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ABSTRACT

This pot experiment was conducted to investigate the effects of systematic variation application 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(trial-1), Mn/Zn(trial-2), and Fe+Cu/
Mn+Zn(trial-3), respectively. The treatments of Fe/Mn/Cu/Zn(trial-4) were composed of 70% for main
element and 10% for other 3 elements, respectively.

1. The contents of N-compounds in forages tended to be in inverse proportion to the yields. In the
Mn/Zn trial, the 0/100 to white clover resulted in the relatively high contents of soluble N-compounds
and low ratio of pure protein/soluble N-compounds in company with a severe yield decrease.

2. In the Fe+Cuw/Mn+Zn trial, the 0/100 and 100/0 resulted in the somewhat high contents of
N-compounds in white clover. It was likely to be caused by the concentration effect derived from yield
decrease. In addition, the 100/0 resulted in the relatively high content of soluble N-compounds and low
ratio of pure protein/soluble N-compounds. The protein synthesis in white clover was likely to be
negatively influenced by the 100/0.

3. In the Fe/Mn/Cu/Zn trial, white clover showed the low contents of crude and pure protein at the
Ist cut. It was likely to be caused by the unbalanced mutual ratios derived from the high application
levels of each single element.

4. In white clover at the 5th cut, the 0/100 of Mn/Zn and 100/0 of Fe+Cu/Mn+Zn resulted in the
relatively high content of K. It was likely to be caused by the concentration effect derived from yield
decrease.

(Key words: Orchardgrass, White clover, N-compounds<crude/pure protein and soluble N-compounds>,
Systematic variation application 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

Unit Anions(A) Cations(C) Total ions

N S P Total K Ca Mg  Total (AHO)
me/pot 115 15 30 160 50 45 45 140 (160) + (140) =300
%" 71 10 19 100 36 32 32 100 (53.3) +(46.7)= 100.0

D 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 25/75 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 0.4 0.3 0.2 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 0.2 0.3 04
Zn 0.4 0.3 0.2 0.1 0.0
Fe 027 0.27 0.27 0.27 0.27
Cu 0.13 0.13 0.13 0.13 0.13
Trial-3 FetCu % 0 25 50 75 100
Fe+Cu me/pot 0.0 0.2 0.4 0.6 08
Fe 0.0 0.135 0.27 0.405 0.54
Cu 0.0 0.065 0.13 0.195 0.26
Mn+Zn 0.8 0.6 04 02 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/CwZn) 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”

gL olgo] oF 70%e 23k 2 T4
E dopAlE Z7F 200 mg/potS FHo) Q=
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Table 3. Contents of crude/pure protein and soluble N-compounds in forages as influenced
by the systematic variation of Fe/Cu(trial-1)

Contents of N-compounds(mg/g DM)? by cuts

Treatments
b Crude Pure  Soluble Crude Pure  Soluble Crude Pure  Soluble
(Fe/Cu) 1st cut 3rd cut 5th cut
Orchardgrass
0/100 152 128 24 139 112 27 142 119 23
25/ 175 160 131 29 144 115 29 142 120 22
50/ 50 157 126 31 142 114 27 141 121 20
75/ 25 152 123 29 140 111 28 149 121 28
100/ 0O 158 124 34 132 108 24 145 118 27
White clover
0/100 162 111 51 224 147 77 226 172 54
25/ 75 177 121 56 220 156 64 229 171 58
50/ 5O 166 113 53 193 141 52 230 176 54
75/ 25 167 111 56 194 140 54 226 171 55
100/ 0 181 127 54 195 142 53 221 172 49

Y Percent application rates of Fe/Cu by systematic variation(see the Table 2).
PP

2 Crude/pure protein and water soluble N-compounds.

—186—



Jung ; Effects of Systematic Variation of Fe, Mn, Cu, and Zn on N-compound Contents in Forage Plants

Table 4. Contents of crude/pure protein and soluble N-compounds in forages as influenced
by the systematic variation of Mn/Zn(trial-2)

Contents of N-compounds(mg/g DM)? by cuts

Treatments
Crude Pure  Soluble Crude  Pure  Soluble Crude  Pure  Soluble
(Mn/Zn)? st cut 3rd cut 5th cut
Orchardgrass
0/100 150 117 33 146 122 24 188 130 58
25/ 15 151 117 34 143 119 24 161 121 40
50/ 50 153 118 35 138 117 21 153 115 38
75/ 25 151 116 35 130 108 22 149 115 34
100/ 0 148 114 34 133 110 23 161 125 36
White clover
0/100 163 114 49 188 147 41 262 192 70
25/ 175 168 117 51 186 149 37 245 186 59
50/ 50 155 111 44 181 146 35 247 188 59
75/ 25 158 111 47 160 129 31 244 183 61
100/ O 154 108 46 164 133 31 247 186 61

Y Percent application rates of Mn/Zn by systematic variation(see the Table 2).

3 Crude/pure protein and water soluble N-compounds.

Fol thi ¥PT(5H 34 ), cDRYS
$4 NEE vlgo] G Adel WA 3
& =4e vy

(2) Fe+CuMn+Zn H| A8

FetCuMntZn HEAIEAEZ3)AAE R
59} 7o) orchardgrasi= & Wizl ol 44
A N-31§HEe] = Aol= Av|EiRck a9
1} white clovers ¥ 0% 7'43]"] 0/1002} 100/0
oA ol FFEe] thr Eth ol °E
Aol opx & *T*o’d’i% B, ol
g FHaE7d Jdd" ez xgch
orchardgrasst <&@¥Ad I xhiiad gego)
o] w])<=%t ybHol white clovers 1-53} ¢
H g7t FVESE o' THE A FUY
slgin), 2ela 5AF flFA] 100/0 *2(Mnt+Zn=
0%)ellA FFo] A FAaHAET, o] o 5
44 N-3E g o k"}ﬂ‘;} o] °‘“‘%

2 white clovers £dA

=~

=

ulEo] o Ao wlsiA o Wi ¢

o] AN FutAe} ciEo] Thild 49
A g 2 2AAQ G wre Ao

LK+ =

(3) Fe/Mn/Cu/Zn HISAIE

Fe/Mn/CwZn HI-EA (A ZF-4) M= & 6
7} o] ¥ 2% T3] A f3ulsl= Aq)
st wlsiA, 1x} ogFH oA 53] white
clover’} Thg A3 e dxdes o @
KR i\;}-ﬂ_}}?ﬂ '&1—31:2— 13-1_77_ o]_‘—_-_ 2=
o] AdFezr IA e ¥ dAFgI
ofulx el ko] olF Auu]gd] wE o
£ e E7¥e 9 dIAE o A
Esfo} & HAZ ¥R}

Fog g

2. K Ca % Mg gzt sist
UuFH © 2 Fe, Mn, Cu 2 Zn®] systematic



Jung; Effects of Systematic Variation of Fe, Mn, Cu, and Zn on N-compound Contents in Forage Plants

Table 5. Contents of crude/pure protein and soluble N-compounds in forages as influenced
by the systematic variation of Fe+Cu/Mn+Zn(trial-3).

Treatments” Contents of N-compounds(mg/g DM)® by cuts
(Fe+Cw/ Crude Pure  Soluble Crude Pure  Soluble Crude Pure  Soluble
Mn+Zn) Ist cut 3rd cut “5th cut
Orchardgrass

0/100 158 120 38 132 107 25 151 121 30
25/ 75 163 128 35 133 112 21 152 122 30
50/ 50 149 115 34 131 109 22 152 123 29
75/ 25 156 121 35 142 116 26 156 126 30
100/ 0 157 123 34 141 118 23 164 132 32

White clover

0/100 198 142 56 195 154 41 252 195 57
25/ 75 159 110 49 177 140 37 248 191 57
50/ 50 151 104 47 188 149 39 240 186 54
75/ 25 158 115 43 164 130 34 245 190 55

100/ 0 154 109 45 172 138 34 269 199 70

D Percent application rates of Fe+tCwMn+Zn by systematic variation(see the Table 2).
D Crudefpure protein and water soluble N-compounds.

Table 6. Contents of crude/pure protein and soluble N-compounds in forages as influenced
by the systematic variation of Fe/Mn/Cu/Zn(trial-4)

Treatments” Contents of N-compounds(mg/g DM)® by cuts

(Fe/Mn/Cw/ Crude Pure  Soluble Crude  Pure  Soluble Crude  Pure  Soluble

Zn) Ist cut 3rd cut 5th cut

Orchardgrass

Fe-70% 136 105 31 140 114 26 157 125 32
Mn-70% 138 105 33 136 114 22 160 128 32
Cu-70% 141 108 33 136 112 24 153 122 31
Zn-70% 132 104 28 141 113 28 158 125 33

White clover

Fe-70% 147 96 51 174 139 35 249 193 56
Mn-70% 150 95 55 176 140 36 253 194 59
Cu-70% 140 94 46 169 134 35 248 192 56
Zn-70% 140 91 49 170 135 35 248 192 56

" Percent application rates of Fe/Mn/Cu/Zn by systematic variation(sée the table 2).
? Crude/pure protein and water soluble N-compounds.
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Table 7. Contents of K, Ca, and Mg in forages as influenced by the systematic variation of

Fe, Mn, Cu, and Zn at the 5th cut

Contents of K. Ca, and Mg (mg/g DM)

Treatments” Orchardgrass White clover
K Ca Mg K Ca Mg
Trial-2(Mn/Zn)

0/100 28.8 5.6 53 36.6 20.8 36
25/ 175 29.1 55 5.1 273 20.9 3.7
50/ 50 28.8 53 49 255 19.0 36
75/ 25 28.2 5.9 4.7 25.0 19.2 3.7
100/ 0O 28.6 57 54 255 203 3.6

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

0/100 29.1 5.7 49 26.5 20.2 3.7
25/ 75 29.4 5.8 5.1 25.8 19.9 3.6
50/ 50 30.6 6.0 4.8 26.0 20.1 3.6
75/ 25 283 5.7 5.1 24.7 19.8 3.7
100/ © 304 59 53 37.1 20.3 3.6

D Percent application rates of the Mn/Zn and Fe+CwMn+Zn by systematic variation(see the Table 2).
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