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Effects of Combined Application of Micronutrients on these Total
and Relative Contents, Uptake Amounts, and Mutual Ratios

in Orchardgrass and White Clover
Yeun Kyu Jung

ABSTRACT

This pot experiment was conducted to investigate the effects of combined micronutrient application(T:; control,
Ty, Fe, Ts; Fe+Mn, Ts; Fe+Mn+Cu, Ts; Fe+ Mn+Cu+Zn, Ts; Fe+Mn+ Cu+Zn+ Mo, Tr; Fe+Mn+Cu+
Zn+ Mo+ B) on forage performance of pure and mixed cultures of orchardgrass and white clover. The fifth part
was concemed with the changes in the total and relative contents, uptake amounts, and mutual ratios of
micronutrients in forages. The results obtained are summarized as follows:

1. The relative contents(total contents of 6 micronutrients = 100%) of Fe and Mn were considerably influenced
by the antagonism between Fe and Mn, and also were influenced by the differences in Mn-absorption between
orchardgrass and white clover. Compared with pure culture, orchardgrass showed high relative contents of Mn,
and low relative contents of Fe and B in mixed culture. White clover, however, tended to be exactly opposed to
the above trends. In relative contents, the Te resulted generally in decrease of Fe. However the T, resulted in
increase of Mn and B. In addition, the T resulted in decrease of Cu and Zn in orchardgrass, and Mo in white
clover.

2. In general, there were differences in the tendency between the yield changes and the uptake amounts of
micronutrients. General differences have been showed in the uptake amounts and mutual ratios of micronutrients
based on the forage species, pure/mixed culture, additional fertilization, and antagonism. The uptake amounts of
total micronutrients were generally increased by the treatments with increased combination. In uptake amounts,
the T resulted in the increase of Mn and B, and decrease of Mo.

3. The mutual ratios of Fe/Mn, Fe/Cu, and Mn/Cu were considerably influenced by the antagonism between Fe
and Mn. At the Ty, very low ratio of Fe/Mo affected by the T¢ tended to be somewhat improved because of the
decrease of Mo content. The poor growth of forages at the Ts was improved by the T;. This fact was likely to
be caused by the adequate B/Mo ratio.

(Key words: Orchardgrass, White clover, Total contents, Uptake amounts, and Mutual ratios of

micronutrients; Fe, Mn, Cu, Zn, Mo, and B)
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Table 1. Amounts of macronutrients used for establishment and maintenance of the pure and
mixed swards of orchardgrass and white clover

Unit Anions(A) Cations(C) Total ions

N S P z K Ca Mg > (AHO)
me/pot 172 23 45 240 76 67 67 210  (240)H210)=450
%" 71 10 19 100 36 32 32 100  (53.3)1(46.7)=100.0

Do relative percent of épplication rates, related to the ap‘ lication amounts(me/pot), respectively.
p!
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Table 2. Application amounts and combinations of micronutrients used for establishment and
maintenance of the pure and mixed swards of orchardgrass and white clover

Treatments” Cations(me/pot) Anions(me/pot)
Fe Mn Cu Zn > Mo B >
T1 0.025 0.025 0.0125  0.0125 0.0750 0.015 0.06 0.075
T2 0.250 0.025 0.0125  0.0125 0.3000 0.015 0.06 0.075
T3 0.250 0.250 0.0125  0.0125 0.5250 0.015 0.06 0.075
T4 0.250 0.250 0.1250  0.0125  0.6375 0.015 0.06 0.075
TS 0.250 0.250 0.1250  0.1250  0.7500 0.015 0.06 0.075
T6 0.250 0.250 0.1250  0.1250  0.7500 0.150 0.06 0.210
T7 0.250 0.250 0.1250  0.1250  0.7500 0.150 0.60 0.750

D Treatments of combined micronutrients; Ti; control, T»; Fe, T3; FetMn, Ts; FetMn+Cu, Ts; Fe+Mn+Cu+Zn, T,

FetMnt+CutZn+Mo, T7; Fe+Mn+Cut+Zn+Mo+B.
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Table 3. Relative total contents(%) of 6 micronutrients in forages as influenced by the
application of combined Fe, Mn, Cu, Zn, Mo, and B

Relative total contents(%)” of 6 micronutrients by cut

Treatments st 3rd Sth ist 3rd 5th
Orchardgrass White clover
Pure culture
T(control) 100.0 100.0 100.0 100.0 100.0 100.0
Tx(Fe) 102.1 99.6 101.6 95.6 87.1 109.0
Ts(Fe + Mn) 115.1 128.5 127.6 873 91.0 95.1
Ta(Fe + Mn + Cu) 1173 128.7 126.3 92.0 838.8 93.7
Ts(Fe + Mn + Cu + Zn) 131.2 1259 117.0 949 89.3 99.7
Te(Fe + Mn + Cu + Zn + Mo) 1244 148.5 146.1 101.6 103.1 116.0
TAFe +Mn + Cu + Zn + Mo + B) 133.7 136.6 166.1 121.9 117.9 138.0
Mixed culture

T(control) 100.0 100.0 100.0 100.0 100.0 100.0
TxAFe) 105.0 103.2 93.2 92.6 93.6 1124
Ts(Fet+Mn) 1217 128.5 139.3 92.8 98.2 83.6
Ts(FetMn+Cu) 128.0 143.5 1234 95.0 103.9 87.6
Ts(Fe+tMn+Cu+Zn) 135.5 154.9 142.8 89.3 93.4 83.1
Te(Fe+tMn+Cu+Zn+Mo) 130.7 183.0 178.2 105.8 107.5 101.2
TAFe+tMn+CutZn+Mo+B) 139.2 162.0 196.1 108.8 1221 113.1

D Relative total contents(%) of 6 micronutrients over each control(T;=100.0%).
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Table 4. Relative contents(%) of micronutrients
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in forages as influenced by the application of

Relative contents(total=100.0%)”

Treatments”

Fe Mn Cu In Mo B Fe Mn Cu Zn Mo B
Orchardgrass White clover
Pure culture
T 312 269 41 279 1.7 82 272 174 2.5 26.3 1.8 24.8
T, 296 273 43 291 12 85 280 190 23 23.1 12 26.4
T; 181 364 47 328 1.0 7.0 214 2438 2.3 23.6 1.3 26.6
Ts 191 345 71 316 08 6.8 211 243 39 21.1 09 28.7
Ts 188 357 73 30.7 09 6.7 200 253 3.5 24.5 14 253
Te 168 334 66 295 72 6.5 190 240 32 21.7 7.1 25.0
Ty 168 364 46 245 46 131 210 240 33 16.7 52 29.8
Mixed culture
T 31.0 283 43 276 15 73 252 142 2.2 274 1.8 29.2
T, 272 207 49 387 13 72 319 9.6 22 23.5 14 314
T3 162 392 43 334 13 5.6 284 174 2.0 20.8 1.6 29.8
Ts 166 383 67 324 09 5.0 276 160 3.5 18.9 1.1 329
Ts 153 394 68 324 10 5.1 277 170 32 19.8 1.7 30.6
Ts 139 385 56 323 5.7 39 24.1 18.2 2.8 21.8 9.0 24.1
T, 147 425 42 238 50 9.8 238 170 3.0 16.2 6.5 33.5

Y Treatments of combined micronutrients; T); control, T; Fe, Ts; Fe+tMn, T4 Fe+tMnt+Cu, Ts; Fe+tMn+Cu+Zn, Te;

Fe+Mn+Cu+Zn+Mo, T7; FetMn+Cu+Zn+Mo+B.

2 Relative ocontents(%) of each micronutrient based on the total contents of 6 micronutrients(100.0%), averaged over

the 1st, 3rd, and 5th cuts, respectively.
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Table 5. Relative uptake amounts(%)” of micronutrients by forages in pure culture as
influenced by the application of combined Fe, Mn, Cu, Zn, Mo, and B

Relative uptake amounts(%)

Treatments Rela.tive 2)
Fe Mn Cu Zn Mo B > DM yields
Orchardgrass in pure culture
Ti(control) 100 100 100 100 100 100 100 100
Tx(Fe) 99 94 111 110 76 110 105 105
Ts(FetMn) 68 157 134 138 70 101 117 95
Ta(Fe+Mn+Cu) 72 151 206 134 58 99 118 9%
Ts(Fe+Mn+Cu+Zn) 74 162 218 135 67 101 122 97
Ts(Fe+Mn+Cu+Zn+Mo) 67 154 203 132 527 99 124 9
TAHFetMn+Cu+Zn+Mo+B) 78 195 165 128 390 234 145 105
White clover in pure culture
Ti(control) 100 100 100 100 100 100 100 100
Tx(Fe) 99 105 90 84 66 102 96 100
T3(Fe+Mn) 71 129 83 81 64 97 91 100
Ta(Fet+rMn+Cu) 73 130 147 75 43 108 93 102
Ts(Fe+Mn+Cu+Zn) 74 146 142 93 78 103 101 107
Te(Fe+Mn+Cu+Zn+Mo) 77 151 138 91 439 111 110 103
TAFetMn+Cu+ZntMo+B) 112 199 190 92 418 173 144 115

D Relative uptake amounts(%) of each and total micronutrients over the each control(T=100%), related to the Ist,

3rd, and Sth cuts.

D Relative dry matter yields(%) over each control(T;=100%), related to the total yields of Ist, 3rd, and 5th cuts.
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Table 6. Relative uptake amounts(%)” of micronutrients by forages in mixed culture as
influenced by the application of combined Fe, Mn, Cu, Zn, Mo, and B

Relative uptake amounts(%)

Treatments Rela.t ive 2
Fe Mn Cu Zn Mo B > DM yields
Orchardgras(G)+white clover(L) in mixed culture
Ti(control) 100 100 100 100 100 100 100 100
TAFe) 93 63 104 117 79 102 95 94
T3(Fe+Mn) 77 164 118 129 100 97 117 100
Ts(Fe+tMn+Cu) 91 166 199 131 80 138 131 107
Ts(Fe+tMn+Cut+Zn) 83 170 194 130 96 118 126 99
Te(FetMn+Cu+Zn+Mo) 83 189 182 149 603 104 142 100
T+(FetMn+Cu+Zn+Mo+B) 100 233 170 128 571 207 165 114
Orchardgrass(G) in mixed culture
Ti(control) 100 100 100 100 100 100 100 100
TaFe) 81 68 105 130 78 92 93 90
T3(FetMn) 66 175 126 153 106 97 127 99
ToFetMn+Cu) 66 166 192 144 74 84 122 91
Ts(Fe+tMn+Cu+Zn) 62 173 197 146 82 86 124 85
Te(Fe+tMn+Cu+Zn+Mo) 62 189 182 163 534 75 139 85
TAFe+Mn+Cu+Zn+Mo+tB) 75 238 154 148 526 213 159 100
White clover(L) in mixed culture
Ti(control) 100 100 100 100 100 100 100 100
TAFe) 128 68 100 87 81 108 101 107
T3(Fe+Mn) 107 116 85 73 88 97 95 103
T4Fe+Mn+Cu) 163 168 230 103 92 168 149 152
Ts(Fe+tMn+Cu+Zn) 142 154 185 94 123 136 129 144
Te(Fe+tMn+Cu+Zn+Mo) 140 188 182 117 735 121 146 138
TAFetMn+Cu+Zn+tMo+B) 168 212 239 106 658 204 178 153

V Relative uptake amounts(%) of each and total micronutrients over the each control(Ti=100%), related to the lst,

3rd, and 5th cuts.

? Relative dry matter yields(%) over each control(Ti=100%), related to the total yields of 1st, 3rd, and 5th cuts.
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Table 7. Mutual ratios of micronutrient contents in forages as influenced by the application of

combined Fe, Mn, Cu, Zn, Mo, and B

Mutual ratios?

Treatments" Fe/Mn Fe/Cu Mn/Cu FeMo B/Mo Fe/Mn Fe/Cu Mn/Cu Fe/Mo B/Mo
Orchardgrass White clover

Pure culture
T, 1.14 8.8 7.7 95 85 1.53 124 8.1 78 248
T2 1.06 7.8 73 124 123 1.45 13.6 94 118 385
T3 0.49 44 9.1 91 121 0.85 10.6 12.5 88 379
Ts 0.54 31 5.6 118 145 0.85 6.1 72 118 554
Ts 0.52 3.0 57 104 128 0.78 6.5 83 75 326
Ts 0.49 29 59 12 16 0.78 6.9 83 14 63
T, 0.45 4.1 9.1 19 51 0.86 73 85 21 103

Mixed culture
T, 1.07 8.2 7.7 107 87 1.74 12.8 7.4 73 293
T2 1.29 6.4 49 111 102 327 16.3 5.0 116 392
T; 0.40 43 107 66 80 1.61 16.1 10.1 89 322
Ty 0.43 2.8 6.6 95 98 1.69 9.1 54 129 533
Ts 0.38 3.6 6.7 80 92 1.60 9.8 6.1 84 322
Te 0.35 2.8 8.0 12 12 1.30 9.9 7.6 14 48
T, 034 4.0 11.8 15 35 1.37 9.0 6.5 19 91

Y Treatments of combined micronutrients; Ti; control, T»; Fe, T3; FetMn, Ts; Fe+tMn+Cu, Ts; Fe+tMn+Cut+Zn, Té;

Fe+tMn+Cu+Zn+Mo, T7; Fe+tMn+Cu+Zn+Mo+B.

? Mutual ratios of micronutrient contents(meq. basis), averaged over the Ist, 3rd, and 5th cuts, respectively.

—100—
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o} EBuEolA Fedl #HuemT Mnol dig
73 Holz gt Mn-FFe] #H3k= Mn/Cu
ulgel FFE FUrk ol9do) T, AENA or-
chardgrass <] 249 Cu-#7 white clover®]|
A F7M Cu-$E Mn/Cu Blgol £

ool
e F3iok

FeMo Bl&2 Ts A2]ellA 2A] wolzle
°]%& orchardgrassel A% Fe 2A¥ %H{LBi%S
Rt o] sgick a8y T, AR Mo-
o] Zra=Elon ol welAd tlik o w
o] ¥tk ZE A4 oo T, HAKES
o] vl&& FAAL A5E 23k Tu A
Mo ¥l tht HAAql 93E g F
#iE 7t Fe/Mo W& BMo ul&el u]sjA
AdA oz AvF Ajo)E Bt

BMo ¥l&2 FE Mo¥} B Alu|xAel we}
H31E wgirh E3] white cloverd &2 B-%
2] 54 wjFol| orchardgrass®t} 3] o]
Hl&o] =9tttk Te AZoA Jehd A5EY
#{LHgol Th AoAe lodAn F53 4

5. MAKIE KE 5 ojgesl & B,
sujge, 2z 2 MsHI8e oxE
kS

fEppaY FEolee 7} o] TE®Yl o}
Uzt ol &7t MEEAE T8 Arss &
o &5 5 ol 2 AYrls "ol F
719FE ol HEHUWEET MBMEMC] ol
ZckFinck, 1969). Bergmann and Neubert(1976)
B o) oale w|gFe A Zhol: Fe/Mn, Fe/Cu,
Mn/Cu, MYMo ¥ BMo Aeiu)7} 583§ <Jn)
7t J3 ol Ztelle & 4ol AR x:
ox27d A A A #1459 FHo} £+
BE 2 AAE /ALY dglen
23 54 2E 7y Ev9¥s 18 M
Hitgpo] AR Fi35 AdHds ek
ot sjgic

white clovert N-BEI= Tz 2 vy
o] AdnkH o A QgL wriErhE Bu
(Barbier, 1964)s} Zro] -] sib of|F oA
orchardgrass®h= @] Al 3lefo] opx|
A dgteout wviE FFAE BiE A 2o
Fe?} B-¥2 571, Mnd} zn-¥3ke 7,
22| Cust Mo-3=kE W3yt Avidt 4%
B3} o] A5 v|Fe 4 £ 3= A
dE=E EHF 9 A3v|gdds ohazre o
T F Aoz ¥y

Fe/Mn ¥&; Fe-ZH-E MBERS £330l
gz 218wl glov(Brown et al
1959), W TR I E FeMn ¥]&©] Fe
I Mn®} Y E FAoel ME EHmeR
2% 715& Ik 3Sck(Riekels and Lingle,
1966; Osullivan, 1969; Gupta and Chipman, 1976;
Cumbus et al, 1977, Moraghan and Freeman,
1978). Mn-Z}ti= Fe-fifLS. Al AW Fe ¥
o] Z7HA Mn-§Fe] Zasle] Mn-F}
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£ 7ARAIAY 22 viAAZL 5 9 3}
S iKirsch et al., 1960; Hiatt and Ragland,
1963; Moraghan and Freeman, 1978). Fe} Mn
Zll= o152 WEAH 715 A= wHiE
e sk AL vk g #se] A
71%& A% o T vlgdl el o
8-S wr=tl(Somers and Shive, 1942). E3
Brown et al.(1959)2 Fe/Mn+Cu HA<] H-x3}
X Fe-ZHo] 89lo] HAckax 3|5t} oledt
THEM2E U3t TyFetMn) AHAMEANA
Mn2] Feell o3t fEPifERSR F &g 33
(53] orchardgrass) 2 Fe-3%F 9 Fe/Mn 4}
3u|&3 i wEasde] F 3 A
2 23 9 A3uEdx IS F9Ick o)
A AL AL AT $FRLE A
31, £33 white cloverdl] isiAdE P2 jEk
WS 29l 29lo] & ey ¥ &
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o o A vn IR D o @
Fe-347} FeMn 38| &S 23l 89lo] #
Aoz Ry}

Fe/Mo ¥|&; Fe?t Mo ZF HsbifEfel lcka
B w5 v} gIckSingh and Steenberg, 1975; Kannan
and Ramani, 1978; Massumi and Finck 1973). 1
2]3L NO;-N A8 Fe/Mo ZHMEAS AFHA
Flth= B (Moore et al, 1957) 55 xe|¥
o 2 AN B ALNO:-N7F A4 =
3, TeFe+Mn+Cu+Zn+Mo) A2]+= Mo
Feol o3t #FHEA(EE FeMo AEu|E)z
Sole ¥47ke] BMo ArEu|g&e] EFIEB
BEy Sol golog F s#E(E3] orchardgrass)
3] AFHS A HEo] ks #F2E v
A3, £3F w4 TEF FAYF €
AF 9 A3v)gel ¢S £ Aoz Bk
t]Eo] white cloverell SsiAe B2 MR
A 9 s 29l 83lo] 1 Ao B}

T, b4 HAKIEAA F 4 T3] Fe 35
2 Mo Fohls) glo] F5E ST & K
#S 29k olE BMo AEH|&e =33

Mo & 71%5°] ZZ=tl= B 9(Matin, 1966)%}
B XMo XN 7| 2E WHEF(MacKay, 1964)
#x Q" Ao Btk 28T Fe-ZHel
wE kge] 749 EikiurdA white clover
9 AlAFgulEe] A= A AR
Fe/MnZ} FeMo ol 711S|A] ofx ofole7t
(FeMn/Cw/Zn), =°]-&7HBMo), L& T o]
L/TEol e olE F FE Fxox
718 2 8l 4 slsit)h ol uje
A FAEBYE TR T A et A3t
£ o2 ngr) o] o =3 Fe 3] U=
2% FeMn, FeMo ArEul&e] Qe 7ledjk
7oz ¥4l J8]3 Fe X Mn X Mo XB 7t %
E ZHEMC on o] ¢ B 244 A%
o] 2 Z2E Rt Ti# Tyolld vioA )3
T AEFI KkES 299 S Adedt 1F
LATF] FEHF] thi 2319 E43 d@
H Aoz B

V28 %

Orchardgrass 3 white clover®] Hi% % Ei%
AN WEFER Fe, Mn, Cu, Zn, Mo ¥
B MAMIMI}: el A%, BAfE, M@, FF
g 9 AT S ol WA= %S 73
At EREE FES FLF AR =70
A 7 #82 vFes 2HAME T d2T
Ta; Fe, Ts; Fe+Mn, Ty; Fe+Mn+Cu, Ts; Fe+
Mn+Cu+Zn, Ts; Fe+Mn+Cu+Zn+Mo ¥ Ty
Fe+Mn+Cu+Zn+Mo+BE 3}tk £ Vol
e 27 B F vese] T ¥
g, 2% 2 AavEe] W3l Sl v]A
= %S AE3I8

1) Fe?t Mn-ddlE=KE: w4 =
100% ¥y <lE57H i EFeAEst
@7 Mn-3-573 %] Aolell =A| d3s
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A Mn-ZdojgteFe] o 29k3 Bl Fe-AdiE
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BAgE 2ok Te AgjoMs AR Fe-
Agere] AE Bk TyolA orchardgrass
+ B& Mn- Ao F7ket cust Zn-Ad
ko] 7348 B ov) white clovers Mo-Ald
ko] Zhavt gt

2) v|Ze 4] EHFE iAoz KE9)
7l WE Bz Aol 2t 7 v
a4o] @k gL T ANEHER
718> HE, EREREsE, B 2 4 5

RS SA6) WA solg 2tk & 0
Foae] wke ddew ZgE wA

WiE Al webd Sk Mng Alvid
MHARRANE k@] H3li Fe-2H %ol
Aoz o Wty Mn-EHF o =94t
T; A22 Mn? B-¥HFE F7BIYZ Mo-
g% Zasct

3) Fe/Mn, Fe/Cus} Mn/Cu ®]&L fEHiiy)
Fe#t Mn 78] £33 g2ty 25 3L
el Ts Aol &4 FeMo W& =27
RolR 3w o] vjE&E T; AR Mo ¥
28 d¥Ee] i Folck BMo HlES
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