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The Equilibrium between available Nutrients in the Soil
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Fertilization on different Soils for Five Years
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Introduction

For over 100 years, plant physiologists have been studying the mineral
nutrition of plants. Extensive investigations have been carried out to determine
which elements are essential, how the plant absorbs them, how they are utilized,
why they are essential, and what effects are produced in the plant when a partic-
ular essential element is lacking?.

Plants utilize elements in four basic ways: (a) The elements may form part
of structure units, such as carbon in cellulose or nitrigen in protein. (b) Elements
may be incorporated into organic molecules important in metabolism, like magne-
sium in chlorophyll or phosphorus in ATP. (c) Elements may function as enzyme
activators, necessary as catalysts in certain enzymatic reactions. Magnesium is
used as an enzyme activator in several of the enzymatic steps of glucose degrada-
tion in the process of respiration. (d) Elements in ions help to maintain the
osmotic balance, for example, potassium in guard cells?.

The elements recognized as essential to the continued growth and development
of green plants are the following 16 elements, with their apporopriate chemical
symbols : carbon (C), hydrogen (H), oxygen (O), phosphorus (P), potassium (K),
nitrogen (N), sulfur (S), calcium (Ca), magnesium (Mg), iron (Fe), boron (B), molyb-
denum (Mo), manganese (Mn), zinc (Zn), copper (Cu), and chlorine (Cl).

Table 1 shows the relative amounts and concentration of macro- and micro-
nutrients absorbed by alfalfa, orchadgrass, and smooth bromegrass during a grow-
ing season®?.

Certain other elements are required by some plants in very small amounts.
Sodium, for example, is required in very small amounts by such C, plants as the
desert shrub Atriplex, but is not required by most other species. It is generally
not considered an essential element for most higher green plants. However, it is
likely that not all of the elements essential for plant growth have get been iden-
tiied. For example, there is recent evidence that silicon may be essential for
the growth of at least some plants.

A plant growing in soil or in solution cannot distiguish between elements
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that are essential to it and those that are not essential or that might be harmful.
If the element or ion containing it is in solution, it will probably be absorbed by
the plant. Thus, we find in the plant almost all the elements present in the soil.

We reported that the absorptions of some cations and anions by alfalfa and
orchardgrass from soils or cultures solutions were effected with those ion contents
in the soil or culture solutton. We reported also, that those ions adsorbed were
related to homologous series of ions®, the relationship being a negative correlation
among those cations or anions®.

In the present paper, we report the relationships between the nutrients ab-
sorbed from the soils and the growth habit of alfalfa and orchardgrass or smooth
bromegrass with some fertilization on different soils. The studies were conducted
on the cold area in Hokkaido, Japan.

Materials and Methods

The studies were carried out on fields in Hokkaido, Japan. The experiments
were divided three parts for the purpose. The soils used were Nopporo diluvial,
Uenae pumice volcanic, Shinotsu alluvial, and Bibai peat soil in Hokkaido, Japan,
for the first experiment. In the second experiment, Eniwa volcanic soil was
used, and in the third experiment, Nopporo diluvial soil was used. The chemical
characteristics of the soils prior to the initation of the experiment are shown in
Table 2. The Nopporo diluvial soil had pH (H;O) 6.0 and (KCl) 4.9. The con-
tent of total nitrogen was 0. 39 per cent, and available phosphorus was a lower
content of 0.3 mg/100g dry soil. The content of exchangeable potassium was a

Table 2. Chemical characteristics of soils used

Exchangeable  Trace element Mineral nutrients
H EC  Total-N Available-P for the Mammalia
Soil P otal- K Na Ca Mg(Zn Mn lC(Ll"l B in thelsoils
- (mg/100 g 0.1 N HCI (hot *Dissolved
H,0 KCl mS/em (%) dry soil) (mg/100g dry water extractable) with HF
soil) extractable) *Col0) ¥Se F 1
Nopporo
Diluvial 6.0 4.9 88 0.39 0.3 46 4.1 136 103 3.0 220 0.7 026 336 063 — 53
soil
Uenae
Pumice 6.3 55 74 0.12 8.1 33 22 43 36 29 239 40 062 553 014 — 16
volcanic
soil
Shinotsu
Alluvial 64 5.1 57 0.23 3.2 82 47 211 360 58 254 45 102 371 029 — 21
soil
Bibai
Peat 39 29 393 1.90 0.8 114 172 36 48 84 94 05 270 88 019 — 135
soil
Eniwa
Volcanic 5.8 4.8 — 0.22 0.3 80 25 166 56 49 713 35 —
soil

**  Dissolved with HNO; and HCIO4
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lower values of 4.6 mg/100 g dry soil. The soluble (0.1 N HCl) Zn, Mn, and Cu
contents were 3.0, 22.0, and 0.7 mg/100 g dry soil respectively. The Uenae pum-
ice volcanic soil had pH (H;O) 6.3 and (KCl) 5.5. The content of total nitrogen
was a low 0.12 per cent, and phosphorus was 8.6 mg/100 g dry soil. The con-
tents of exchangeable potassium, calcium and magnesium were each lower values
of 3.4, 43, and 3.6 mg/100 g dry soil, respectively. The soluble Zn, Mn, and Cu
contents were 2.9, 23.9, and 4.0 mg/100 g dry soil, respectively. The Shinotsu
alluvial soil had pH (H,O) 6.4 (KCl) 5.1. The contents of exchangeable potassium,
calcium, and magnesium were the high values of 8.2, 4.7, and 36.0 mg/100 g dry
soil, respectively. The Bibai peat soil had pH (H,O) 3.9 and (KCl) 2.9. The con-
tent of total nitrogen was a higher values 1.90 per cent, and available phosphorus
was lower of 0.9 mg/100 g dry soil. The Eniwa soil had pH (H;O) 5.8 and (KCl)
4.8. The available phosphorus was a lower values of 0.3 mg/100 g dry soil. The
contents of exchangeable pottassium, calcium, and magnesium were 8.0, 166, and
5.6 mg/100 g dry soil, respectively.

In the first experiment, alfalfa (Medicago sativa L.) and orchardgrass (Dactylis
glomerata L.) were grown on these soils with eight different fertilizations, namely ;
1) barnyard manure and NPK (BM-NPK), 2) NPK (NPK), 3) PK (-N), 4) NK
(-P), 5 NP (-K), 6) NPK with sulphur (NPK with S), 7) NPK with chlorin (NPK
with Cl), and 8) cotrol (nil fertilizer) (-F). The amounts of basic fertilizers used
are shown in Table 3. The treatment period was five years.

Table 3. Amounts of basic fertilizer used for first experiment

Source of nutrient
Nutrient and rate
kg ha-lyear—!

Nitrogen 125 as N urea (NHy(CO or

as Ammonium sulphate (NH)%SO4 or Ammonium chloride (NH,Cl)
Phosphate 200 as P,Os Ammonium phosphate [(NFH;),11PO] or

Super phosphate CaHy(POy)
Potassium 250 as K,O potassium sulphase (KsSOy) or potassium chloride (KCI)
Barnyard manure 30t as Dairy cattle Barnyard

Both alfalfa and orchardgrass were harvested at firstflower stage of alfalfa.
The herbage and soils were analyzed for elements of nutrients and selenium.
Determinations of selenium in the soils and plants were carried out at 378 nm of
excited wavelength and 250 nm of fluoresence wavelength using Hitachi 650-10S
fluoresence spectrophotometer.

The size of each plot was 10 m? and the experimental design was a block
with three replicates.

In the second experiment, alfalfa (cultiver Vertus) and smooth bromegrass
(cultiver Saratoga) were grown on Eniwa volcanic soil, and the field used was
paddy soil on which rice was cultivated for 20 years. The fertilizer system were
1) barnyard manure with chemical fertilizers plot (BMF-plot), and 2) non-barnyard
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Table 4. Amounts of fertilizer for five years for second experiment

Basic fertilizer

Kind of fertilizer Amount of fertilizer
Barnyard manure 30,000 kg ha-!
Fused magnesium . 1,500 kg ha-!
calcium carbonate 340 kg ha—!

additional fertilizer

Kind of fertilizer 1st 2nd 3rd 4th 5th year Total
Barnyard manure 30t ha-! 30t
Fused magnesium 1,500* —— 1,500 1,000 1,450 3,950
potassium sulphase — 400 900 900 300 2,500
FTE (Trace element) - — 4 4 4 12
Superphosphate — 500 — — — 500
* kg ha-!
3 3m 3m 3m
Alt. of Al & sb Alt. of Al & sb Pure stand of Pure stand of
alfalfa smooth-
3m Alt.BMF Alt.F P of AlL.BMF bromegrass
P of sb,BMF
B.F
© @ o) D
A
Ol
15¢m
Im 4
ol
30cm

Fig. 1. Plan of plots for second experiment.

Alternate stand of alfalfa and smooth bromegrass with barnyard manure and
chemical fertilizer (Alt. BMF)

Alternate stand of alfalfa and smooth bromegrass with chemical fertilizer (Alt. F)
Pure stand of alfalfa with barnyard manure and chemical fertilizer (P of Al
BMF)

Pure stand of smooth bromegrass with barnyard manure and chemical fertilizer
(P of Sb, BMF)

®

@®

®
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Table 5. Amounts of fertilizer for third experiment

a. Basic Fertilizers

Type of fertilizer g/m? g/m?

Super phosphate 10 2 as P,Os
Potassium sulfate 40 20 K0
Calcium carbonate 60 336 CaO
Fused magnesium 20 3 MgO

b. Amounts of Nitrogen Fertilizers

Type of Nitrogen Chemical formula Amount of N g/m?
Ammonium chloride NH,CI

Ammonium sulfate (NH¢)»LSO0, 0, 5, 10, 20 and 40 as N
Ammonium nitrate NH;NO;

manure with chemical fertilizer plot (F-plot). The amounts of fertilizer applied
were added to keep a level of 10 mg/100 g dry soil of available phosphorus, 0.64
(25 mg) of exchangable potassium, 7.0 (140 mg) of calcium, and 1.5 meq. (18 mg)
100 g of magnesium, respectively, as shown in Table 4 and Fig. 1. Alfalfa or smooth
bromegrass was sowed in by single in each row or alternate rows. The soil
samples were taken from a depth of 10cm every year after cutting, and were
analyzed. The forage were harvested also, and analyzed for nutrients of the
plants.

The amount of basic fertilizers applied to the plots in the third experiment,
are shown in Table 5. The fertilization was done using chemical fertilizer.
The size of each plot was 1 m?% and the experimental design was a block with
three replicates. Alfalfa (cultivar Vertus) and smooth bromegrass (cultivar Saratoga)
were grown no Nopporo diluvial soil with the same basic fertilizer, to which were
added five levels of three nitrogen compounds, that is 0, 5, 10, 20, and 40 g/m?
as N of ammonium chloride, ammonium sulfate, and ammonium nitrate, respec-
tively.

Both plants were harvested at first-flower stage of alfalfa. After the first
cutting, amounts of 1/2 basic nitrogen compounds were applied to each plot, and
both regrowth plants were sampled as weeks 1, 2, 5, and 7. The herbage and
soils were analyzed for nitrite, nitrate, and total nitrogen. The determination of
anions in the plant and the soil was carried out using Dionex ion chromatography.

Results and Discussion
First exsperiment ;
Forage yield

The forage yield per ha for five years was related to the soil types and the
fertilizer treatments. The highest forage yield on average for alfalfa was obtained
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Table 6. Dry matter yield of forage for first experiment
* (t ha-1 5 years—!)

. . . b

Alluvial Volcanic . Diluvial Rate by
. i : . Peat soil : Average jtreatment of
Treatment of fertilization soil soil soil fertilization

Al 0g|‘A1\0g Al | Og | Al | 0g | Al | 0g | Al | Og

Ratio by soil

Barnyard ?ﬁ%f&“ﬁ%te *39.1 |*545 | 341 | 404 | 345 | 450 | 433 | 47.3 | 378 | 469 | 100 | 100
Complete fertilizer (NPK) | 409 | 51.8 | 31.9 | 36.8 | 20.1 | 39.4 | 406 | 437 | 356 | 429 94| 92
S“”“re'SYSte("I\‘IPer{“g;;_:)‘“E); 521 | 324 | 37.8 | 285 434 | 369 | 435 | 347 | 442 | 92| 94
701110*?‘7’3{5;5&5},’;‘;?&1! o 356 505 | 309 | 333 | 290 | 357 | 245 | 372| 325 392| 79| 84
Non-nitrogen (-N) 377 | 851 | 308 145| 271 | 253 | 352 | 179 | 327 | 232 87| 50
Non-phosphate (-P) 737.8 4_9.; 276 | 330 48| 95| 303 | 205 251 281 66 60
Non-potassium (-K) | 362 | 446 | 27.0 | 218 | 77| 142 | 261 | 221 | 243 | 257 | 64| 55
Non-fertilizer (-F) | 379 347|134 188| 0| 0 137|132 163 125, 43| 2
Average E 383 | 46.6 | 285 | 206 | 201 | 266 | 313 | 307 | 299 | 338 | 79| 70
N

00 100 |71 63 sz |57 I8l |65 |78 | 7

Al: Alfalfa  Og: Orchardgrass

on the Nopporo diluvial soil with barnyard manure and complete fertilizer (BM-
NPK) and for orchardgrass on Shinotsu alluvial soil with barnyard manure and
complete fertilizer (BM-NPK). The amounts of forage were 43.3t/ha/5 years
for alfalfa and 54.5t/ha/5 years for orchardgrass. The lowest yield for alfalfa
and orchardgrass was obtained on Bibai peat soil with non-fertilizer (-F). The
amounts of both plants were either. Those results are shown in Table 6. The
ratio of forage yield between barnyard manure with complete fertilizer plot and
non-nitrogen fertilizer plot (-N plot) was 100:87 for alfalfa, and the range was
from 96.4 on Shinotsu alluvial soil to 76.6 on Bibai peat soil. The ratio of non-
phosphate plot (-P plot) was 66 for alfalfa and 60 for orchardgrass, and the
range for alfalfa was from 96.7 on Shinotsu alluvial soil to 13.9 on Bibai peat
soil. The ratio of non-potassium plot for alfalfa was 64 and orchardgrass 55.
The range for alfalfa was from 92.6 on alluvial soil to 22.3 on peat soil.

The ratio of forage yield on barnyard manure with complete fertilizer plot,
complete fertilizer with sulfur, and complete fertilizer with chlorine was 100:94:
92 for alfalfa, and 100:92:94 for orchardgrass. The range for alfalfa was from
104.6 on allivial soil with complete sulphur fertilizer to 82.6 on peat soil with
complete sulphur fertilizer. The range for alfalfa was from 91.0 on alluvial soil
with complete chlorine fertilizer to 84.4 on peat soil with same fertilizer. On
the other hand, for orchardgrass, the range was from 96.2 on peat soil with sul-
phur fertilizer to 92.0 on the diluvial soil with the same fertilizer. and from 92.7
on alluvial soil with chlorine fertilizer to 78.7 on diluvial soil with the same
fertilizer.
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The concentrations of nutrients in both plants grown in different fertilizations
and soils

Macro nutrient

The concentrations of macro nutrients in alfalfa and orchardgrass were shown
in Table 7, that is, the nitrogen concentration of alfalfa p'ant was 3.2540.10 on
the average, and of orchardgrass was 2.28+0.28 per cent on the average. The
range of nitrogen concentrations of alfalfa was from 3.42 on non-potassium ferti-
lizer plot (-K plot) to 3.12 on non-nitrogen plot (-N plot), and orchardgrass was
from 2.36 on NPK with chloride plot to 2.08 per cent on non-nitrogen fertilizer
plot (-N plot). The phosphate concentration of alfalfa was 0.24+0.15 on the
average, and of orchardgrass was 0.31+0.26 per cent. The range of phosphate
concentration of alfalfa was from 0.28 on non nitrogen fertilizer plot (-N plot) to
0.18 on non-phosphate fertilizer plot (-P plot) except for non-fertilizer plot, and
that of orchargrass was from 0.40 on non-nitrogen fertilizer plot (-F plot) to 0.21
per cent on non-phosphate plot (-P plot). The potassium concentration of alfalfa
was 2.45+0.88, and that of orchardgrass was 2.71+0.98 per cent. The range
of potassium concentration of alfalfa was from 3.03 on barnyard manure with

Table 7. Concentration of macro-nutrients in plants grown with different

fertilization for first experiment (% as element, dry matter basis)
F  [BM- NPK | -N P K |NPK [NPK
NPK with S with CI| Average
n=39 | n=53 | n=53 | n=53 | n=53 | n=53 | n=53 A
Alfalf 314 |324 (322 312 [332 (342 (320 [3.33 3.25
alia +1.34] +0.48 048 +052 +0.48 +042 -+054 045  +0.10
N -
Orchard- |176 |oo7¢ 1220 (208 1258 (276 |228  |2.36 2.28
glass | =109 1045 +0.69 i0.57‘ +072  £065 +0.63 +0.66 +0.28
| Ateals lo17" Mo2r" 7026  lo2s o188  |o27 (026 |o24 | 024
alfa ™7 011 o023 40.16] +£014 +009 4012 +014) +014 015
P B P
Orchard- 1024 (036 |03 lo040 [o021 030 1035 1031 0.31
‘ glass | £0.18 033 034 1019 011 1014 +033 026 +0.26
=39] T
Alfalfs 191" 13,03 }2.74 273 (268 |151 (274|272 2.45
alta +059 065 +0.66] +061 +£055 079 +055 064  +0.88
K ; — BN E— -
Orchard- [188 [332 [293 1295 (305 |136 |290 [3.20 271
glass | +112  £054 069 +052 +055 +098 +051 +066 +098
n =42 1 |
Alfalf; 107" |128 131 [131 (120|162 |13l 133 | 131
alla +074  +051 +053 050 +0.32 +0.44] -+055 4045  +0.14
Ca i
Orchard- 1025 (036 1035 1033 |032 1040 |0.36 033 0.33
glass | £019 4025 019 +012 016 +018 +£026 020  0.04
Alfalf 019" 020 |02z l023 020 o35 1023|023 0.23
A U013 009 010 £0.10 £007 K018 £010 009  +012
]\{g N — b { | |
'Orchard- 017 lo20 lo20 019 1020 026 1020 [0.22 0.20
glass

+012  *+015 011 +0.10 10.07; +009 +013 010  +011
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complete fertilizer plot (BM-NPK plot) to 1.51 on non-potassium plot (-K plot),
and that of orchardgrass was from 3.32 on BK-NPK plot to 1.36 per cent on
-K plot. The calcium concentration of alfalfa was 1.3140.14, and that of or-
chardgrass was 0.33+0.04 per cent. The range of calcium concentration of al-
falfa was from 1.62 on potassium fertilizer plot (-K plot) to 1.07 on non-fertilizer
plot (-F plot), and that of. orchardgrass, was from 0.40 on non-potassium plot
(-K plot) to 0.25 per cent non fertilizer plot (-F plot). The magnesium concentra-
tion also of alfalfa was 0.23+0.12, and of orchardgrass was 0.20£0.11 per cent.
The range of magnesium concentration of alfalfa was from 0.35 on non-potassium
fertilizer plot (-K plot) to 0.19 on non-fertilizer plot (-F plot), and that orchard-
grass was from 0.26 on non-potassium fertilizer plot (-K plot) to 0.17 per cent on
non-fertilizer plot (-F plot).

Other topics of macro nutrients of both plants

1) The nitrogen concentration of alfalfa plants ranged from 3.43 to 3.08 per cent
depending on the kind of soil, fertilizers, and cutting time. On the other hand,
that of orchardgrass was lower than that of alfalfa, from 2.76 to 1.76 per cent,
and the nitrogen yield in -N plot was 74-97 per cent of all plots, except in -N
plot of alfalfa on 4 soil for five years?. 2) The phosphate concentration of both
plants increased from first year herbage to 5th year herbage, and there was no
difference in the kind of soil and the cutting time. 3) The potassium concentra-
tions of both plants were lower on non-potassium fertilizer plot than on complete

Table 8. Concentration of micro nutrients in plants grown with different
fertilization (ppm dry matter basis) for first experiment

a. Manganese * n=>55
F BM- | NPK |-N |-P ’ K NPK lNPK Average
NPK! | i ‘ [ with S} with Clj LSD
n=42 n=>56
Alfalf 3584 [38.03 3594 [3674 3060 [39.87 4673 249.21 39.12
alla | £16.65 +16.46 £19.71] +21.20 +16.34 i25.71{ +22.06] +2492  +571
Mn . :
Orchard- 7807 |71.89 6594 (7276 15685  66.26 10094 9475 | 7593
i grass | £20.70, £47.40 £36.22 +4090 +35.77 3536 +£47.03 £53.18  +14.00
b. Zinc
| | ? ! ‘ | | 28.28
Alfalfa | 3045 | 27.15 | 2642 | 2572 3110 2755 2881, 2901 T4
Zn : ; - = ; - ] . — { 77777 *‘7.,**
- - | | N P )
Orchard- 781 9316 2130 | 2126 2333 2380 2378 | 2219 229
grass | ‘ l | : | ' | +1.18
c. Copper
] Alfalf 9.50 665 668 1648 9.8 684  |7.01 7.61 7.49
“ alta #3000 £232 £269  £243 349 ;:2.411 +317) +3.21 +1.11
Cu : ! ‘ ! .
| Orchard- 777 1602 634 631 1751 648 653 698" . 675

grass | i2.68< +2.39  £229 t2.08I +237 +2.28 ir2.50i i3.28| +0.58
H | | I
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fertilizer plot; 1.51 per cent for alfalfa and 1.36 per cent for orchardgrass. 4)
The calcium concentration of alfalfa was always higher than that of orchardgrass.
5) The magnesium concentration of alfalfa was 0.24-0.11 per cent and that of
orchardgrass was 0.21-0.11 per cent. There is an interspecific difference of mag-
nesium absorption for both plants.

Concentrations of micro nutrients in both plants

The concentrations of micro nutrients in alfalfa and orchardgrass are shown
in Table 8. The manganese concentration of alfalfa was 39.12+5.71 on average,
and that orchardgrass was 75.93+14.00 ppm. The range of manganese concentta-
tion of alfalfa was from 49.21 on NPK with chloride plot (NPK with Cl plot) to
30.60 on non-phosphate plot (-P plot) and that of orcharardgrass, was from 100.94
on NPK with sulfur (NPK with S plot) to 56.85 ppm on non-phosphate plot (-P
plot).

The concentration of zinc in alfalfa was 28.28+1.78 on average, and that in
orchardgrass was 22.95+1.18 ppm on average. The range of zinc concentration
in alfalfa was from 30.45 on non-fertilizer plot (-F plot) on 25.72 on non-nitrogen
plot (-N plot), and that of orchardgrass was from 24.78 on non-fertilizer plot
(-F plot) to 21.26 ppm on non-nitrogen plot (-N plot).

The concentration of copper in alfalfa grown on different soil was 7.49+1.11,
and that in orchardgrass was 6.75+0.58 ppm on average. The range of copper
concentration of alfalfa was from 6.48 on non-nitrogen plot (-N plot) to 9.50 ppm
on non-fertilizer plot (-F plot), and that of orchardgrass was from 6.02 on barn-
yard manure with complete fertilizer (BM-NPK plot) to 7.77 ppm on non-fertilizer
plot (-F plot).

Other topics of micro nutrients of both plants

1) The concentration of manganese in alfalfa grown with different fertilization
was highest on NPK with chlorine plot (NPK with Cl plot) (49.21+24.92) and
higher on NPK with sulfur plot (NPK with S plot) (46.73£22.06 ppm). In orchard-
grass, the concentrations were 100.94 on NPK with sulfur plot (NPK with S plot)
and 94.75 ppm on NPK with chlorine plot (NPK with Cl plot). For interspecific
difference of manganese concentration on both plants, that of alfalfa was higher
than that of orchardgrass. 2) Zinc concentrations absorbed by plants were 28.26
+9.73 in alfalfa and 22.89+6.87 ppm in orchardgrass. Alfalfa was higher in zinc
concentration than was orchardgrass, and interspecific difference of zinc absorption
by plant was recognized. 3) The concentration of copper in both plants grown
on different soils was lowest on peat soil; in alfalfa it was 4.35%£3.19 and in
orchardgrass 4.85+2.46 ppm. Alfalfa showed a higher uptake than orchardgrass,
and the copper concentrations absorbed by alfalfa was 7.43+3.06, and by orchard-
grass 6.69+2.55 ppm, but there were no significant differences between the two
plants.

Contents of macro nutrients in the soils after treatments

The content of nitrogen was 0.63 per cent on average, and there were no
significant differences between the two plants. The contents of available phos-
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phate in the soils by different fertilization were 12.44+14.34 mg/100 g dry soil,
and in soils on non-fertilizer and non-phosphate plots they were lower, 4.88 and
3.74 mg/100 g dry soil. The phosphate content also increased over time. The
content of exchangeable potassium was 24.91+22.20 mg/100 g dry soil on average,
and in the soils on non-fertilizer and non-potassium plot was low, 11.73 and 9.16
mg/100 g dry soil, respectively. The content of barnyard manure with NPK plot
was high, 38.18 mg/100 g dry soil. The content of magnesium was 23.65+20.72
mg on average, and the difference of fertilizations and non-fertilizer plot was
lower than that of other plots, and that of barnyard manure with NPK plot was
higher than that of the others. The calcium content in the soil by fertilization
was 277.8+271.6 mg/100 g dry soil on average, and that of non-fertilizer plot was
lower than that of the other plots, 104.4, and the NPK with chlorine plot was
also lower.

Content of micro nutrients in the soils after harvest

The contents of manganese, zinc, copper in the soils after harvest were 24.75
+1.68, 1.560.12, and 8.24+1.56 ppm on average, respectively. But the differ-
ences by fertilizations was not significant. The contents of micro nutrients in the
soils are shown in Table 9.

Table 9. Contents of micro nutrients in soils after cutting for
first experiment

a. Manganese (ppm)
N | 'NPK  PK with |
L jBM—NPK! NPK ! N » K NMGns & Average
o n=40 \ B
Mo | 2245 | 2786 | 2543 o521 | 2327 2337 2627 | 2am | 2475
mo| 762|981 1974 11091 977 4918 1045 4975 +168
b. Zinc
| 105 | 995 | 544 | 8AT | 640 | 839 . 818 | sse | B2
c. Copper
C 1.32 1.56 1.67 | 1.70 1.49 1.54 1.48 169 | 196
u . " N = . . R o i0.12

Selenium contents in the soils and both plants

Selenium contents in the different soils and concentrations in alfalfa and
orchardgrass grown on these soils are shown in Table 10 and Fig. 2. The
values were significantly different in soils and also for both plant species. The
highest content of selenium was found in the diluvial soils and the lowest in the
pumice volcanic soil. The concentration of selenium in alfalfa plant was eight
times as high as that in orchardgrass grown on the pumice volcanic soil.

According to NRC (1978), dairy cattle require about 0.1 ppm Se in there diet.
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Table 10. Selenium contents in soils and selenium concentration
in alfalfa orchardgrass

Soil Selenium contents Selenium concentration (ppm)
oils
in the soils (ppm) in alfalfa in orchardgrass
Diluvial soil 0.626-+0.130 0.043+0.006 0.037-:0.007
Alluvial soil 0.293+0.079 0.061+-0.031 0.036--0.016
Pumice volcanic soil 0.140+0.123 0.036+0.033 0.005+0.005
Peat soil 0.18540.042 0.058+0.018 0.029+0.016
060 [~
0.50
g_ 040 |
£% 00 |
3e
020 |-
0.10 =
0.00 Diluvial Alluvial Peat Pumice
soil soil soil voicanic
soil
Fig. 2. Selenium contents in different soils.

The requirement is appreciably influenced by the chemical form of Se and the
levels of interacting factors in the diet, including vitamin E, sulphur, lipids, pro-
teins, amino acids, and several micro elements (Ammerman and Miller, 1975).
Thus, the soils and the plants grown on the soils would affect the Se content
and the performance of cattle®®.

Effect of fertilizers on Se concentration in plants

Selenium concentrations in alfalfa ranged from 0.11 ppm on non-fertilizer plots
to less than 0.02 ppm in the non-nitrogen plots, with an average of 0.05+0.03
ppm. Selenium concentrations in orchardgrass ranged from 0.03 ppm in the non-
fertilizer plots to 0.01 ppm in the non nitrogen plots, with an average of 0.02=*
0.06 ppm. These results (Fig. 3) show that the order of selenium concentration
by fertilizer treatment was -F>NPK with Cl>-P>NPK >-K>BM-NPK >NPK
with S>-N. This order suggests that selenium concentration in plants grown
with fertilizers containing sulfur is low.

Relationship between selenium concentrations in the plants and amounts of sulfur
added to the soils

The relationship between selenium concentrations in the plants and amounts
of sulfur added to the soils are shown in Fig. 3 and 4. The addition of sulfur
to the soils decreased selenium concentration of alfalfa and orchardgrass, that is
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negatively correlated. The coeflicients of correlation were r=—0.884 for alfalfa
and r=—0.721 for orchardgrass.

Relationship between sulfur and selenium concentration in plants

The evidence presented here shows that selenium competed with sulfur in
the plant. The relationship between sulfur and selenium is shown in Fig. 5. The
increase of sulfur concentration in the alfalfa decreased selenium concentration in
the plant with coefficient of correlation of r=—0.993. Significant correlation was
not obtained for the orchardgrass. ‘
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Fig. 5. . Relationship between sulfur and selenium concentration
in plants.

Second experiment ;

Forage Yield

The forage yield for five yiers per ha is shown in Table 11. Alfalfa yield
on barnyard manure with NPK plot was 40,635 kg/ha/5 years (dry matter) and
that of smooth bromegrass was 8,963 kg/ha/5 years. The yield of alfalfa and
smooth bromegrass shown by alternate row on barnyard manure with the chemical
fertilizer plots (BMF-plot) was 35,855 kg/ha/5 years and that of smooth brome-
grass was 3,891 kg/ha/5 years. The yield of alfalfa and smooth bromegrass sowed
in alternate rows on the non-barnyard manure and chemical fertilizer plots (F-plot)
was 38,531 kg/ha/5 years. The ratios of forage yields on the experimental plots
were 100 for alfalfa, 22.1 for smooth bromegrass, 98.0 for alternate row plants
with barnyard manure, and 95.0 for that without barnyard manure. These
forage yield were the average on Hokkaido, except that of smooth bromegrass
single plot. But all these plants applied non-nitrogen fertilizer, therefore the
nitrogen compounds in plants seemed to be fixed primary by alfalfa root nodule
bacteria and nitrogen fix-bacteria.

Concentrations of macro nutrients in the forage

The concentrations of macro nutrients absorbed by the plants are shown in
Table 12. The nitrogen concentration in alfalfa was higher than that in smooth
bromegrass, and nitrogen in smooth bromegrass sowed in alternate rows was
higher than that sowed in single rows. These nitrogen or calcium concentrations
in forage were affected by interspecific difference of plants, but not by fertilizer
treatments.

Concentrations of micro nutrients in the forage

The micro nutrient concentrations are shown in Tabie 13. The concentra-
tions of micro nutrients in the forage were not different for copper and zinc,
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Table 12. Concentrations of macro nutrients in forage for 5 years
Total
nitrogen Phosphorus Potassium Calcium Magnesium
N P K Ca Mg
BMF ol *alfalfa 3.00+0.56 0.184-0.09 2.3240.56 0.8740.18 0.33+0.21
ot
P *smooth 1.5240.58 0.15+£0.07 2.2740.50 0.31+0.11 0.19+0.10
BMF **alfalfa 3.05+0.48 0.19+0.10 2.38+0.63 0.28+0.17 0.32+0.17
non BM **glfalfa 3.03£0.40 0.184-0.09 2.33+0.59 0.84+0.18 0.35+0.12
BMF *¥smooth  2.51+0.99 0.14+0.04 2.88+0.71 0.32+£0.07 0.37+0.20
non BM **smooth  2.44+1.02 0.1540.04 2.716+0.77 0.28+0.08 0.2140.11
* alfalfa or smooth bromegrass only. ** alternate row.
Table 13. Concentration of micro nutrients in forage for second experiment
(ppm)
- Alternate row Alternate
single with BM*  without BM*
Alfalfa 81+ 20 8.2+ 25 81+ 22
Smooth bromegrass 7.0+ 26 9.2+ 34 9.1+ 33
o Alfalfa 555215.6 50.3+19.3 54.2417.1
fertilizations Mn<
Smooth bromegrass 123.3+82.5 116.3+53.9 119.7+51.9
Alfalfa 55.0+17.2 48.4+14.9 51.74+20.5
Smooth bromegrass 46.3+14.3 55.5+15.9 51.0+15.5
1st 2nd 3rd cutting
<Alfalfa 6.3+ 2.8 89+ 1.1 9.14 1.0
u
Smooth bromegrass 51+ 2.6 99+ 1.0 10.8+ 1.6
. Alfalfa 48.0+14.5 522+ 7.8 69.2+20.1
cuttings
Smooth bromegrass 72.8421.5 136.3+40.5 178.8+75.3
Alfalfa 46.9+13.5 49.3+17.8 59.0+19.7
Smooth bromegrass 44.3+16.7 51.8+13.8 57.3+12.6
1st 2nd 3rd 4th 5th year
Alfalfa —_ 9.3+ 04 6.8+ 3.0 83+ 2.7 8.2+ 0.6
Smooth bromegrass — 9.6+ 1.7 7.3+ 4.0 4.0 7.85
Alfalfa — 7304236 4724109 55.7+855 49.8+17.6
years Mn< .
Smooth bromegrass — 166.0+73.6  90.3+30:0 114.0 55.3
Alfalfa — 394+ 6.1 72.2#13.3 56.7+18.3 385+ 2.3
Smooth bromegrass — 3874 74 (6114117 76.0 34.8
Alfalfa Smooth bromegrass
Cu 8.11+2.55 8.234+3.26
species Mn 56.7+17.6 124.5+67.6
Zn 51.7+18.2 47.0+14.4

* BM ; barnyard manure



Equilibrium between Nutrients in the Soil and Herbage 45

but were higher for manganese in smooth bromegrass than in alfalfa with the
same fertilization. The variations of chemical property on these soils for 5 years
were not great to fertilizations or in the different years, but were great depending
on the kind of plant.

From these results, we think that some long-term paddy soil was suitable
for immediate use as alfalfa field, but it was important to analyse soils and some
fertilization. The contents of the soils after 5 years of growth were shown in
Table 14.

Third experiment ;

Dry matter yield of alfalfa and smooth bromegrass are shown in Table 15.
The dry matter yields of alfalfa and smooth bromegrass of the 1st cutting in

Table 14. Variations of chemical property of soils

Start 1st 2nd 3rd 4th 5th

pH value (H;0) 5.81 5.72 5.63 5.44 5.86 6.17
Total nitrogen % 0.22 0.26 0.29 0.30 0.36 0.26
Available p* 0.92 2.99 345 3.54 4.58 12.63
K** 0.20 0.43 0.20 0.33 0.52 0.85

Exchangeable Ca** 4.17 5.47 5.33 5.22 6.46 6.89
Mg** 1.43 2.23 1.18 217 2.30 3.69

Cu 6.0 6.0 6.6 1.7 3.5 2.3

Micronutrients Mn ppm 66.0 66.0 65.0 79.0 71.0 54.0
Zn 45 4.0 39 29 49 45

* mg and ** meq./100 g dry soil

Table 15. Dry matter yield of alfalfa and smooth bromegrass
May 3. Seeding, July 24. Harvest

Plant height (cm) Alfalfa Smooth bromegrass
Ammonium chloride 23.8 25.5
Ammonium sulfate 344 25.8
Ammonium nitrate 36.4 26.0

Fresh weight (kg/m?)

Ammonium chloride 1.08 0.68
Ammonium sulfate 1.22 0.71
Ammonium nitrate 1.32 0.75

Dry matter yield (g/m?)

Ammonium chloride 216 52.5
Ammonium sulfate 244 53.0

Ammonium nitrate 264 53.9
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the 1st year increased from the O-plot to the 20-plot, but decreased with increase
of nitrogen. The average amounts of alfalfa dry matter were 216, 244, and
264 g/m? from the ammonium chloride, ammonium sulfate and ammonium nitrate
plots, respectively, while those for smooth bromegrass were 52.5, 53.0, and 53.9

g/m?2
Total nitrogen, nitrate, and nitrite concentration in both plants'®

The concentrations of total nitrogen, nitrate, and nitrite in both plant are
shown in Table 16 and Fig. 6a and 6b. The concentrations of total nitrogen in
alfalfa from 2.45 on the 0-plot to 3.22 per cent on the 40-plot for ammonium
chloride. The concentrations of total nitrogen in alfalfa ranged from 3.15 on the
0-plot to 2.99 per cent on the 40-plot for ammonium sulfate, and 3.31 and 3.26
per cent, for ammonium nitrate. The concentrations of total nitrogen in smooth
bromegrass ranged from 3.35 on the 0-plot to 3.11 per cent on the 40-plot for
ammonium chloride. The concentrations of total nitrogen in smooth bromegrass
ranged from 3.48 on the O-plot to 3.41 per cent on the 40-plot for ammonium
sulfate, and 3.04 to 3.24 per cent for ammonium nitrate. The concentrations of
nitrate in alfalfa ranged from 0.002 on the 0-plot to 0.134 per cent on the 40-plot
for ammonium chloride, and from 0.001 to 0.099 per cent for ammonium sulfate,
and from 0.009 to 0.175 per cent for ammonium nitrate. The concentrations of
nitrate nitrogen in smooth bromegrass varied from 0.013 on the 0-plot to 0.356
per cent on the 40-plot for ammonium chloride, and from 0.111 to 0.489 per cent

F L F Ll
. o o = — ¢
Br BrNO:x Br Br
o o NOs = NOs
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PO« - PO
NH(CI-0g plot NHACI-40g plot
NHCI—0g plot NH(CI—40g piot
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NOs NOs ‘NOs
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PO PO: PO
(NHSOi—0g plot (NHa);S04~40g plot (NHhSOu=0g ot (NHS0:—40g plot
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Fig. 6a. Nitrate and nitrite concen- Fig. 6 b. Nitrate and nitrite concen-

trations in smooth brome-
grass 7 weeks after 1sn

trations in alfalfa 7 weeks
after 1st cutting.

At establishment stage, nitrogen of cutting.

0, 5 10, 20 and 40 g/m2? was added
to each plot, and after 1st cutting,
amounts of 1/2 of basal fertilizer of
nitrogen were added to each plot.

At establishment stage, nitrogen of
0, 5 10, 20 and 40 g/m? was added
to each plot, and after 1lst cutting,
amounts of 1/2 of basal fertilizers of
nitrogen were added to each plot.
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for ammonium sulfate and from 0.050 to 0.653 per cent for ammonium nitrate.

The concentrations of nitrite in alfalfa ranged from 0 on the 0-plot to 22 ppm
on the 40-plot for ammonium chloride, from 0 to 21 ppm for ammonium sulfate,
and from 0 to 12 ppm for ammonium nitrate.

The concentrations of nitrite in smooth bromegrass ranged from 0 on the
0-plot to 47 ppm on the 40-plot for ammonium chloride, from 0 to 38 ppm for
ammonium sulfate, and from 0 to 37 ppm for ammonium nitrate,

The interspecific difference of total-N, nitrate-N, and nitrite-N absorption in
alfalfa and smooth bromegrass in shown in Table 16. As can be seen in the
table, the average concentration of total-N for alfalfa plants was 3.04+0.36 per
cent, while the average for smooth bromegrass was 3.37+1.72 per cent. The
total-N concentration in smooth bromegrass was higher than that in alfalfa. The
concentration of nitrate-N in the alfalfa plants was 0.05+0.053 per cent and that
in the smooth bromegrass plants was 0.28+£0.179 per cent. The concentration of
nitrate in the smooth bromegrass was higher than that in alfalfa. The concen-
tration of nitrate was also higher in smooth bromegrass. Therfore, the quality
alfalfa was considered more favorable than smooth bromegrass as forage for cattle.

Table 16. Interspecific difference of total-N, NO3-N and NO;-N
absorption in both plants

alfalfa smooth bromegrass

T-N*+* NO;-N** NO3-N* T-IN** NO;-N**  NO,-N*
NH,Cl 2.93 0.042 22 3.414+1.74 0.245 47
(NH4%SO, 291 0.050 21 3.36+1.12 0.324 38
NH4NO; 3.30 0.070 12 3.36+2.10 0.301 37
Average 3.04+£0.36  0.054+0.053 — 3.37+1.72 0.281+0.179 -—

* 40-plot only ppm. ** %

Summary and Conclusion

The relationships between the nutrients absorbed from the soils and the
growth habit of alfalfa and orchardgrass or smooth bromegrass with some ferti-
lizations on different soils were checked in a cold area of Hokkaido, Japan.

The experiments were divided into three parts. In the first experiment, the
soils used were Nopporo diluvial, Uenae pumice volcanic, Shinotsu alluvial, and
Bibai peat soil. In second experiment, Eniwa volcanic soil was used, and in the
third experiment, Nopporo diluvial soil was used.

Results from the first experimental studies indicate that the ratio of forage
yield from barnyard manure with complete fertilizer plot, complete fertilizer with
sulphur, and complete fertilizer with chlorine was 100:94:92 for alfalfa, and
100:92:94 for orchardgrass, respectively. The nitrogen concentraion of alfalfa
also ranged from 3.43 to 3.08 per cent depending on the kind of soil, the fertiliza-
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tion, the cutting time and the growth years. On the other hand, that of orchard-
grass was from 2.76 to 1.76 per cent lower than that of alfalfa. Nitrogen con-
centration of alfalfa forage, everywhere and at any time, was higher than that of
orchardgrass. The quality of nitrogen in alfalfa forage is higher than that in
orchardgrass or smooth bromegrass because of the low concentration of nitrate
and nitrite and the high concentration of calcium, iron and selenium in alfalfa
forage. This is due to the interspecific difference of the absorption ability of
nitrate, nitrite, iron, and selenium.

Results from the second experimental studies for the process from paddy soil
to forage field indicate that the ratio of single alfalfa yield sowed on branyard
manure with chemical fertilizer plot to that of smooth bromegrass is 100 :22.
The ratio of yield of alfalfa and smooth bromegrass sowed in alternate rows on
barnyard manure and chemical fertilizer plots (BM-plot) to alfalfa and smooth
bromegrass sowed in alternate rows on non-barnyard manure and chemical ferti-
lizer plots (F-plots) was 98 : 95.

In the second experiment, nitrogen fertilizer is not used for all plots.

Results from the third experimental studies regarding the difference of applied
nitrogen compound, the concentrations of nitrate in the alfalfa plants ranged from
0.001 on the O-plot to 0.175 per cent on the 40 g/m? plot and in smooth brome-
grass ranged from 0.013 on the 0-plot to 0.635 per cent on the 40 g/m? plot.

Results from 1, 2, and 3 experimental studies indicate that, 1) Alfalfa may
gtow even on peat and volcanic soil with some fertilization, in cold areas Hok-
kaido, Japan. 2) The maintenance of alfalfa sowed is also possible with non-
nitrogen fertilizer. In this case, the yield was 74-97 per cent for alfalfa plot
with sufficient nitrogen fertilizer applied. Tt is the same in paddy soil. 3) The

Table 17. Amounts of fertilizer for maintenance of alfalfa plants

* kg ha-! year—!

Kind of fertilizer N P K Ca Mg S
Fused magnesium Amounts as element*
phosphate
300 kg ha-1 year—! — 26.4 — 43 27 —
Potassium
sulfate
300 kg ha-! year—! — — 135 — — 36
Calcium
carbonate .
167.5 kg ha-! year-! — — — 67 — —
Total — 26.4 135 110 27 36
Amounts absorbed
by alfalfa kg ha-!

year—1** 290 28 261 110 18 38

**  The yield (dry matter) of alfalfa plant was 9,063 kg ha-! year—!. Dairy manure must
apply every 5 or 7 years, when the alfalfa renovation.
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concentration of nitrogen in smooth bromegrass sowed in alternate rows with
alfalfa is able to increase 1.0 per cent over that of single smooth bromegrass
plant. 4) The concentrations of iron and selenium in alfalfa herbage were higher
than those orchardgrass or smooth bromegrass, regardless of the kind of soil or
the cutting time. 5) The concentrations of nitrate and nitrite in alfalfa herbage
were lower than those of orchardgrass or smooth bromegrass.

In conclusion, from these results, we think that many unfertile soils (including
paddy soil) can be used immediatly of alfalfa fields with chemical fertilization and
without barnyard manure, and alfalfa and smooth bromegrass are the best feed
for dairy cattle. The fertilization of alfalfa field for maintenance is shown in
Table 17 and 18 for example, on Nopporo diluvial soil, fused magnesium, potas:
sium sulfate, and calcium carbonate of 300, 300, and 168 kg ha™!, year™! respec-
tively were needed. And 2370, 627, and 136 ha™L year™! of granular borax, zinc
sulfate and copper sulfate were needed, respectively.

Table 18. Amounts of micro fertilizer for maintenance of alfalfa plants

* g ha-lyear!

Kind of microfertilizer Fe B Mo Mn Zn Cu Cl

Granul borax 2370g* — 272 — -— — — —

—Zinc sulfate 627 g (ZnSOy) — — — — 254 — —

Copper sulfate 136 g (CuSO,) — — — — — 54 —

Amounts absorbed E)y alfal_fa 1389 079 18 335 254 54 o
(g ha~! year—1)

Boron content is 12% in borax, zinc content is 41% in zinc sulfate, and copper content
is 40% in copper sulfate.
**  The yield (dry matter) of alfalfa plant was 9,063 kg ha~-! year—l
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