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ABSTRACTS

This pot experiment was conducted to investigate the effects of systematic variation appling of Fe,
Mn, Cu, and Zn on forage performance of orchardgrass and white clover. The treatments of systematic
variation were 0/100, 25/75, 50/50. 75/25, and 100/0% in the Fe/Cu, Mn/Zn, and Fe+Cu/Mn+Zn trials,
respectively. The treatments of Fe/Mn/Cu/Zn trial were 70% in main-element and 10% in other 3
sub-elements.

1. General differences had been showed in the relative contents, uptake amounts, and mutual ratios of
Fe, Mn, Cu, and Zn between orchardgrass and white clover. The effects of Fe application on the all
traits were generally insignificant. The Mn and Cu applications, however, showed consistent
differences in the all traits. At the high relative content of Mn in the forages influenced by the Mn
application, the relative contents of Fe, Cu and Zn were greatly decreased without the significant
differences in common content.

2. The increase of uptake amount of each micronutrient was not positively correspond to the yield
increase. In some cases, the uptake amount of micronutrient was greatly increased without the
significant increase of yield. At the Mn application, the Mn uptake amount was relatively much more
increased than increase of the yield. The uptake amount of each element was significantly increased
by the application with Mn and Cu. However, it was not in the case of Fe and Zn.

3. The mutual ratios of micronutrients were more influenced by the applications of Mn and Cu,
especially Mn, than those by the applications of Fe and Zn. In the Fe/Cu trial, the ratios of Fe/Cu
showed 6.0~10.5 in orchardgrass and 10.2~16.4% level of difference in white clover. In the
Fe+Cuw/Mn+Zn trial, the ratios of Mn/Cu, Mn/Zn, and Fe/Mn were greatly influenced by the
freatments. It has been also found that the poor growth of white clover was caused by the
unbalanced ratios of Fe/Mn, and it tended to be enhanced by the good applications and mutual ratios
of other elements.

(Key words : Orchardgrass, White clover, Relative content, Uptake amount, Mutual ratio of micronutrient,

Systematic variation of Fe, Mn, Cu, and Zn)
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Table 1. Amounts of macronutrients used for establishment and maintenance of the orchard-

grass and white clover swards

. Anions(A) Cations(C) Total ions
Unit N S P  Total K  Ca Mg Tol (AYHC)
melpot 115 15 30 160 S0 45 45 140 (160)+(140) = 300
%" 717 10 19 100 36 32 32 100 (53) +(47) =100

Y Relative application index(%), to the total amount(100%), respectively.
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Table 2. Application amounts of Fe, Mn, Cu, and Zn by the systematic variation used for
establishment and maintenance of the orchardgrass and white clover swards

Treatments(systematic variation, %)

Trial group Micro-nutrients
0/100 25775 50/50 75/25 100/0
Trial-1 Fe (%) 0 25 50 75 100
(Fe/Cu) Cu 100 75 50 25 0
Fe (me/pot) 0.0 0.1 0.2 0.3 0.4
Cu 04 03 02 0.1 0.0
Mn 0.27 0.27 0.27 0.27 0.27
Zn 0.13 0.13 0.13 0.13 0.13
Trial-2 Mn (%) 0 25 50 75 100
(Mn/Zn) Zn 100 75 50 25 0
Mn (me/pot) 0.0 0.1 02 0.3 0.4
Zn 04 0.3 02 0.1 0.0
Fe 0.27 0.27 0.27 0.27 0.27
Cu 0.13 0.13 0.13 0.13 0.13
Trial-3 Fet+Cu (%) 0 25 50 75 100
(Fe+rCwMn+Zn) _MntZn 100 75 50 25 0
Fet+Cu (me/pot) 0.0 0.2 0.4 0.6 0.8
Fe 0.0 0.135 027 0.405 0.54
Cu 0.0 0.065 0.13 0.195 0.26
Mn+Zn 0.8 0.6 0.4 0.2 0.0
Mn 0.54 0.405 0.27 0.135 0.0
Zn 0.26 0.195 0.13 0.065 0.0
Trial-4 Fe-70% Mn-70% Cu-70% Zn-70%
(Fe/Mn/Cw/Zn)  Fe (%) 70 10 10 10
Mn 10 70 10 10
Cu 10 10 70 10
Zn 10 10 10 70
Fe (me/pot) 0.56 0.08 0.08 0.08
Mn 0.08 0.56 0.08 0.08
Cu 0.08 0.08 0.56 0.08
Zn 0.08 0.08 0.08 0.56
Mo “0.1 me/pot constant for all trials and treatments”
B “0.7 me/pot constant for all trials and treatments”
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Table 3. Relative contents of Fe, Mn, Cu, and Zn in forages as influenced by the systematic

variation of Fe, Mn, Cu, and Zn

Relative contents (Fe + Mn + Cu =Zn = 100%)

Treatments” Fe Mn Cu Zn Fe Mn Cu Zn
Orchardgrass White clover
Fe/Cu(trial-1)

0/100 31.1 374 5.9 25.6 38.1 31.8 43 25.8
25/ 75 304 38.7 5.8 25.1 36.1 333 3.7 26.0
50/ 50 30.0 40.0 5.2 24.8 39.8 30.5 3.7 26.0
75/ 25 29.2 423 4.8 23.7 379 31.9 34 26.8
100/ 0 315 414 34 23.7 39.7 320 29 254

Mn/Zn(trial-2)

0/100 40.8 18.9 5.6 34.7 46.0 16.6 4.0 334
25/ 75 35.8 29.1 54 29.7 40.5 26.6 3.7 29.2
50/ 50 33.3 36.1 49 25.7 38.0 31.5 3.8 26.7
75/ 25 29.2 439 4.5 224 36.8 33.2 3.5 26.5
100/ O 27.8 499 4.1 18.2 37.8 36.1 3.7 22.4

Fe+Cuw/Mn+Zn(trial-3)

0/100 27.0 51.2 22 19.6 35.8 25.7 24 26.1
25/ 75 27.7 48.7 3.5 20.1 38.2 33.4 32 252
50/ 50 30.9 442 4.1 20.8 39.2 321 37 25.0
75/ 25 37.1 33.2 5.6 24.1 423 27.9 4.1 25.7

100/ 0 43.6 20.0 7.1 29.3 49.4 17.8 52 276
Fe/Mn/Cu/Zn(trial-4)

Fe-70% 41.9 275 4.7 259 46.5 25.8 3.8 23.9

Mn-70% 26.9 51.9 3.6 17.6 36.0 40.5 3.0 20.5

Cu-70% 38.2 28.5 6.8 26.5 434 26.5 47 254

Zn-70% 38.3 24.6 4.8 32.3 39.9 24.5 3.8 31.8

Y Percent application rates of micronutrients by the systematic variation(see the Table 2).
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Table 4. Relative uptake amounts of Fe, Mn, Cu, and Zn of forages as influenced by the
systematic variation of Fe, Mn, Cu, and Zn

Relative uptake amounts®
Treatments" Fe Cu Mn Zn Total Fe Cu Mn Zn Total

Orchardgrass White clover
Fe/Cu(trial-1)

0/100 100 157 100 100 100 100 168 100 100 100
25/ 75 100 158 106 100 102 98 150 109 108 104
50/ 50 102 146 113 102 106 108 149 99 104 103
75/ 25 101 136 121 99 107 112 147 113 117 112
100/ 0 112 100 122 102 110 95 100 95 90 91

Mn/Zn(trial-2)

0/100 100 100 100 124 100 100 100 100 120 100
25/ 175 102 110 179 123 116 99 103 181 118 113
50/ 50 103 109 242 116 126 103 117 237 120 125
75/ 25 98 111 318 109 137 108 117 268 128 135
100/ 0O 104 112 406 100 153 103 114 271 100 125

Fe+Cu/Mn+Zn(trial-3)

0/100 100 100 416 109 100 100 100 275 130 100
25/ 75 99 153 381 108 96 112 138 270 132 105
50/ 50 98 181 193 96 72 121 173 220 131 102
100/ O 99 197 100 100 61 100 154 100 100 73

Fe/Mn/Cuw/Zn(trial-4)

Fe-70% 100 100 100 100 100 100 100 100 100 100
Mn-70% 98 115 288 104 152 87 89 176 96 112
Cu-70% 89 139 101 99 97 96 126 105 110 103
Zn-70% 94 105 93 129 103 92 109 102 143 108

" Percent application rates of micronutrients by the systematic variation(see the Table 2).

2 Relative uptake amounts(%) of Fe, Mn, Cu, and Zn over each control(0%) or 0/100 treatment, related to the
Ist, 3rd, and Sth cuts.
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Table 5. Mutual ratios of Fe, Mn, Cu, and Zn in orchardgrass as influenced by the
systematic variation of Fe, Mn, Cu, and Zn

Mutual ratios®

Trial group Treatments"
Fe/Mn Fe/Cu Fe/Zn Mn/Cu Mn/Zn Zn/Cu
0/100 0.8 6.0 1.4 73 1.7 42
. 25/ 75 0.8 5.9 1.4 7.7 1.8 4.2
Trial-1
50/ 50 0.7 6.6 1.4 8.9 1.9 4.7
(Fe/Cu)
75/ 25 07 7.0 1.4 10.3 2.1 49
100/ 0O 0.8 10.5 1.5 14.0 2.1 6.8
0/100 2.1 8.3 1.4 39 0.6 6.1
) 25/ 175 12 7.6 14 6.3 12 5.5
Trial-2
50/ 50 0.9 7.9 1.5 8.7 1.7 52
(Mn/Zn)
75/ 25 0.7 73 1.5 11.1 23 4.8
100/ 0O 0.6 7.7 1.8 14.2 32 44
0/100 0.5 139 1.6 27.0 3.1 8.7
25/ 75 0.6 9.0 1.6 16.1 2.9 5.6
Trial-3
50/ 50 0.7 8.6 1.7 12.6 25 5.0
(Fe+CwMn+Zn)
75/ 25 1.1 7.6 1.8 6.9 1.6 4.2
100/ 0O 2.1 7.0 1.7 33 0.8 4.1
Fe-70% 1.5 10.1 1.9 6.7 1.3 5.4
Trial-4 Mn-70% 0.5 8.6 1.8 16.9 3.5 49
(Fe/Mn/Cu/Zn) Cu-70% 1.3 6.5 1.7 49 1.3 39
Zn-70% 1.5 9.1 1.4 6.0 0.9 6.6

U Percent application rates of micronutrients by the systematic variation(see the Table 2).
? Mutual content ratios, averaged over the Ist, 3rd, and 5th cuts, respectively.
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Table 6. Mutual ratios of Fe, Mn, Cu, and Zn in white clover as influenced by the
systematic variation of Fe, Mn, Cu, and Zn

Mutual ratios”

Trial group Treatments”
Fe/Mn Fe/Cu Fe/Zn Mn/Cu Mn/Zn Zn/Cu
0/100 1.2 102 17 86 1.5 59
. 25/ 75 1.1 11.1 1.6 10.4 1.5 72
Trial-1
50/ 50 1.3 12.3 1.8 9.6 1.4 6.9
(Fe/Cu)
75/ 25 1.2 13.0 1.6 11.1 14 79
100/ 0 1.2 16.4 1.8 13.3 1.5 8.9
0/100 2.7 13.0 1.6 48 0.6 8.2
. 25/ 75 1.5 12.6 1.6 8.5 1.1 7.8
Trial-2
50/ 50 1.2 11.5 1.7 9.7 1.4 7.0
(Mn/Zn)
75/ 25 1.1 12.0 1.6 11.0 1.5 7.5
100/ © 1.0 11.8 2.0 11.5 1.9 6.0
0/100 1.0 16.8 1.6 17.0 1.6 10.5
25/ 75 1.1 13.6 1.8 12.1 1.6 7.7
Trial-3
50/ 50 1.2 12.1 1.8 10.1 1.5 6.6
(Fe+CwMn+Zn)
75/ 25 1.5 11.7 1.9 7.9 1.3 6.1
100/ 0 2.7 10.9 2.1 4.0 0.8 53
Fe-70% 1.8 14.0 2.3 7.9 1.3 6.2
Trial-4 Mn-70% 0.9 13.8 2.0 15.8 2.3 6.7
(Fe/Mn/Cw/Zn) Cu-70% 1.6 10.6 2.0 6.6 1.2 5.4
n-70% 1.6 11.9 1.5 74 09 8.2

Y Percent application rates of micronutrients by the systematic variation(see the table 2).
2 Mutual content ratios, averaged over the lst, 3rd, and 5th cuts, respectively.

AT - AEFloF @ Bz A=A

4 2% T 0|4 A B2 eHH
% AzHlg SO olxE FHTY

AEAY kel &E 7 o] FR¥YW o}
Yel, o]t 43Aex Fod
gk kRS EF4, ol' ¥ AEE
FrE ol as“}’—‘}%
o] Al tKFinck, 1969).
(1976) B.el| <5

2l
3} gxArgo] olF
Bergmann and Neubert
u]%2 47t Fe/Mn, Fe/

Cu, Mn/Cu, Mn/Mo % B/Mo A7} 83t
_Q]u]ﬂ- 9lar, o] Zlol= 3 okio] AY =w

t Fdx=Ad e TA A e I
Ex 2¥E 23k 2HE /ALY S
CAC laﬁ 542 & A% E09¥d 19
I FE o] FAAY kT E AHYE
veERdtka skl

Fe-ZRL w|Fete] £33 FLsdn
39 u} glovi(Brown et al. 1959), W <
TFE 7| A= FeMn HEo] FeZ} Mno Zj
Ee Aol Mz A¥Fez Ty 7

—289~—



Jung ; Effects of Systermatic Variation of Fe, Mn, Cu, and Zn on These Relative Contertts, Uptake Amownts, and Mutual Ratios in Forage Plants

)i slgit(Riekels and Lingle, 1966; Osullivan,
1969; Gupta and Chipman, 1976; Cumbus et al.,
1977, Moraghan and Freeman, 1978). Mn-3}t}
+ Fe-Al2 AlZAY Fe o] Z71EwA
Mn-&Fo] ZtaHo], Mn-ZehE A7) AY
2 AN = Qlokw s} vKKirsch et al,
1960; Hiatt and Ragland, 1963; Moraghan and
Freeman, 1978). Fex} Mn 7l o]E2] EA
A el MR w3AEE sk #AV)
ek olE ] AEA s5e AE 92
FETLE wigel wely F3E =ri(Somers
and Shive, 1942). =3t Brown et al(1959)
FeMn+Cu HES] B23}% Fe-ZAf9] g9lo]
HAhrx Fgick

£ AEolA Fed] Avlolx B8} Fe-3F
T F7E A skt o]d 54 Fed ""“H
3, 23 9 A4S vgos a9k B4
¥t} Gupta and Chipman(1976) Fe 1\]‘3]
(Fe-sulfate)o] Mn3} zZn =Fe] ZH4E 7MA 2
RAE, Fe-¥e 271 2 4 Ytk @
ul olr) & A3 A3 B o), Fe 3= 4
AW Fe et ozl AEAY ohE 1
F oo web JIgg = Aoz BG
o}

Mne] Eze} e Fe«l
Mn e oA
white cloveroilA] Mn 75‘53 l’;"i- “v?r
4, i3 2 ] AR ez
g 53tk o] white cloverel Mn Z%o] 4
A FiEE Aed 54¢ Zex BgdEd,

old 542 Bussler(1958)2} Woodhouse(1964)
2 AFrRyes A= Ao |tk EF
AdAdes Mn-FeFe] T w3l ol wE
Mno] A &= 2 L Jse)g S A
3} 7‘]7‘47'“’11 da49E »gok

Cu 35K Cu Aol oha ZAngt A58 &
Stk Fe/Cu=100/0% AJ¥]x]2]o)lA] white clover
= o8 AEFEANA orchardgrassSb= dix
Aoz Cu ZAfel vwig w3t QS-S

B A} white cloverolld Cu: g, 28 1
7}13‘;]_0]] 2 ogire = Aoz y_oac} o]a% 73
e W A7 AIKHewitt et al, 1954;
1957; Bond and Hewitt, 1967;
Rahimi, 1972; Rahimi and Bussler, 1973)¢} H]
_1_\_3}, 7:]-3]:01041;}_ Ez‘s]- Cus 7!41:}] 5‘1—3]:,9. /\]'B“

o3 wroy Aujge] wie} AdA gl W
E}E 2T, old weiy Aoz Adigh
% 2% U A36g £ AAAR
Elgiec !

- AZofA white clover] ofg A&
orchardgrass®l] B]s]A A& oz uwlgkg 4+ A
Hl(Heyel 2A Uzslgen, ol F £2F
Zr wEFasel g el Aolo) sljdd A
o8 BAY A004)EN4 AER  white
clovery] A-SE3Fe- °‘7~]—7"'-9& Fe/Mn ®]-&9]
Edye] & A% 9SS ReFgith 2
2} olE gt B3 A —."é% H] =%k Fe/Mn
vlgo = B3k e ool wEgEe 49 A
v BE AT v A deld As
A k3R AL B S+ i =3k ¥
237 A3k H]‘%— Mg Hol7} &g &
T Ugley o ZE=ojo} & HAR
Azr=] gict

Bolle-Jones,

v. & 2

w4 Fe, Mn, Cu @ Zn9] systematic
variation A]¥]7} orchardgrass X white clover2)
A, g, %%, o &=F 5ol viAe 9%
o= THIAN Yk s oS FUF A
H1gt 2704 Fe/Cu(AET-1), MVZn(A1BF
-2) ¥ FetCu/Mn+Zn(ABT-3) AlZolMe 7
AEF e8] F Au]ZE systematic variation
MPo 2 0/100, 25/75, 50/50, 75/25 2 100/0%
v&2 AwAE slgn, Fe/Mn/Cu/Zn(/‘]"4‘7L
-4) Ao M= 2F FAAEE 70%, 71E AR
HHE 27 10%(FHA 100%) ¥]-&Z Alu|AE
a1t

—290—



Jung ; Effects of Systematic Varation of Fe, Mn, Cu, and Zn on These Relative Contents, Uptake Amounts, and Mutual Ratios in Forage Plants

1. Hepd vlgFg 4o Al
A3u) gL F 2F7F AolE B} Fe A
H Fe-3%, A % 2 2] Aol= A4
Aoz AnslRda, whded Mn Cuel A
< o] A7 weiA i duA =
1§ 29k Udukdo s Mn Av]el] o
Mn-Ad] =k XE Fe, Cu @ Znd ¥
W7t flo] A o] ol

2. Mo A ] UM £ kel

9, 2T 2

[o
ﬂr zuo

Yo rlo

hi hE B4 293, AE 2% Aol
glol @A 27l xol)E sisich Mn

>

2

Jalo] W Mn-gAeke) 27l el 21
guc} Addes o w3t 4 uges B
A% 27k Mt Cu AZelAE R
o1}, Fest zne} Helole Avla sols 2
e

3. Fe?} Zn®c}h Mnz} Cu(—‘%]
o uetr o= A3 vlgEe] & i}‘ﬂ% BR
v} Fe/Cu A& olA 7‘1"’4‘% Fe/Cu ®|&&
orchardgrass= 6.0~ 10.5, white clover= 10.2
~164 72 zlolE 29t} FetCuMntZn
AEelA X2 Mn/Cu, Mn/Zn ¥ Fe/Mn 4
% vl AdAer I AolE iﬁt}
dutd o2 FeMn ¥&9 EFHo
clovers] E%% A{E5A47 d@Aol
FHANME v} okol.g v]EEQ 4 9]
gx 45 vlgel webd oa
RBojFgl

N1, o]

Al )
FaelFEE

v. el &

Ho
e

1. A< 2004. Fe, Mn, Cu ¥ Zn9] Systematic
Variation #i}§E7} Orchardgrass & White clovers}
A%, fel/2R U g vAs 9% dEA
24(2):105-114.

2. Bergmann, W. and P. Neubert.
diagnose

1976. Pflanzen-
und Pflanzenanalyse. VEB  Gustav
. Fischer Verlag, Jena.

3. Bolle-Jones, E.W. 1957. Copper, its effects on the

growth and composition of the rubber plant. Plant

10.

11

12.

13.

14

15.

—291—

. Bussler, W.

. Finck, A.

and Soil, 4:160-178.

. Bond, G. and EJ. Hewitt. 1967. The significance

of copper for N-fixation in nodulated Alnus and
Casuarina plants. Plant and Soil, 27:447-449.

. Brown, J.C.,, R.S. Holmes and L.O. Tiffin. 1959.

Hypotheses concerning iron chlorosis. Soil Sci.
Soc. Am. Proc. 23:231-234.

1958. Manganmangelsymptome bei
hocheren Pflanzen. Z. f. Pflanzenernachr.,, Dueng.,

Bodenkd. 81:225-242.

. Cumbus I.P., DJ. Homsey and L.W. Robinson.

1977. The
absorption and translocation of Fe in watercress.
Plant and Soil. 48:651-660.

1969. Pflanzenernachrung in  Stick-
worten, 1. Aufl. Verlag Ferdinand Hirt, Kiel.

influence of P, Zn and Mn on

. Gupta UC. and E.W. Chipman. 1976. Influence

of iron and pH on the yield and iron, manganese,

zinc, and nitrogen concentration of carrots grown

on sphagnum peat soil. Plant and Soil. 44:
559-566.
Hewitt, E.J., E.W. Bolle-Jones and P. Miles.

1954. The production of copper, zinc and
molybdenum deficiencies in crop plants grown in
sand culture with special reference to some effects
of water supply and seed reserve. Plant and Soil,
5:205-222.

Hiatt, AJ. and JL. Ragland. 1963. Manganese
toxicity of burley tobacco. Agron. J. 55:47-49.
Kirsch, RK., M.E. Harward and R.G. Petersen.
1960.

and molybdenum in the growth and nutrition of

Interrelationship among iron, manganese,
tomatoes grown in culture solution. Plant and
Soil. 12:259-275.

Moraghan, J.T. and T.J. Freeman. 1978. Influence
of FeEEDDHA on growth and manganese accumu-
lation in flax. Soil Sci Soc. Am. Proc. 42:455-
460.

Nieschlag, F. 1966. Versuche ueber den Einfluss
einiger Spurenelemente auf die Leistung von
Milchviehweiden. Landw. Forschung. 19:191-195.
Osullivan, M. 1969. Iron metabolism of grasses. I.
Effect of iron supply on some inorganic and
organic constituents. Plant and Soil. 31:451-462.



Jung ; Effects of Systematic Variation of Fe, Mn, Cu, and Zn on These Relative Contents, Uptake Amounts, and Mutual Ratios in Forage Plants

16. Rahimi, A. 1972. Kupfermangelsymptome und ihre

18.

Entwicklung bei hoeheren Pflanzen. Dissertation,
D83, Nr. 14, TU Berlin.

. Rahimi, A. and W. Bussler. 1973. Der Einfluss

unterschiedlicher Zink-Gaben auf die Entwicklung
von Mais. Z. f. Pflanzenemachr., Dueng., Bodenkd.
135:267-283.

Riekels, JW. and J.C. Lingle. 1966. Iron uptake
and translocation by tomato plants as influenced

—292—

19.

20.

by root temperature and manganese nutrition.
Plant Physiol. 41:1095-1101.

and J.W. Shive. 1942. The iron-
manganese relation in the plant metabolism. Plant
Physiol. 17:582-602.

Woodhouse, W.W. Jr. 1964. Nutrient deficiencies
in forage grasses. In; Hunger signs in crops, 3rd
edit. David Mackay Comp., New York. 181-218.

Somers, LI



