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Effects of Systematic Variation Application of Fe, Mn, Cu,
and Zn on the Growth, Root/Nodule, and Flowering of

Orchardgrass and White Clover
Yeun Kyu Jung

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, 75125, 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% in main element and 10% in other 3
elements, respectively.

1. In general, the unbalanced applications of Fe and Mn resulted in the Mn and Fe deficiencies(chlorosis) on
white clover, respectively, because of the antagonism between Fe and Mn. In white clover, the traits of growth,
root/nodule, and flowering, which were influenced by the systematic variation of Fe, Mn, Cu, and Zn, were
closely correlated to each other. In the Fe/Cu trial, the 0/100 and 25/75 induced a Fe-deficiency on white clover,
and the 0/100 also showed poor root growth and flowering. In addition, the 50/50 and 75/25 showed an early
flowering of white clover.

2. In the Mn/Zn trial, the 0/100 induced a severe Mn-deficiency(chlorosis) on white clover. The 25/75 and
50/50, however, diminished the chlorosis symptom. The 75/25 and 100/0 showed generally good root growth and
flowering of white clover.

3. In the Fe+ Cuw/Mn + Zn trial, the 0/100 induced a Fe-deficiency, and the 100/0 induced a Mn-deficiency on
white clover, which were correlated to the poor root growth and flowering. The 75/25 showed good root growth
and flowering of white clover. The flowering of white clover tended to be more influenced by the Fe + Cu than
by the Mn + Cu ratios. ‘

4. In the Fe/M/Cu/Zn trial, the Fe and Mn deficiencies on white clover, which were influenced by the Mn
and Fe treatments, also occurred. The Cu and Zn-deficiency symptoms, however, were not recognized. General
differences have been showed in the numbers of flowers as following orders; Zn > Cu > Mn > Fe - 70% treatments.

(Key words: Orchardgrass, White clover, Root growth, Nodule, Flowering, Systematic variation appli-

cation of Fe, Mn, Cu, and Zn)

.M & 224ge] 4ot $Ao) P ol ol2A
| 2AE 24l S|4 Rold, 059 yxs}
o Q mjkes PR 238 Als A = Aas) slSedd ulgess) AWE 2R

A etz x4 28 ehCollege of Agric. & Life Science, Sunchon Natl Univ., Sunchon 540-742, Korea.
E-mail ; ykjung@web.sunchon.ac.kr)

—105—



Jung ; Effects of Systematic Variation of Fe, Mn, Cu, and Zn on Forage Growth and Flowering

Zo]thNieschlag, 1966). EA|oA A} clek
249 Auejt vlRess] TIEAG A
Aok et ol AlaAEe %%}
At v Ee] 7159 nFe s 87} Ao
7] dEo]ck
Orchardgrass®} white clover= FF-F<ollA
2F 593 ol RO} den 2
90 2 Ao)Pe o ¥ 258
95 sl Aot Yo £ 4
N-274 §)= v2ct ol 2T B4
2] Al APl webA B2 B8,
2 FA o] & 9L =
ABA U 2T Feolee 7 oles) =
2t opa} o537 AaAEE Fag Ae)
=9 EXolt} o] A ke X4 Tl o]i 1]
1@3'7]—0—0]] )Q-_‘_q;)’}- 721_-0 g T
BolckFinck, 1969). B u]eh_g_,_y} A}; gsy
Z4-9] 71542 Fe/Mn, Fe/Cu, Mn/Cu, Mn/Mo,
B/Mo 5= & 4 3vl(Bergmann and Neubert,
19%). &gt FlFeaTe) SHT Qushol
Fe Mn Cu, Zn9] systematic variation A]¥]7}
2 ekt 8544 viAE AFdE v
kAR 73,56]- A} skt

0,

r{u

ME g
i X

o_ujf
-1H‘ﬁ°
ol 8 d

o.Mz 2 Yy
1. SAHX X ME

FARAE Rl wis- At ARA
peat soil(FATFA<EL>:17S DIN 11540y A}
31900 potoll 7PEA FERRA 2ol
A1l peat soil 2] pHE 273}7] $3A 2029
CaCOsE potd Ei3le] W<l pH 3.0 &=F

6~7 -’F—iv‘- & Akt A1 w4
o7 ¥F°] 19m, AA
Zr= potd: A3t 342
%2 orchardgrass(Dactylis glomerata L. var. Poto-
mac)®} white clover(Trifolium repens L. var.
NFG Giantyg ©5}3}r}.

Z+ A T4 AL 9 2R 2
FrA#E] val gFe it FET AI)EE
13} 2}k ® 1o AFSshe E}"*B. H]®
2] 59 olF ¥l& AMHFE pot T Ca
(NO3); - 4H O 45me, epsomsa]t(MgSO4 7H0)
15me, KHoPO; 30me, KNOs; 40me, Mg(NOs), - 6H0
30me °|R2® o AAFAER yro] ¥4 3}
gt olE tLs A w|Re] A48 EA J)E
< T 4 300me/pots ZIH)(EA=AY R 13}
JH)Z 50me, 27 I3 75me, 32} <3 TSme,
43} <3 50me, 53 AF some 7 A3 )3
AF A ek ARA] G 3] AR
W3] A 370 B 1) Ca NOs) - 4H0+
KNO; + Mg(NOs), - 6H:0, 2) MgSO, - 7TH,0, 3)
KHPO,2 Yol -88E hEqly wg o}
2 ¥4 35k

505 A MARE ASE 24 v
A2 D 154 dJ(FHE AT =k
FAF3 g3lsled Fe, Mn, Cu, Zn B u|F

AE systematic variation 2HPHo g AFAA
A A eEE 23x) AFE Xt 2 44
A potell @it

HEe dokge] o 70%l 23 A FA
E 932 A7 200mgpots: FEo] e
NE BEWS o83l 1T IE3gich &
&2 o154 Azl R AT (glass-
house)oll A Zpdq =AqA Aufsligich & F

20cmg) Z7E

Table 1. Amounts of macronutrients used for establishment and maintenance of the orchardgra-

ss and white clover swards

. Anions(A) Cations(C) Total ions
Unit N s P K Ca Mg 2 (AHO)
me/pot 115 15 30 160 50 45 45 140 (160) +(140) =300
%" 7110 19 100 36 32 32 100 (533) +(46.7)=100.0

D Relative application rates(%), related to the total application amount(100%), respectively.
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Table 2. Application amounts of Fe, Mn, Cu, and Zn by the systematic variation used for es-
tablishment 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
NTrial-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 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 0.2 03 0.4
Zn 0.4 0.3 0.2 0.1 0.0
Fe 0.27 0.27 0.27 027 0.27
Cu 0.13 0.13 0.13 0.13 0.13
Trial-3 Fe+Cu % 0 25 50 75 100
(Fe+tCu/Mn+Zn)  Mn+Zn 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 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/CwWZn)  pe o 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. Visible chlorosis-symptoms” on white
of Fe, Mn, Cu, and Zn

744 Uelster.

(1) Fe/Cu HISAIE

White clovert 0/100 R 25/75% A ejollq 3
BHedo] YEREAIRE 22y Fe-3R2 A
2] Ang Aelg 2o

(2) Mn/Zn HISAIE

White clovere 53] 0/100% x]g]ollA A%
Mn AF SA4bo] Yehgton w3l 25/75 2 50/
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clover as influenced by the systematic variations

) . . Treatments”
Trial group Micro-nutrients
0/100 25/75 50/50 75/25 100/0
Trial-1 (Fe/Cu) Fe ++ + - - -
Cu, Mn, Zn - - - - _
Trial-2 (Mn / Zn) Mn +++ ++ + - -
Zn, Fe, Cu - - - - -
Trial-3 Fe + - - - -
(Fet+Cu/ Mn+Zn) Mn - - - - +++
Cu, Zn - - - - -
Trial-4 Fe-70% Mn-70% Cu-70% Zn-70%
(Fe/Mn/Cu/ Zn) Fe - + - -
Mn + - + +
Cu, Zn - - - -

Y . nomal growth. +; relative grade in relation to the intensity and spread of chlorosis-symptoms.
? Percent application rates by systematic variation, respectively(see the table 2).

% Percent application rates of main element(see the table 2).
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Table 4. Root growth trends of white clover as influenced by the systematic variations of Fe,

Mn, Cu, and Zn
Treatments”
Trial group Criterion"”
: 0/100 25/75 50/50 75/25 100/0
Trial-1 (Fe/ Cu) Colour lbr lbr lor lbr-br br-lbr
Density 2+ 3+ 2+ 2+ +
Nodule 2+ 3+ 2+ 2+ +
Trial-2 (Mn/ Zn) Colour br lbr-br 1br lbr lbr
Density + 2+ 3+ 2+ 3+
Nodule + + 2+ 2+ 2+
Trial-3 Colour br-lbr lbr Tor w lbr-br
(Fe+Cu/Mn+Zn) Density + 2+ 2+ 3+ +
Nodule + 2+ 2+ 3+ +
Fe-70% Mn-70% Cu-70% Zn-70%
Trial-4 Colour br br-lbr lbr lbr
(Fe/Mn/ Cu/ Zn) Density + + + +
Nodule + + + +

" Colour of roots; b(brown), Ibr(light brown), w(white).

Density and nodule; relative observation value under the considerations as follows; amount, size, coverage, and

distribution of roots on inner surface of pot.

2 Percent application rates by systematic variation, respectively(see the Table 2).
% Percent application rates of main element(see the Table 2).
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Table 5. Numbers of flower and flower-bud of white clover as influenced by the systematic

variations of Fe, Mn, Cu, and Zn

. Flower/(flower-bud) by cut” Total numbers
Treatments” —
2nd 3rd 4th 5th Flower Flower-bud  Sum %
Trial-1(Fe/Cu)

0/100% 0/(1) ST 39/(5) 2/(1) 46 14 60 100
25/ 75 0/1) 3/(10)  32/(5) 4/(1) 39 17 56 93
50/ 50 0/(0) 4/(15)  30/6) 5/(0) 39 21 60 100
75/ 25 0/(0) 5/(13)  33/(7) 3K1) 41 21 62 103
100/ 0 0/(0) 4/(10) 32/(9) 4/(0) 40 14 54 90

Trial-2(Mn/Zn)

0/100 0(0) 12/(11)  28/(5) 2/(0) 42 16 58 100
25/ 75 0/(0) 7/(13)  23/7) 1/0) 31 20 51 88
50/ 50 1/(3) 7/(15)  27/(8) 1/(0) 36 26 62 107
75/ 25 0/1) 10/(9) 45/6)  1/(0) 56 16 7 124
100/ 0 0/2) 18/(12) 36/7) 4/(0) 58 21 79 136

Trial-3(Fe+CwMn+Zn)

0/100 1/0) 5/(15)  10/(5) 1/(0) 17 20 37 100
25/ 75 0/(0) 6/(10)  34/(6) 3/0) 43 16 59 160
50/ 50 0/0) 16/12) 35/8)  0/(0) 51 20 71 192
75/ 25 140)  7(15) 44K8)  6/(0) 58 23 81 219
100/ 0 0/0)  15/(14) 25/(5)  0/0) 40 19 59 160

Trial-4(Fe/Mn/Cw/Zn)
Fe-70% 0/(2)  7/16) 16/( 5)  3/1) 26 24 50 100
Mn-70% 0/0)  13/(10) 27(11)  3/0) 43 21 64 128
Cu-70% 1/2) 14/(11) 35/ 6) 4/(0) 54 19 73 146
Zn-70% 0/(3) 10/(18) 35/ 8)  2/0) 47 29 76 152

" Percent application rates by systematic variation, respectively(see the Table 2).

) Flowers were not found at the Ist cut.

% Percent application rates of main element(see the Table 2).

Cu, MnMo % BMo Adu)7l F2 3§ &jujs}
Q3L o]F Zholl= §F Kol Y E+ Aoz
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1969; Gupta and Chipman, 1976; Cumbus et al.,
1977; Moraghan and Freeman, 1978). Mn-Zt}l=
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