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Table 1. The chemical composition of nutrient solutions
. ITRRZ R & Bk < TR
PR Partially complete nutrient solution
Complete nutrient| 2 EHEEiE RANGTIR E S TSR i
solution Nutrient solution | Nutrient solution | Nutrient solution
minus nitrogen |minus phosphorus. minus potassium
(mg) (mg) (mg) (mg)
(NH;)S0,4 80 80 67.9
NHH-PO, 21.1
. KHsPO, 25 i 25
KCl 2 ! 12 2.7
MgCl: 2 5.2 2 1.2
MgSO; 18.7 11.0
CaCly 50 50 50
CaSO0y I‘ 61.3
FeCls 02 ' 0.2 0.2 0.2
ik
Distilled water 14 | 1E 1¢ 14

BN OB LT, WEERRcHBEoMIL~ v F v, MRELIRML o, MR
FERERIT R TR O BT & MK pPH O.6 & L e,

5.

REpid, ZORCHHEHFAL, BWTREMR D HEEN Vi
6 BWIZ 1KY MED SERE L, AV FIIMK ST em, PEE 350 cc O BITTA

FEBTHS,

5 H 25 Ao 1 RICHTHEFR TSR LT, 6] 8 A5 11 RO

CRI % K~ VBRI K B L 7. WA HEER, K- A BcEI T 4mm O

TOHEREIX1FY F 80 L, 5HBMHCER L, HIERHEATEICHRE 64
ik 20 57, AR 2 B HB B IRER &K Y b 130 509 Wik h ) iHE
W2R WTEOME

Table 2. Temperature in glasshouse
! RY3
Temperature °C __Temperature°C
Mﬁﬁ | B BeE | RE
aximum Minimum|| Maximum’ Minimum
- 6 4 1~10H June 1~10 25.8 1.7 8 A21~31H Aug.21~31 28.0 18.3
6 A11~20H Junell~20 27.7 . 147 .| 98 1~10H Sept. 1~10 26.9 17.9
6 J121~30H June21~30 27.8 16.6 9 A11~20(1 Sept.11~20 25.6 14.8
78 1~10H July 1~10 23.3 16.5 9 A21~30H Sept.21~30 21,1 11.5b
7 A11~20H July 11~20| 28.3 19.3 | 10A 1~1011 Oct. 1~10| 213 1.1
7 H21~31H July 21~31 31.0 20.5 10A11~20H Oect. 11~20 204 9.1
8§ 1~100 Aug. 1~10 28.6 20.1 10/21~231H Oct. 21~31 16.7 5.9
8 A11~20H Aug.11~20 29.5 20.8 114 1~11H Nov. 1~11 15.2 4.7
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Fig. 1.

Method of fertilization
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Hatching part shows that tree seedlings received complete nutrient solution

C: Control

" The other part, each of the partially complete nutrient solutions.
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Table 3. Growth of each pot received Table 4. Percentage of each
equal treatment . pot on control basis
ERAN | BR | BE | Lak I Bk | ME | LEK
® + 3%  |No. of tree| Height | Length | Fresh K &M | Height | Length| Fresh
Pot No. seedlings |of stem| of root | weight Pot No. of stem | of root | weight
studied | (em) | {(em) | (mg) (%) (%) (%)
itk 1 : i 1
Control 1 5 42 . 19.4 360 Control 1 100 97 97
P 2 ' o i S o "
_ Comtrols | % | A1 23| B Controry . % | 107 | 199
A () ' I .
Average{Control) 5 4.2 19.9 , 37 N7 90 88 96
'''''' N T P17 107 86 101
N7 b 3.8 17.6 358
K7 105 87 95
P7 5 4.5 17.2 373
K7 5 4.4 174 361

B BHICRT, 4K BN & 350 REIEE | L ESHN 2 £ O4ETH 5.

P& FOMNOAETIREL BT 31, BETSLOMRERTOAT, SHER
CRTIIND 5% OFic b % 2. cOfFELLFT-HC e b N 3 ERCNT 2
WA FoMRRT TN REEN T 2 LEMEV & e, AERMERLSEHT 2R
2b0LHE2b035,

AR, BRRARR, MEREROMEITT SR, MO K T B8K PIK
w510 KXo oL,

HHRARBC RN CTHRHET Bic, NLGERHEE L fRA O L TESBERL, A% 0
TS BVERIIEE 8 AT MICta: b, MO BIFKGEE w9, N2k N1 [k oRmigG
O PIEEERIEFR A £ LTS DHMOEHEE k5, N3IcE ) ¥RFLOMBELRL,
ECIT IR E L, N4, N5, N6 OREIC AR IHGEORMIN T 54, L N4, N5,
N6 12 MKIR & RO IIEN K 2 b, NISHOMEBRL, SRkt e 27,

N8 i3 E7Ehith T 20 B N0 WIMIMOPEE FhA 23 F, oL FRARERERC
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Table 5. Experiment on nitrogen Table 6. . Experiment on nitrogen
av b | PRAN [ BE | Pk | Eax Bk WE | Emk
e |No. of tree| Height | Length Fresh w2 +#3% | Height of [Length of| Fresh

Pot No seedlings | of stem, of root | weight PotNo. | stem root weight

. " | studied | {em) | (em) | (mg) (%) (%) (%)
TR . AR

Contral 5 42 | 199 | 3n Cor el 100 100 100
N1 5 3.8 18.7 304 N1 - 90 94 82
N 2 4 4.3 19.9 334 N 2 . 102 100 90
N 3 b 3.5 19.3 238 N 3 83 97 64
N 4 5 3.6 16.8 207 N 4 86" 84 b6
N5 5 2.6 17.0 143 N5 62 85 39
N 6 5 2. 17.4 120 N 6 55 87 32
N7 b 3.8 17.6 3b38 N7 90 88 96
N 8 b 4.5 18.3 400 N 8 107 2 107
N9 5 3.4 20.1 242 N9 81 101 65
N10 4 2.5 20.0 181 N10 60 101 49
Ni11 5 2.3 17.8 144 N11 b5 89 39
Ni12 5] 1.8 17.3 - | ..119 N12 43 87 32
N13 5 23 | 166 | 133 N13 55 83 36
N14 5 2.3 14.8 121 Ni14 bb 74 33
N15 5 2.1 14.3 118 Ni156 50 72 32
Ni6 5 2.3 12.8 | 142 Ni16 55 64 38
N17 b 2.4 134 " 120 N17 57 67 32
Ni18 5 1.8 14.9 84 N18 43 75 23
Ni9 | 5 1.9 14.0 - 100 N19 45 70 27

SRR 18 | 124 | 81 w2XE 13 70 22

Wik BMAR
Table 7. -Experiment on phosphorus

ELE- I Y.
Table 8. Experiment on phosphorus

o+ | BUKE | Bk | Bk | SER BE | ME | 4£ER

0 No. of tree Height | Length Fresh w7 7§k |Height of Lengthof| Fresh

Pot No. seedlings |of stem | of root | weight Pot No. stem root weight
* | studied | (cm) (em) (mg) j (26) (%) (%)

i : PR :

Control b 4.2 19.9 371 Control 100 100 100
P11 5 4.3 19.3 329 P1 102 “97 89
P 3 5 4.1 17.3 331 P 2 98 87 89
P 3 4 3.8 15.6 266 P 3 90 78 69
P4 4 3.5 15.0 242 P 4 83 75 65
Ps5 b 2.7 156.3 161 P5 64 M 43
P 6 b 2.6 10.56 130 P s 62 53 35
P7 5 4.5 17.2 373 Py 107 - 86 101
P38 5 4.1 18.7 293 P s 98 94 79
P9 5 4.5 19.4- 330 P9 107 97 - 89
P10 5 3.0 192 221 P10 71 96 60
Pi1 -5 .28 18.6 173 P11 67 93 47
P12 3] 2.2 . 141 110 P12 52 71 30
P13 4 2.9 13.9 138 P13 69 70 B4
Pi4 b 31 14.8 145 P14 74 74 39
P15 4 3.1 12.8 150 P15 74 64 40
P16 5] .2 18.6 201 P16 - 76 - 93 54
P17 5 2.9 16.2 180 P17 69 81 49.
Pis b 2.1 13.8 126 - P18 b0 69 34
P19 5 2.0 13.0 102 P19 48 65 27

et B 20 | 98 | 7o el LS 48 49 19
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Table 9. Experiment’on potassium Table 10. Experiment on potassium
o b | BERRE | WE | B | BaE BE | OCHE | RS
%ﬁ No. of tree| Height | Length | Fresh Y v 3R | Height of |Lengthof| Fresh
Pot No seedlings | of stem | of root | weight Pot No. stem root weight
" | studied | (em) | (em) | (mg) (%) (%) (%)
i) 5 42 | 199 | 8m R 100 | 100 100
K1 b 4.5 198 375 K1 107 99 101
K2 5 4.3 17.7 334 K 2 102 89 90
K 3 5 4.5 19.56 372 K 3 107 98 100
K 4 3 3.0 16.4 207 K 4 i\ 82 56
Kb 0 Kb )
Ké 2 2.6 18.6 143 K 6. 62 93 39
K7 5 4.4 17.4 351 K7 105 87 95
K 8 b 4.8 16.6 367 K 8 114 .83 99
K9 5 3.8 17.0 270 K9 90 85 73
K10 5 3.3 19.2 250 K10 79 96 67
K11 5] 3.1 18.6 216 K11 74 93 b8
K12 5 2.8 15.2 197 K12 67 76 53
K13 1 27 169 | 195 K13 64 85 53
K14 .2 27 14.3 180 K14 64 72 49
K16 4 3.0 | 124 159 K15 71 62 43
K16 b 2.6 16.6 167 K16 62 83 45
K17 4 2.7 13.8 159 K17 - 64 69 43
Kis 4 2.3 11.8 193 K18 . 67 59 53
K19 4 24 127 137 K19 Y § 64 37
e 2.0 87 | 64 mnBE | g a1 17

Table 6, 8 and 10 show the percentage of each pot on control basis:
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D45, NILZEGOEHEIINC X b 5 AOBWH 2 RBEICAFEOBR LML TRk
B, AFOBRE 2RBNIAMO 3 ApEEERBA I L A R ZBRL, TRDo
EHERT, RELFHEONFCH bbb F, BUEEREORILE b MROBE,
BELA S, HE O AOWHIBROICRLT 5. N12 REHMSERRIE, Beisek
B LEROICRELT 204 T, BEREMEZORBEYZIF B0, BiE
CkOTEOWBEMBONTCHS, ‘ ,
N14, N15, N16, NI7% 20 H OBERERRHOMEY, WLH, BFHLCH
Ly 35600 B B IR IS 2%, SIRIRIUTE) b & FCHIA A Ok ok 25
2E 5, N18, N19 & 20 H HoBEIERKOM B ¥ 3211 5 b, B MR MESS LR
F, FeREEOIEEECEILT B, RIESSOEE LAY
BEARIC R W TRET B 1C, Pl P2RZoAWRBEERE BT 2, P3CE D
- BN ROMBLILT. P4, P5, P6 L BRMANETY) b OB BBy, ABLS
b, BUTEIEEOVIEGE Bk b, MHEREE AEEEAE ST,
P8, PO BABIBZALA 20 B, 35 SROBRL Y R A0%0 TS B,
WRBINOYBERA ER20F, AERBEEERCHN TS, PSOAER 293mg, &
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Table 11. Growth of each pot received

BrE ApEiK
Table 12. Percentage of each
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equal treatment pot on control basis
B | BE | HME | £ER oo | BE | MR | aEE
#Y PSR No.of tree} Height | Lengtb | Fresh # 7 + IR | Height | Length| Fresh
Pot No. seedlings | of stem | of root | weight Pot No. |of stem|of root | weight
studied | (em) | (em) | (me) ' ) | | @)
Control 1 5 5.4 24.7 587 Control 1 96 103 98
HIEE 2 migm 2 | .
Control 2 4 5.7 23.2 614 Control 2 102 97 102
— Ly
754 (REifk(m). B \
Average(Control) 4.5 5.6 24.0 601 ‘ N7 ! 100 . 95 96
P7 106 100 91
iX A 577
N7 5 6 227 7 - K7 95 91 103
P7 5 5.9 23.9 b47
K7 5 5.3 ) 21.9° 622

SekER, BHEAER, I BRARORRLEKO L,

: B3k ERE
Table 13. . Experiment on nitrogen

BlUER LFERER
Table 14." Experiment on nitrogen

ww b | PEURE | BE | #E (EER e e EEE
B No. of tree| Height | Length | Fresh Y 3R | Height of |Lengthof | Fresh
Pot No seedlings | of stem | of root | weight Pot No. | stem root - weight
" | studied | (em) | (cm) (mg) (2) (%) (%)
R . P )
Control 4.5 5.6 24.0 601 Control 100 100 100
N1 5 5.3 23.8 -b41 N1 . 95 99 90
N 2 5 5.5 26.4 576 . N 2 98 110 - 96
N 3 5 5.3 245 | 441 N3 - 95 102 3
N 4 5 4.2 22.8 331 N4 . 75 5] 5b
K5 5 4.0 18.8 294 N5 - 71 78 49
N 6 b 3.3 22.8 217 N6 - 59 95 36
N7 5 5.6 22.7 B77 N7 - 100 95 96
N 8 b 5.6 23.0 567 N8 - 100 96 94
N9 b 5.1 23.5 506 N9 91 - 98 84
N10 5 4.7 23.8 422 Nio - 84 99 70
N11 b 4.2 24.6 3568 N11 - 75 103, 60
N12 5 3.2 26.8 267 "N12 b7 - 112 44
N13 ‘5 3.3 15.7 247 N13 b9 65 41
N14 ‘b 3.6 23.1 25b " N14 63 96 42
N15 5 3.9 208 | 278 NI15 70 124 ‘46
N16 b 37 234 267 N16 66 98 .44
N17 5 3.8 256.3 264 N17 68 105 44
N13 5 3.0 14.6 231 N18 54 61 8
N19 5 2.8 21.4 185 N19 - 50 89 " 31
wEKE 27 | 206 | 184 BERE, 48 86 3L
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Table 15. Experiment: on phosphorus

O WiexR SmEmAER
Table 16, Experiment on phosphorus

BV fAAY | RE. | HE | £EHE g [IA HWE EX50)
B No. of tree Height Length | Fresbh Y +H3% | Height of |Lengthof| Fresh
Pot N. seedlings | of stem | of root | weight Pot No. - stem root weight
0 | studi {em) | (ecm) | (mg) - (25) (%) (%)
A : . _ HEIEE )

“Control , ,4.§ b.6 24.0 601} Control 190 100 .’100
P1 5] 6.0 21.5 b79 P11 107 90 96
P2 5 5.6 23.5 506 P2 100 98 84
P 3 b 5.2 - 24.4 45b P 3 93 102 76
P4 b 5.2 20.1 436 P4 - 93 84 73
P5 b 4.3 . 23.3 309 P5 ki 97 51
Ps 5 - 3.6 186 240 P 6 64 Vil 40
P b 5.9 239 | 547 P 105 100 91
P8 4 6.1 21.7 5568 P 3 109 90 93
P9 5 . 5.4 22.7 454 ‘P9 96 95 76
P10 b 5.3 214 436 P10 95 89 73
P11 b 4.3 19.2 351 P11 kil 80 b8
P12 b 34 19.3 267 ‘P12 61 80 44 .
P13 b 3.9 217 254 ‘P13 70 90 42
P14 5] 2.8 216 25b » Pl4 63 90 42
Pis5 b 4.1 214 2565 P1bs 73 89 42
P16 5 4.1 19.6 283 Pi6 73 82 47
P17 5 a7 23. 2b6 P17 66 2 42
P18 b 2.8 19.7 206 P18 50 82 .34
P19 5 2.9 -19.8 179 P19 52 78 30

WREE 5 25 | 154 | 12 mOSE s | e 20

W17 mERAR Wiz mERR

Table 17. Experiment on potassium

Table 18. Experiment on potassium

2V b AR | RE | BE | £EE - BE A F EX R ]

Eor No.of tree Height | Length | Fresh # Y + %P | Height of |Lengthof| Fresb

Pot No. seedlings | of stem | of root | weight Pot No. stem root weight
- | studied | (em) | (em) | (mg) (%) (%) (%)
éﬁ‘:ﬁ ll%l 4.5 5.6 24.0 601 C%ft;%l ) 100 100 100
K1 i 5,8 23.9 577 K1 104 100 96
K 2 5 5.6 23.8 539 K2 100 99 90
K 3 b 5.6 20.0 483 K 3 93 83 80
K4 b 4,9 20.6 409 K4 . 88 86 68
Kb b 4.6 268 3568 K5 2 108 60
K 6 2 an 16.1 274 Ké . 66 67 46
K7 5 5.3 21.9 622 K7 95 91 103
K 38 ] 5.3 26.8 606 K 8 95 108 101
K9 5] 5.3 28.4 587 K9 95 118 98
K10 b 44 22.0 447 K10 79 92 74
K11 5 4.4 217 | 404 K11 79 90 67
K12 5] 4.0 17.5 347 K12 71 73 b8
K13 4 3.9 22.4 279 K13 70 93 46
K14 3 3.6 214 284 K14 63 89 47
K15 3 4.0 24.6 291 K15 71 103 48
K16 3 3.7 22.9 280 K16 66 95 47
K17 -4 4.3 199 | 306 K17 77 83 51
K18 b 4.0 18.6 269 K18 71 78 45
K19 4 3.0 17.0 214 K19 54 71 36
- L 25- | 186 | 142 e 2 45 78 24

Table 14, 16 and 18 show the percentage of each pot on control basis.
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20 B ic REEROAFICHLITIE V4D, HB X bERE TSRy 20 e b
b5 F, RO G RECET 2HSMEE W, N10, N1 oJEciEVwaEHES5D, NI2
BHEEDASE 80 RINOSERNOBS, 5 ROBHET N TAHLRHRL TR, %0
BE LR Th b 10 B 5 AN 4 KOBHSEE BBV, H2ARMIOLE
EEPRLCHEF, WO 2AKRME LEERETbF, BHCHELEERKL %,
BB LESE AR, MRETRD o&TERT. B |

N14, N15, N16, N171Z 2 Z N8k 2050 20 B B2 288550 & 5213 %45
H LR, WTHERS e Z20oMBEBERL, TROOEFLITS, NITOoEARKEOTD
275, Mo SO HY FEHEGE Y BT, N8 ZERATGIUHC A3 LR L TR 7R,
AT 5 ACh 4 ROBE SAE L E, N2 AREESOLEEEY RIS, fio 2
AFELCHOLEEHRL e, BARBKEL 2T, N9 ZETRBRNRRCR M
BT 598, SHRRIBMECTRGOCBIEL, R EREMET 52, ARCES hER
ELLEV, -

N5 @ —&f, N6 RORAHHRIbPEH 20 BT LHRRGHR 23 Aok s+
Y rOBRRESEBEREREE 27 5. ‘

BRABRIC B CHIEE T Bic, Pl, P2 GBI & 2 RO ATEELRT, §15

K RO 16 Ko P2 oEER 505 mg, EIEEO 84% &\ 5 HHRARROBERLOBT
%, P4, P5, P6ZBHEBALEIRIRTIRET 2 MM ERCEOkd, REBHBGL
243, ' :
P8 |37 0 L FARBIE & & BT B, PO O MO & TEERE RE v
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TR Iens, BRI 5 RO ARIE LS LI E, TIK D O LEAR LRI, o
2ARREEBICHBELEERRL %.

2 AT IS AR B 20 P 2SO BSREATR X523 2B, T 14 A 8 3 3 B stk
MRIAELE 210 72 P16 iR, AE B AOET ERL, P18 BRI Y1)k, 3



218>

AOBHIRAF LI E, N2ARELO LEARERL, 1AREbDCHUEAREYBKL
7c. P19 BB BUR 5 At 2 ROMWBAE LMW h, MELRERY R+, BE
BEOREBHRCRTORBDHHNS,

MBRECHRWTRRT 5, EEMHHR 0 IS I 13 0 emBMH L3237 K3
OMHICEWTT S, ZOEFEBIRER LML L F, Ho LREK EROBE W
MOBEMRE, LbCHBTHS, ATRCHT, BERL TR D OMNLRTOK, Hilk
BB AIThb N, BKRORKEBES L clked LBz N5,
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Bhb EilokiciiR L TEE 2 EviicBbn s,

2. HERCHRTRIEEMHBZR 208, 61 40, MRTIX35 AN, 6)129A
EoOINE, RERCAERCMEVRLAEV, _ :
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i 11l BRI LICHENT
. Studies on Picea excelsa LINK.
I WEAERUMH
L BB\ 7B TR0 26 AEEEPERON & v b (JRIBHISEDR) TH 5,
2. BiR512HFOTEYL, BHRENIO N 22HTHOR,
3. FiEWEErcL, WIKHEOBCHEH L WaHTH 30x20x 5em OF Y| & mifh
Ry T, EHERIERY PED 0 TH D, '
4. $BHIH, ESNEOHLR, WS G R OAY, AdsEMAes Khiisg Fugix
TRTCr7 vz~ O8E EKREMRFOBICEEL 2 b0 &k Td 5,
. % B % %
Z7rY=VORGLIAL,
oo % B # R

PRI 1, BEMEE 2, MOTARAEHED HEEHEE & WO BURETTO%e Y MW T OB
N7, P7, KTo 5o+ b LT vdkomnl,

Wik R K W20: AEGEILH
Table 19. Growth of each pot received Table 20. Percentage of each
equal treatment pot on control basis
] ERAM | BE | Bk | LR BR | Wik | FAK
XY bEMR  INo. of tree| Height | Length | Fresh - &Y F#3E | Height |Length : Fresh
Pot No. seedlings |of stem | of root | weight Pot No. of stem | of root | weight
studied | (em) (cm) {mg) (%) (%) (%)
HEikE 1 AR
Control 2 5 ‘ 6.5 20.3 527 Control 1 100 95 95
ik 2 ! w2
__C_o ntt:ol_ 2_ - _5—65 - 22.2 580 Control 2 100 104 105 .
73 (bgiees) | ! " apa -
Averag e(Contro])| b | 66 213 554 N7 95 114 108
R I Y P7 98 107 103
N7 5 6.2 24.2 597
K7 I 91 122 106
P7 b 6.4 22.8 73 :
K7 b 5.9 25.9 582

M1 RICRT, T8 FUER) & &2 OREVE 1 LHIEN 2 2 0P TH B,

WHEHAEY rOBMMOLFIRELILET 5, H£HY PIRECHR TS Lo RS
OHT, MIET~TI0% LUNDOHECIEES, 2O BFETdic A7 b L3 EFE
KA BN AT OV RIT 2 UL ST 5 LB W & e, AEBRERAES
R BICEBbOLHEL BND.

esRER, BERRARR, MAIABRORIBI-KoIL,
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Table 21. Experiment on nitrogen Table 22. Experiment on nitrogen
sy b JEREK | #Hie | Rk Bk HE E
" No. of tree Helght Length | Fresh * 7 + F3R | Height of [Lengthof| Fresh
Pot No ‘ seedlings | of stem | of root | weight Pot No. stem |, root weight
* | studied | (em) (cm) (mg) . %) 1 (%) (%)
5380 o 1314113
Control b 6.5 21.3 bb4 Control 100 100 100
N1 b 6.7 24.2 586 N1 103 114 ! 106
N2 b 5.9 26.3 547 N 2 91 123 99
N 3 b 6.0 235 | 498 N 3 2 110 90
N 4 b 4.8 25.0 ° 414 N 4 74 117 75
N b 5 4.5 2741 3569 N 5 69 127 65
N 6 5] 4.3 23.1 318 N 6 66 108 57
N7 b 6.2 24.2 597 N7 . 95 114 108
N s b 4.9 19.3 |~ 443 N 8 ' 75 9 80
N9 5 b.7 24.3 561 N9 ; 88 114 99
N1o 5 5.4 22.4 49 N10 83 106 vy
NI b 3.9 18.3 297 N11 60 86 54
Ni2 b 4.1 25.7 312 Ni2 63 121 56
N13 3] 4.5 20.6 3563 N13 69 144 64
N14 b 4.0 28.0 317 N14 62 131 57
Ni15 5] 4.4 24,2 354 Ni15 63 114 64
N16 b 5.0 21.6 324 N16 77 101 60
N17 5 4.2 20.5 304 Ni17 65 96 b5
N18 b 4.1 2.5 239 N18 3 106 61
N1y 3] 38 . 219 263 N19 88 103 46
mRAE 5 a5 | 26 250 G 54 106 45

WBX BMAR
Table 23. Experiment on phosphorus

W2k MHMAR
Table 24. Experiment on phosphorus

v | GBURN | BR | MR | RLlE RE | MR | EEK
ok No. of tree, Height Length| Fresh R - Helght of [Length of: Fresh
Pot No. seedlings | of stem of root : weight Pot No. stem | root I weight
_PotNo. | studied | (em) | (em) | (mg) ) e @
ieE ! Pk
Control b 6.5 21.3 554 Control | 100 | 100 100
P1 5 6.3 211 546 P | 97 99 99
P2 b 6.3 21.9 544 P2 97 103 98
P3 5 6.2 26.1 566 P 3 95 | 123 102
P 4 5 48 23.4 434 P4 74 10 ! 78
P 5 b 5.5 29, 463 - Ps5 ‘ 85 106 | 84
Ps 5 5.0 26.1 416 P 6 | 23 ' 75
P 5 6.4 22.8 573 P77 . 98 107 103
P8 5 7.5 23.8 640 P8 P11 ne 116
P9 5 6.3 21.9 556 P9 |97 103 100
P10 5 5.6 218 503 P10 | 86 102 91
Pn 5 5.2 25.7 43 P11 P80 121 79
P12 b 4.7 20.5 382 P12 2 96 69
P13 5 5.1 27.7 447 P13 78 . 130 81
P4 b ‘ 5.4 27.6 463 P14 83 | 129 84 .
- P15 5 5.5 27.1 473 P15 85 12 85
P16 5 . b3 25.0 441 P16 89 117 80
P17 6 | 5,0 20.0 381 P17 77 94 69
P18 5 i 48 23.3 77 P18 74 109 68
P19 5 T4 22, 876 . P19 e 107 68
; - ! 1
WAME | 5 | 46 7 | o4 el o m 58
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Table 25. Experiment on potassium Table 26. Experiment on potassium
o | AN | Bl | PR | RRE R | PR | ERE
& No.of tree Height Length; Fresh # 7 + &3¢ |Height of Lengthof| Fresh

Pot No. seedlings | of stem | of root | weight Pot No. stem | root weight
__ " | studied | (em) i (em) | mg) | _() . () _I_ (%) _
it . . !
Bt 5 I| 65 | 213 | 554 B 100 | 100 | 100
K 1 5 ' 62 | 207 | s01 K1 % | 97 . 90
K 2 5 | 60 24.1 544 K 2 92 | 13 | 98
K 3 5 6.6 22,5 560 K 3 102 106 | 101
K 4 5 | 5.2 24.1 411 K 4 g 13 74
K& 5 . b4 25.1 418 K 5 83 118 75
K 6 5 | 47 21.0 341 K 6 p I 99 ‘ 62
K 7 b | 5.9 26.9 582 K7 91 122 105
K 8 5 6.6 213 | 631 K 8 102 | 100 | 114
K9 5 5.6 18.8 441 K9 86 | 88 80
K10 5 | 63 | 206 | 509 K10 97 96 | e
K11 4 45 21.3 302 K1 69 1 100 l 55
K12 4 | 44 19.1 344 K12 6 90 62
K13 4 . b2 20.6 361 K13 80 97 ‘ 66
K14 5 | 48 25.5 414 K14 74 | 120 75
K16 5 | 55 206 | 4n K15 85 97 | 85
K16 4 | 49 | 17 | u K16 5 4 60
K17 b 43 194 | 287 K17 6 | 9 ‘ 52
K18 4 | 45 20.4 314 K18 6 . 9 b7
K19 5 \ 4.3 17.0 283 K19 66 | 80 | 51
‘“”_“ﬁm 2 l 4.3 18.0 236 *7’_“%‘& 66 85 43

Table 22, 24 and 26 show the percentage of each pot on control basis.

WHMERERIC B WTBBET 5ic, N1, N2 oK i OB EEHER & 4% 8 H
RIAT, ATRB LB BB 5, N3 ZERBICILLMEMCS D, N4, N5, N6
ORCHRERTAERIRI L, N5, N6 OBUL % LG £ 7T .

N8ix 7 f Fhicttic 5 AW HAHEOBR EMBL, LERIRHORALE, 1K,
RO L, BECiRbNns, c MO ARMRHEOR L B2 b5, NOEE -
HREFA LR EL P, NIOE R, A@kftickl 43, N1, NiZiEgio
bRARTRA EFTDF, WHEEL LTRORALR, MROTECHINT 2,

AN 20H 2 R 205 BBERIE T3 25K Y 2 OEWKEL T
245, RETRTAM AN 20 HRIMFKRE LT3 7c N16 235.0cm THRA, 4E -
FTIE 6 )] 2011 705 20 B RIS L 13 7e N15 51 354 mg MR D 64% TRAD &1 17
3. N19 BRYHAIE 20 2 L FIIRMASALE RS+, RO BESE LN
ETh2, ULhL, BEEIEHEOHDFEOICELT S,

NEEINOWI S R LB 2 SN BFEOWLIE N3 @ RTEcZn b4, NS, N4
1x#ta, N5, N6, N13, N14, N15, NI16 jZgggkts, NI7 ix#%faT, AT BEsEm ik
By 3, RO k4 5455, N5, N6, N13, N14, N15, N16, N17, N18, N19
DOFEY FOBWNCIED 2HAILKS,
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" Résumé

T'ree species used in this study were as follows : Picea jexoensis CARR., P.Glehnii MAST
and P. excelsa LINK. . _

The seeds of these tree species were planted on May 3, 1952 in vessels filled with
quartz sand.

Sand cultures were started on May 25, when P. jezoensis seedlings were about 8 days
old, P. Glehnii seedlings, about 6 days old and P. excelsa seedlings, about 3 days old.” Then
water cultures were started on June 11, when these tree species seedlings were transplanted
from the seed bed of quartz sand to nutrient solutions in 350 cc capacity hard glass pots;
five tree seedlings were placed in each pot.

These seedlings received nutrient solutions containing nitrogen from (NHSO,. The
chemical composition of these nutrient solutions was reported in Table 1. Small amounts
of MnCl, and H3BO;s were added to these nutrient solutions.

The H-ion concentration of nutrient solution minus phosphorus was corrected to 5.6,
as was in the case of the other nutrient solutions.

. These nutrient solutions were renewed at intervals of five days and were aerated before
and after the renewal.:

In order to test the effect of applying the following elements, N, P and K, to these
tree species at different stages of growth and for various lengths of time, the methods
employed were as follows:

(1) ‘Tree seedlings were started in complete nutrient solution, allowed to grow for
various lengths of time and then transferred to each of the partlally complete nutrient
solutions.

(2) Tree seedlings were started in each of the partially complete nutrient solutions,
allowed to grow for various lengths of time and then transferred to complete nutrient
solution.

(3) Tree seedlings received each of the partially complete nutrient solutions during the
entire growing period except 20 days when they received complete nutrient solution at the .
different stages of growth. » i

The method of fertilization was shown in Figure 1.

Results
On P. jezoensis CARR.

1. With the supply of nitrogen for 95 days, phosphorus for 95 days and potassium
for 80 days after beginning of culture, tree seedlings made normal growth.

2. The deprivation of nitrogen for 20 days, phosphorus for 35 days and potassnum for
20 days after beginning of culture did not ‘affect the growth.

3. Tree seedlings, supplied with nitrogen for 20 days after July 14, made more
growth than the others, supplied with it at other stages of growth. The most effective
period for utilization of phosphorus was for 20 days after July 14, In the case of
potassium, for 20 days after June 14 and after August 13.

On P. Glehnii MAST.

1. With the supply of nitrogen, phosphorus and potassium for 95 days after beginning
of culture, tree seedlings made normal growth.

2. The deprivation of nitrogen for 20 days, phosphorus for 20 days and potassium for
35 days after beginning of culture had no effect upon the growth.
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3. Tree seedlings utilized almost similarly nitrogen and phosphorus from June 14 to
August 18 and potassium from June 14 to September 2. )
On P. excelsa LINK. .

1. With the supply of nitrogen for 95 days, phosphorus and pbtassium for 80 days
after beginning of culture, tree seedlings made normal growth. '

2. The deprivation of nitrogen for 35 days, phosphorus and potassium for 35 days or
a longer period after beginning of culture exerted no effect upon the growth.

3. The most effective period for utilization of these elements was for all of them

for 20 days after July 19.
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