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Table 1. Kinds of experimental sections.
o Sr 2
goems | owmoos 0 o & B,
experimental | each exptal. | . e DR B B O 5 I ; B, Mo iRimoAE
section section Kind of nutrient Root nodule Minor elements
‘ solution bacteria } B and Mo
T VE YR ‘ N
Cont., +R, i : wom
I P ‘ +B, +Mo Completgo?utrlent Inoculated | dded
' Cont., —R i A | N
I =S ( +B, +Mo 7 Un-inoculated | i
) m X ‘ —-N, +R, N%ﬁ%ﬁ@ie | ’
| +B, +Mo nutrient sol. Inoculated }
|
. —-N, -R, P FE | ,
by = l +B, +Mo 7 Un-inoculated “ 7
’’’’’ \ R ;R _
y . L NI}
v X ( Cont., +R CompletSeOInutrlent Inoculated | No-.added
| PR K IR |
VI X -P, +R Phosphorus-free ” ”
i nutrient sol. |
| R T
VI X 3P, +R Triple-phosphorus 7 | ”
i nutrient sol. |
! TR R BRIR !
Vit X | —-K, +R Potassium-free 4 ‘ ”
' nutrient sol.
| R R i
X X I —Ca, +R Calcium-free ” ' ”
| nutrient sol. ‘
EHRERK 1
X X —~Mg, +R Magnesium-free 7 | ”
| nutrient sol. I
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L5 e, BRCHYEEO ATERYT5 © Bl & Lk,

b. #&ETF
ERAET L LTI, TER 20 EEERIRMERRIEE Vv~ « THho v (Acacia mollissima
WiLLp.) % X O FEBEFE TEERAKRBZSUIZREA 4+ ¥ >+ 7 > (Alnus Sieboldiana MATSUMURA)
o2 A FEHAL

c. HHBER
BACEELUCEERL, Vo~ THo ¥ TR, ML EMEMITESToLcE Y v~ - Ty
¥ ORIEEED 5 b, HERWEBREREBbhicey o~ - 7 5o v EFTER No. 10 %, Bk - 58
§F - SER e (W25kE 20.0g, K.HPO, 0.5g, MgS04-7H.0 0.2 g, NaCl 0.1g, CaCO; 3.0g,
Bk 100 cc, ZEPEK 900 cc, FEXR 16g, pH 6.8) 1 28°C T 2 FHHEEE L f2 b DR EHH LI,
F AT oY T BFIRST AR L LT, W REREE OSSN IS T w0 T, Mk
SHESTHMCIREL LTz 2 RO+ + v o ¥ T o iciBE L FifE e, » oRELERVERLLLO

R % B
(B 1~ oy K
d. RBRARS L5 mm) 5

4 Hhsz

Zan — ) E,J\
HAERL LT, S1RICRLTHS X5 ICHE e st N .
Vo v Y
0om, EE 0om PRI 100 AD OOk 2 0™
A B R a2z

G, THICEZE 17on, 5 13on OHOH D
W (BB 20m) Hro =k, JEHT: b O, o=
wEx 5T LLWT, Tl 3om 138 10mm RS
O/NER%,  HRETE 10 om (XEEE 5~3mm OFK HIR BFEy b (B 2)
Wa, LE 20m FANE L5~1mm 0 RS B Fig. 1 Pot for culture.
b, BTOEMOKL IE0H#E, B 20 EMOBER (B 1om) ORIEERCL YW fUT
REFL 7
7eds, (AL Bl JOURIEENY, 5% TSERHEEET 3 HEBE L, KEKTHRIEEL- 0%
L.
e. TEDTHE LURERER 0BG LU ZDFHE

Vo< THYYORFE, FANC 0.5% 7 A7 L v KK T 2 ERE L, > Z @i 5 450
B, EEKEMZ T 80°C T2 RHIEL, 30°C OBEMRHOBEY ¥ ~ v O Lo Ok LT
3HEBWCHEX R L0%, B 30 45 A5 Hic, FRREOLKCThFh 20 b THME L.
e, BEEOBEXY, FAORKEEFL v~ LORICANR, ZHEETY ¥~ 7Hy v ORER
BEO 1 £MEELT 10cc OFBEKCHEEFLELLOLMEL, FBHTECHEE L LRECHEEL .
FA Y oy 7o DT, HBFEERNRE (50%) THoted T, HEFI 30 4£5 A5 HIZ 0.5%
7 AT AV IKETRTC 2 IRRIRE AT o, HE v~ VO LD ORI It L, 25°C OERE
CRWTISE(EAIT D, 58 10 HiI L b 2 LTHEK 20 BT O % F RICFhFENRE E O,
FEEOERY, B 1EMECT ok, Thbb, +4 37 o ¥ 7o 2 EETCEE Uiy
B, ABEKLBERTHROTIEL, B TASEERCLD 5g %, 0.2% 2127wy KEWT5 4
B L, BB TR L 2 D BRI TIREK 100 cc R ML THEST D281, %D 0.5¢c Fob%
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Table 2. The mineral compositions and their amounts of the different culture solutions.

ee— Wl* EL | ‘ “MA

- . . . ] ZRIEK

RPN Composition yy o, CaNOD | kmpo, ko1 | MESOs sty Sl NmEPO, Tap i £
= W

—
Kinds of solution “~.___

mg mg mg am mg cc mg mg cc

Complete nutrient 57.1 168.4 38.3 42.3 244 .4 0.282 — — 1000 glm

solution

bttt o B.0: 0.5 p.p.

Mo:03 0.05p.
Nutrient solution — — 38.3 42.3 244.4 0.282 104.8 - 1000 ”
minus nitrogen

Nutrient solution 57.1 168.4 — 63.3 244.4 0.282 — - 1000
minus phosphorus .

3 fE PR J
Triple phosphorus 57.1 168.4 115.0 0.3 244.4 0.282 — — 1000
nutrient solution ’

|

S EBEER
Nutrient solution 45.8 168.4 — — 244.4 0.282 — 32.5 1000
minus potassium

S R |
Nutrient solution 114.3 — 38.3 42.3 244.4 0.282 104.8 — . 1000
minus calcium

R LRI
Nutrient solution 57.1 168.4 38.3 42.3 — 0.282 — -- 1000
minus magnesium

Note: pH 6.5 in black wattle, pH 6.0 in alder.
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¥ E OIS T L CHEL .
f. 32 B A

BV THASYIXSASHMAL5H 24 HET, A4 v v 72350 10 H2 b5 24 HE
TI%, KERTHEIEL, ThLUBEIL TN TN OERRIC X 5885 7ol

HEBAEFERC IV o~ - T A YR T 3em S, A ST v 7ol lon RAOHEETH
D7

g . FiEEEOMER

BRI A IR ORLEUE, 2RISR T L5 ThHo & OEEEHIE, 1L UDIEK & ikl
Kufoln, X K (—Ca, +R) L0 X X (—~Mg, +R) @ 2Kk, KEKCTIRZELHH S
TR S DD bl D T, B T h R 40 A X0 45 HEHIRY D76 A 24 HITEEIKC
BELI

BHEEARRE, A HIERS OUEMAIIHEIIRCHE L, MEFONIR, s, s
R, WEPETRR, WL X003 EHIEEERL, EEONREATELCLOTHEN, ZhbHRHEK
DOHYWEFTFEEIYX, N....40, P:0s5....20, K.0....40, MgO....40, Fe:Os....5p.p.m. r75 L3I
L.

TeRE I XbE IV X F CTOBMSEKRICIE, I5KIK B0s....0.5p.p0m. (), Mo.0s....0.05
ppm. (V) TFUEEY — &) RUEMLI, FEROEIKO pH 1L, EEHEWTIL—IRC 6.5 B
PERHINTHABDT, Vv~ TH¥ Tk pH6.5, 44 5% ¥ 7o TGRS O#Hic Lics
ST pHE.0 #FE-SX 5L, Thzh HCl THE LA, HRBRKORFRD & D224k, HED7~9
AORE 1EMC 1 [, Zoflk 10 Bic 1 EfF27%,

ok, WREHBUC O TUXEE - T oM O+« 2R U,

h. EEE B

HEL, MEFBRBAOY Z AED F v O LTI (BE 1), FFRX OFFROEFIL LIXLEEL
T, MBCLAEELRDIS PR THI 5D b,

7ok, HERRWOEIEN SN D ORI 5, 6, 7, 804 HAIE, FHETHREHEL L L 21X LR
SORAEO—T% 2 o X TRE\, WEFKOBIBIMCIHL, RO AR IORMIIY 7 AENITA
WTHEREL 72, _

R 1 MOMIBIT, &h 2 20 AfEsrk 10 Afsnc (29 v THy v X6 ATH, 4477
Y ZTETH 15 H), e 2MEHOMBITIE, &Y 2% 5 A QL L TERERDRITE L
L(YVy~=-THCYRTATH, #+-"v>¥ 78 A 18 H), 3L 10 A 20 H ¥ TfFote.

li ERBEALSUICER
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@ BN [eNoNe]

. " x i__sﬁ]zs'a | 7HA25H ’ 8}%25[3 T “9g2sH 10)513)5.1 -
~ S PO . . £ . i sz | ke 1&0 = | T

N | B | MO | W | 9 | meE | 'Eg N N y B2 | me | wE

cm cm mm cm cm mm cm: cm, mm Cﬂ’l cm) cm

. A 10.0 6.2 ! 32.6 | 12.4 5.0 | 61.4 | 62.0 | 30.2 8.2 87.4! 176.0] 60.2 9.2 99.4| 226.2| 70.0 | 25.8

Cont., +R (+B, +Mo) B 10.8 6.4 | 35.0 | 12.2 6.0 | 67.6 | 75.4 | 30.4 9.6 97.2| 206.0, 59.4 | 11.4 | 107.4| 252.0| 70.0 | 29.8

I{Zi’% 10.4 6.3 | 33.8 | 12.3 5.5 | 64.5 | 68.7 | 30.3 8.9 92.3] 191.0] 59.8 | 10.3 | 103.4| 239.1| 70.0 | 27.8

A 9.4 5.0 | 27.2 | 10.6 4.4 | 46.6 | 18.6 | 21.8 6.0 53.8/ 30.4] 25.6 5.8 57.4| 42.8) 32.4 | 22.8

Cont., —R (+B, +MO) B 9.6 5.8 | 28.4 | 10.2 4.6 | 52.2 | 36.4 | 26.8 7.8 70.4| 146.6] 56.8 9.4 82.2| 242.8| 73.2 | 23.4

—lei*iﬂ 9.5 5.4 |27.8 10.4 4.5 | 49.4 | 27.5 | 24.3 6.7 62.1/ 88.5] 41.2 7.6 69.8| 142.8! 52.8 | 23.1

A | 4.2 6.2|16.2| 9.6| 4.0|43.6|25.8|22.2| 5.6| 75.2 58.033.0| 7.4 | 86.8 93.4 38.4 | 23.8

—-N, +R (+B, +Mo) { B | 5.8 | 5.8 |21.2|10.4 | 4.2|52.629.8|20.0| 7.4 | 79.4) 113.6| 46.6 | 8.8 | 78.6| 169.8 53.6 | 21.6

Y| 5.0| 6.0|18.7 | 10.0| 4.1 |48.1|27.8 | 21.1| 6.5| 77.3| 94.3/ 39.8 | 8.1 | 87.2 131.6| 46.0 | 22.7

A | 5.2 2.8] 8.2| 3.0| 1.8|12.8| 2.2| 5.2| 2.4| 15.6/ 6.6 8.8| 2.8| 16.6 7.4 9.6|24.2

-N, —R (+B, +Mo) { B | 6.0| 2.5| 9.8| 3.2| 2.0| 14.2| 3.4| 6.8| 2.4 | 16.6| 4.8/ 7.6| 3.0| 18.4] 5.6/ 7.0]27.4

X[Z-ﬁ:‘] 5.6 2.7 9.0 3.1 1.9 | 13.3 2.8 | 6.0 2.4 16.2] 5.7 8.2 2.9 17.5 6.4/ 8.3 | 25.8

A 8.6 6.6 | 31.4 | 12.6 4.6 | 39.8 | 26.2 | 25.0 5.2 51.8/ 58.4| 36.0 6.0 66.2| 62.0 36.2 | 26.8

Cont., +R B 8.0 6.2 | 30.0 | 12.6 5.0 | 64.4 | 69.2 | 32.2 8.0 | 101.4{ 186.8! 56.4 9.4 | 110.3] 229.8| 67.0 | 25°0

i 8.3 6.4 | 30.7 | 12.6 4.8 | 52.1 | 47.7 | 28.6 6.6 76.6| 122.6| 46.2 7.7 88.3; 145.9| 51.6 | 25.9

A 4.4 4.2 | 10.6 5.0 2.0 | 14.4 5.2 2.0 16.0 4.8 2.2 16.4 3.4 | 29.

-P, +R B 4.0 3.0 11.8 4.4 2.0 17.4 5.0 2.4 18. 6] 5.2 2.6 [ 18. 8] 4.0 | 27.

Wiy | 4.2| 3.6 11.2] 4.7 ] 2.0 15.9 5.1 2.2| 17.3 5.0 | 2.4 17.6 3.7 | 2s.

A 6.8 4.4 | 25.0 9.4 5.2 09.8 | 45.8 | 24.2 8.4 88.4| 185.6| 59.2 9.4 | 104.0| 225.2] 65.2 | 22.

3P, +R B | 7.6 | 4.8|25.0|11.0| 4.8 |58.6|50.2|31.0| 7.6| 97.6 143.0, 50.0 | 9.4 | 107.6| 183.0] 50.2 | 27.

e | 7.2 | 4.6 | 25.0 | 10.2 | 5.0 | 59.2 | 48.0 | 27.6 | 8.0 | 93.0| 164.3| 54.6 | 9.4 | 105.8| 204.1| 57.7 | 24.

A | 7.8| 6.4|17.4|10.6| 4.0|31.4|36.0|31.6| 5.6| 36.8 102.8 62.8 | 6.4 | 38.8 111.4 67.6 | 22.2

—K, +R B | 6.2| 5.4|18.4|10.8| 4.0|31.8|26.2|25.8| 5.4| 35.4 94.4/52.0| 6.8| 36.0] 97.8 54.6 | 25.4

Y# | 7.0| 5.9 |17.9|10.7 | 4.0|31.6|31.1|28.7| 5.5| 36.1 93.6| 57.4 | 6.6 | 37.4 104.6) 61.1 | 23.8

A 9.8 7.0 | 32.8 | 11.6 5.4 | 57.4 | 56.2 | 27.0 6.0 49.8| 146.0) 40.8 5.8 59.2| 119.4! 29.0 | 25.2

—Ca, +R B | 7.0| 6.0|34.6|10.6 | 5.460.6|43.6 55.8| 6.0| 61.4) 113.3) 28.2 | 6.8 | 66.2 95.8 25.4 | 22.4

Se#y | 8.4 6.5]383.7 | 11.1| 5.4|59.0|49.9 | 41.4| 6.0| 55.6l 129.9 34.5 | 6.3 | 62.7| 107.6| 27.2 | 23.8

A | 7.0] 6.0|28.6|11.0| 5.0|56.2|47.4|24.8| 6.0| 54.6| 89.2 25.0| 5.6 | 58.0{ 74.8 17.8 | 22.0

—Mg, +R B 9.4 6.8 | 30.6 | 11.8 5.0 | 61.8 | 58.6 | 33.4 6.2 73.6| 107.6| 37.6 7.8 73.4| 124.2| 40.0 | 25.2

i 8.2 6.4 | 29.6 | 11.4 5.0 | 59.0 | 53.0 | 29.1 6.1 64.1) 98.4| 31.3 6.7 65.7] 99.5| 28.9 | 23.6
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‘Cont., +R (+B,

Cont., —R (+B, +Mo)1
—N, +R (+B, +Mo)
—N, —R (+B, +Mo)

Cont., +R

-P, +R

3P, +R

-K, +R

—Ca, +R

—Mg, +R
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aily
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Hw
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36.
56.
16.

11

30.
20.

19.
29.
24.

o — O

38.
34.
41.

12.
14.
13.

12.
17.
14.

s K

8 g g &

36 14.40 11.80 4.00 70
40 22.10 15.10 5.24 | 88
35 18.25 13.45 4.62 | 79
.70 3.66] 3.30 0.64i 20
00 10.88| 15.60, 5.04 ' 74.
85 7.27) 9.45 2.82 | 47.
70, 6.58 4.70 1.54 | 36.
40, 11.52) 8.30 2.92 | 53.
55 9.05' 6.50 2.23 | 45.

I

.68 0.25 0.05 0.05 L.
.18 0.28 0.03 0.03, O.
.93 0.27| 0.04 0.04 | 1.
.50 3.26 2.64! 0.90 | 18.
.00 16.72 12.50 4.26 | 69.
.64 0.22 0.
.68 0.22

.66 0.22 | 0.
70 13.42, 9.00, 2.20 | 65.
80 17.14] 9.40 3.26 | 67.
35/ 15.28 9.20 2.73 | 66.
.20 3.38 6.80 1.78 | 36.
.40, 2.80 3.70 1.38 | 23.
.30 3.09 5.25 1.58 | 30.
60 4.32] 7.40 1.88 | 18.
13 5.03 3.40 1.30 | 18.
28 4.74 5.61| 1.62 ] 18.
50 3.76] 6.70/ 1.34 | 17.
20 6.94] 5.30 1.84 | 24.
90| 5.35 6.00 1.59 | 20.

| 4 T EE

sy poman | MU FEbO B
H 1 i
: (§] ii_i‘i T - ,i " ﬁ?f,
[\ 4T B 40 REEE] BT R
g g gl g &
23.92118.92, 42.32 22.20 4.10 | 14.40 1.74
31.34160.26 58.68 21.52 6.04 | 16.36 2.82
27.63139.58) 50.50 21.86 5.07 | 15.38 2.28
6.16 35.94| 10.46 8.44 1.46 | 2.80 0.34
' 22.68/120.40 38.60 14.88| 3.60 | 13.90 2.06
| 14.42 78.17] 24.53 11.66 2.53 | 8.35 1.20
10.92| 61.10, 19.04 8.40/ 1.60 | 7.68 0.98
22.12| 91.60 36.56] 12.66| 3.06 | 10.70 1.62
16.52 76.35 27.80 10.53/2.33 | 9.19 1.30
| i
0.35 1.93 0.65 1.10 0.28 ‘
2.75 2.05 0.58 1.93 0.30
0.31] 1.99 0.61 1.51,0.29
7.60 36.04' 11.76| 13.80 1.88 | 3.80 0.66
21.78127.40 42.76 16.20 4.24 | 15.80 1.80
|
0.26, 1.52] 0.48 2.74 0.38 ‘
0.34/ 1.68 0.56 2.70 0.32
0.30 1.60, 0.52 2.72 0.35
18.72113.60 34.34 16.50 3.76 | 14.00, 1.60
22.64/120.30 43.04) 16.76) 4.40 | 13.72] 1.96
20.68]116.95| 38.69] 16.63 4.08 | 13.86| 1.78
11.12 53.30 16.28 9.14 2.00 , 5.04 0.74
8.88 33.90 13.06 7.14 1.74 | 3.86 0.34
10.00 43.60, 14.67 8.14 1.87 | 4.45 0.64
5.82 38.02| 12,02 9.60 0.20 | 4.70, 0.74
6.03 35.63| 12.60 8.28 2.43 | 5.90 0.70
5.91 36.96| 12.28 9.01' 2.19 | 5.23 0.72
5.64 36.56 10.74 10. .00 | 2.74] 0.42
8.60 47.001 17.38 12.10/3.04 | 7.60 1.00
7.12I41.78114.06}11. 52| 5.17 0.71
| |

HT e & EE -
S o H =3
| 47 IEGrEl 4 |EEZE

g £ g g
36.60 5.84 |155.50 48.16
37.88] 8.86 |198.14] 67.54
47.24 7.35 [176.82 57.85
11.24] 1.80 | 47.18] 12.26
28.78 5.66 |149.18| 44.26
20.01] 3.63 | 98.18| 28.26
16.08 2.58 | 77.18] 21.62
23.36 4.68 [114.96] 41.24
19.72 3.63 | 96.07| 31.43

|

1.10 0.28  3.03 0.9244&Y#

0.93 0.30 | 3.98 0.88 7~

1.51/ 0.29 | 3.50 0.90

17.60 2.54 | 53.64/ 14.30|AXICIE
32.00 6.04 '159.40| 48.80EIFKEE
|

2.74/ 0.38 | 4.26 0.86

2.70 0.32 | 4.38/ 0.88

2.72 0.35 | 4.32 0.87

30.50 5.36 114.10 39.70
30.48 6.36 150.78 49.40
30.49| 5.86 :147.44| 44.55
14.18 2.74 | 67.48' 19.02
11.00 2.28 ; 44.90 15.34
12.59;2.51 56.19 17.18
14.30| 2.74 | 52.32 14.76
14.18 3.13 | 49.80| 15.73443FH
14.24| 2.91 | 51.20 15.19
13.36! 2.42 | 49.92 .16
19.70| 4.04 | 66.70 21.42
16.53| 3.23 | 58.31] 17.29
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Table 5. Comparative of growth (Acacia mollissima WiLLD.)
~ ’ =3 ¥ B & HRIE B
H OIf ' _Height of stem ' Drying weight Root nodule
. Matters T K e IS (b)) BE |1 g
" \ ' F o TR | \L i,j | S5 it | Drying W/ﬁ%‘%
B o# K Averaged Ratlo to era ed Ratio to BE H %a\
Kinds of solution ) J verag 1. weight ‘
Loom [ % | & \ % ! g | %
I Cont., +R, +B, +Mo ‘ 103 | 100 58 i 100 2.3 4.1
Il Cont, —R, +B, +Mo 70 ' 68 2 49 1.2 4.4
1 -N, +R, +B, +Mo | 87 84 31 | 54 1.3 4.3
W -N, -R, +B, +Mo 17 16 | 2 — —
vV Cont., +R, —B, —Mo ‘ 110 ‘ 107 49 ‘ 84 1.8 3.8
VI -P, +R | 18 ‘ 17 l 2 — —
I 3P, +R : 106 102 45 ! 77 1.8 ] 4.2
VI -K, +R - 36 17 ’ 30 0.6 . 3.9
X —Ca, +R ‘ 63 61 15 i 26 ) 0.7 —
X —Mg, +R ' 66 64 | 17 | 30 0.7 \ —
o
120 .- V Cont#R
. @ 3P+R
100 - 1 Cont+R
&
& 80
)
w
w0 40
T
20
0 . 6 7 8 9 0 A
Jun.) Jul) (Aug.) (Sep) (Oct.)
22K V<. ThyvodERun

Fig. 2 Growth of each experimental section (Acacia mollissima WiLLD.)
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R DIEBUENIEEL TELLLET B, TOEIAKKER TIIEIEL 0 b DR 1R bbbz,
INBIGFR S HEOXKERD LIRS L TS LD, FHBRXAM 0 EBRIELHET 5 ooiciz,
ik, oL bERDO IO TRYERL LCRTHZ LI L,

a, BYTT-FadY

EFHBX C L OEERIER LOHEOAELORIESED L 5 ThD (83, 4, 55 2K, B
H-2)

(1) IX (Cont., +R, +B, +Mo,)

Th T IEENMTRL, HITTHIEEEK I CIWE 1.5m TR DU S DN EETH LA, KRE
BROEERI L A AR ETH2 bbb, 30 bERLILLON 1.3m Lhot, R 20
HEZACHESR2 D =S i, 30 HH & AT CICHYEORBA A 5 1 b s X 5icieotk, 50 H
HEAICR IR TS 1 BEAWEEE LI AR ClREE 134 B e ofc, 90 HH Z AIRIE LW 3En—
o b DA DTS DORERBRICA, 110 HEH ZACEEEIZ LW X 2 TERICEE AL
BRAich, EEEETHOEEEICTROR I D REL, BREENLZ LD (BE- 2), BE
DELT R THEM O FEPATA SR, Ehd TRECEELT (BE - 6). AXOWEhk
B & NTARIR I — SRR D B R ERIR D JEAI I D D TN D A & X D DS ROHE & e
EFRRFEX TR & oL, SIEROIBRAAT OB S\ X 5 Kk bk,

(2) X (Cont., —R, +B, +Mo)

B 50 HHZA ETOWHRI IK LI LA LTI D, W BABEDFENS T, ki
—HENEET B LD LTI, SO AL ERERIRC X 58002 5 hidbh bish o, Lrl,
TR TR 30 HEH ZAITT TIEa e D IEROTEA R B Iich, RX TR 70 HEZ AICHEN-
LW T ERERRA L Red ol (63, b 110 BEZ AI7e s L TEENFERICK D,
NN ANFAFEET B LD TS X SR 2RDORX LT, IR TGO EEIAR S ieh ot
DT, 2D OIS X ATHXOMEN S bbhic b Dk bbitlc, $¥OH 1B HHZAETIL IR
I OATERREL TS DI, ZOZ A LARKIC b HRBYNC X 28 0078 ) ELE LD
T, LEWEEI AT DEER L TRCIFCIER A5 X 5 iieotc. LaL, HekTE
DEER TR L THES L O EEERT 68% KIU 49% ThoT, BEENZRLDLIL (BE
- 3)

(8 MX (=N, +R, +B, +Mo)

BEE 40 HE 2 ACIEOHENIER s> T HELIX LD, 50 HEH Z AIKESR L C#HED
Fgie » A EE BV, ERREMEEREX (V X) ARG, 60 HE AL O&KY
DIe D EETTIe DT, WEIR T, HXKIEL BARTHSL L HICiolke. LHL 30 HE AT CIRER
MNEBLELTWT, LEWKEDOHEOWEMA A LR (5563, 70 HEZ A2 LIZAREGAI L, i
EELL<D, 80 HE AT TICMERER (IV K) O 2 F0ERETEL. TOBLET%
TEHECERREY L, @<EHREVEEY LD L, 110 HEZA0OTRINR tERAbR G Y
heh, IR ADVIES: (BHE - 4). HERTIROLERERIX v KOMEHT, IR
SIUEHE 84%, MIGER 54% TERMIVELD, AMLETIRA Lo X Jeihbint (HE
I K EAFEEILOR) LSO THERZHETIIbRELVWERY LD T LD L E2L bR,
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# 6 & [MBIEORRERSRIL

. g g | OA7H GEME 2R TH7H  CHEEEEE 70 HE)
| avorml RS |
e |(%WK¥H) (2) %&@ﬁ ‘§5$$%) 1), () EEEK
— R B GLEZGE N
g <~ o @ | m | @ | _
& ’ & {i& i 1 i | \ 1
I Cont., +R, +B, +Mo’ 14.4 | 10.2 | 12.3  8~18| 33.6 | 32.6

I Cont., —R, +B, +Mo — — — — |
m —-N, +R, +B, +Mo | 18.8 14.6 16.7 9~43 19.0 © 24.2 21.
v —-N, —-R, +B, +Mo . — — — — — _

10~31

i
33.1 1 18~57
6

.8 6~15 15.4 21.0 18.2 12~32

VvV Cont., +R, —B, —Mo | 10 13.4 11

v P, +R (8.8) ‘ (11.4) | (9.9) | (5~13)! (6.6) | (7. 6) (7.1) | (3~10)
I 3P, +R 8.8 10.4 9.6 4~15 ' 17.0 23.0 20.0 12~41
il -K, +R 5.0 6.8 5.9 3~12 16.8 11.4  14.1 4~22
X —Ca, +R 13.8 8.0 | 10.9 5~18  18.2 25.2 21.7 12~35
X —Mg, +R 7.2 11.6 | 9.4

4~20i 14.6 19.6 | 17.1 8~32

HE () NEFEEOBERD & D

I AR IS RS, —BC TR B\ B EERD BT D35 h ot
4) WK (=N, —R, +B, +Mo)

B 40 HE Z AIITREOMIEN ML LD L THEEL R L, X L bRTEHBETIARER
e ofe. 50 HE & AR Aa i b3t L e, LD 2 ~3 3R/ THIEETS X5
KADHRIL I, IR BRTHEDESL L 5RO, 80 HEZADOHEEILN 9om TI, KD
13~1/4 T, MK 2 BRTHEFITTED DT, 110 BEH AR LA LS LTHEBL, &
Ol b HEENERS, FBLIRNT, FRIBCHEEOY QL T, SRS DMk TR0t
L, @B&XIote. ZOBMBEEOTTHE A OB LI Db A b, BT ETh5<
FHHOEL L DIXE LA ERIECIE S\ e 2DZAND 2O 7 A FRFR 1R T O LIEWICERE
IR LIS DOATRY, ZhbORE Ly, HRBEEC L oTOR TS 5H 078 ) K& i
DI A DI, TRBIRLRWGICERE XN UEIREREE L) L, BRI ARk EHOM
DA DM LEDN A bR, FHOBEL LWHOERERT TR L TS 16%, R
EBRIbLTHIC 2% T, M KEXL TS, ﬁm;tectmﬂﬁzizin%h%h 19.5%, 3.2% T, 13XA
CHFEIE R TH O (BE -2, 5),

(5 VX (Cont., +R)

AXiX B & Mo DRERIC Lo THREOBMICHENALNED L5 0% IK LKL, T IR
TORBRKER L CTOEBEK L7585 3D Th b,

BREOEERIIFES 33 HER XV 70 HHO, HBOHOMEB M OWTHNEETE, IK
L BT ) Do, BERBCOITEEENALR, B X0 Mo 2RIt %c 2%, EE0E0
BREBCER O TIEAR VW LB bbhic (63, L UK THROREEERER IR
AT, BLWEIRehote, ERloEBRNER, BEE 70 HH A IR bRTEENSSH
Hr3EAHEbhiz, 100 HEZ AL 2MEO b 20 55 1 BB NFKEL T, EBFNFELEL
ooty DA 2 DEIX IR OLWTEFREEL LS L, K THROLRERL, IKCHLTHS



TERRD S B3 2058 1 GEK « &)1 - J6AT - FO — 11—

B L O ERIL 107%, 84% T, HHERA LD D (RXOEFREILIED L5 Tho
DT, VI KT OERMBICIIET L IRAIEEE L),
6 VIK (=P, +R)

RS 30 HH Z ACHMboBEER THER & b T T OEENRA LRI, AR TRHEREL A
BT, TRERITBROME & s bbb & S B TREROBMIRD 02, WA L bR
NIRETH D, 40 HE ZARBEEIMBRIT S bRTH D EGREER LD, 2 THBOBRGE
Fob e TiE, PMETAGERYELHELHEL EL L, §IF0, &Y OHRIIARYEET L 11T,
HRIEA B NI WISERICEIR Ch oo, 50 B H 2 ALK BRTERI LD L 3450 AL
MEtucich 80 HEH ZARIIERITIZ LA LD, TMOMEIEEL ST feote, BERIFERY
BOLBEREEZ T L, 100 BHEZA2Bixe{ EEN e ¥, 130 BHH Z ARIXTHOo M EL 5
A FEHTEMETEO T X 5otk BER TR GEEL, HFENCRECIRE 1
~2EEBALTT, TNHOENZ LA CHELRWIRETH Ok, B FREAY BORBERT
RN Lho7en’, ERRFET S 0l ot, FROFEFIHL L, @RIEEEYTWLT, %
BLLIE U % 51, BUROLHIC  FHE A b hishDte, 7oHEEE TRIC LisA LIED
FERUT I &b b h ot BROEERET IR L CHER Y OREESIIFhFh 17%, 2% T,
ORI BbARTHos bbb o2k (BHE -2, 10),

() VIX (3P, +R)

AR 35 HE - ACIEANMER, IEEX (W X) © X 5 @h /s hEErs0, pEoEErs
BB L 5Iieotedd, TR OBl Y SR Ui, it 0883 & IO N, BF
KRR UERYEC L D s dbhi, L, BEOEEIIMbOEREX & KEy iehol, 50 H
HoAOWHBIXT, NEEBIVVIRESSLAMUUILIWAT, MRIIRIES X LEUEETH
o, FOBETEHOES HHEIC ), FEETHL0L5L, 60 HEHZ AQIIERHOE b3 08
BRIt W KEIO VIR bRIMETHEL 2535, I KX MRL ) $EERE
Dyt DO 70~80 HE Z A bik, EESRMCIER ikt & 0 b ¥ LTERSERL, LEL
I, IRICIESL X5 Iieole, B TROHEE R L ORGEERL TR L TR 102% B &
W 77% Thote (BE - 1D, #EHEROERR, TORECELOCHMALR ST bR,

8 WK (-K, +R)

BEE 30 HECAOMRIMR L HEV2h5, 50 HEZ AR I, MRIDVHD L Hiclkomk
7, FOENIIRIRC X BRI ERELD Thhotfe, 70 HEZ ARRROT, BEAMCERS LS .
OO BRI GBI, LEWCEDS oM bR>TES L 5fkh, S0HAZ SOHEIRLT,
M RIVELLEBI >R DI, THyPEINHED L XTI SALRDIMOBERNS D, #
ORRX T LRI ote DB BN, ARG ERITFE LKL, ERTH LAV LEWESE
LTHENT 5 & 5 12ieoredd, ARTIEEANCETETHEAL, LREERIFE 2L X5 hok (BE -
12), XHic 90 HE 2 A2 5 FREEOEME R X OESEI EHBECER LI LD, I OW50/
ELEWRHEIEL, 110 HE 2 ARRBRECL <7 S5k b 5 L 31/, ot Engs X 5k
o (BE - 13), WHOOIXE LAY &%, HENLRITTOMRS D SIEHFNET L THET S DR
Lhieat, ZhbOMES I b O TH o, ERIMHHHEL 2088 FEROES) »eesskL
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TZ2oZ2L, &fTE L SEMRL IO oo, RICHD & Trekiozi s Mg /ggcich, ok
DIRTCIL X b THE LB Tl ksbhvie, B TIHOTE R X OMEERIL I K L Trh s
N 36% B IV 30% Thot, BEOEED, HBEOHO 33 HES IV 70 HEOMBIINT L5 &,

IR BRTHS X HI 5 rbbhic, B THOBERY I KB LUK LI BRTULLMIT
Dilghotz,

(9 XK (~Ca, +R)

EE 45 HHACEK CEEL oD T, SO DRKOREE ST iebd eExbhb, 70
HEHZADERER JORBOBHIRIRL I, UK 2HE vENe X <dERLED, 100 BEZA2D
ChPRBELWED A b, Tibb, BRI oTEP 0Pl olen, HOLNI b
G T, BLREO FE, FIHE LR UKD, HE0F TR X 5 ieok, ZoiER
ORI DAIIC S > & ik b, WEXALRD O, BEDO S bIREET LI
o b, BNOREE R L OBERDOTG 0 27 DEEEEL Todee Leh > THEBEOER B L T, K
DHFHELRAL L 3 CHEL, FrSINEELRELZELTH530%, BLHICEDLD L > K/eol. L
2 UBO TR, UL LG EF L WEEIIA b RIedDedd, ZOBRLEWETHE LY
RO, BEOHEIPIERS e, MM BB L, b oIS
NIEHD L 5ot (FE - 15), 120 HEH Z AHRs b _EFOBER X OHERNE LA LED
T, BP0 OMMMIMIE L (BE  14). ZOZAIIBEROFEF LM kb, HEEKOHT
BREC 8 SMBHE L EL, BRe e ) BRETHZ 3ok, 140 HE Z Ao L4
MEEZERBIEL, MIE LTS D 1~ 2 OFHENMIET 200 % bhvien, MELHETS 2T
AR g0t BT O L 2 DEERIT TR L CHER L CEEHERIL 61% % X 10826% T,
BRI OEER L IHRW R TH o7,

) XX (—Mg, +R)

XK ERU & 5 R 45 HIMIAGEK TREEL, BTRBACH 2. B0 HACADERILT, I
K EELTREOEERELHHT, 70 HE 2 A0ERLERTH DR, LALXKERAL L 51 100
HEZA0bELWMIED RS e, Tidbb, WO b RIic s 3¢, 3Ry
REXRELEIEMNO TR bbb s X 5D, Bih S TREESREOERE T L. BE
RIMTEAD 2D & DT, fERE Lo UeiBEREhc L Shuiul, s SA5hesbstk
2, KEOBE&LRU L5 THY, FRBERTsrHMEEoT w300k o bitie, = ORENE 110
HEZARb2EbOEL Y, HOEMCELEIIE L Dledfeote: 120 HE Z A0 b8
DIt T OWIED g NRE L L, 2 OfsO/MNECHWEEDHENTE, Thbo/MNELL
BEoicEe He#ESLD X 51cieot (BE -17), 140 HHZ ARBERIIZ LAY 2%, BERIO
BOFHFBIMIEL, B 0% (BIL - 16), BEEKTRO SRR IR U TR L ORE
EEIL 64% B XU 30% THE VAL, X X LZFRBETRMOBGEREL TR TH L.

b. #F ¥ w7

FEREX = L 0 &ERIES L OCTAERREOAE L ORNEOED L 5 THB (57,8, 9%, #3K,
HH - 18,19 B,

(1) TX (Cont., +R, +B, +Mo)
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A ¥ o v T DLlERE

®om K g £ B2 B R Hy LR
= . & S BT T 4 Rl AE R E EF REE
b g gl g1 gl g g g &

A 4.12 | 1.10, 1.08 | 0.30 ' 11.34] 3.22 | 15.96, 4.62

T Cont., +R, (+B, +Mo) { B 3.42 | 1.04 | 0.86 | 0.42 | 12.24) 2.94 | 16.52] 1.40
SEH# | 3.77 | 1.07 | 0.97 | 0.36 | 11.79| 3.08 | 16.24] 4.51

A 2.18 | 0.72 | 0.56 | 0.20 | 7.46| 2.06 , 8.58] 2.98

o Cont., —R,(+B, +Mo) | B 1.64 | 0.60 | 0.28 | 0.12 | 5.58/ 1.70 | 7.50 2.42
A | 1.91 | 0.66 | 0.42 | 0.16 | 6.52| 1.80 | 7.04]|2.70

A 10.20]0.12]0.04 | 0.04 | 0.72 0.26 | 0.96| 0.42

T —N, +R (+B, +Mo) B 0.18 | 0.12 | 0.02 | 0.02 | 0.64, 0.28 | 0.84] 0.42
SEH | 0.19 1 0.12 ] 0.03 | 0.03 | 0.68 0.27 | 0.90 0.42

A 0.14 | 0.12 0.38 0.12 | 0.52/ 0.24

v —N, —R (+B, +Mo) B 0.10 | 0.10 0.48 0.22 | 0.58 0.32
SE¥ | 0.12 | 0411 0.43/ 0.17 | 0.55/ 0.28

A 4.06 | 1.26 | 0.54 | 0.18 | 9.84| 2.94 | 14.44| 4.38

A Cont., +R B 2.52 | 0.70 | 1.02 | 0.28 | 8.64; 2.48 | 12.18| 3.46
S | 3.29 |1 0.98 | 0.78 | 0.23 | 9.24| 2.71 | 13.31| 3.92

A 0.10 | 0.10 ‘ 0.10; 0.10 | 0.20] 0.20

Vi -P, +R B 0.10 | 0.10 \ 0.10] 0.10 | 0.20] 0.20
Y45 | 0.10 | 0.10 0.10, 0.10 | 0.20/ 0.20

A 1.78 | 0.48 | 0.32 | 0.12 | 6.88 1.68 | 8.98 2.48

VI 3P, +R B 2.54 | 0.66 | 0.38 ; 0.08 = 7.46/ 1.94 | 10.38 2.68
44 | 2.16 | 0.57 | 0.35 | 0.10 | 7.17| 1.81 | 9.68 2.58

A 0.86 | 0.30 | 0.20 | 0.10 | 2.70/ 0.80 | 3.76| 1.20

i -K, +R B 1.06 | 0.36 | 0.20 { 0.08 | 3.36] 1.04 | 4.62 1.48
S | 0.96 | 0.33 | 0.20 0.09 | 3.03 0.92| 4.19 1.34

A 0.70 | 0.30 | 0.10 | 0.06 | 1.74| 0.78 | 2.54| 1.14

IX —Ca, +R B 1.14 | 0.42 | 0.18 | 0.14 | 3.66 1.30 | 5.02/ 0.86
SEX | 0.92 | 0.36 | 0.14 | 0.10 | 2.72| 1.04 | 3.78 1.50

l’ A 2.94 | 0.92 | 0.84 | 0.28 | 8.42 2.36 | 12.20| 3.56

X —Mg, +R B 2.92 1 0.96 | 0.40 | 0.14 | 8.64] 2.30 | 11.96| 3.40
: 1Ilzt';j | 2.93 | 0.94 | 0.62 | 0.21 | 8.53I 2.33 | 12.08| 3.48 |

| |

R [ #
e (WETE 4RE |
s & g
10.32) 1.18 | 0.36
8.96| 1.12 | 0.44
9.64] 1.15 | 0.40
10.18] 0.84 | 0.08
7.10/ 1.02 | 0.06
8.64| 0.93 | 0.07
0.78; 0.20 | 0.02
0.84] 0.14 | 0.06
0.81| 0.17 | 0.04
0.64/ 0.03
0.80 0.22
0.72] 0.17
9.04/ 1.24 | 0.18
7.02| 1.10 | 0.38
8.03 1.14 | 0.28
0.10 0.10
0.18 0.13
0.14/ 0.11
6.84/ 0.88 | 0.06
8.38/ 0.92 | 0.16
7.61 0.90 | 0.11
2.52| 0.42 | 0.04
3.12| 0.56 | 0.10
2.82| 0.49 | 0.07
1.84] 0.40
2.52 0.48
2.18 0.44
9.48 1.42 | 0.24
5.50/ 0.94 | 0.14
7.49 1.18 | 0.19
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Table 9. Comparative of growth (Alnus sieboldiana MATSUMURA).

B o [ - R EE =
IH O . _Height of stem | Drying weight \ Root nodule
Matters ‘ z | X T (b)
e WTalt | iR Wisk memm BUEE)
HEFRK - Averaged Ratio to A e/ra od Ratio to Drying (a
Kinds of solution I v g I weight
cm % g % ‘ g %
1 Cont.,, +R, +B, +Mo = 27 100 | 5.8 100 0.08 1.4
I Cont., —R, +B, +Mo 17 64 3.7 63 | 0.02 0.5
mM -N, +R, +B, +Mo 4 16 0.7 12 0.02 2.8
v —N, -R, +B, +Mo 3 10 0.5 8 — —
V Cont., +R, —B, —Mo | 23 8 , 5.1 89 ‘ 0.06 1.2
VI -P, +R 2 7 0.3 5 — —
Vi 3P, +R 16 60 3.5 60 0.01 0.4
Wl -K, +R | 10 37 1.8 32 ‘ . 005 0.3
IX —Ca, +R 12 0L 3 . = | =
X —Mg, +R 22 83 4.7 81 0.05 1.1
tm
30
1 Cont#R.
BT
-V Cont#R,
- X -Mg#R,
&
20F
=
=
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n
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=
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Fig.3 Growth of experimental section (Alnus sieboldiana MATSUMURA)
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AR OWRF I Ed oo 1o, i 50 HH Z Ak W, Vv Ko oBEEIIN A HHEc
Doty AR EEIIEA Thote, 656 HE 2 ARSI LT CIRRBE ORIZ £ 13
LA ERBRIh DT, 80 HHZ AL T, W KIK BRTIFEOEEEXLDL, T K& LEn
CHENHRBLND X 5 iaDte, FEMK TR0 LR, WETE 27om T I X Li3h i) DENRERD
i (BE - 20). B8 HFHR TSI R DFEEL, Z LICBIRS iiEd b O/NEED & DA %H D>
DT, BENC X B ERBERC D A BELL B b0 L b bl

(2) 1L X (Cont., —R, +B, +Mo,)

e 50 HHZAICi T KIZK bRTES A0k, 80 HH AL HEARR #5 L 5 ik
D, 110 HE 2 AIID% 5 AR b fe, HREIAICIT X QICEDc s Lk bhish o, K
KTRO RS L CREESE T KWL T 64% S X0 63% T, AHEE AL, VKL
RTHHDR

(8) MX (=N, +R, +B, +Mo)

B 50 HH C AL EFREEOEEIA LT, BB SO TERIbLD D, 80 HHC
Adb 110 HHZAE T, 9D IV K EREN RS, 1T, I R BRTULZNEH . THy
FIEKITH X T 30 BE AT CIC 0 3§&E08AR bR, 70 AHZARINGRELY L Db 2L
TEFCEENEE S hin, KX CTIHREORBEEN K FL 100 HH Z A>T 5 2L TOERAAR
BIILDb DT, TRETE V K LIEAKROEFT TH D, 140 HE & AIRITHHEE L R EHHE <
DU L, BREROFEN S abhd L 5ot B TIHFO R R X OEEERL TR L
THERER 16% B LU 12% THELbBH0h, N KL b, TMEIEEENAbR
(5% +20,22,23), BAEOHIE Y MECIIEREOBLEL L/ D H oD T, I bIEFEMH HIUL, X
DEREREEY T D LB bbhic,

4) WK (=N, —R, +B, +Mo)

B 50 HH CARRIEYHEEAROT, MEd I RS BRI VESL L 512k, 60 HE
CATIERNTEA Y L E D, BLBOACIOTED, TEXELIERL, 80 HHZA0WEII IR
D 1Y3~14 T Eiehofe, HERTHONER ICEEERE I RxfLTEhth 10% LU
8% T, EEIEDLD TRETH DL (FH - 23), IBRBIIERIKT & THEL T ihoie.

5) VX (Cont., +R)

AXZIRD»S B & Mo &\ o, BEEEER O—2T, TOHEE bbOMBERERRRICIEAT,
EhdTIVIEERYRLI, RO LD IAIIIR L HRRE D L 5 Thotkes, 110 HE ZA»D
2N R LOCERYUSL, HESATIRONE R LOEEERIL I RKextLcehth 86%, 89
% T, Ml D OESH OIS, HEHE AN IR0k, FREE L TKICOWTE L EELL.

6 VIK (=P, +B)

BES 40 HHZ A DHEOEIMEX & BRTEWRKELZ LD TX 3517, 50 HH 2 ADEEIX
T M, WRLVED L 51> T, EOBLISIMEREAY Lo L, BEIFREOL SOTCEE L
feote, 70 BHZ A0 LW TENEREK I HY, HMhTEETS 034060, 100 HE ZAIKIkE
Bidad e, BEEREID» OREGREL LD L, chbD@okBENT LA LEELRVWOTY
NS EFrEEEH (BE -25), 2ot Lich D einote, REEOEEIRALDD
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hign otz BB TRRCIIE AR R o & U TRZEC IR ARIETH Dl FHEEER IKCHLT
HERICREEEIZLFNR 7% XV 5% T, hoWTFhoX L b L (BH - 18,19,21,24),
Tavy LR Ny 7 R Lo THBIBAEA S0 L bEGCERE S LIFTO R bbhik.

(1 VIX (3P, +R)

BEE 50 HEZADEFRIK LERT, Hcab haisotes, 60 BHE 2 ACEHENLDIE
i), TH Y OBEGLAL LS K, SERRKTECHL L HER B, 0¥ 80 HAC A
FTODNWEDT, EFRXIRICL BRTH I HIHE DI, TORILLWCHEEL 130 HHZ Az W
K, X KXIhIwErLodiricind, 150 HZALLREFREIZ LA LIER 22T, £
BT D ADEREILE ) THKTH O, K THOME R X OIEERIY IR L TThER
Whd 60% Thote (BHE - 26). FHEOEEREIHOKE X DM RE ThH DT,

8 WK (-K, +R)

R 50 HE Z ACIRERZTOMIC & QITEDIZ Lkt 80 HEZ AR T RKiIKd bR
TV HBE5IEY, 110 HHZAREZEFT BT COZALLEEILT LA L HEARLA
T, BEOTHIL, FEOMBEAEZELL®IL, 2@ VEAL L VHL, HREYRUD L)
gDtz FIARITIULLITG OBERD I, FZEAMIRIC S BRTEHL TH I S IADLRKN, Thb
b E D ERET, PIVCEIRTTOTMSICHEET HIC L & ok, B TROEES X OREER
TREXFLTENEN 37% B IO 32% T, FHELLHDH (BE-27), 7THvvD X3 CHEERe, %
PEREN S5 7o 2 DEERIZ R S e ok, BEOFELE LD DT,

(9 XK (—Ca, +R)

R 40 HEHNIKEK THER LoD € 50 HE 2 A0 4FWRICIE, Bok o ixAhbhigholk,
70 HEZ AR IR bRTHENE DD A DI, 110 HH ZARIEEGTE e, Z koDl
A DEE L L THORIHOEC A 2 ) EE L REFERN R b e, Tiebb, EOEIROTMMCHTE:
EROCHEBOTS 2 Hhh, ThA LRSS K Ie o TERT, bR, EfReRUICKRECE &
DX 2T (BHE - 29), KRN CHEIEL . 130 HEH Z AL EQIRELL DT, &Rz
LAY ¥, BfEROB bW ER LSO, EFRRAL X 5 CHEL, S THOERR
TR L CHIE s LOWEZRFR 40%, 34% 3 &iehotc (GH - 28), ek ORI EM
MEEE TR EDBNILHDIDT, »Y 7 FFEOBRFIFIGTIIFERAD I 0 H LS EETHL0D L)
TEZ b,

) XX (-Mg, +R)

RS 50 HEC A E R EBRABICE o2 ik 2SR otoht, 80 HE & AT LU
EATEEI o WA EAED Db, TRBIERLEWCHIEL . L LESK I TOBD 4R
LIREHFATH 27D T, ZHBFELKEEOHETHD 1L 5 MR E Lica o, 80 HEZ A2 b
DB IRKICL BRTRORH DY, V XEBIFERICLX Y dEr Lo L, HEOAZTOMIEMIALR
fedyofe. BEEETRACL TR LT ek LR EE L FhEh 83% kLU 81% Thofoh

(B - 30), MEETEICITATEER LD b eh ok, FIORELE L ) 1S VRERL L5 Th
Dfz. T H ¥ OMEWILTE L RKERIBIKRER LRI LB R B et + 37 o ¥ 7o Ty,
EABNS -7 15373/ Noy o
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V ZBEZELSVTICHSR

TTRIEARI X 5T, FEBL, 1ERIR LA &2 DAEREINC BT 5 DIgEA IR & T & 7o IBBER (R
BEAR) ©05b, £V~ - ThoY, A4 v ov 7 oo 2BV EA T, SIS S o L
BRI L COEBEEY 5 5 HIWT, REHOET L5385 0GRy, BRIBEOMGREY & T, Wik
TER L7 KBHE TfF o7 3 D TH %o

kD = OBOHHEFRROLMIC, IHHEEORT I b, B -FiEc L T, ok
HRR S H R oo tctcdd, SIE—ETHNEBROREEC L 2o, IHIO XD SEREDHT
BEBOTFETHS . '

Lo TERROFEFIC OV TIE, BENORRIE LA, FiFfk X O MO BRI ML T
RO BRI Z IR R BT & BT,

EVYR T HYY, AF AT YT YOEREMLET, DED I LHEBLEIN, 1 OfERST b,

(1) AZEBRO X 5 Ik PSRRI W T, ERCHERT AU, BORMOEELC O AGS
2y BHEVCEITEEOMICHEEELEREL T, BEAERTABEYRICEL D I LOWELEZLN
%o TNTHR LEEEOBRBRYC 2o T, A—0RBREAN THHEL X0 BN L TERLERER
TEDL, BEETIELALBENR ST ONFICMIRERT L 215 b0y, HEOMEEKMHEL
WEOTEZHENLIELIED Y, FERIEOGIT e D FHig.

L e ii o CIERER OSBRI ER L Tik, FETdH 5 RIS X 5 U B o iy, HROBRw L
HEME L TERINLRELD LB bbs.

(2) #EX I (Cont., +R,+B, +Mo) & II (Cont., —R,+B, +Mo) OWHELILKLL TAH5 &,
B (BB i\ Th, R EELLX (1K) ofiAR, EEEX (1K) o
WARCHEART, TOEER IV, FBOEBEAE L {BEIN TV, FBEEXchHs I KOH:
Y, COERERIC HRABEERC LoC, MR TR T, 27 ) OREEBR L IHA RS b
Nedd, Thboadh b, EETEND X B S h s BREOHIEKH 0BRSS EII I LITRE D
D rEZbRI, Lo T, FROBELIRWIIARDTES edF a2 T 5 fedicid, ARROBEHELEN
CEAEEFNABHPEL D, SHLREWSOEHE L TLOTH L eifEEE e, L L—FREEH
25 &, KRBT, BRI VR 2 DN THEN D, BROMRIL TG ETEL T
B EBELLNINNDT, HREOBETEIMYNC & oT, BRI ILA S OETINTCEH
D5 HDTRIN D EELDLND.

(3) HUEEAPHE L S EREERIX 0% 1 X (Cont., +R,+B, +Mo) :# VX (Cont., +R) it
WTHBEZELTAS L, B L0 Mo DOHEIFIE, HEFIHHCIIT 0L X OREL 270 ) (£
T BHFED S pvibohice LIcn>C, IERRHEMORRIC L 2 Th, Zhb OMETTHITEEHES O
BT 258 LIRRBRFI S W REMH L EZ b hlc, Fi, BT B0y © 0.5p.p0m B IV
Mo:Os @ 0.05p.p.m. FREOEAL, NBWBEIC &> ThALIEHOMPEL RIM N2 AT
e,

(4) MK (=N, +R,+B, +Mo) £ IVX (—N, —R,+B, +Mo) ¥ L 0% 1[X (Cont.,+R,
+B, +Mo) r% II X (Cont., —R,+B, +Mo) &» b, MEFEEHNC I\ T bERIE Y BHET T
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BHERRIR (REFEERD DBELIE LA LHEDIWEERYRT & LA TR NEBT VB EHRT
BRIC IO TR ENE bODRTIHITTH B 2 L2 ) hadbiviz, 2L, BEYHSERTS T
DHEDENL, TDEFEPLDHB LD THHEL, BRGEEITEL T LA T, L2/ E8H
REBLTYH, VOIS LOBHELIRIMT 5 2 L2, SO LRI X o Tl o & k&
zbh5,

B #H WK (=N, =R, - +B, +Mo), TibbLERH CRBEEETE L o5, ez B
& Mo IRMLTS, HVIK (~P, +R) TbblifBRIRR & & b ITELHLVEFYRL, Y
REDHLIZ L A EREFECIES\ oo RXOTITFBR OB BARBGNC L 0, FRE BN LcHERS &
Clefetd, REEILRBRDXIG Likie D 187enoteh’, FRERED i BIBRRIL, BMELORHI TR L
AEEFRHFLEROCZ ERTERSI R,

6) #EVIX (—P, +R), T7chbBl KX, WMiEEYEL, FREEYEEL L, 204L7E
LRET, 8 V XOMEH, BEREX X VE2o Tk D, R LALSh5 Lok, 28w L OB
ST, B ThLE/NC L ¥ ok,

Lo TR, SRMOBRR ORI LT, v 7 ¥ L OFERHYMORE LT, 0k
DD, FFCEEIRRTTR LEL OIS,

¥, BREEVY - TAYY, 7YY I OLFRGBHIERTIE L LT LI LITEBE RS
WKGEREY 2L, EROEMCE VTR THROEIEIT LA LEEL, D 2 ~3 00X,
L WICREFRIC S e,

REV Y~ « T Y OYEL, TOEUEIHROEHROTTIRIZLALHAL, HyoitoF ok
nie B Bg R L, SEEOBIERANCHIEER L e A D2 OBIEME BT 5 0 i S e,

(7) $EMEX 3P, +R), KEHEMEOU AR OBBEL 3T LT, FETHEREOIRD b 2t
ThNBEEITIL, BRI NBHEEN 3 L\ 5 & LT biund, T ) SEE0S
BEREESERE AN TR 38 XU TIRIE R FAIHNC L% Fe it —I5 & DR & T o,

R 3 XK T ebhh 11 240 P.Os 60mg &Ll Tix, W0 (FEHEHE 60 HETE) 115V K
IR EEZZ LT, EFEY DL, 2o L/NI WL Db T2ERE NS I Thokn, )y
<« THy v TR 60 HACZ A, Tebbh s RERNIETL, HoOREYHKL LB Eb
DTHEFCEFTLZIL T, 120 HEZ A BI3d 2 D TIEERAHR L, FOREISEERE N, +
FRAY YT, DY ERNBEZONDT, ERKT F TRIX TR bRTLEE Lot
D = AITIIAE L WEFRIEZ R L,

HERIEEH IR, FERROINERE LT, BRI & o TIRCEI e AETHRETH S & Lz —Re
EHINT WD LT AHTHDA, ARBRKICH GO KBHEAEDOHE T, 17 XD P.0s 60mg ©
TR, 23 L RB OIRE TR T 5 b, FEFBRHOREROEFT ¥ 2 B LHET B -
IATRENI, LA L, M2 S B REEEL T, BOBEEEIRT 51200 T, KIEES S LE
ML EDBEET b e A b RIS % 83, T LA LTS CWER O R T 5 O Tl &
HEINDOT, OEFO>SEEMES LT, REHEERER JOHMEEY AT, SO
RRrERTH .

®) WX (—K, +R), TbbimMBoREXE, FHIcIieE®, BoRKERXIE Y EBFCE L
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BRR ST bR, BERRIERTLRWRERNH D, é<m%uyv-7wyv@§Lb%ﬁ
1%, 60 HE Z A0 b@EREC ) b Y, B3 120 HE 2 A0 0EGIEBEL R L 5ol +
AT YT T, ERN L F D EHEIRE L BT o TER L, EEOEMCILE QITE LW
Bk g Blbhicr o, —RICIEEOEESHH LB X5 ThH D,

9 HFHIXK (-Ca, +R), THbbRAKKEXIE, €Vo<-Tavy, +4 v ¥ 7 voOunfh
bR 45 BRENE, AREKRZPFEH LD E LA ERKRZBEEN R 5 I bhish o, EEgkic
Bz ThbLEWCEENRE LD, 100 B, L L WERSEbIWEROKLICIE, =)y~ .
T Ay ¥ CHHE> DERENIE L, BECAMEBANRIT OB L3RR Y, EREEERD 1/3 1K
U, BEOBM LR LIc. Fhotd v ¥ 7o Tix, BRI TLRWICHEIECIES 2 BB OFK &
Abhieholc,

FRBROFER, BIKORKZNEY o=+ 755 ¥ OREBISIICH L THFIUT E B BLIFTRE s
Dy FAXATYY TV EOTRELWHELY 5, 2RO ETF I Ieh ol L1 E o TEEER
brHRLELOND, _ o

1) £ XK (-Mg, +R), ThbbELRFRDOEY v~ « THr¥iL, # XK LIZERROEE
ZRL, EREEBKCD Z T LRKKEROEE LRAU L 5 ERVBA S T bhbicE >k, Lol
FA A Y ¥ T IRKNEOTE, WE LB IR TEREREEERAD R, R RE
DEERIIA LD B IIeh Dl TOEAFAY ¥ T LT ) o~ « THYF LLRInOoT e, AR
XTI, SDFLEERL T2 L Bbh kR e Lo T, MECEROELRTHE
RRERZT b hiehoten, SROFERTIE, Vo< THYVYOFNA A Y v ¥ 7o L HELRE
T LT VBRI CH D LB b, ok, Z QBRI L OMRIC I\ T 3 00h
nize

v o =

1. BV« THOYRIVF A" Tovr 7o, HIRTRLE 10 RRXIC, Wikt
BCREE L, HROREHOET L b CICHRBECIRES #E L 1.

PR L, YRR OBEEEL, N....40, P:0s....20, K:0....40, CaO....40, MgO....40,
Fe:0s....5p.pom. (BAETEHER M % 7-8541%, Be0s....0.5 p.p.m. Mo0:0s....0.05p.p.m.) Th, &
T, X, X KERfREKCEE LN, TR OKEKREZ R U, ko pH 1k, =Y
YT HYY T 6.5, AT ¥ 7 TIL 6.0 TR L TR,

2. X 1955 4£5 A R, HEEH 2 (100 A) ORGEKCE L MTERORER FIc ¥ ¥ o, &
BEEIAEKIZT, 58 24 H2HIXRPAK CHARRBIA L, 10 A 20 HIT#ET Lic, BEERCIKiEA
EHEALLEY, X, X KO46H 24 HhbABKCER L.

B OWID LB 7 ~9AD3 p AR 7HI &, fllx 10 B Z Li2fPots,

3. HEFBROFEEILE VNI WOED T L Th B,

a. BN (SEFERERE) RV ARRX Th, FRELEE LA (IK) 1, LiarokK
(MR) R THOEE S X CHRBEIRE MER T e,

b. WiEE 0.5p.pom. &Y 75y 0.05 p.pom. FEFEDBEFEC T A IRMITEEED EFC L 2T A
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LEEIEONT, METHELFMLLER (IX) %, LighokX (V) hRT, WmlE: o
HEE LU OB E 2 70 ) ML 7.

C. MEEFRIEREER (VX)) O, Eomifis bEI B ), £F L Ehd TRRTHE/MNC
LYED, fFETH IO LA LRI,

d. mEE, FEEX (0 X) oML, O EFITIE XD TRETHDRN, EVY< - Th
Y CIEEEHE 30 HIL T TR OBEYS AL, TOBUWCHELEE L, TR LSS
R A EEER (I K) 2%1L< ok,

* A" Yo¥ 7o Tk, FBRERY IR, EEEE 100 HL Suarb, b BN A D
R, LI o THIE T TIRilg L A Y OEEIRRZT bhd, To4EF MEREEEX (V1
K) &b LE5 3 Eighot,

e. Mg, BRI (VI XD 1%, MER, WEMEK (V X) ofis L RERIFRAEFYRL, E
PG T IRESR R L 70T, B/NT & 8 E ot BUROTIUE, WY@ LR L0,

EYVY™ T HYYOEI, WADBROTTIIEE, BT TR A2ER; ANl

£, BEX (W X) O, BRI, Bk 0k LR o bRy Al ch ol
D, EFRRTHO), WD ARELET L ofRE AT 5\ ool X h ME L, $BEhic
IBLOLERYRTIR\ D,

BBETYV <« 7T HI¥IEL, ++ vV oy 7y X o BIECEBE A SH, SHICEREELE L CBRL
7o

g. fmE, EEX (I X) Tk, 2V v~ - 7Thrvid, LEWREENE:, SmaRyR2 L
oW L7 b, IR/ NEDETI N HB B e o TRE L fco BEOEMARRTH Ok, +4
RY X 7 LRWCERRR LY, HHOEGE Lo, BB E S BRI LD high
Dtce L LR DOERIITRR TH %k,

h. mAEK, #EX (K X) T, Yy~ - 73 T IEEEEIHICEDY, LiBoEs IO gen
DFEFHEWEL, TEWBOEFEOL  IEEBEARIC LU THIEL . EBR X ORISR THD
Poo AFAY X T TR LRWCEENRE 2, Biicies &, BIEROBANFREELHEC, LEw
WCEERGR 2 IR U 700 TRIEICER X IAA THEN, TR DHIET 5 D 3 Ab ki, FROBRNE LA
ERb e DT,

i, w4, BEEX (X X) T, 2) o< 7TH il AIRKEBR (X X) LRk #ErRL
T, B, FHEOMSVETENE L TEBRS JORRER I TR TH O THEFLT, a4+ vy v 7
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HE 1~17 (Plate 1~4). x= V< <+ 7 Ho+ (Acacia mollissima WiLLp.)

BI 18~30 (Plate 4~6). A+ V> ¥ 7> (Alnus Sieboldiana MATSUMURA)
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Studies on the Nutritional Conditions and the Growth of Soil Improving Trees
(Nodule-bearing Trees). T
Some experiments on the water culture of black wattle (Acacia mollissima)
and alder (Alnus Sieboldiana) in different nutritional conditions.
Seiji Uemura, Mikio Iwakawa, Kaichi Kitamura and Toshio Hara

(Résumé)

(1) The seeds of black wattle (Acacia mollissima WiLLp.) and alder (Alnus Siebol-
diana MATsuUMURA) were sown and cultured in vessels of ten different experimental
sections (I ~X) by the method of water and sand mixed culture, and the states of
growth and nodule formation on seedlings in each section were investigated res-
pectively.

The kind of experimental sections and the components of each nutrient solution
are as shown in Table 1 and 2.

(2) The seeds of black wattle and alder were sown at the beginning of May
1955, in the quartz sand of bamboo baskets which were half immersed in tap water
of each vessel (jar having 10 litres capacity).

The water culture of the seedlings with different nutritions was started on May
24, and terminated on October 20.

As the water for culture, tap water was used principally, but in sections IX and
X, distilled water was used from May 24 instead of tap water.

The nutrient solution of each jar was renewed at intervals of 10 days, but in
July, August and September at intervals of 7 days.

(3) The results obtained were as follows:

a) Even in the complete nutrient solution, the seedlings brought up in inoculated
section (I) were somewhat more superior in their growth and nodule formation to
those in uninoculated section (II).

b) For the seedlings of both species, it seemed that the nutrient solution with
B:0; 0.5p.p.m. and Mo:0; 0.05p.p.m. (I) contributed nothing to the physiological
trouble of seedlings, but something promoted the growth and the nodule formation
on them as compared with the nutrient solution without B:O; and Mo0:0; (V).

¢) Both seedlings of nitrogen free, uninoculated section (IV) became yellow in
their leaves at the beginning stage of culture and became the poorest in growth.
They remained in stunted form and some of them died at the end of culture.

Throughout the culture, the nodule formation did not appear on alder, but in
black wattle, two seedlings produced the nodules on their roots by natural infection,
and they showed a remarkable growth at the final stage of culture. _

d) Both seedlings of nitrogen free, inoculated section (Il[) were poor in growth
at the beginning of culture, but in black wattle, the seedlings had already produced
their nodules within 30 days from the time of inoculation, and they recovered their
normal growth and continued to grow equally as well as those in complete nutrient
section without inoculation (IL).

But in alder, the seedlings began their nodule formation in about 100 days
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following inoculation, so they could not sufficiently recover their normal growth and
became only a little superior in growth compared with those of nitrogen free,
uninoculated section (IV) at the end of culture.

e) In phosphorus free, inoculated section (VI), the seedlings of both species
became the poorest in growth, similar to those in nitrogen free, uninoculated section
().

The color of leaves became dark green or deep violet and the seedlings remained
in stunted form. No nodule formation could be seen on either seedlings at the end
of culture.

It is of interest to note that the black wattle seedlings tended to open their leaves
under the weak sun light in the morning and evening, and to shut under the intense
light in day-time.

f) In triple phosphorus, inoculated section (VI), the seedlings of both species at
the beginning stage of culture became poor in growth on account of the unbalanced
ratio between nitrogen and phosphorus in their nutrient solution, but at the middle
stage, they recovered their normal growth and developed a remarkable growth at the
end of culture.

The recovery of growth of the seedlings began earlier in black wattle than in
alder. The seedlings of black wattle produced many nodules towards the end of
culture, but those of alder produced scarcely any nodules in that time.

g) In potassium free, inoculated section (M), the seedlings of black wattle lost
their vigour gradually and trained up on the ground. At the closing stage of
culture, they became seedlings having stalks with shortened internodes, and the
outer part of the upper leaves turned yellow in color and the majority of them fell.

The seedlings of alder took on the same form as those of black wattle, but no
symptom was seen on their leaves at the end of culture. The nodule formation on
them also was poor.

h) In calcium free, inoculated section (IX), the terminal leaves and buds of
black wattle seedlings fell while green in color, and the majority of upper twines
became yellowish brown and died during the final stage of culture. The growth and
the nodule formation on them were poor.

The seedlings of alder became weak gradually, and towards the end of culture,
both sides of the main vein and margin of upper leaves became reddish purple and
turned up or cupped upward in drying. Some of the seedlings died at the end of
culture. The nodule formation on them was very poor.

i) In magnesium free, inoculated section (X ), black wattle seedlings showed the
same symptons as those in calcium free, inoculated section (iX), and the terminal
leaves and the young buds died and fell. The growth and the nodule formation on
them were poor.

On the contrary, the alder seedlings scarcely showed any symptoms of magnesium
deficiency at the end of culture. The growth and the nodule formation on them were

considerably good.
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