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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/Cw/Zn(trial-4) were composed of 70% in main
element and 10% in other 3 elements, respectively.

1. By the systematic variations of Fe, Mn, Cu, and Zn, the yields were more significantly influenced
in white clover than in orchardgrass. In addition, the yields of white clover were closely correlated to
the trends of root/nodule growth and flowering. In the Fe/Cu trial, the relatively high yields were
obtained at the 100/0% in orchardgrass and at the 75/25% in white clover. The yields of white clover
were more negatively influenced by the 100/0(Cu control) than by the 0/100(Fe control). The yields of
orchardgrass, however, tended to be opposite to the above trends.

2. In the Mn/Zn trial, both forages showed generally high yields at the high ratios of Mn/Zn.
Compared with orchardgrass, the yields of white clover were greatly decreased by the Mn-deficiency(low
ratio of Mn/Zn). The effects of Zn on forage yields, however, were not recognized.

3. In the Fe+Cuw/Mn+Zn trial, the yields of orchardgrass tended to be slightly different among the
treatments. The yields of white clover, however, were relatively " high at the 75/25, and showed a severe
decrease at the 100/0 in the 2nd half cuts. In the Fe/Mn/Cw/Zn trial, the yields of white clover tended
to be relatively high at the Cu and Zn treatments. It was likely to be caused by the balanced Fe/Mn
ratio.

(Key words : Orchardgrass, White clover, Yields, 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 2 K Ca Mg 2 (A)HC)
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

" 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 03 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 0.4
Zn 0.4 0.3 0.2 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 FetCu % 0 25 50 75 100
(Fe+tCuwMn+Zn) MntZn 100 75 50 25 0
Fe+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/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”
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Table 3. Dry mater yields(g/pot) of orchardgrass and white clover as influenced by the

systematic variation of Fe/Cu(trial-1)

Treatments Dry mater yields(g/pot) by cuts
(Fe/Cu) " 142+3 4+5 total 142+3 4+5 total %
Orchardgrass White clover
0/100 30.94 20.46 51.40 100.0 28.22 27.36 55.58 100.0
25/ 75 30.85 = 20.09 50.94 99.1 26.74 29.22 55.96 100.7
50/ 50 31.52 20.78 52.70 102.5 28.01 29.41 57.32 103.1
75/ 25 31.27 20.32 51.59 100.4 28.69 29.87 58.56 105.4
100/ 0 31.73 21.79 53.52 104.1 25.94 22.89 48.83 879
LSD 5% - - - - 3.29 5.53

" Percent application rates of Fe/Cu by systematic variation (see the table 2).
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Table 4. Dry mater yields(g/pot) of orchardgrass and white clover as influenced by the
systematic variation of Mn/Zn(trial-2)
Treatments Dry mater yields(g/pot) by cuts
(Mr/Zn) ” 14243 4+5 total % 142+3 4+5 total %
Orchardgrass White clover

0/100 30.36 18.33 48.69 100.0 29.32 18.25 475 100.0
25/ 75 31.83 18.74 50.57 103.9 28.56 21.94 50.5 106.2
50/ 50 33.06 19.38 52.39 107.6 29.80 25.28 55.0 115.8
75/ 25 32.69 19.91 52.60 108.0 31.06 27.63 58.6 1234

100/ O 32.31 20.33 52.64 108.1 30.67 26.69 573 120.6

LSD 5% 1.32 0.90 1.72 - 5.40 6.12

! Percent application rates of Mn/Zn by systematic variation (see the table 2).
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Table 6. Dry mater yields(g/pot) of orchardgrass and white clover as influenced by the
systematic variation of Fe+Cu/Mn+Zn(trial-3)

Treatments Dry mater yields(g/pot) by cuts
(FerCwMn+Zn) ¥ 14243 4+5 total % 14243 445 total %
Orchardgrass White clover
0/100 31.08 19.57 50.65 100.0 24.28 24.07 48.34 100.0
25/ 75 3229 18.84 51.13 101.0 28.62 27.67 56.29 116.5
50/ 50 33.26 18.90 52.16 103.0 29.79 28.16 57.95 119.9
75/ 25 31.91 20.30 5221 103.1 30.67 28.94 59.61 1233
100/ 0O 32.95 18.49 51.44 101.6 29.87 20.09 49.96 103.4
LSD 5% 0.95 — - 2.05 4.05 4.77

" Percent application rates of Fe+Cu/Mn+Zn by systematic variation (see the table 2).
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Table 6. Dry mater yields(g/pot) of orchardgrass and white clover as influenced by the
systematic variation of Fe/Mn/Cu/Zn(trial-4)

Treatments Dry mater yields(g/pot) by cuts
(Fe/M/Cw/Zn) V14243 4+5 total % 1+2+3 4+5 total %
Orchardgrass White clover
Fe-70% 3147 16.22 47.69 100.0 30.77 26.37 57.14 100.0
Mn-70% 32.13 17.23 49.36 103.5 29.55 25.21 54.76 95.8
Cu-70% 31.60 16.75 48.35 1014 31.92 28.10 60.02 105.0
Zn-70% 31.53 17.59 49.12 103.0 30.69 28.66 59.35 103.9
LSD 5% — - — — — —

b Percent application rates of Fe/Mn/Cw/Zn by systematic variation(see the table 2).
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