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The Optimal Combination and Amount of Major Nutrients
Computed by the Homés Systematic Variation Technique
for the Hilly Pasture Development
II. Determination of the optimal combination of Zanion:
2.cation and the optimal application rate of total ions
Yeun Kyu Jung and Seong Chae Kim*

Summary

This pot experiments were conducted to find out the optimal fertilization ratios of X anion : Z cation,

2 A/Z C, and the optimal application rates of total major nutrients in an orchardgrass/ladino clover mixed

sward. The optimum ratios and concentrations in equivalent basis were computed by the Homes systematic

variations technique.
The results were summarized as follows;

1. The optimum fertilization ratios of Z A : Z C and the optimum application rates of total nutrients for the
high yields by forage species in a mixed sward were obtained (Table 6 in detail); T A : ZC=2:1 at 80
and 320 meq/pot, and 3 : 2 at 560 and 800 meq for grass and grass plus legume,and X A: ZC=1:2 for
legume in general.

2. The optimum application rates of total nutrients for the high yields of grass and grass plus legum were
increased by decreasing the % A/ T C ratio, whereas these for legume showed a valible range without
significance.

3. The yields ot grass and grass plus legume were generally increasing by increasing both the £ A/ 2 C ratio
and total concentration, but they were significantly higher at the £ A/ X C = 1.273 than at the 2.125
under the high total ion concentration. The legume yields were proportional to X C ratio and increased
by increasing the total ion concentration under the condition of high X C ratio.

4. The efficiencies of £ A and Z C in relation to the grass and grass plus legume yields were highest with the
low ratios of each other and the low rates of total nutrients X A efficiency in the legume yield tended to
be similar to that of X A in the grass yield noted above. The X C efficiency in the legume yield, however,
was generally proportional to the Z C ratio except at the low rate of 80 meg/pot.

5. The yields of grass plus legume, yield components and botanical compositions in a mixed sward were

greatly influenced by the X A/ Z C ratios, the fertilization rates of total nutrients, and the interaction of
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ratio and rate noted above.

These effects were generally different and opposite accarding to grass and

legume. In addition, the soil chemical properties and mineral contents of forages were partially influenced

by these systematic variations.
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Table 2. Treatments for the determination of

M¥ U HE optimal = anion(A) : Zcation(C) ra-

tios and optimal application rates of
) total ions (A+C)
1. R
o Ratios" Ion concentration(meg/pot)

I B B ool spAi=le] v “WRe % YA/TCYAYC 80 320 560 800
o] v HEAL7e] K+E St Por LR (%) ZAC ZAZTC XAZC XALZC
frateb o, ARbie] —meERED 1 #@vell sk 2.125 68132 54:26 218:102 381:179 544:256
dot, geR 0] LBy FEE2 Tablel 2 e}, 1.273 56:44 45:35 179:141 314:246 448:352

2. HHEE U HERT 0.786 44:56 35:45 ’141.179 246 .314 352 :448

0.471 32.68 26:54 102:218 179:381 256:544

Pot# Orchardgrass(Dactylis glomerata, var. 1) Ratio based on equivalent
Table 1. Chemical characteristics of the pot soils before experiment

Pot soils? pH OM Avail. Ca Mg K CEC K/ Ratio?

used (1:5H,0) (%)  P,0;(ppm) meq/100g v/Ca+Mg

Upper part 55 3.77 72 2.30 1.35 0.35 10.6 0.18

Bottom part 5.4 3.39 68 2.28 1.19 0.33 10. 4 0.18

1) Pot soils derived from natural surface soils
2) Ratio based on equivalent value
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Table 3. Application rates and combinations of various fertilizer substances related to the

treatments (table 2). For example, the treatment of factor ] (80 meq/pot) and factor

I (S anion : = cation—68 : 32)

Anijons (54. 4 meq)

Cations (25. 6 meq)

NO, S0,/2 PO./3 K Ca/2 Mg/2
Opt. ratio” (%) 59.4 18.0 22.6 34.7 32.5 32.8
meq/pot 32.3% 9.8 12.3 8.9 8.3 8.4
Substance
KH.PO, - — 12.3 4.1 — —
KNO, 4.8 - — 4.8 - —
Ca(NOy), - 4H,0 8.3 - — — 8.3 —
Mg(NQ,). - 6H.0 8.4 — - — — 8.4
HNO, 10.8 — — — — -
H.SO, — 9.8 — - — -

1) Ratio obtained from the trial [
2) NO, meq/pot=80%0.68X0.594=32.3

Table 4. Dry matter yields' as affected by the systematic variations of X anion : X cation ratios

and total ion concentrations in a grass-clover mixed sward

(g/pot)
. Total ion concentration(meq/pot)
Ratios
SIAISCY 80 320 360 800 80 320 560 800 80 320 560 800
' Grass (G) Legume (L) Total (G+L)
6832 14.49 33.92 35.64 37.45 4.06 3.2F .85 2.19 18.55 37.18 38.47 39.64
56 .44 13.23 30.24 39.09 41.45 4.86 4.47 4.77 4.59 18.09 34.71 43.86 46.04
44 156 11.41 25.04 33.64 33.72 5.87 6.27 6.99 7.87 17.28 31.31 40.63 41.59
32 .68 9.65 19.94 29.15 31.82 6.58 7.54 8.55 8.79 16.23 27.48 37.70 40.61
%% R** CxR** Cns R** CxR** C** R** CxR**
F-test?
o 0.52 CR-CR=110 —  0.18 CR-CR=035 163 0.19 CRrCR=097
LSD 5%
Cle‘ C|R1= 1 82 Cer‘ C1R|=0. 52 CzRf‘ C1R1= 1. 83

1) Total yields of all(4) cuts in 1988
2) 2anion . Ylcation ratios, percent based on equivalent
3) % % % significant at 5 and 1% levels, respectively,

(R=ratio, C=-concentration)

S #Esld Table3 #t vl & Table3 2 Factor
1 #EFESBEEA A 80meqg/pote}t Factor I X anion
1Y cation el 4] 68 : 32(%) B AHES FPR=
Blolek, & NAEST 2w BKEILE 80meqh 68%<)
54. 4meq-2 Xanion fEAEEC| =, EE1 (FE 18
oAl A ol Al HBWE FaEKES 79T HIEK
ABHE NISIP=59.4:18.0:22.6 (EBHHEY) S H
A(K:CaiMg=34.7:32.5:32.8)3}o PotE N

ns none
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Table 5. Efficiencies of Zanion and Zcation in a grass-clover mixed sward

Efficiency of }Yanion(g DM/10 meq Yanion)

Total ion concentration({meq/pot)

3 f ‘:‘“ZDCI , 80 320 560 800 80 320 560 800 80 320 560 800
Grass(G) Legume (L) Total (G+L)
68 . 32 }_.E’ 0.78 0.47 0.34 0_3'_/ 0.08 0.04 0.02 171 0.8 051 0.36
56 . 44 1.48  0.84 0.62 0.46 0_54_ 0.13 0.08 0.05 2.02 0.9 0.70 0.51
44 1 56 1.62 0.8 0.68 0.48 0.83 0.22 0.4 0.1 2.46 L.11 0.8 0.5
32168 189! 0.97! 0.81! 0.620 129! 0,370 0.24! 0.170 3.170 134! 1.05! 0.79!
Efficiency of Zication(g DM/10 meq Y cation)
68 . 32 2.83! 1.66! 0.99! 0.73! 0.79! 0.16 0.08 0.04 3.62! 1.821 107! 0.77!
56 . 44 1.88 1.07 0.79 0.59 0.69 0.16 0.10 0.07  2.57 1.23 0.89 0.66
44 156 127 070 0.5¢ 0.38 0.66 0.18! 0.11  0.09! 193 0.88 0.65 0.47
32 .68 0.89 0.46 0.38 0.29 0.60 0.17 0.12! 0.08 1.49 0.63 0.50 0.37

1) Zanion: Zcation ratio, percent based on meg.

2} Underline(the highest value of efficiency at the same 1A : Y)C ratio; row comparsion),

at the same total ion concentration ; column comparsion)
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Table 6. Optimum X anion/3 caion ratio” and total ion concentration in a grass-clover mixed

sward under different concentrations and ratios, respectively

Opt. 2A/2.C ratio

Opt. total ion conc.

Total ion conc. Ratio (meq/pot)
(meq/pot) Grass Legume Total SA/YC Grass(G) Legume(L) Total
(G) (L) (G+L) (&) (L) (G+L)
80 2.076 0. 457 1.891 2.125 627 (< 80) %g 613
320 2.081 0.437 2.032 1.273 908 739
560 1.511 0.467 1.338 0.786 670 (>800) 733
800 1.531 0.534 1.289 0.471 897 927 898

1) Ratio based on equivalent
2) Estimated opt. value
3) Flexible within 80—800
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Table 7. Grass/clover ratios” in their mixed
YA/SCHE o SESBRE w2 B2 sward as affected by the ZA/ZC
RS Table7 5b 2ty A MKzl M} ;:::;'.::So:,ota| ion concentration in
ol A+ RAH/EHIEEK) Folrl & Ftho]
B3l et MEmel = &R Al JCHE] ¥ Ratio Total ion concentration
T v t
ot Eﬁﬁ%%ﬁﬁt%ﬂ %ﬁﬁ“é LS wela 2.125 3.57 10.41 12.51 17.10 9.79
e i TR AL Ev= - 1.273 2.72  6.77 8.20 9.03 6.64
o 0.786  1.94 3.99 4.81 4.28 3.84
5. 1Ko {L=ay 5% 0.471 1.47 2.64 3.41 3.62
Avg 2.28 507 594 6.16
HIRIEA A el LR ko] BT v 1) Ratio based on the total dry matter yields
] Table 8 3+ Zvl, AFEEF FHLE »d & 2) Ratio of Xanion/X cation based on equivalent
Table 8. Soil chemical characteristics of the surface soils” of pots after experiment
Trea:ments Ratio oH OM Avail, Ca Mg K CEC Base K/
conc? P,0, sat?
2.A/2.C (meq/pot) (1:5 10) (%) (ppm) (meq/100g) (%) +CatMg’
Control 5.4 3.37 64 2.16 1.08 0.21 10.1 34.2 0.117
80 2.125 5.4 3.45 128 2.28 1.27 0.22 10.4 36.3 0.117
1.273 5.5 3.48 90 2.30 1.36 0.24 10.6 36.8 0.125
0. 786 5.5 3.31 86 2.33 1.39 0.25 10.6 37.5 0.130
0.471 5.5 3.31 76 2.38 1.45 0.30 10.7 38.6 0. 153
320 2.125 5.3 3.19 271 2.30 1.81 0.22 11.4 38.0 0. 109
1.273 5.4 3.43 249 2.47 2.02 0.40 11.6 42.2 0. 189
0.786 5.5 3.41 240 2.57 2.23 0.46 11.8 44.6 0.210
0.471 5.7 3.57 226 2.72 2.60 0.64 12.6 47.3 0.277
560 2.125 5.0 3.35 411 1.79 1.58 0.47 11.5 33.4 0. 256
1.273 5.3 3.50 389 3.06 2.95 0.56 13.2 49.8 0.228
0.786 5.6 3.35 361 3.32 3.41 1.07 13.3 58.7 0.412
0.471 6.0 3.62 361 3.62 4.15 1.23 14.5 62.1 0.441
800 2.125 4:9 3.72 535 1.40 1.34 0.75 11.2 312 0. 453
1.273 5.4 3.77 514 2.72 2.85 0.93 13.1 49.6 0.394
0.786 5.8 3.60 475 3.52 3.96 1.46 14.4 62.1 0.534
0.471 6.1 3.50 437 3.9 4.88 1.77 15.0 70.7 0. 595

1) Surface soil in 0~10cm in depth
2) Total ion concentration{meg/pot)
3) Base saturation except Na

4) Ratio based on equivalent
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Table 9. Mineral contents '

Ca/P and K/(Ca+Mg) ratios of mixed forages in a grass-clover

mixed sward as affected by the systematic variations of Zanion/Z cation ratio and

total ion concentration

To;[;e;jr:neRn;tsio N minerals (%) Ratio¥

conc. &/P K/
TA/5IC (mea/pot) N P K Ca Mg Na (Ca+Mg)

Control 2.62 0.60 2.01 0.29 0.19 0.08 0.48 1.70

80 2.125 3.05 0.62 2.68 0.24 0.23 0.08 0.39 2.21

1.273 2.90 0.57 3.16 0.24 0.23 0.09 0.42 2.61

0.786 2.84 0.56 3.12 0.26 0.23 0.09 0.46 2.49

0.471 3.28 0.49 3.04 0.26 0.21 0.10 0.53 2.55

320 2.125 2.95 0.47 3.42 0.22 0.25 0.08 0.47 2.76

1.273 2.71 0.48 3.78 0.20 0.25 0.07 0.42 3.15

0. 786 2.62 0.48 3.71 0.21 0.24 0. 06 0.44 3.12

0.471 2.71 0.51 3.57 0.22 0.25 0.06 0.43 2.88

560 2,125 3.13 0.48 3.76 0.24 0.26 0.07 0.50 2.87

1.273 2.80 0.49 3.89 0.23 0.26 0.06 0.47 3.01

0. 786 2.86 0.50 3.82 0.21 0.26 0.07 0.42 3.05

0.471 2.59 0.51 3.75 0.20 0.25 0.06 0.39 3.12

800 2.125 3.19 0.48 4.03 0.22 0.25 0. 06 0.46 3.25

1.273 3.12 0.44 4.17 0.21 0.26 0.05 0.48 3.33

0.786 3.20 0.49 3.95 0.24 0.28 0.07 0.49 2.87

0.471 3.33 0.52 3.91 0.22 0.28 0.06 0.42 2.92

1) Averaged over all(4)cuts in 1988
2) Based on equivalent

3) Ca/P ratio based on percent content, K/{(Ca+Mg) ratio based on equivalent
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