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Table 24. Experimental treatments of P application in the Cumulic Andosol grasslands

2-times split

2-times split

2-times split

Grass species EOrchardgrass(Pure) Timothy (Pure) ETimothy and White
: + clover (Mixture)

Establish year 1985 1985 E 1985

Treatment year 1988-90 1987-90 1 1987-89

P-Treatment -P -P E-P

(May and Aug.)

' May
June
August

(May and Aug.) :

(May and Aug.)

May + May

June ' 20kgP20s5/10a

September E40kgP205/10a
' 80kgP205/10a

i

Amount of
fertilizer

N—P205—K20-Mg0=
18-10-22-4kg/10a

N-P,05-K20-Mg0=
15-10-20-4kg/10a

N-P205-K>0-Mg0=
5-10~80-20-4kg/10a

CaC03 treatment | 100kgCaC03/10a/year

3-times split : E
for +CaC0s treatmenti

' (May, June and Aug.)

100kgCaC03/10a/year

for

+CaC0s treatment
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Table 25. Physico-chemical properties of the Cumulic Andosol
used in the experiment (0-20cm layer).

Three phases distribution

Solid phase 28, 9%
Liquid phase 50. 6
Gaseous phase 20.§
Soil] texture classification L
Volume weight 66.9g/100m)
Chemical properties
Phosphorus absorption coefficient 1829
Cation exchange capacity(CLC) 17. 8me/100g
Base-saturation percentage 31. 8%
Total carbon content 6.05%
Total nitrogen content 0. 44%
C/N ratio 13.8

L8 pH A @ IR R o hutc Z & bibohn b,
1) A—F+—EF 32X
MERESABEBARE T 0 +ERL M A R261CTR L. L5
pH 3@ c®BBECH Y, V VIBKRERPETH- 1.
BB OFE R PR Lic +CaCO;z RFic s\ T,
2EMOBHEDNE (F27) 12, | BECTIR IESE
X, 2E5EX, 5ALBEXT, 2BE TR 2ES KR,
SEISRKK, 6ALEBR TS, 3BETHIALER T
%<, FREHTRIBS KK Z 2@ KK 25848
Xz8HLBEXZ6ALBER ThHo1. LW vaRxR
(£28) L3IB/BE>2HE> 1 FEDIETHY, | BHE
TRSHLER, 2ES5BRCEHL, 2HFE T I ES
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6.57 6.5+
Q
ol Orchardgrass pH ., Tinothy Table 26. Chemical properties of the soil before the
(H:0) (H20) \ experimental treatments of orchardgrass in the Cumulic
Q. .. _traco. Andosol ( October 1987).
6.0+ \Kﬂznca. 5.04 - "0--=-0=" : . -
0 = ] H ; .
E}\\o”‘ ° Soil v pH - ' Bray(O)-P ' Ex-Ca Ex-Mg Ex-X
\ depth ' ngP/100g ne/100g
v »_-Caco, . . .
5.5¢ .\ 5. 54 . 0-2em : 6.28 1 111 Vo835 1,29 0.32
-CaCo, e b4 2-5 ! 6.00 6.0 v 7.49 0. 54 0.20
S-10 1 6.25 i 5.5 PT.85  0.41  0.09
5.0l 5.0 10-15 %612z 0 61 L 8.0z 04T 012
"88% 88 "83 ’90 ’86 '87 '88 '89 '90

Year

Fig .67 Changes in soil pH during the experimental years in the
Cumulic Andosol: (0-5cm layer, soil sample was taken in
every October) : ( % sample was taken in April’ 88 before fer-
tilizer application instead of October’ 87).

Table 27. Dry matter yield of orchardgrass grown in the Cumulic Andosol

(kg/10a) .

Year Lime Time of P{1) 1st cut 2nd cut 3rd cut Total Index
1988 -CaCo03 -P T1 383 207 661 100
2-times split 102 390 211 703 " 108

3-times split 89 400 230 719 109

May 122 381 195 698 106

June 62 382 197 641 97
S August 61 .. 400 216 677 .. 102
+CaCo03 -P 81 325 187 593 90
2-times split 113 384 211 708 107

3-times split 128 382 225 735 111

May 123 343 229 695 105

June 106 375 223 704 107

August 119 344 235 698 106

1990 -CaCo03 -P 250 309 235 794 100
2-times split 273 341 261 875 110

3-times split 307 334 260 901 113

May 290 317 245 852 107

June 271 329 235 835 105
S August ... 288 . 331 .. 248 867 . 109
+CaCo03 - 254 311 250 815 103
2-times split 292 348 253 893 112

3-times split 320 339 243 902 114

May 298 341 250 889 112

June 254 319 245 818 103

August 271 329 260 860 108

Total -CaC03 -pP 321 692 442 1455 100
(1989-90) 2-times split 375 731 472 1578 108
3-times split 396 734 490 1620 111

May 412 698 440 1550 107

June 333 711 432 1476 101
S August ... 349 . 731 . 464 1544 106
+CaC03 -P 335 636 437 1408 97
2-times split 405 . 732 464 1601 110

3-times split = 448 721 468 1637 113

May 421 684 479 1584 109

- June 360 694 468 1522 105

August 390 673 495 1558 107

(1)P application timing; 2-times split: equally divided in May and June.
3-times split: equally divided in May, June and August. May: All amount
of P was applied before 1st cutting growth., June: All amount of P was
applied just after 1st cutting. August: All amount of P was applied
Just after 2nd cutting.
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Table 28. P content in the shoots of orchardgrass grown
In_the Cumulic Andosol(P%).

Year Lime Time of P 1st cut 2nd cut 3rd cut Average
1989 -CaC03 -P 0.21 0.24 0.36 0.28
2-times split 0.30 0.36 0.37 0.35
3-times split 0.31 0.34 0.38 0.35
May 0.34 0-.31 0.36 0.33
June 0.26 0.34 0.39 0.34
August 0.30 . 0.25 0.39 | 0.30
“¥Caco3’ -p 0.22 0.27 0.38 0.30
2-times split 0.29 0.35 0.39 0.36
3-times split 0.31 0.36 0.41 0.37
May 0.32 0.34 0.40 0.36
June 0.26 0.36 0.41 0.36
August 0.27 0.31 0.38 0.33
1990 -CaCo03 -P 0.26 0.31 0.37 0.31
2-times split 0.30 0.37 0.43 0.37
3-times split 0.29 0.39 0.45 0.38
May 0.31 0.41 0.44 0.38
June 0.30 0.38 0.44 0.37
R August 0.28 . 0.94 . 0.47 0.36
"+CaC03 -P 0.24 0.30 0.39 0.31
2-times split 0.31 0.40 0.48 0.39
3-times split 0.29 0.39 0.46 0.37
May 0.31 0.37 0.46 0.38
June 0.27 0.39 0.49 0.38
August 0.29 0.34 0.49 0.37
Average -CaCO03 -P 0.25 0.28 0.36 0.30
(1989-90) 2-times split 0.30 0.36 0.40 0.36
3-times split 0.29" 0.37 0.42 0.36
May 0.32 0.35 0.41 0.386
June 0.29 0.36 0.42 0.36
e August . 0.29 0.29 . 0.43 0.33
+CaCa3 -P 0.23 0.29 0.39 0.30
2-times split 0.31 0.38 0.43 0.37
3-times split 0.29 0.38 0.44 0.37
May 0.32 0.36 0.43 0.37
June 0.27 0.37 0.45 0.37
August 0.28 0.32 0.44 0.35
Table 28. Total P uptake of the shoots of orchardgrass grown in the Cumulic Andosol (kgP/10a).
Year Lime Time of P - 1st cut 2nd cut 3rd cut Total Index P-use effi-Production
application ciency(1l) efficiency(2)
1989 -CaC03 -P 0.15 0.94 0.74 1.83 100 361
2-times split 0.31 1.39 0.78 2.47 135 7.4 284
3-times split 0.27 1.37 0.B6 2.50 137 7.8 287
May 0.41 1.16 0.71 2.27 . 124 5.1 307
June 0.15 1.28 0.78 2.21 121 4.4 290
................. August . .....0:.18  1.00 6.85 2.03 11l 2.3 334
+CaCo3 -P 0.17 0.89 0.71 1.77 97 335
2-times split 0.33 1.36 0.83 2.51 137 8.5 282
3-times split 0.39 1.40 0.93 1 2.73 149 11.0 269
May 0.40 1.17 0.91 2.48 138 B.2 280
June 0.27 1.386 0.91 2.55 139 8.9 276
August 0.31 1.06 0.89 2.27 124 5.7 308
1990 -CaC03 -P 0.68 0.97 0.87 2.50 100 318
2-times split 0.82 1.27 1.13 3.21 128 B.2 272
3-times split 0.889 1.30 1.18 3.38 135 10.1 266
May 0.92 1.29 1.08 3.28 131 8.0 260
June 0.80 1.286 1.02 3.08 123 6.6 271
................ August ... 0.83 1,11  1.15  3.09 123 6.7 281
+CaC03 -P 0.60 0.93 0.98 2.52 101 324
2-times split 0.91 1.41 1.17 3.49 139 11.1 256
3-times split 0.91 1.33 1.12 3.36 134 9.7 268
May 0.93 1.27 1.16 3.35 134 9.5 265
June 0.70 1.23 1.20 3.13 125 7.0 261
August 0.78 1.13 1.27 3.18 127 7.8 271
Total ~CaC03 -P 0.82 1.91 1.61 4.33 100 336
(1989-90) 2-times split 1.13 2.65 1.90 5.69 131 15.86 278
3-times split 1.17 2.68 2.04 5.89 138 17.9 275
May 1.32 2.45 1.78 5.56 128 14.1 279
June 0.96 2.54 1.80 5.29 122 11.0 279
................ Awgwst .10l 211 1.99 511 118 9.0 302
+CaCo3 -P 0.78 1.82 1.69 4.29 99 328
2-times split 1.24 2.786 2.00 6.00 138 18.6 267
3-times split 1.30 2.73 2.08 6.09 141 20.6 269
May 1.33 2.44 2.07 5.83 135 17.7 271
June 0.97 2.59 2.11 5.68 131 15.9 268
August 1.10 2.19 2.16 5.45 126 13.3 286

(1)P-use efficiency means "Fertilizer P uée efficiency” calculated as
% of {(Total P uptake)-{Total P uptake of -P treatment)} /{(Total P application rate).
(2)Production efficiency means "DM prodction per unit of absorbed P" calculated as (DMg)/ (P uptake 1g).
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Table 30. Chemical properties of the soil at the

beginning of the experiment of timothy in the Cumulic Andosol

( October 1987, ~P/-CaC0Os treatment)

pH, B

' pli ! Bray(M)-P: Ex-Ca

Soil Ex-Mg Ex-K
depth E mgP/100g E ne/100g

0-2cm : 5.91 | 14.1 {484 0 0.21
2-5 ' 6.01 ' 9.0 vo5.28  0.53  0.15
5-10 1 6.00 po10.1 po7.89 0. 0.10
10-15 ! 9.2 YT 0.60  0.12

5.91

BHEHREX | FETRFSBE TR IEL, KT
SAE2BRXT, 6A2ER TEr-. 2HFETRITEX
L6A2BXTEL, IA2ER TES, FRSHRET
RABE>5A2LBEX>6A2BERSIALER Th- 1o
(#31). LY vEFRL2BE> 1 EETH-1c
DABREIZES NI o (K32). TORBREREEY
YERBEISER>5ALEX>6A2EXK =9 28K
Efeh (FK33), MY vRIRELFEX (2.1%) >5
A2ERX (10.5%) >6A28K (7.8%) =9ALEK
(7.8%) Thotc. ZOBRILLEBKLUETICET
HF YR T AR Y CEIEFRHASH L6H O
2EHESKR (BEL | BEARK) THELERSH
5. :

Table 31. Dry matter yield of timothy grown in the Cumulic
Andosol (kg/10a).

Year Lime Time of P(1) 1st cut 2nd cut Total Index
1988 -CaCo03 -P 385 224 609 100
2-times split 572 246 818 134
May 559 231 790 130
June 493 243 736 121

S August 519 . 209 .. 728 ... 120
+CaC03 -P 459 231 690 113
2-times split 553 257 810 133
May 551 223 774 127

June 502 230 732 - 120

August 528 213 741 122
1989 -CaCo03 -P 254 263 517 100
2-times split 432 - 340 772 149
May 403 295 698 - 135
June 410 320 730 141

IR August 413 265 . 678 . 131
+CaCo03 -P 324 260 584 113
2-times split 483 312 795 154
May 439 312 751 145
June 410 335 745 144
August 463 300 763 148
1990 -CaCo03 -P 216 270 486 100
2-times split 353 359 712 147
May 350 348 698 144
June 323 336 659 136

S August ... 336 . 301 ... 637 . 131
+CaCo03 -P 312 313 625 129
2-times split 396 364 760 156
May 383 350 733 151
June 350 365 715 147
August 354 312 666 137
Total -CaCo03 ~-P 855 757 1612 100
(1988-90) 2-times split 1357 945 2302 143
May 1312 874 21886 136
June 1226 899 2125 132

S August . 1268 . 7752043 127
+CaCo03 -P 1095 804 1899 118
2-times split 1432 933 2365 147
May 1373 885 2258 140
June 1262 930 2192 136
August 1345 825 2170 135

(1)P application timing;

2-times split: equally divided in May
and June. May: All amount of P was applied before 1lst cutting
growth. June: All amount of P was applied just after 1st cutting.
August: All amount of P was applied just after 2nd cutting.
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Table 32. P content in the shoots of timothy grown
in the Cumulic Andosol (P%).

Year Lime Time of P 1st cut 2nd cut Average

1988 -CaC03 -P 0.20 0.31 0.24

2-times split 0.24 0.35 0.27

May 0.25 0.34 0.28

June 0.20 0.35 0.25
ORI August . 0.21 0.34 0.24

+CaCo03 -P 0.21 0.34 0.25

2-times split 0.23 0.35 0.27

May 0.23 0.35 0.27

June 0.22 . 0.35 0.26

August 0.23 0.34 . 0.26

1989 -CaCo03 -P 0.17 0.22 0.19

2-times split 0.22 0.24 0.23

May 0.22 0.22 0.22

June 0.19 0.25 0.22
R August 0.20 0.23  0.21

+CaCO03 -P 0.17 0.21 0.19

2-times split 0.20 0.26 0.22

May : 0.22 0.25 0.23

June 0.21° 0.24 0.22

August 0.21 0.26 0.23

1990 -CaCO03 -P 0.18 0.20 0.19

2-times split 0.23 0.23 0.23

| May 0.24 0.21 0.22
1 June 0.21 0.24 0.23
SR August 0.23  0.24  0.23

+CaCo03 -P 0.20 0.21 0.21

2-times split 0.23 0.24 0.24

May 0.24 0.23 0.24

June 0.21 0.24 0.23

| August 0.23 0.24 0.23
| Average -~CaCO03 -P 0.19 0.24 0.21
(1988-90) 2-times split 0.23 0.26 0.24

| ' May ' 0.24 0.25 0.24
| June 0.20 0.28 0.23
e August 0.21 _0.26 _ 0.23

+CaCo03 -P 0.20 0.25 0.22

2-times split 0.22 0.28 -0.24

May 0.23 0.27 0.25

June 0.22 0.27 0.24

August 0.22 0.27 0.24
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Table 33. Total P uptake and P use efficiency of timothy grown in
the Cumulic Andosol (kgP/10a).

Year Lime Time of P applylst cut 2nd cut Total P-use efflProduction
clency(1l) efficiency(2)

1988 -CaCo03 . -P 0.77 0.69 1.46 418
: 2-times split 1.35 0.88 2.21 17.3 370
May 1.39 0.80 2.19 16.8 361
June 0.99 0.85 1.85 8.9 399

SR August 1.07 . 0.71 1.78 .. T4 409
+CaCo03 - =P 0.97 0.78 1.75 395
2-times split 1.28 0.90 2.18 10.0 371
May 1.28 0.79 2.07 7.4 374
June 1.13 0.80 -1.93 4.2 380

: August 1.20 0.72 1.92 3.9 387

1989 -CaCo03 -P 0.43 0.57 1.00 515
2-times split 0.94 0.82 1.76 17.3 439
May 0.88 0.66 1.54 12.3 453
June 0.77 0.81 1.58 13.2 462

. August ... 0.82 0.62  1.44 10.0 471
+CaC03 -P 0.586 0.55 1.12 523
2-times split 0.97 0.80 1.77 15.0 449
May 0.95 0.79 1.75 14.4 430
June 0.84 0.82 1.66 12.5 448
August 0.98 0.76 1.75 14.4 437
1990 -CaCo03 -P 0.38 0.54 "0.92 528
) . 2-times split 0.80 0.82 1.62 16.0 440
May 0.82 0.73 1.55 14.5 449
June 0.69 0.83 1.52 13.7 434

R August 0.75  0.70  1.46 12.8 437
+CaCo03 -P 0.64 0.68 1.32 474
2-times split 0.91 0.90 1.81 11.3 420
May 0.92 0.82 1.74 9.6 422
June 0.75 0.86 1.61 6.8 443
August 0.80 0.74- 1.54 5.0 434
Total -CaCo03 -P _ 1.58 1.80 3.38 477
(1988-90)" 2-times split 3.09 2.50 5.59 16.9 412
May ' 3.10 2.19 5.28 14.5 414
June 2.45 2.49 4,94 11.9 430

e August 2.64  2.03  4.68 9.9 ... 437
+CaC03 -P 2.17 2.01 4.18 454
2-times split 3.16 2.61 5.76 12.1 410
May 3.15 2.40 5.55 10.5 407
June 2.72 2.48 5.20 7.8 421
August 2.98 2.22 5.20 7.8 418

(1)P-use efficiency means "Fertilizer P use efficiency”

calculated as % of {(Total P uptake)-(Total P uptake of -P treatment)}
/(Total P application rate).

(2)Production efficiency of absorbed P means "DM product1v1ty per unit of
P uptake" calculated as (DMg)/(P uptake 1g):




60

3) FEL— 00— NNRIEEH
FKINWCERRBBELO BLESE AR LI,
BREY v E S RITFECRBEICH - 1.

pH, #

Table 34. Chemical properties of the soil at the
beginning of the experiment of timothy and white clover
in the Cumulic Andosol (October 1987, -P treatment).

pH  Bray(m)-p:

Soil Bx-Ca  Ex-Mg  Ex-K
depth E mgP/100g E me/100g

0-2cn . 6.41 | 29.8 9.82  3.15  0.29
2-5 L 649 © 1.5 0 9.30  1.4%  0.25
5-10  } 6.57 8.0 P 10,14 0.81  0.14
10-15 ! 6.29 9.5 8.49 0.5  o0.10

T ARERLOEHRECH TS ) RO B
BARBEBECH -7z (F35). vrosm—RDY vaER
BOBE > 2BEXOEBMTH I, 57— TIREN

JbdE REABR®RE  H835

WML GBRTCSALBR X Y@ -7 (£3I6). Fofs
RY vBIREIYr 70~ TS5 LBR2HHX T
Hotehy, FEY—CRHSBE>58LERTHY, +
tv—tbvrsa—AD) VIRIRESHECRSBEX 2
SARTH »7c (R3IT). Y vORBEBRS KK

(8.59%6) >5ALEK (6.5%) Thot. 2D Lph
LFEY— - yr7e— SBREBCITL M
KWyis V) vRBEEE 2 bhi.

YV v E%58 28 T10~80 kgP;05/10a i T3
MERBILERZLY, FEv—OEPNEIMEL,
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Table 35. Dry matter yield (Total amount of 1st and an_cutting; kg/10a).

Time of P E 1988 ! 1989 ' Total '88-'89
application i E E

 TY¥  WCH# Total | TY WC  Total 'TY  WC  Total Legume%(1)
-p 779 105 884 | 704 151 855 | 1483 256 1739 14. 7
2-times split 1862 106 968 | 677 147 824 11539 253 1792 14.1
May 1834 108 942 ! 676 165 841 ' 1509 273 1782 15. 3
20kgP20s/10a 1800 109 909 ' 738 153 890 11538 262 1800 14.6
40kgP205/10a ;874 99 973 ' 743 159 902 ! 1617 257 1874 13.17
80kgP205/10a 1 886 83 969 . 759 99 858 1645 182 1827 10. 0
(1)Legume¥ based on dry weight. ¥, %#: TY:Timothy, WC:White clover.
Table 36. P content in the shoots (Annual average %).
Time of P : 1988 5 1989 i Total "88-'89
application k X i

' TY+  WCk* Total | TY  WC  Total iTY  WC  Total
-p . 10.28 0.41 0.30:0.24 0.31 0.25 10.26 0.25 0.27
2-times split [0.31 0.51 0.33,0.26 0.41 0.28 '0.28 0.45 0.31
May 10.31 0.48 0.92:0.24 0.38 0.27 :0.28 0.42 0.30
20kgP20s/10a  }0.31 0.50 0.34 '0.26. 0.44 0.29 '0.30 0.46 0.33
40kgP20s/10a 1 0.32 0.55 0.34)0.26 0.47. 0.30 $0.29 0.51 0.32
80kgP205/10a ,0.34 0.57 0.35.0.28 0.47 0.30 '0.31 0.52 0.33

¥, #%: TY:Timothy, WC:White clover.
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Table 37. Total P uptake of shoots (Total amount of 1st and 2nd cutting kgP/10a).

Time of P ! 1988 E 1989 ! Total '88-"83 P-use effi-
application : : : ciency

{TY# Wkt Total | TY  WC  Total [TY  WC  Total (1)
-p 12.22 0.44 2.661.65 0.47 2.12 !3.88 0.90 4.78 (%)
2-times split :2.67 0.54 172 0.59 2.31 :4.39 1.13 5.52 8.5
May 12.54 0.52 3.00!1.66 0.62 2.28 :4.20 1.14 5.34 6.5
20kgP20s/10a  +2.50 0.55 3.05:1.89 0.67 2.56 :4.64 1.21 5.91 6.5
40kgP,05/10a $2.77 0.55 8.32'1.96 0.75 2.70 14.72 1.30 6.02 3.8
80kgP20s/10a 12.97 0.48 3.44:2.12 0.47 2.59 1509 0.94 6.03 1.8

(1)P-use efficiency means "fertilizer P use efficiency” calculated as % of
{(Total P uptake)-{(Total P uptake at -P treatment)} /(Total P application rate)

¥ %%: TY:Timothy, WC:White clover.
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Table 38. Physico-chemical.properties of the Acid Brown Forest
soil used in the experimenlt (0-20cm layer).

Three phases distribution

Solid phase 34.3%
Liquid phase 51.9
Gaseous phase 13.8

Soil texture classification LiC
Volume weight 98. 2g/100ml
Chemical properties .

Phosphorus absorption coefficient 660

Cation exchange capacity(CEC) 23. 3ne/100g

Base-saturation percentage 43.1%
Total carbon content 2.717%
Total nitrogen content 0.31%
C/N ratio 8.9

1) A—=Fv— K& FR

RV EACNEBEEE D ~ P RO HFLEH LT
L. pH, FRREY v & diciF@ABES - 1.
SEMOGHEDNEL 1 HFETRIOALEX >448
2EX>ALEBEX > RX >8R £EBEXK CHhh, 2FEE

TiH6ALER>4A2EX>10ALEX KK >8A
K, 3FEECIZIOALER MK L v {ENE TH 5L
FENRL, FHAHTCHIALERZ6ALER =104
EEX>HBE>8ALEBX TH -1 (F40). LY
VEERIL I BETIALER TESALER TIKL,
CHEETINCALEX L4 LEBER TR SALER TE
<, 3B/BETCAFBRCROALER TEML»T (R
41). HEDY vRINERY vEERELFALERTH D,
FEREHRNBEIIALER >ALBER =4 KK =10A
LBX28A2BR Th-ot (F42). EL5IEH%kic L%
AR Y v BRIRRIZABEDOFREEDICORTLEHT
ERL, 4A2BX>6A2BR>SRE>10A 28K >
>S8ALBR THote (KL2). ThHLDERMLF —F
v— P77 AT 28RO v EIERHZ4IR TH
h, SADRIEHERILE S IEV-EEL BRI,

Table 39. Chemical properties of the soil at the beginning of the experiment

on orchardgrass (November, 1982).
Time of P ‘ Soil . pH EBray(lI)-P - Ex-Ca Ex-Mg Ex-K
application : depth * mgP/100g me/100g
-p ! 0-2em ! 5.60: 16.8 ! 3.42 0.5  0.7T6
AL o 5.81. 7.8 - T.60 0.7 0.25
Lo5-10 Co6.21 0 10.0 ©10.34 0.95 0.10
» 10-15. + 6.30: 8.5 ¢ 10.84  0.99  0.08
Table 42. Total P uptake and P-use efficiency of orchardgrass grown-in the

Acid Brown Forest soil (kgP/10a).

Year Time of P apply 1lst cut

2nd cut

3rd cut Total P-use effi-Production

ciency(l) efficiency(2)

1983 -P 1.02 1.01 0.74 2.76 303
3-times split 1.14 1.17 0.95 3.26 11.3 257
April 1.33 1.31 0.92 3.56 18.2 249

June 1.19 1.29 0.88 3.386 13.7 261
August 0.99 0.94 0.88 2.80 0.8 284
October 1.22 1.14 0.83 3.19 9.7 274

1984 -P 0.71 0.73 0.84 2.27 311
3-times split 0.83 0.88 1.23 2.94 15.2 245
April 0.96 0.986 1.19 3.11 19.3 247

June 0.82 0.92 1.12 2.85 13.3 260
August 0.71 0.74 1.10 2.55 6.3 274
October 0.91 0.94 1.04 2.88 14.0 265

1985 -p 0.96 0.89 1.086 2.91 243
3-times split 1.18 1.33 1.39 3.91 22.8 203
April 1.25 1.38 1.45 4.06 26.2 202

June 1.18 1.41 1.39 3.97 24.3 211
August 1.12 1.24 1.49 3.85 21.5 205
October 1.30 1.16 1.35 3.80 20.4 212
Total -P 2.69 2.63 2.63 7.95 283
3-times split 3.15 3.39 3.57 10.10 16.4 232
April 3.54 3.63 3.56 10.73 21.2 231

June 3.18 3.62 3.38 10.19 17.1 241
August 2.82 2.91 3.46 9.20 9.5 248
October 3.42 3.23 3.22 9.88 14.7 247

(1)P-use efficiency means "Fertilizer P use efficiency"

calculated as % of
/(Total P application rate).

{(Total P uptake)-(Total P uptake of

-P treatment)}

(2)Production efficiency of absorbed P means "DM productivity per unit of
P uptake” calculated as (DMg)/(P uptake lg).
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Table 40. Dry matter yield of orchardgrass grown in the Acid Brown
Forest soil (kg/10a).

Year Time. of P(1) 1st cut 2nd cut 3rd cut Total Index
1983 -P 376 260 201 837 100
3-times split 367 256 215 838 100
April 401 278 206 885 106
June 394 277 206 877 105
August 337 250 209 796 95
October 405 274 195 874 104
1984 -pP 267 260 179 T06 100
3-times split 246 262 210 718 102
April 287 275 208 770 109
June 271 264 208 743 105
August 237 260 201 698 99 -
QOctober 293 275 197 765 108
1985 -P 263 225 220 708 100
3-times split 268 273 251 792 112
April 280 269 270 819 116
June 2786 310 254 840 119
August 268 258 265 791 112
October 303 261 241 805 114
Total -P 906 T45 600 2251 100
. 3-times split 881 791 676 2348 104
April 968 822 684 2474 110
-June 941 851 668 2460 108
August 842 768 675 2285 102
October 1001 810 633 2444 109

(1)P application timing; 3-times split: equally divided in April, June
and August. April: All amount of P was applied before 1st cutting
growth. June: All amount of P was applied just after 1lst cutting.
August: All amount of P was applied just after 2nd cutting. October:
All amount of P was applied just after 3rd(final) cutting.

Table 41. P content in the shoots of orchardgrass grown
in the Acid Brown Forest soil (P%).
Year Time of P apply 1st cut 2nd cut 3rd cut Average

1983 -P 0.27 0.39 0.37 0.33
3-times split 0.31 0.46 0.44 0.39
April 0.33 0.47 0.45 0.40
June 0.30 0.47 0.43 0.38
August 0.29 . 0.38 0.42 0.35
October 0.30 0.41 0.43 0.36

1984 -P 0.27 0.28 0.47 0.32
3-times split 0.34 0.34 0.58 0.41
April 0.34 0.35 0.57 0.40
June 0.30 0.35 0.54 0.38
August 0.30 0.28 0.55 0.36
October 0.31 0.34 0.53 0.38

1985 -P 0.37 0.40 0.48 0.41

: 3-times split 0.44 0.49 0.55 0.49
April 0.45 0.51 0.54 0.50
June 0.43 0.45 0.55 0.47
August 0.42 0.48 0.56 0.49
October 0.43 0.45 0.56 0.47

Total -P 0.30 0.35 0.44 0.35
3-times split - 0.36 0.43 0.53 0.43
April 0.37 0.44 0.52 0.43
June 0.34 0.43 0.51 0.41
August 0.34 0.38 0.51 0.40
October 0.34 0.40 0.51 0.40
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Table 43. Chemical properties of the soil at the beginning of the experiment

on timothy (November, 1982).
Time of P f Soil E pH EBray(II)-P E Ex-Ca Ex-Mg Ex-K
B application ' depth | \ mgP/100g me/100g
-p | 0-2em ! 5.56° 9.6 ' 432 0.37T  0.66
b 25 : po6.2 : 6.67  0.34  0.18
| ' 5-10 ! 6.15' 5.8 '5.31 0.27  0.09
P 10-15 0 5810 4.4 ©os.2l 0 0.32 0.08

Table 44. Dry matter yield of timothy grown in the
Acid Brown Forest soil (kg/10a).

Year Time of P(1) 1st cut 2nd cut Total Index
1983 -P 4860 133 593 87
2-times split 500 143 643 94

April 512 170 682 100

June 563 171 734 108
September 494 151 645 95

1984 -P 325 206 531 80
2-times split 368 272 640 97

April 408 254 662 100

June 365 277 642 97
September 409 262 671 101

1985 -P 276 216 492 85
2-times split 386 389 775 102

April 379 378 757 100

June 371 394 765 101
September 389 391 780 103

19886 -P 237 171 408 64
2-times split 387 252 639 100

April 399 239 638 100

June 365 298 663 104
September 386 253 649 102

Total -P 1298 726 2024 74
('83-86)2-times split 1641 1056 2697 98
April 1698 1041 2739 100

June 1664 1140 2804 102
September 1688 1057 2745 100

| (1)P application timing; 2-times split: equally divided
in April and June. April: All amount of P was applied
before 1st cut growth. June: All amount of P was applied
Just after 1st cutting. September: All amount of P was
applied after 2nd(final) cutting.
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Table 45. P content in the shoots of timothy grown
in the Acid Brown Forest soil (P%).
Year Time of P apply 1lst cut 2nd cut Total

1983 -P 0.19 0.27 0.21
2-times split 0.21 0.28 0.23
April 0.22 0.28 0.24

June 0.21 0.28 0.22
September 0.21 0.27 0.22

1984 -P ' 0.17 0.14 0.16
: 2-times split 0.20 0.15 0.18
April 0.21 0.18 . 0.20

June 0.21 0.18 0.20
September 0.20 0.17 0.18

1985 -P , 0.19 0.23 0.21
2-times split " 0.24. 0.26 0.25
April 0.25 0.24 0.25

June 0.23 0.26 0.24
September 0.24- 0.24 0.24

1986 -P 0.19 0.17 0.18
2-times split 0.27 0.21 0.25
April 0.27 0.21 0.25

June 0.24 0.21 0.23
September 0.25 0.20 0.23
Total -P 0.19 0.20 0.18
('83-86)2-times split 0.23 0.22 0.23
April 0.24 0.23 0.23

June 0.22 0.23 0.23
September 0.22 0.22 0.22

Table 46. Total P uptake of timothy grown in the Acid Brown Forest soil
(kgP/10a).
Year - Time of P apply 1lst cut 2nd cut Total P-use effi- Production
ciency(l) efficiency(2)

1983 ~-P 0.86 0.37 1.23 483

2-times split 1.05 0.40 1.45 . 5.0 444

April 1.14 0.48 1.62 9.0 421

June 1.15 0.49 1.64 9.4 448

September 1.01 0.40 1.42 4.3 456

1984 -P 0.55 0.28 0.83 638

2-times split 0.72 0.42 1.14 7.0 562

April 0.85 0.47 1.32 11.2 501

June 0.78 0.50 1.28 10.2 503

September 0.80 0.43 1.24 9.3 542

1985 -P 0.53 0.49 1.02 482

2-times split 0.94 1.02 1.96 21.6 395
April 0.94 0.92 1.87 19.4 406 .

June 0.86 1.01 1.87 19.5 409

September 0.95 0.96 1.91 20.3 : 409

1986 -P 0.46 0.30 0.75 541

2-times split 1.05 0.53 1.57 18.8 406

April 1.10 0.50 1.60 18.3 398

June 0.88 0.64 1.53 17.8 434

September 1.00 0.50 1.50 17.1 433

Total -P 2.40 1.43 3.83 528

('83-86)2-times split 3.76 2.38 6.12 17.5 441

April 4.03 2.37 6.41 - 19.6 428

June 3.69 2.63 6.32 19.0 444

September 3.77 2.29 6.06 17.0 453

(1)P use efficiency means "Fertilizer P use rate" calculated as % of

{ (total P-uptake)-(total P-uptake at -P treatment)} /(total P application).
(2)Production efficiency of absorbed P means "DM productivity per unit of

.P uptake" calculated as (DMg)/(Total P uptake g).
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Table 47.

Chemical properties of the soil

#Hté, BYBERAOBE KUK L H4ELTI0g 35
100 cc HEEREL, ZhHETO. 3 gN(150
kgN/10a 134 ) & & b 1387 ©0. 2 gP,05(100kgP;05
/l10a B ) #BFL, 0CTEELOD, BREL A,
4H, 7H, 118, 14H, 20H, 30H, ¥ JU60R%EK
BOBC L > CpF4.2% COLEBRABERL, KK
TO0HEOLBERFO ) VEBEXRIE L. s, B

HBEFEKLEY T pH24.99TH 10T (E

47), REgH > £2g/T0g HEM LT pH %651 F -
TEF 70 (+CaCO;z X ) %R 1F 7.

after the end of experiment.

Soil!>  Treatment.  pH
(H20)  coefficient

P-absorption

Bray(II)-P Ex-Ca Ex-Mg Ex-X
mng/100¢g me/100g me/100g me/100g

Bf +CaC0s 6.52 460
Bf -CaCOs 4. 99 456
CA ~CaC03 6.05 1578

5.4 15.87  0.48 0. 35
4.9 1.00  0.50 .
5.5 £.32  0.55 0.18

1’ Bf:Acid Brown Forest soil, CA:Cumulic Andosol.
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- Fig . 68 Comparison of changes in P concentration of the soil solu-

tion between Acid Brown Forest soil and Cumulic Andosol (@:
Acid Brown Forest soil , -CaCO;, O : Acid Brown Forest soil ,
+CaCO;, @ : Cumulic Andosol, -CaCOyj;). o
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Fig .69 Relationship between cumulative precipitation during
2 nd cutting stage and P content in the shoots of 2nd cutting
timothy under Acid Brown Forest soil of Tenpoku district
(Average P content of P applied treatments , Numbers show the
year ,1983-86) .
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Fig .70 Changes in pH and Ex-Ca dufing the years of P-applica-
tion experiment (@:pH of -CaCO; treatment,/\: Ex-Ca of
+CaCO; treatment) .
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Table 48. Dry weight, P content and total P uptake of orchardgrass shoots

[tem CaCo0s Timing of Year
treatment P application 1983 1984 1985 1986 Total
Dry weight -CaC0s -P 880 594 628 274 2376
kg/10a J-times split 962 796 921 664 3343
April 938 800 904 611 3253
+CaC03 -P 949 705 187 494 2935
3-times split 925 711 912 648 3262
April 993 864 1016 731 3604
P content -CaC03 -p 0.23 0.16 0.22 0ﬂ21 .21
in the shoots 3-times split 0.30 0.24 0.32 .35 0.30
% April 0.32 0. 25 0.32 0.34 0.31
+CaC03 -P 0.23 0.17 0.24 0.23 0.26
3-times split 0.30 0.24 0.34 0.38 0.39
April .32 0.26 0.35 0.39 0.41
Total P -CaC0a -P 2.00 43 1. 37 0.58 4.89 (486)%
uptake 3-times split .85 1. 96 2.95 2.34  10.10 (331)+#
kgP/10a April 2.99 2.02 2.88 2.04 9.94 (327)+%
+CaC0s -P 2.16 1.21 1.87 .15 6.38 (460)+%
3-times split 2.74 1.92 3.09 47T 10,22 (319)%
April 3.16 2.23 3.89 2.82 11.81 (305)+#

*¥:( ) shows Production efficiency of absorbed P, calculated as
(DMg)/(Total P uptake 1g).

Table 49. Effect of soil P fertility and amount of P application on total
P uptake of orchardgrass (-CaC0sz treatment).

P fertility E Amount of E Time of E Relative total P uptake (April=100)
* P apply ' P appli- ' (%)
| kgP20s/10a | cation | 1983 1984 1985 1986
High-P LS | Split 99 106 102
(11mgP) ! ' April ' (3. 49) (2.126) (3.17)
L8 | Split 1 95 98 98
; + April 1 (3.67) (2.74) (3.67)
Low-P L5 » Split L 90 95 96 106
(5mgP) # : | April ' (2.92) (1.71)  (2.58)  (1.82)
S T r T T I O
A D oSplit ;95 97 103 115
'; + April P (2.99)  (2.02)  (2.88)  (2.04)

%:Bray (Il )-P mgP/100g, at 0-5cm layer. ##%:( ) shows total P uptake kgP/10a.
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VBRIRBERSRBR TRbRmL, 6ALERX, dALBEN
TRk, KB Y vEBRRERRSKER (28.7%) >6
A2EK (26.8%) >4A2EK (23.7%) >8A£EK
(21.9%) >10F 28K (19.5%) Thot. Lichis
T, B - EY v &S AER TR Y v FE»
b CHRBT 55 B KIEHEL - & b\ LT
BIENTES.

Table 50. Chemical properties of the soil after the end of experiment

( October 1986).

Time of P » Soil + pH :Bray(O)-P: Ex-Ca  Ex-Mg  Ex-K

application | depth , mgP/100g | — me/100¢g

-p | 0-Zem | 4.64) 45 1 0.36  0.04  1.45
' 2-5 4530 1.3 P 0.29  0.02  0.82
L 5-10 4.90! 1.2 }0.96 0.08 0.71
»10-15 0 5130 1.4 121 0.12  0.58

3-times split: O-Zem + 4.48: 27.4 » 118 0,05  1.21
P25 O Y o 0.71 0.03  0.69
P 5-10 ;468 1.0 ©1.85  0.05  0.42
P 10-15 498 1.0 ' LT1 0 0.14 0.34

April P 0-2em ! 4.60% 311 . 0.75  0.19  L.56
AL vo4 4T LS ¢ 075 0.04  0.82
} §-10  ; 4.74! 1.0 - . 1.82 0.05 0.38
b10-15 ¢ 5,07 0.7 v 1,87 0.13 0 0.27
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Table 51. Dry weight, P content and total P uptake.

[tem Time of Cutting P-use
P application Ist 2nd 3rd Total efficiency(l)
Dry weight -p 117 200 68 345
kg/10a 3-times split 168 285 176 629
April 161 290 146 597
June 144 279 171 530
August 176 261 164 607
October 190 261 143 594
P content -P , 0.19 0.19  0.18  0.19
in the shoots 3-times split 0.26 0.31 0.31 0.30
% April 0.32 0.217 0.27 0.28
June 0.23 0.34 0.32 0.31
August 0.26 0.22 0.34 0.217
October 0.28 0.23 0.26 0.25
Total P ~P 0.15 0.38 0.13 0.65
uptake 3-times split 0.44 0.89 0. 54 1.91 28. 17
kgP/10a April 0.51 0.29 0.39 1.69 23.1
June 0.34 0.94 0.55 1. 84 26.8
August 0. 46 0.58 0.13 1. 61 21.9
October 0.54 0.59 0.38 1.51 19.5
(1)P-use efficiency means "Fertilizer P use rate” calculated as % of

{(Total P uptake)-(P uptake at -P treatment)} /(Amount of P application).
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Fig .71 Treatment of the surface soil in the acidity and P fertility
experiment (Diameter of the pot (No-bottom) : 33 cm) .
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Table 52. pH and available-P of the soil after the end of experiment 3.

pH treatment High pH

=

Low pH

P treatment High P

Low P

High P Low P

pl Bray(I)-P

pi Bray(I)-P

pH Bray(I)-P'pH Bray(m)-P

0-2c¢cm layer | 6.06 4.7 6.08
2-5cm 6.22 15.3 6.23
5-10cm 6.26 6.1 6.22
10-20cm 6.22 7.0 6.34

T
'
1
|
|
1
1
]
'
1
O
1
'
1
i
I
]
]
1
1
!
1
1
1
|
]
1
"

3

== O

1536 3
5 1

.01 5.28 36.2 4.2
.1 .56.12 14.1 +5.15 1.7
.0 16.12 6.5 | 5.98 1.0
.0 16.32 6.2 +6.30 1.0

Bray(Il)-P: mgP/100¢g
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Fig . 72 Effect of soil acidity of the surface layer having different P fertilities of plow-
ing layer on yield , P content, total P uptake , and Al content in the shoots .
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. Fig .74 Vertical distribution of root dry weight .
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Table 53. pH and available P of the soil after

Root distribulion rate

N

the end of experiment (0-5cm soil layer).
15-25¢cm
P fertility Al treatment ph Bray(I)-P
(H20) (mgP/100g)
25-35ca E :
High P +Al 4. 81 21.0
Fig .73 Effect of soil acidity of the surface layer having different -Al 5.62 20.9
P fertilities of plowing layer on root dry weight .
Low P +Al 1 6.2
~-Al 5.56 6.0




BRAMZ - Ei BOREMEIEL & REOL BT R 75

Table 54. Effect of Al application on yield, root weight, Al and P content
under different conditions of soil depth and P fertility.

P fertility Soil Depth Al treatment Dry weight(g/pot) Content(mg/kg)
treatment
Shoot Root Al P
High P Sem -Al 5.32 1. 89 33 0.36
+Al 40 1.81 43 29
15¢em -Al 5.98 81 29 0.33
+A1l 6.58 817 48 0.37
Low P Scm -Al 14 1. 61 37 0.17
+4l 59 1.49 56 0.16
1dcm -Al 5.30 3.04 25 0.15
+Al 4.25 .61 63 0.13
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A LRHEA~DY VBRI HER,~ LD Y YRIGCRE
EHERH L, 4ARD Y YRRENARKELDH, R
stk > -CaCOs K TixEtt bz X > TLELIL LD Y

VR, WED Y SRINE b CIH S h IR, SR
OMBENRLEVWEE T - EBRTES. 1, EFEH
EEEAL B 3517 5 RBREE BT, BIE CHBR L3RR
(LB 30F 5 BEH Y AR OB AT s
FEREAOBTRIE LD LG TED.
ek, CORBRET-ALFEISA~6ADEKRC LD 1
BENBABSRIC AT o folcd, 2 BERELS AN
ML, FORBBIAR LI WEARD Y VIRIRES %<
ot BECEEJNELSI1IBE: 2HFE: 3F
B=4:3:3BETHHDOT, FHREOKCHETERT
EAEERLBE OSGETHEGOREV 1 HERICHRD
HHIRLELZLND.
2) (LB Y LR LRBEMAEN) - OBHEHRML
KRB CRETHEORN
KEBROEEH » P ERTIZ0~3cm LEA@MA(LS
BB LI L BHERI~20cm +BDO Y VIRKE L O
BlECHRA L. 2RBBL Y VIBKEXE 2 L RFERR
CixLBEScm L 15cm #AEE LTHV. KER
DIERED L, 1. EBOMEAL L » TEDRER LTV
VIRRAMET T 5 2 & (354, E72), 2. RBOEHEAL
XY VRROETEERBELA LTV FLED
Y VIBREEAELE ZIcE LWV & (K54, K72), 3.
L LT EL B0 ) YIREKEAB VB AL
BENFECET AL =Y 2 RMOEBIILIENS R
B & (3R54), 4. Bk > TEDLBORELNE
FT+5o b (3k54, ®T73), AELMCTE .
I03H1.2. KLU ELEBO ) VIEKEL BVH
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BRRARBOBUILOEREI/ NS LXERLTE
b, REILEBHEALLACEGCRTAFELBO ) v BKE
DEEMXRL TS, DF D, KEBIABEEL LSS,
RECRT D) YBRIRAMET T 50T, BHEL Tk
WELEALO ) YRIREOHMHEEAEE D L
SETHB. J.OLBREORRBRC KT, LEDY VR
KESABCBEIL, 743 =9 AN L » CHEES
cmE oy b TEA—F v — F 75 ADEBMET LA
ERBRIScm £y F TRIETAR LR . ZhiT
HLY VIBREAMEGCESIIVThTLET LY G
54). ZORRIKOLICHRTES., +BES cm &
y P CENRUTOFELB LY b WBEi, 74 < =
VAT L - T Y vIBRECEGE R SRohEEE -
ThicBE T2 ) YRIBEEC & » TEBIMET L.
—7: EBEIScm £, P CEEHIL LTV oL BAE
ETHHEE, 7o 3=y aRENEHCEETROM
EHEXEI 2400, #—F v — F 7/ 5 ALTA S =
v AMESEVDT, ToLEE CREYMREL, £+
ROy VIBREARVCBECEOLBAL Y v 2RI L
TABYEFECRE 7. ok, BEEMIhi74 3§ =
v 4 AR O 5 b FEBHT 50 ChhEL5 om
Ay TS Sem F oy FCHNTHBLEDOT L I = w
Aﬁ§ﬂ¢§v:tﬁ%26n6ﬂ,7»5:&Aﬂﬂ,
BRI~3BEICIS cm UTFLHBCIREBEAET AL =

Table §5. Effect of soil P fertility and amount

835

LADBRE I e olel &, REHEFDOT7 L =0 4
BEXRAScm H oy MTENISem A, P OFHAE -
foz & (R54) HHHELTY, #B (0~5cm) i
57103 =0 s BERIR, FORBOBICH 1 bhbE
TR ThobErbhd. 4. OREOKRIL, Y
fLic ks Y VRIS T AREOE T & > CHREB LT
L EHTFTLOC, HETRA LBRLE—FKT S (E
54, K73).

—77, BEMBECERC ST 5HENL Y v OREE
FrHIOBARERICIE T, $HABEmO ) VB Y
v AR N 5 MED £ F RIS s L C 8 Fug
L. Tiobb, SEOBIELERL CHRNL ) ¥ O
IEREII4 A 2B X 0GB THS &0 5 i, V
YIBREAMEVBEIC L BRcE bR, BEREHNE-
BEWIREIPI LI ot (#49). Tk HBESE,
BAE Y v ikt 5 KFES L BO Y VIBKEI L » TR
BB ETCHKTHLDT, HROBENBILOBE
R YRR T A RGO A ST, BIEic
PH &3l 2 ) Y HIBKHIOREHC S HT LT 5.
KOSITREMRIEL RIS 3517 5 ) VIERE AT 2 foR
B0, +CaCO3XDY vRIREIEE YT Lics, @
BHEEKRLC ST 24 AL BROBFFIMIL Y v IRKE
HMEL, Ld Y VHIEESASCIBACEETH - .

of P application on total

P uptake of orchardgrass (+CaC0s treatment).

P fertility . Amount of ‘ Time of : Relative total P uptake (April=100)
: P apply ! P appli- (%) _
1 kgP20s/10a 1 cation 1 1983 1984 1985 1986
High-P 5 5 5 Split P99 98 95
(11mgP) * ! ' April ' (3.49)%%x  (2.58) (3.176)
) L oSplit o 95 93 88
; + April 5(&6” (2.72) (3. 86)
Low-P 5 . Split . 88 107 103 98
(SmgP) ¥ ! ' April ' (2. 95) (1.76) (2. 96) (2.39)
g \ Split Y 86 86 87
5 + April (3.16)  (2.23)  (8.59)  (2.82)
%:Bray(I)-P mgP/100g, at 0-5cm layer. **:( ) shows total P uptake kgP/10a.



BRF#Z - B ROBEFMOME(L L WEOL T BT A% 77

B 6

= = =

=)

REEH Loy ARGRIC X B EE B RESE

FE ERMEERICHT IREENILS T LK
AR08

REBRFHZ
1 BRI T 5 REB A L > A lAESR

1974 F e KA BAMUEBERK L CER Lt —F

v=FZ77A(F2 3 FU)EEEMCERI2 kgN/10a
(12N R) #7324 kgN/10a (24 N[X) %Fi%g <,
Y 10 kgP:05/10a % BAE T, » Y v 415 kgK,0/10a
EHIMTRA Lo 8 FRIES AR #5E L, +5 B
ML BT, REEH AT 4 %0, 200, 400, 800
kg/10a faf L (198344 A). 1 KmE#112.25m?2&
LARBETERYT-7. Thi TORIBAES L
TREABTYBE Lo, fiE,cblic > THERKY
B L TBERE3IE (Et ROy LAk
CHEEFS). F/o, 1983FI0A R ULALEY 7o
(BRER#% S BERALIA) % AWT, KOHFBER L » M4
EEDRIE ATl - 7c.

AT TEHR BT AT v ERERATREARE.

HEDFE R - XNy AR H R TR

HAREE : Jones "ic ka7 =y v —ppER
T o4 A

2,3, 5— Triphenyltetrazolium chloride(TTC) ;2 Ti%
#: : Casida V)jiiii(m.

757 b —ASMRIEMK 10g0EL I T2 —
ABWHIml Mz, 30C T4 BRLEEH, 80ml ol
M-KCIBHETEE77 7 F—A%HMHEL, 7vanr v
Bl - CTEELL.

RESBEEHE - 10g 04+ %100mlOF 725, 7
B AR, RE3XHBR %1 ml iz, 30C TI5RRT
E#%#80 ml 01 M-KCl BR TRERFE AL L, B2
mlizlml D80% + VYV 7 » AEERE L | ml © DABA B

( p—dimethylaminobenzaldehyde=DABA = 2.0 g+
959% = 4 / — A 100 ml+ HEE10 ml) A i, BECK
B %420 nm ORICEH FITE L.

2 BMUESHCHTIREALLYLERNBEICR
ETHERITRR

BIRAAOH C—RERE Y LRE I+ Bk
LT B 3HAE (F—F v — V77 2B # A,

F T —HREM 2 8) #FEO, ZHhicl/5000a DA T
VURABMEEA , b (BE21cm)  BROMELREEC
2B X 5L, BH20 kgN/100a LT, #
Y v £20 kgK,0/10a B CcHE A L, 19894E5722H
WIREE 7 /v~ 2500 kg/10a K ERA L ( +CaCOy
K). XBEBHRLSThELV LS, F DIECHE
REGHDOSIh LCRBFELAA, H5 VI EBCHE
HRAIEEE, MBI A—F+— V752, HHIT
FEY—HEEIORBEETRELL. A—F 4 —F 7
7 A B A6A27H, 8A10H, 9ASH® 3 @UREL,
Fxv— 1268270, 9A8H D 2 EUNHE L. Fok,

BB KL L TEELOHEEL, 2BEEXRE L. R
Behn o sidSADORCKA L, HEERMEA H IR
Wl IEEDRIEE :AEYE 0B LR L.

RER@HR

d—F v — V77 AOFEEGHEYRELREE S v
v ARABECHG LTS L (K75). &&FCHT
LIKEEH Ly AEAHRS ChERBETH > BHE
CIBBAIBRED S, REH» > v aBRICL 5T
Yk AnENL, BREITBHPEI T
ZDHBY VT, REEH Vv £800 kg/10a X THE
BRARKEHT ) vYRIREHEHA109% (12N [X) ~
121% (24NK) THhH, HoHhEmLle. CoBFR
ALY vERROMEMA D O, 800kg DREA AL >V
AR L > TEFHEHEHIL0.38 %P £30.39 %P (12

NRK) F7130.32%P #30.38 %P (24NRK) &% -

fo. BED) v ERERIEHEMABOBRIC L » TET
Lic. Vvt bicBEDIL vy A EHERENERL,
Ay ARINESEMLL. —J, 2NXickits
HWEOBRERRILHNT IR vy s A OEEIL
B Cilieh ~ 7285, 24 N X TR E T 5HET

Bote. TOfM, Y TAR< IR A TILREKE

I AL RICH 7.

REEH A7 AR 6 2 A o458 pH 130~2 cm £
BCHLLE EARRD LRI, 2~5cm BH 5\ kb
~10cm LB Tz & A EBIL Ligh -z (R76). 3
Wt oo a2 pH & BIER URIG R R LAchs, 2~5
cm +BTETFHMLL S DOD5 em AT LETIRELH
AZbhith ot LEBRABRCHTHRBA LY 4
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RAOEER, 0~2cm B CTHRCRHI/A2~5cm Yy AlHIC X - TpH, 247 a2k LORBIEEN
+RBCEREET, v v 7 ARREC L ) EFO ZLLERALLDIHL, 7TAI=2v 4, BRIV

BN ALAIL OO DB TP Ehotc. KA VEBEMET L. ChooB12NRE LD $24N

Wtc@le LCRE Y v~ o a5k 2 m RS kI3 KTKEhoT.

0~2 cm B0 LBREBAR Y RITICHE Lic. REH A

Dry weight Total P uptake Total Ca uptake Total N uptake

(kg/10a) (kgP/10a) (kgCa/10a) (kgN/10a)
1000 20

3.5 3.5
24k ' q\'/"“\c
3-01 16
800 3.01
: - .
] 12kl 121
600 | 2.0 R
2.5
O/o/oﬁfﬂﬁj‘

400- 8-

6 260400 800 0 200400 800 0 200 400 800 0 200400 800
CaC0; level (kg/10a2)

Fig .75 Effect of lime application on yield and the amount of total uptake of P, Ca
and N(O: 12kgN/10a,@: 24kgN/ 10a). )

7 71 11
1 0-2cm layer 2-5cm layer 5-10cm layer
S
~N
e 6_. 6- 6-1 O——O/o——_o
= 12kgN — .
54 5 W 54
*——o—o—0
. | N 24kgN N
~
» :
S 307 30+ 304
S .
= 201 20 - 204
E .
S 109 10+ -~ 10- &74
:3 A= ==3
0 04 0 -

0 200400 800 0 200400 800 O 200400 800
CaC0s level (kg/10a)

Fig .76 Effect of lime application on pH and Ex-Ca of the soil (O: 12kgN/ 10a,
@: 24kgN/10a).
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Fig .77 Effect of lime application on the soil solution composition ( 2 months after
lime application , 0-2 cm layer ,(O: 12kgN/10a,@: 24 kgN/ 10a).

Table 56. Effects of CaC0s application on microbial and biochemical
activities (October 1983, 12kgN/10a treatment, 0-2cm layer).

CaC03 | TTC reducing Decomposing Numbers Hyphal
rate activity Activities length
Bacteria Fungal spores
- kg/10a Fructose Urea 10%/g 10%/g n/g
(1) (2) (3) (4) (5)
0 37 271 150 12. 8a 15. 8a 201
200 105 345 - 183 13.4a 12.9a 216
400 287 471 211 13.7b 13.9a 269
800 172 392 254 22. 3¢ 9.1b 2170

(1), (2), (3) :These activities are expressed as mg of product formed or
mg substrate decomposed per 100g soil per day at 30° C.
(4), (5): a, b and ¢ denote statistical difference, when the same are used
they are not significant at 5% level of significance.

79




80 ‘ JtigEs RERERBRBRE  H835

REEH N>y £ 6 AR SIC ST 50~2cm +
BOWMAmOER L BEEGR L. TTC BTiEH,
777 - AN, RESBEE, 77 7HE
LUSRRERACh LML, » ClaFREEy L.
IO DBEREIVCT R MEDIERLIREES Vo7 A
AR I TEE -t RTHDOTHA.

BAH A, FRETIR, REBHI» LYY 2B L -

THE pH (34.5~4. 9 b6 L R L, BHXRBY ~
SERILTIrCEL L, TBREI AL Y AE LM
L7z (R57). ToEEME,FHEML (K78), WEHD
BE, VY, AVIA, ANYT A, =TZYTAER
Ry LH Uich,  EREDRECHT 5B A
TH -1 (KH79).

Table 57. Chemical properties of the soil after the end of experiment

(0-5¢m layer).

Ex-Mg  Ex-K

Grass species CaC03 treatment ApH Bray(II)-P Ex-Ca
(3) mgP/100¢g me/100g
Orchardgrass -CaC03 4. 48 37.5 ' 1.36 0.19 0.20
+CaC0; 6.11 5 19. 22 0.34 0.29
Timothy(1) -CaC0s 4.91 6.9 1.75 0.21 0.34
+CaC03 6.38 4.8 19.22 0.25 0.30
Timothy(2) -CaC03 4.87 11.0 1.34 0.25 0.34
+CaC0s 6.36 3 22.93 0.26 0.35

Timothy (1) and Timothy(2) were taken from different grasslands.
(3):5gCaC03/pot was applied for +CaC0s treatment.

+CaC0;
30— 35

~~
-
(=]
o
~
oo
N
-
F=
o0
= _
> -CaC03+CaCO3
>
= R +CaC0,
S -CaCosfsesis
[«] ....
-4
0 L ..-:. 020
Orchardgrass Timothy-1 Timothy-2

S I’y T

2 160f 1

"

S R

S .

L

©

<& MO 1

e ’ o

w B 7

2

s 120 o]

[ / - / / A

2T Ve // 1

e A y

© IV

< 100 O/ ~—a ~a o]

% gl L)J e b e e
~Ca+Ca— + — + — + — + — 4

DM N P K Ca Mg

Fig .79 Effect of lime application on relative value of yield and
element content in the shoots (Relative value:-CaCO, = 100,

Fig .78 Effect of lime application on root dry weight of orchard orchardgrass , /\ : timothy- 1, A\: timothy-2) .

-grass and timothy (+CaCO;: 5gCaCO, /pot) .
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% =
TEBREBRCH T REH L > v sEHOEE,
REEA Ny s P BBERCER LEER, prvva
BELLbCpHAERL, pHERC L 5T7 1 =
YARBAET L OTHS. HEBEREARD S b,
REEH > AR TAHEBRE 2L v Y AORIEG
IO 7)) v RPIOEENEE CRE LA &2
BEOTH-. CORRELT, REAIL YL EL
THEibhicrnryyad, EREESTEZBRER
BEIPBRBAL Y AR L, £O—Mo+BERIC
BRLICCEERELLRD. Zoff, pH LR+

BorFH+ /THBRER (CEC) AT AEE b LT
=4 vZTRER (AEC) p'RAT 50T (H80), *
METERARK L OV LREBEHE Lz L L ERO
—oLEILRD. ALY ABED ERARKLRED
VWS cm ¥ COLRBTH -1z Eid, REEH A
Yy A% A ADORIE AL T AXBETHDILS
cm IR TH Y, 5 cm LT OB+ CEEMAL Lo B
TECRBHAN vy 2R SECHEBLTY, BAYFC
TOXBEECHEEBETAZ ELAPAETCHLEXE
L SEar-

pH — 9
O Lo 1 g g O
A A ad
Kf T AAA
8 ' 8
A0 —— 6 O A
a® - 9 ®a
. : .
o) o
o) —~4- 4 o
@ ®
o) —- 3 o)
A
o? 4 2
| | ! ! |
30 20 20 30 40 50

AEC me/100g

CEC me/100g

Fig .80 pH dependent electric charge of the soil determined by using 0.2 N-NH, Cl
solution (0 - 2 cm layer , O: No-CaCO 3, @: 200 kgCaCO3/10a A\: 400 kgCaCO,/10a,

A : 800kgCaCO;/102).

REEH LY AR L > THEBRD Y v EBEIME
TFLEERELT, kO EHLFELLND. 1) ALY
TA=T S M EHBELTY vyHAREELE, 2) &K
BEAFIEBRCE > RRRE R L5 ) v RIEE 19
KUf, 3) BAEYBOBKOER, V viEH L
hoxhic. REAIL 7 2 BRAKCE > CTEHEAISD
) VESSBMET 45 & T B8R ERED g
heb bbb PRED Y VRIRELAEM LI LieD
WL, ROXIHBCEZDBIENTES. 1) REIL

YU LABBAIL L > CTHEERKY vBENMET LA LT

b, TOREL800kg XDBFBETH->TH0.04 mgP/L

YT, COIKREALABTC+HTH 5,

2) 7A=Y ARERTIEL > CKRERMSERCHE
LR vIRIRDIAEKRL, 2hicts ) YRIRED
BWANLEERD ) vBECET L0 BBV KE .
Haynes ®137 4 s = 0 A L - TV VORI, B
B, FIAAHESH, BREAKCL ->C7 A3 =7 4%
WHABBEhAKERY voffitormEribibEdhs
TEERBL TR, BR0BBALA , FRBROBER
EEBID) DRREESIELOTHS.
HEBAMB & RO ECEH S RIE L BB BIE
L, B R BB GO ETS. ¥, LB
MBS RS R RuETERG - pH Th B
O Ut TRER A L oY ARRIC & - T B
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YR EEENS BESELBA LLERO—2n 48
pHOERIZH%., $h—FTCEEDOT7 L I =y 4 BE
LMAEDERE R E TSR BERCHH0 T, pHEE
b7 A 29 AREOET & BAEYEE OIS
LTV5. XOR, TRRBERL TV 2H8HO
SN EE Sh, Bt (EE{L) Xhay vy
LI EOESPRECHEB IhBZ LS, ThbDRES
W E AN LN BEREELDRD. AR T
GLBBROBRRENRB A v >y aHAK X > TE
TLhZE, HHVIBECBRRNE,IET L &
i3, COZENERETHLETHRD, TOREILHER
W AR RT 2 RIEEFORBLEH B LEL D
ENTED. fok, BEAERCHTBRRA A Y A
BRI ST, BIRSROEKLEX GRBD, =K
5P T, FOESR0.3%ITELGLEIAT
WAHEDT, EEANCIIRIE S RS,

HMEDY v I ATy ARINCKTHREEH L
7 ABABMRBRIL2NELIWUNRETL hEECH- 12
M, TOBALE LT 20RHELTRETHS. F—I,
REg» v >v s HRAROLE pH 524 N KO FH A {E
7oz, pH ERHR/LBBCER LA 235 T b,
B EORSBBIEH 2N KDIZ 5 HiE1-HD
, REBAIAL Yy LERBOBFRINENAIZNX XD
2L, TORBRMEDOENTER LIS EAEZBRS.

AL A, P RBROBRIIREBEI L~ v sEHIC X
> THERSAERCHEL, ARCEESRREIHLA
LicZ EHRLTWA (R78,79). ZEESDI>BAA
YU AIREEA L Y AR L > THBER P ORE
BEALCEREOEEYZT TV HDbR L RERER
DERABELVD, FOMOES TR DX 5 i +8r
LRE~NDHEENOZWILHRIE L BRI, LK
) TR ERORBRERL L b LEBFKRY VEERET
LTva. £hicdnrhbbTAKRRTCIZY vRIRER
Berr vy aftflic > OEmMLE (K79). Zh ¥ Tic
|MEIRICHREETIE, TEpHO LRI LT
KBHEY v2METFT5 e ToRmE TP g2
@ﬁ?&)ﬁ,ﬁ Yy b LTIRBEm % t?bﬁ%m's““'z“)t;i
ZBR, TR TFBO ) v RIS T 254"
32'8')J:{&—FTZ)%é}(az'm’zsnﬁiﬁ%ézh, - @E@%ﬁi—'
gL toBRs®® a5ns. coxsr, £
FpH LR X » TEWORFSRINSHEMT 5B LR
VTEHEENZLNDLDIL, REHI ALY A GH &
RBLBIDIEYRSE TV I =9 At X > TEERXZT T
WIEDEBNPIC LB EHBETED. 2% 0, B {toBRE
KLoTHBHTHT LI =9 A BENAKELRRD

pH5.0~6. 00 BMMELEDOBE, HEEROT L =
v ABERFTNEERE > Thikwiedic, fEpiRoMm
EBHE=BRBDDOETRELL L\ FORBE
WTREEH A vy AR AT & KT Y VAYET L
b, BEMEE oK B oA P ek
BIEICH T 2 B BB N DET OAMNTEELT 5. &
hextL, ARBRTHOR -7 pH4.5~5.0BEDE L
CERME OB AL, REEHA LY AR L B L
BRAT A =7 AREDETICE > TERE TERL
TV ROMESSBCHER LR, 1800 oftia
NOBE TS bienibd, ELVRIRADOHEAIL L - T
) o EORSBRIAEATHEOTHS. COL S
pH $ESR A OB EEE o R BER L b h,
¥, FAE - TAL I =Y L FEETCRIAHED Y v
WIRDRER E B —HTHEDTHS.

F2H BRENBEEHCHTIREBHILL
7 LATERBEE

KRBRAE

9, 1976F~ 1982 BT 2 EFROI F A v (H
Ny Th, TFRYTABIVPAVTAL) BLIOT =4
v (BiFs & HERE) DOMARC X B AR & E X 5 RIL
BORAELRD L. K LhEh OB 2\ CTHRME
NOWIRBRZE LW ORLECERET 5T 0M
B7=AVvEELL, ThESROH»F4VvERBIBCL
STHRET DR TDLD, ThebbRUBOBRMEE T

2 {(rF+ AR — (»F4 rRINE))

= (nFF VERER) .

ST A AR — (7 =4 vBRIRE))

= (7 =4 vEF#)

(7= vEER) — 7+ VBRER)

= GRAE7 =4 v&)

= (HF A+ VRTERBHE)

ek, TOBE, MEBEIVT V&= 7 3RERCE
PHEREINE L0 E LTHEOREL ST LK.
R, FEIBCHERA LA —F 5 — V75 AEHDI9T5
FUNESE L 19826 (7T EROKPAER) Ot
(0~15cm) DTHHED FA4 vOEILRDI 7 E]
DOEBRWEFO S F 4 YIRETEXRD, ThElERc
bArFA vRCROEMEL TS,




\

Bz B RORFRBMEL L KE TR 2 8% .83

REBBR

BB L A7 =4 VAR LBEC X HRINELSK
D RIS BT OBHT = 4 v ERYO A F 4
VT R REL0.51~2.09 ke/10a THh » 7= (F58).
ChiIcx LEBRRTROLEH LR CERBALEX
DHFAVYRERE (RH9) 11 0.52~1.82ke/10a (&

B) THH, T05H6N Kk LI2N K CiaER{E
IOV EEBORECBOH NS -1, ZOEARICEHRK
CRENSIERTHE, BRIMCEIEFRERARC X
S TRNH, 6NK (0.43~0.49ke/10a) >12N[X
(0.07~0.20 ke/10a) >24 N K (—0.34~0.01
ke/10a) DI E M »1e.

Table 58. Amount of cation and anion leached from 0-15 em soi) ecalculated from application-uptake balance (ke/10a/year).

Fertilizer N level Application

Uptake by

Amount remained

treatiment vith fertilizers grass shoots in the soil
Anions Ca Mg K Anions  Ca Mg K Anions Cations Balance

kgh/10a (1) (2) 3 @ (8) (6) (n (8) (8) (10) (11)
-F# 0 0 0 0.17 0.10 0.09 0.21 -0.11 -0. 40 -0.23
-Né# 0 .81 0.63 0 0.32 0.22 0.18 0.10 0.38 0.59 28 0. 31
Aanmonium sulfate b 1.2¢ 0.63 0 0.82 0.25 0.15 0.12 0.49 0.99 0.19 0.80
Ammonium chloride b 1,24 0.63 0 0.82 0.34 0.16 0.13 0. 54 0.90 0.12 0.78
Urea ] 0.81 0.63 0 0.32 0.217 0.17 0.15 0. 54 0.54 0.09 0. 45
Ammonium sulfate 12 1.67 0.63 0 0.32 0.29 0.13 0.10 0.58 1. 38 0.14 1.24
Anmonium chloride 12 1.67 0.63 0 0.32 0.39 0.14 0.10 0.87 1. 28 0.14 1. 14
Urea 12 0.81 0.63 0 0.32 0.27 0.14 0.15 0. 56 0. 54 0.10 0. 44
Ammonium sulfate 24 2.53  0.63 0 0.32 0. 41 0.17 0.14 0.61 2.12 0.03 2.09
Anmonium chloride 24 2.82 0.63 0 0.32 0. 56 0.19 0.22 0.55 1.96 -0.01 1.97
Urea 24 0.81 0.63 0 0.32 0.33 0.21 0.17 0.60 0. 48 -0.03 0. 51

Anions:$04%” and CI=, (9):(1)-(5), (10): {(2)+(3)+(4)} - {(B+(M+(8)) . (11):(9)-(10)
#:No fertilizer was applied, ##:Fertilizers except nitrogen were applied.

Table 59. Amount of leaching caused by fertilizer application (ke/10a/year).

Amount of cation leaching#*

Fertilizer Compensation Amount of
treatment N level Ca Mg K Total by CaC0z Natural
kgN/10a ' kg/10a leaching
(12) (13) (14)
-F 0 0.53  0.05 0.06 0.64  33.8 0.87
-N 0 0.54 0 -0.03 0. 51 7 0.20
Ammonium sulfate ] 1. 30 0.02 -0.03 1.29 68.7 0. 49
Ammonium chloride ) 1.32 -0.02 -0.03 1.27 67.2 0. 49
Urea 6 0.95 -0.06 -0.01 0.88 46. 4 43
Ammonium sulfate 12 1.35 0.05% 0.04 1. 44 76.0 0.20
Ammonium chloride 12 - 1.21 0 21 64.0 017
Urea 12 0.65 ~0.03 0 0.62 32. 0.18
Ammonium sulfate 24 1.67 0.07 0.01 1.75 . 92.5 0.34
Ammonium chloride 24 1.81 0.02 -0.01 82 96.2 0.15
Urea 24 0.43 0.07 0.02 0.52 27.5 0.01

%:Calculated from the differences in exchangeable cations of the soil after the experiment

between
§3% Ca0. (14):(12)-(11).

1981 and 1975. (13):Compensation for excess leaching of cation by CaC0s which contains
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Fig .81 Relationship between soil pH and relative P uptake of orchardgrass (O: am-

monium sulfate 12kgN/10a, A : ammonium chloride 24kgN/10a, **

statistical significance at 1% level).

shows
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BOTE» LR L, TR LYy AL HE ERORIREROERILCH B LELBRD. REEH A
WY S RCRIEEEDO—RAE DA T h b Bt v RS HL—ER YA BEITE, L haHK
DREBTHHZ LR L") ARBRTL, BB pH LRI L 5 4B (REDREOHE/ EILOFBEL )
Yy AFBHIYIECEE, REIETETL, i bAEL Lotokodic, BAYETSH-»CHRELES
DEFRNELETToHEALAALRIS, COFERD R M LD EELBNRD.

Table 60. Amount of anion contained in commercial fertilizers and the equivalent amount of CaC03
Lo compensatle it. ' :

Classification Commercial name Chemical content Major material Amount of anion Equivalent

N-P205-K20-Mg0 (%) ke/1kgN CaCOskg
- lligh-analysis 122 10-20-20-5 Urea, DAP** 50.0 2.6
mixed 055 10-25-15-5 DAP, K2S04 64.3 3.4
fertilizers 456 14-25-26-5 Urea, DAP, K2504 44.6 2.4
565 15- 6-15-3 Urea, DAP 64.3 3.4
052 10-25-12 DAP, K2504 71. 4 3.8
022 10-12-22-5 DAP, K2504 78. 6 4.2
652 ) 6-15-22-5 DAP, K 2504 130.4 6.9
556 15-15-16-4 Urea, DAP 44. 6 2.4
306 13-20-16-4 Urea. DAP 46.4 2.5
503 15-20-13-4 Urea, DAP 35.1 1.9
470 14-17-10 DAP, KCI 73.2 3.9
LLow-analysis Grassland No. 2 6-11-11 Urea 58.9 1.1
mixed Grassland No.3 8-11- 8 Urea 44.6 2.4
fertilizers Grassland No.7 7-14- 8 Urea 46.4 2.5
: Grassland No.10 12- 9-12 Urea ’ 51.8 2.1
NK-fertilizers NK-C-6 17- 0-117 NIt4C1, KC1 - 96. 4 5.1
NK-C-52 15- 0-22 NIt4Cl1, KCI 107.1 5.1
NK-C-13 " 12- 0-30 NH4Cl1, KC1 130.4 6.9
NK-C-84 18- 0-14 NH4CL, KC1 92.9 4.9
NK-20 20- 0-10 NH4C1, KC1 85.17 4.5
Bulk-blend BB-122 10-22-20-% 60.7 3.2
fertilizers BB-052 10-25-12 Urea 69. 6 3.1
Straight Ammonium sulfate 21- 0- 0 (NH4) 2504 71. 4 3.8
fertilizers Ammonium chloride 25- 0- 0 NH4C1 T1. 4 3.8
Urea 46- 0- 0 Urea 0 0
Potassium suifate 0-50- 0 K504 23. 2% 1. 2%
Potassium chloride 0-60- 0 KC1 21. 4% 1. 2%

¥: Amount per lkg K20. *#:Diammonium phosphate
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Table 61. Comparison of production efficiency of absorbed P in the
experiments in the Acid Brown Forest soil (DMg(shoot)/lg of absorbed P).

Species Experiment number
Pot exp.1 Pot exp.2 Field exp.
-Al +Al Low Al High Al +CaC03 -CaC0s
Orchardgrass 111 110 152 176 336 344
Timothy 817 94 121 141 460 479
Perennial ryegrass 105 104 87 89 312 329
Alfalfa 108 153 154 172 - 416 432
Red clover 159 182
White clover ) 138 3117 123 180 350 347

Ekperiment methods described in Chapter 4, paragraph 1 and 2.

Table 62. Comparison of production efficiency of absorbed P in
the experiments in the Cumulic Andosol

(DM(shoot) g/1g of absorbed P).

Species Days after Al treatment
10 days 20 days 30 days
-Al +Al -Al +A1 -4l +A1
Orchardgrass 625 736 783 1033 983 1116
Timothy 444 529 641 762 918 1014
Perennial ryegrass 365 429 560 723 750 942
Alfalfa 620 615 379 384 . 401 464
Red clover 778 830 406 435 539 616
" White clover 378 419 364 447 500 606

Experiment methods described in Chapter 4.'paragraph 3.
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Fig .82 Schematic processes of grassland acidification and its effect on grass

growth .
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KGbdiewREBETIIGRECKK L (K
31), YHFECEHmELOERErEEL Lo EELD
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BED ) vEHERLPHETEDL - (R32).

4 EHTBOEFHBMLLEBCLSTE Y > OIRE
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X 3EOSE, FEy—CRBEEBRERLCIV-TIT
4 AeRE, BaxftekswtlsEEicrs AeE
Th-tc. TOREG, BEHEZRNEL, B kUt
LBMEERRLOBEGCARBCEA.. Db, BE
BELBEBAHRERKLICRBC T LD THEAT 5 HE,
RE KL CRFIEI ST TRAT 2 ik A RIE
BEh o, TOBRIE LTEED Y vIRE OB B
Exbhtc. Thbb, KBIKRIND L HICEBEKL
HETRBEELEFRCKEEY v& LTEH LT
HEBEESBEBERETCH~D LEL, Ui b E1HR

(#308) CHECEBECHI L. ZokdBEK
Wi+ Ci EIRE O AR 25 | BOBIEAEL b,
HEIEER D B\ FEEAHFICH - T, & hicHt LEEHS
BHEA LTI, YV YBRENA kUL EREL VR
DML DOHES R 1> TH HHBEOENWIEHE
Y vELTHETSH & (R68), Kt BHnr
CHANEFR O LBKG BIEF Ao, KaHE -
RisFRRCEBOY viRBATS Z &AM EHERY
THHT LicER Ly, FE1OOHEALGHROTDH -
f. fok, MEECHBNABREL LT, | ELRGA
BB - THEABES % el L7c3BE, FAAS - & SRR
BERNE <, BRRBEETROE, LHRCHTTOHA
DRINNBATAETH - 1. ThEERMCETETIC
BRAIRLY vHh - b RSBRIRINB DT, &0D
ATk Paynter 5 " DR L —FT 5. '
RENEECORELMb > G, ThbbEREL
BICHEIEY v HERL>2X DO LB O pH 11 ER T8 -
TET LSS, BEBAHRKLEOF —F 4+ —F 75X
Titd » & RN RMERRTL FEE 1 @READ L MAE
PR CHAT 5 HBE BT L (3848). BEk
It ot —F - F 757 A, FEv—¢HLTHED
FHERAFZ EREL Yidlch -1, BLEKHEKD
PRI > TET LA (£29). BiESHTH
WED Y YIRIEIRAEZ o, FEMOER
ELTEHESRGETERILTATA I =y A X AEEDS -
EBHTY VRENHETDLZ &, REMUOERE LTEE
BERGETHERTAT A =9 AL > TRENH I A
B EILEB) YRINBROETAST LR, WThi
TEEDT A 2y ASEELERE L -TED, 0
TeHHHBEDY YD B EETABIEEE, S\ 2 &
HEFITH -1 '

=75, $AERD Y VIBKE L Y vIBIERIL Y VAR
R B K E D& B RIGICH L T8 RiE L.
Tieht, BEMBECER THRNR ) v ORI
TAALBRK LV GHBECHD &V 5B, U vBEK
EAEWBEC L hBHRcHELh, EKE LS VCBEK
FEINNE L Lot (3R49). Lnd CofE@ILY v
JEELZCHEE L VB TH 2. 0Lk 5B,
BAR Y vicH T 2 REEX LB ) VIBKEK L > TR
bz teHmETDL0T, HEORFENBEILOPE
RTIY vIBERCR T 5 RILoRic b, HiEik
PH &#c 3% Y viRIERORIGHEC b HTizE -
1.
DEDHRIITA I =9 aATHEDOE A —F + — F 7
FARIVFEY—ZLBLDTHBEN, 7TLIiz=vas
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MEAFVCEROB I, BENBELEtCKTS
DREOFESEAILBIEEELENTFHERSL. 7
=7 ATRELFCEECREERGC KT Y YRR
NI T (¥58), +BOY YRENLOFEERE
5L, BREEAZ - EOFFBAILIET&E
ABbhENETHS.

5 BEMHBEMCERICSTZ3TEBOpH TR IO
v fepEEE : ‘
RABROBERND, RBLE/FEPROCEMEL LR

WD LS L ooH B ERMICKEES VoY 2B

BT52HRIKOBRCELDHENTES (XBI).
KEEA >y s EBRATH LD, B—KINZOL
BpHOEAL, TOKR, OLBBR7 V=7 4R
EAETL, @arvy sBEALEAL, @7 =9
AL HROMBEBAEIFERIS. EROCI@LE
AR S LUEEOEME, OBEREBRY OS5 4 R
T3 i rBESHEBRBOHEMLA L L Sh, @K
BERMRICLZ2BFBRENO LR FRL, AN,
®Y vEREXLTHESBRNEOWINC L » THEF RS
WMAT5.

)
— | Increase in

Increase Ca uptake -
- | in Ca conc. - increase
in soil — | Recovery of length
soln. and/or activities of
roots — | Nutrient
Liming uptake Grovth
t increase — improvesent
— Decrease in - P uptake
- Increase Al conc. in soil soln. increase
in
Soil pH 4 [Tt ToetoeooTooey

------- 1+ Stinulation of .

' microbial activities

______________________________________________

! — . organic matter | —
decomposition

Fig . 83 Schematic processes of liming effects on grass growth .

OB EYERT 5t h Zh o BERIALE O EFHE
e (X82) DERLF SL(FA—ThHh, D
L RRFHELD RIS v > v AT £ 5 TIBIESE
SBRE (b EOREECHRE) THLLFETHS
EERRT. LA LIDBEORIRERL, REH L
v AD+BHBBHEE LS, 5 cmUTFO+BicE T
B0 ETT LB & BB Er E R E B L
BrercBELAL. ¥, Bl - TEkT5
EEOFCHRENRB I L~ v a3 LBHNYBE)T5H
ELbdREVDOT, BEEEIEVOHWZ Lk
. LichioT, bo& bBBMEEBIEREL L
TiL, BBt > TEAZhD 7 =4 vE L BREKTUE
DEHB RS IREI A7 2%, BIROTERET
L ET, TOZ ik o TEH LY SEEIC < Lo
TEBEELLRD. 7 =4 »2HFEBIEHSERC L -

TRRYH, BEHAEMORENLLOOT7 =4 vEFE

EFERIESHE LI REE I Vv A BRFOQICT L. &
L hd—F 4+ — V77 ARBERMDOREI A~ 7 A

mABOH¥EET B LFHS5~T5kg/ 10aTH D,
FEv— - vuse-—REEMHOHE TERILI~58
kg/10a TH5.

K, TCCEBELHHET Lo BEnos LTk, 58
BROTNL I =y A BENAERALIILD, o, KED
) VIRIRAME T T2 LB pH 2B Licsk®, The
REHL Y ABRAOEA S v LTREEANL » 7 A
YHAT A ENBERHTHSL. BUBESLLECKD
BBEPH L, #A—F+—FZIFRT5.0, FTr—KL
VB vy F—FA—0r35ATC51, Rv=Ti74(7
SA, Thow—., VvV, VFbt, 7 TC52 74750
7y, vRIR—SAT54TH7c. b ED pH
TIRY vYORBIBKRIZ X > THILTAZ LAFRTHS.
LA EDX R ¥ &b TEREICAR L.
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Table 63. Countermeasures to grassland acidification

Grass species Classification ! Critical Al con- P application method

vof Ecentration and pH Limed . Acidified
' Al-tolerance ! for liming ' :
E E mgAl/L pH ; Bf CA E Bf CA
5 (1) ; (2) - (8) ! (4) (5) )] (5)
Orchardgrass EVery strong E 100 5.0 ; 5
Timothy 1 Strong ¢ 10-20 5.1 ‘: ;
Kentucky bluegrass | Strong v 15¢ 5.1 ! !
Red clover EMedium E <15 5.2 E April Split ' Split Split
Perennial ryegrass | Medium v <15 5.2 , E
Redtop + Mediun <15 5.2 ; E
Alfalfa ' Weak R ! 5.4 ! '
White clover EVery weak E 4 5.4 ; }

(1), (2) :from Table 23. (3):Example in the Acid Brown Forest soil synthesized from (2) and Fig.18
(4) :Acid Brown Forest soil, (5):Cumulic Andosol.
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RENHERE LT TOEDWRELE ST 5 fodicil,

BYEBIRSAAR R THDL. ZTOFKERE L L TLEOREN
o7+ 50T, Bt BoBM b uRBcE: 3
BETHH.. LIn-T, FHEOLEREROLHITIT
i o LOBBCIE USRS LETHS.
I CABHR T, EMEORFENEEELOBE L
WEEFTCHTHEYEN LT, BEStS LUERER
SUTHEN METEREC Y vRIEZEE®RF L, Hhbe
THREEA A vy 2 BAK & B REETUEDE» W+
HERBMELTRR YTV, LTOBRYE .

| B HBOREOMMALL T I =T LBHOME

1) Bt EoRENBMELL, ERERICEHE Sh
537 vE=7OHBILRCERL, TOBRENTSHT
v b ALBECREIR TV ATBMBIER LB W,
B LA AR BT 57 = 4 v E L b ICBT &
EBEWTT S LI & HEERTME KT A EEM LD
SHREGERE LTS Lic. #0E LRE/MSh
EFREE A B LOFER CH SO T, BiEboBE R
EFREHBCHAIL, LERBREE L, KED
BEREEBERC L > TERTE 7 e b vaidic <, »
DREEA A VBEABE A LI L HEEFRAL S
DL, BLOBENEDLDTESHLTH 1.

2) B LAERO LEBRCIAE T L=
ANBEECEHE L. 7A=Y a0BERERE>HK
Z>>REOQETH, EXBARCHFAL, KIEKD
PR VLB RCRLA L, K& T5me/L (45
mg/L) DLEZE LA, 2BERO7 V3 =9 2 BER
+HEDO pH & 7 =4 vBRECHH IR T, HBER
ADT A=y AOERELED pH £35. 0T CRR
L, pHOETEH» L.

2 BUMtCLINBELEETHEER L ZORBRE
1) BEBROT7 v =y s BEAE 2 L LRREGT
B BEFRS HHE LB A —F v — F 75 A
ZHE VR, F—TA—ISASFE DT H 2 a—S
SRUV=TFAFAFLFASVy FE o 7ETAT7 207
r>vrse—SOIRTHH, EFEFEXT LT
= ABEMASHIE LI T L = Al A —F » —
FYFASFEY—SHVE gF—TN—FFASTH

s —R_"=ERv=774 7"77\=l/y F b ~y7°>7/|/

%f

Tan7sE5vesa—SQIRETHH, EETZEHE
Lic. Lichio CHEBOMM L & 2 TR RELFH
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FASFEY—SHF VR, F—TAN—FFAST A
B—RN 2R =2TFTAIFATFTASVy Ny T>T7A7
FAT >R I —SDIETH -1 '

2) BEMCEBELILETT BB EAHCET28E
BOMEBEE SIS URIHEROBR ERIT LA, B
ML IHAEFTETEIEHER L /I, <27
V7 A7 3 EHER L DB AR E 5. D
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DL, BENBEL,ETTS EBIREOI~5cm
CRLA TV R &b, ESEHCET
AR T I SRR VB L ERLLERTH - 1.

3) BEMBEICHE > TT A =0 ATRELSRG
F—F o — F 77 ALK CTLRBIERETH YD
DETF L. ZOB, #ERY »EER/AET L. L
BHEWOY VEBEIIE ABEL LB LR, 7o
=V ADBEHIIAY vRIAELEAFETOFERA
D—DTH»T. ‘

4) THBHEOHEBMEZIROELR RS IUVHED Y v4&
BRLHEFNLBEGRCH Y, T =y aOM EMBIT
MEIREABBEGREH 1. 7T =7 aBFETICEK
15) YEROETRITRTOEETEOATOERTIC
FTREINIH, RV=TAIAFFAKIVYr I —
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T4BIS L. 743 =7 ATt R R RAIC
~NTY ORI - FIABRAE - . BESATICK
B EREOEBETIZT A I =9 A X B5ROMERE
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LB DTS-, —F, WEOEY Vg

PH &HTETFL, 743 =9 ATHEILEY VIEKES
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FEECBEL TV L BRIh.

5) Bt X AIEET OBRE LA EN DI F
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kﬂg%gﬁﬁ%kkot&%ibht.:@tb?w
127 AR LS TRIRAHEEIRZRED ) v EEFXRD
PRETE - 1.

3 RBREMEBEMEEBCEIINECETIEEMIEL
T-RRBEEZ
1) £ pH ¥ FIEWCHER LIcHED Y vIRIRBIERIL,
BHEEERLI A —F+r—F75 R, Fxov -}
CEFRCY v22EBATIHE ELEL, 8AkS
BRBTAAE RO EL . Thicx LES kL
LCREEML b, HECHTTRATBHHH B2
FHEREERA TR, S, 8AFIIZIACLE
MR CECRISETH - 7. LEMOEVG LT L8
DY YRENOECHE L.
2) BUSRHCRIE L —F v — V75 AT
R Y Y ORIES I S EOSETH . BRI
Y HEREEE I MR MRS R L TR M (LB R T
BHELEBRIEN» LB~ L. B kUL cw
F—F o —FIF5RA, Fv—¢&CBELOWMENS
IHWHIHENTH Y, FHRODBIBRENCE E - 7.
3) BEMCEMELL L BEMCREE L oY A%

THZELY, BE—KPHOLEpHLLERL, £
BR, OXBBEBET I =V 2 BENFETL, @Iy
U ABENERL, @74 =g artABOMERE
ARSI, EoROCOIEREDE S LTEROHE
mé, OEBEFBRYOTRERET AL LHESH
AEOMMA L L Ih, ORERMRIC L 585 RN
Do ER*¥FRL, BRI, ®V vERERETHIES
BINEOWEINC X » TEBFENBRTS, ¢ELLRC.

4) Z|EHIAL >V AORERZIEHHCE ERD T =
FvELSBRUCEDOGFHEMMETHH, ZhicHY
THIELRLpDRBEAI N Y sEHER, FHT3IE
BOMEES LIUBR L > TRZN, F—F 4+ - V73
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BT ©34~58kg/10a BETH » 72,

5) BMUBENLE L 50~2cm EORR pH i3,
BEO7 AL ¢ =9 A L »CRICH, £—Fp—F
STATE0, FEV—KIOFr VA yF—TAL =75
AT5.l, RVv=2TFNIFA T FTA, ThHIZr—0s, L,

ve e —S

Fboy 7 TC5.2 TA72107 5, vage— T54T
Hotc. TRHLED pH Tt Y vORIBEIK X » TRt
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Studies on grassland acidification caused by fertilizer application
and its effects on grass growth.
Masayuki Hojito

Summary

In order to obtain a sufficient amount of grass production, adequate fertilizer
application is essential. Since soil acidification is caused by fertilizers application,
grassland acidification is an inevitable problem. Therefore, effective countermeasures
are needed to maintain optimal grassland soil conditions.

In this study, the mechanism of grassland soil acidification and its effects on
grass growth were analysed, and phosphorus application which is important under
acid and low temperature condition, was studied. The effect of lime application on
acidified grassland was analysed, and effective management methods for continuous
and productive grassland were proposed. ' '
1.Grassland acidification and aluminum dissolution.

1) Grassland acidification is originally caused by the nitrification of the
~ ammonium ion which was contained in the potentially acid fertilizers, and the formations
" of protons which displace base cations adsorbed on the soil colloid. Since the
nitrogen fertilizers applied repeatedly bwas the primal cause, an extent of acidification
was propotionate to the amount of nitrogen fertilizers and the surface layer of the soil
was intensively acidified. Urea, which forms smaller amounts of protons and has a
buffer action by increase in concentration of bicarbonate ion, showed a very slow
acidification.

2) Aluminum was dissolved into the soil solution of acidified grassland. The
concentration of aluminum was in the order of ammonium chloride > ammonium
“sulfate >> urea, and it was proportional to the amount of nitrogen fertilizer and
disproportional to the length after the fertilizer application and soil depth. Maximal
concentrationwas over 5me/L (45mg/L). The concentration ofaluminum was controiled
by soil pH and the concentration of anions in the soil solution.

2. Growth limiting factors of grassland acidification and the mechanism of
grass response to the acidity.

, | 1) Acid tolerance, judged by dry plant weights in a pot experiment was in the
order of orchardgrass = Kentucky bluegrésé > timothy > red clover > perennial
ryegrass = Aredtop = alfalfa > white clover, and aluminum tolerance judged by the
critical aluminum concentration of the soil solution was in the order of orchardgrass

> timothy = Kentucky bluegrass > red clover = perennial ryegrass = redtop > alfalfa =




whiteclover. These two tolerance were nearly equal. Therefore, aluminum is a
major limiting factor of grass growth on acidified grassland. General acid tolerance
judged by these two facto}s was in the order of orchardgrass > timothy = Kentucky
bluegrass > red clover > perennial | ryegrass = redtop > alfalfa > white clover.

2) The order of acid tolerance in the grassland field where the soil is acidified
little by little from the surface layer, was almost the same as that mentioned above.
However, the extent of growth decrease by the acidification wés smalier than in the
pot experiment, particularly in the case of alfalfa, which produced greater growth
under field conditions. The reason for these difference was the fact that alfalfa
rooted more deeply in the soil while soil acidification occurs mostly in the surface
layer such as 0 to 5 cm. As shown above, root dvelopment is an important factor in
- the estimation of acid tolerance in the field.

3) Even in the case of orchardgrass, which has a strong tolerance to aluminum,
showed growth decrease with annual variation by grassland acidification. Phosphorus
content of the shoot was decreased with soil acidification. Since the phosphorus
concentration in the soil solution was not decreased by the acidification, abstruction
of phosphorus uptake with aluminum was one of important faétor of growth decrease.

4) Differences in acid tolerance between grass 'species were proportional to
both rootgrowth and phosphorus content ofthe shoots, and disproportional to aluminum
translocation to the shoots. Decrease in phosphorus uptake in the presence of
soluble aluminum was controlled by the decrease in root weight in all grass species
studied; however, in the case of perennial ryegrass and white clover, decrease in
the phosphorus uptake efficiency per unit of root weight was also related to it.
Aluminum tolerant cultivars showed a higher efficiency of phosphorus uptake and

usage comparing to aluminum sensitive cultivars. Growth decrease in-acid soil was

‘mainly caused by the decrease in phosphorus uptake which was caused by the
obstruction of root elongation by aluminum, and it was not caused by obstruction at
the site of phosphbrus metabolism in the plant shoots which concerns the dry matter
production. On the other hand, grass tolerance to low phosphorus condition in the
soil was decreased in low pH condition, and the aluminum tolerance decreased in
low phosphofus condition. These results indicate that aluminum tolerance and low
phosphorus tolerance are closely corrvelated through effects on a root growth.

5) Yield decrease in acidified grasslarid was remarkable in low precipitation
year, and reverse in high precipitation year. The cause was that the aluminum
concentration in the soil solution increased in drought condition; therefore, the effect

of acidification was magnified in a low precipitation year. Accordingly, the phosphorus




content of the shoots which is obstructed by aluminum showed lower value at low
precipitation year.
3. Grass growth response to soil acidification and effective management as a
countermeasure.

1) In optimal pH condition of Brown Forest sail, phosphorus uptake efficiency
was highest with a single application in April or May, and . lowest with a single
_application in August, both in the case of orchardgrass and timothy. However in
Cumuli‘c Andosol, under optimal pH condition, phosphorus uptake efficiency was
maximal with two or three time split application, both in orchardgrass and timothy.
These differences in phosphorus responses in sbil type were mainly derived from
the differnces in the intensity of phosphorus adsorption of the soils.

2) In acidified soil, the most effective phosphorus application method was a
three time split application for orchardgrass both in Brown Forest soil and Cumulic
Andosol. Depending upon the degree of soil acidification, the effective phosphorus
application method changed from one time application in April to threetime application
in May, June and in August. In cumulic Andosol, the split application method was
effective before and after the acidificatio.n, but the effect was increased according to
the soil acidification. |

3)The effect of lime application on acidified grassland was described as
follows; i) pH is increased by liming, ii) concentration of aluminum in the soil solution
isdecreased, iii) concentration of calcium isincreased, iv) consequently, the obstruction
of root elongation caused by aluminum is reduced, v) while the microbial activities
and numbers are increased, vi) the organic matter decomposition is accelerated,
and nutrient availability is increased, vii) while thé nutrient uptake ability of the grass
is increased because of increased root elongation, viii) finally, the growth is increased

" through increase in the uptake of nutrients such as phosphorus.

4) Amount of calcium leaching was equal to the equivalent amount of anions
included in the fertilizers and the natural leaching from the soil. The equivalent
amount of lime was depended on the kind and the amount of fertilizers used.

5) The critical pH of the surface (0-2cm) sail at which lime is needed depends
on the aluminum tolerance of grass species, as follows; orchardgrass:5.0, timothy
and Kentucky bluegrass:5.1, perennial ryegrass, red clover, and redtop: 5.2, alfalfa
and white clover: 5.4. At higher pH values, the method of phosphorus applicétion is

adaptable.






