn
No. Iconcn! Composition of nutrient solution
(ppm)|

0 |Mn from MnSO,(designated concn)
0. 5/Na;HPO;- 12 H,O(0. 5 mM)
5 |K.S0,(3 mM)
10 |CaCly-2 H,O(7 mM)
20 [MgSO,-7Hy0(2 mM)
30 |NaNO;(15mM)
60 |Fe from FeCgH;O;-5H:0O(1 ppm)
90 |B from H;BO;(0.5ppm)

Zn from ZnS0O,-7 H:O(0.05 ppm)

Cu from CuS0y-5H:0(0.02 ppm)

Mo from Na;:McO,-2H,0(0. 05ppm)
5

=5

pH=35,

00 =1 & U A W B e

By o=
—
n
L=1 =]
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P HEmPAEDLRI.. LML, VhTEREEE»L
FfEEcoRMIT, Mn BECXEENESHLREID

Table 2.

Growth and flowering of carnation cv,

¥ o M OE

Fo. WL OFIERENIT, Mn B 90 ppm [XT 5 A iy
(Mn fLFE## 110 HH) » 6, 60ppm KTIE5HF
) (Mn IEHE 120 AE) hbThthi@dbhic.
Z OFERE, Y EEo KB O O 3 O I
l1ecm ORFER RS ETT, ToMmo BTt
fedoic. FEROERIL, 9ppm K0T 5 A 60 ppm
EodokbhdbFELI2Mk Fi, 30ppm LFORT
IFERYEES bhichote.
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‘Coral” at the different levels

of Mn concentration in nutrient solution.

Mn conen Toxicity | Total no. of Days from Jan, 8 Plant height of | Fresh wt of
(ppm) | symptoms* cut flowers to flowering cut flower (em) | cut flower (&)

0 0 | 728 128, 8% 56.8° 36.1°
0.5 0 | 728 128. 5% 54, g2be 33, et
5 0 ' 72 127.2° 56.8° 34, 8%

10 ] 720 128. 4% 55. 7% 33, g3be

20 1] | 728 128. 42 53. 8ebe 33, 72k

30 0 720 129, 120 52.2¢ 33, gabe

60 1 [ 720 130.0° 52, 8b¢ 32.4%¢

90 2 72 129, 2% 52, gbe 30, 5¢

*: Symptoms in the leaf were evaluated from 0 in none to 5 in very severe.
X : Means followed by the same letter within columns are not significantly different at the 5% level, as determined

by Duncan’s multiple range test.
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Table 3. Mn and Fe content in the various plant parts of carnation cv, ‘Coral’,
(ppm in dry matter)

Mn(ppm)™*¥ Fe (ppm)
Mn
conen Leaves Stems Leaves
(ppm) e : Haa Petals
Lower l Middle | Upper Lower | Middle Upper Lower l Middle Upper
0 Aggle | Azele 2674 Agad ABggd B31d a4 Alzge At Alo2¢
0.5 A301¢ | Az60° Azggd A519 Bj)d Bogd 64 Alrgeb | Alzged Apaghe
5 A3gge A361¢ Agq1¢ A70¢ ABgqd B35¢ 44 Ajggab ALl Algze
10 55339 B445d¢ AB435d Agad Bsgd 34?d 2d Al?sab: AlSl"’ A]Esh
20 Asr_)ad Baozd An?wed Alszc Bsgcd Bsu:d ?d Amnb Al35|b Alg?l
30 All1ge Agp5© A1168° A231° Bl21e B13ge 25¢ Al65%c Alager All4e
60 ABgg) b B2066" Azg54P A712b B4p4qb ABygob 87t A1ggat AB14ga Alg7be
90 ABy1o02 B3178° A4816° A1061° €725 Bgige 181% Agpaa ABpqgab | Bjlze

X and Y : Means followed by the same small letter within columns and by the same capital letter within rows are
not significantly different at the 5% level, as determined by Duncan’s multiple range test, respectively,

Table 4. Main elemental content and Fe : Mn ratio in the leaves of cut flower of
carnation cv. ‘Coral’. (Dry matter basis)

Mn conen N* P K \ Ca . Mg Mn Fe Fe : Mn
(ppm) %) (%) %> (%> (%) (ppm) (ppm)

0 2.95* | 0.18%¢ 2.70% 2.47%¢ 0. 75 289° 163** 0. £6*
0.5 3.422 | 0.18% 2,718 2.66%" 0.79° 276° 165" 0. 60°
5 2868 | 0.20° 2.89° 2810 0.80° Aade 163+ 0.37°

10 2.80* | 0 19 2,89° ‘ 2, 58tbe 0.76% 514d¢ 1682° 0. 33
20 2.74% | 0. 16" 2.60* | 248 0.75% | 776¢ 88 0240
30 2,91 | 0.15° 2.56be 2.53% 0.74%¢ | 1151° 138° 0.12¢
60 2,81 0,170 2,4g% | 2,51 0. 700e 2604 1£g3b 0.06¢
90 2.87° | 0.16% 2.23° | 2.38 0. 68° 4161 229" 0.05¢

X : Means followed by the same letter within columns are not significantly different at the 5% level, as determined
by Duncan’s multiple range test.

Table 5. Growth and flowering of carnation ev. ‘Coral’ at the different levels of
Mn concentration in nutrient solution.

Total no. of

Days from March 3

Fresh wt of

Mn concn Toxicity Plant height of I

(ppm) symptoms* cut flowers to flowering cut flawer (em) cut flower (&)
0 0 632 107, 2* 40, 8* 25.3*
150 4 48*® 108.9° 37. 6" 22.4°
300 5 31 105. 5° 35,3* 17.0%

*; Symptoms in the leaf were evaluated from 0 in none to 5 in very severe,
X : Means followed by the same letter within columns are not significantly different at the 5% level, as determined
by Duncan’s multiple range test.
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Table 6.
(ppm in dry matter)

Mn (ppm)*Y¥

& Mk

Mn and Fe content in the various plant parts of carnation cv. ‘Coral'.

) © Fe (ppm)

Mn ] — R
concn Leaves Stems Leaves
(ppm) |——————— —=| Petale F—r—m————p————
Lower | Middle Upper 1 Lower | Middle ‘ Upper ] Lower ‘ Middle | Upper
0 ’ Agyge Bo54e B930¢ A7 Agse | Mgas|  3¢| Apgs agss | Ajzpr
150 | A9, 699° Ag,934% | A1l,035b A}, 5050 Az, 023 A2, 635P 437° Allg Alp28 A79e
300 | Al8,110° | A17,337* | A16, 531° A3; 102° A3, 391 A4, 4282 1,197* | Ag7e Agg® Agge

X and Y : Means followed by the same small letter within columns and by the same capital letter within rows are
not significantly different at the 5% level, as determined by Duncan's multiple range test, respectively,

Table 7.
cv. ‘Coral’. (Dry matter basis)

Main elemental content and Fe : Mn ratio in the leaves of cut flower of carnation

Mn concn NX P K I Mg Mn e Fe: Mn
(ppm) %) %) (%) %) (ppm) (ppm) S
0 ‘ 2.63* 0.15* 2.48° 2.37* 0.74® \ 320¢ 1482 0. 46*
150 2.69* 0.12* 2, 15% 2:12* 0,73 11, 316° 130* 0.01*
300 i 2,06 0,15* 2.81% 1. 63% 0.63b 20, 329* 108* 0. 005"

X : Means followed by the same letter within columns are not significantly different at the 5% level, as determined

by Duncan’s multiple range test.
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