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[E] LM (Lariz gmelinii ) A8 1 8 . — R 14 M 34 A TH AR, WHMHFTT AR
RIS R KA, KBRS R RE B b (R s i WA B MM L M A Yy 3 i, R HRRER LR
AEEHEHEREANRE HEALEM AR EEN R T EEEEN L BMEYRENERERERR. =
RIFEEGHEBEBEFERLHE ) R+ RN ABEE EOMEE . SR EE RS
HEEREYE AL R AERR HAEREMERSR RS H X BE R 413.49%.22.10% .
20.56% .220.00% .49. 46 % .238.88% .247.24% .106.70% 1 366.67% ; — 1% 34 L B FERE F E R 4
5, RERSERR I EA A . EaE. S REAE RENEESES HEYL R AR . H
HEE S X B E30.44%.16.91%.0.22% .43.06% . 124. 18% ,119.92% . 87.66% . 17. 57% .
24.55%.77.01% .168.62% .251.85% .183.33%.250.0% .38.24 % f1 128.57% ; —{¥ 14 FEE B HKBE
ERAOBREHAVTVIESE BEEMEEF LB 2 LE 9, 48 2 BRES5ERR ERTHIALES
BETEYE BRI REE S P L B4R T 44.39% .94.83%.4.62% .13.98% .10.70% 1 129.76% .
HEOMFE SR T MY S B, A SR RSB H X BN 176. 49% . 266. 63%

198.04% .275.56% .66.67 % 1 143.75% .

XA HuMAIHA R EBEH HESER
XHMEBS 1001 -9332(2004)06 - 1000 - 05 HESHES S714 TEFFIAET A

Effect of fertilization on soil enzymes and microbes in Larix gemlinii plantations. CHEN Lixin ( Faculty of
Forest Resources and Environment, Northeast Forestry University, Harbin 150040, China ).-Chin. J. Appl .

Ecol.,2004,15(6):1000~ 1004.

One year-old second generation stand and 14 year-and 34 year-old first generation stands in larch plantations were stud-
ied at the Maoershan Mt. Experimental Forest Farm. The forestland of these three stands was treated with various fertil-
izations. The results showed that fertilization could promote or restrain soil enzyme activity and microbial amount with

different degrees, and its effect on soil physiclogical activity was more apparent. The effect of the same fertilization treat-

ments on soil enzyme activity and microbial amount was different at different development stages of the stands. For one
year-old stand, the best fertilization scheme was treatment 9, its soil enzyme activities ( catalase, proteinase, polyphenolox-
idase, urease, and saccharase), total microbial amount, and amount of bacteria, actinomyces and fungus being increased by
413.49%,22.10%,20.56%,220.00% ,49.46%,238.88%,247.24%, 106.70% , and 366.67 %, respectively, as
compared with the control. For 34 year-old stand, the best fertilization scheme was treatment 5, its soil enzyme activities
( catalase, proteinase, polyphencloxidase, urease, and saccharase), total microbial amount, and amount of bacteria and fun-
gus was increased by 30.44%,16.91%,0.22%,43.06%,124.18%,119.92%,87.66% ,and 17.57 % , respectively
in rhizosphere soil, and by 24.55%,77.01%, 168.62%,251.85%, 183.33%,250.0%,38.24% and 128.57%,
respectively in non-rhizosphere soil. For 14 year-old young stand, it needed a proper amount of nitrogen fertilizer and or-
ganic- mineral fertilizers, and the better fertilization schemes were treatments 2 and 9. The soil enzyme activities ( cata-
lase, proteinase, and urease) in treatment 2 was increased by 44.39%,94 .83 %, and 4.62 % , respectively in rhizosphere
soil, and by 13.98%,10.70% and 129.76 % , respectively in non-rhizosphere soil. Total soil microbial amount and the
amount of bacteria and fungus in treatment 9 was increased by 176.49%,266.63 %, and 198.04 %, respectively in rhi-

zosphere soil, and by 275.56% ,66.67% and 143.75% , respectively in non-rhizosphere soil.

Key words Larix gmelinii plantation, Fertilization, Enzyme activity, Microbial amount.
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Table 1 Stand and soil status of larch plantations before fertilization at different age stage

&3 oA E E + B pH AR £ N 2P JKFR N "AHP

Age Stand Density Soil layer Organic matter Total N Total P Hydrolysable N Available P

(yr.) structure {plant-hm %) (cm) (g'kg™ V) (g kg™ ") (g-kg™ (mg-kg™") (mg-kg™")

1 ZfRaik 3333 0~20 5.20 20.8 3.09 0.55 159.63 14.43
Pure plantation at second generation

14° alipk 2500 0~20 4.46 10.6 2.10 0.31 110.62 14.43
Pure plantation

34° aikk+ B+ Wit 1500 0~20 4.97 19.2 2.41 0.52 198.23 12.88

Pure plantation

a; ~48H Second-generation stand; b; —{#k First-generation stand. [/} The same below.

T.EB /DA, 3 3 BTHA, &—-FHAE S &R
#0~20 cm T BWAERFR AR ER (BEARFR S mm) LIRS,
S BIR A, LA W E L W AR & B T
HERE 8k ISR, BEW T 0.5~1.0 m, — ¥tk 2
A SELENSERARE™ AT L ERE, &
BAERE46.3%WRE BENEER 18% .38 46% M
B FEATHE O OALE, FIEBM IS N
0.9696% . & P 1.09% MEXKT. B 4 BB K5kt
HEARE 2 B o Bt 1)60 kg hm  2(Ng)32)120 kg+hm ?
(leo), 3)240 kg'hm_z(sz);]ﬁBﬁﬁ 4)60 kg'hmiz(Pgo),
5)120 kg-hm 2(Pyy0),6)240 kg hm 2(Pyy) . HEIE & B E A
FEfE 7)200 kg hm "2, BEAETE 120 kg« hm ™ 2{ NagoP120), 8) &
FEfE 200 kg- hm™2, BEAE B 120 kg hm ™2, #F B & 80 ke
hm ~2(NygeP120Kso), 9) R AE L 200 kg hm ™2, BEAE LT 120 kg-
hm 2, EHEft 80 kg hm™2, HHLAE & (M) 3 000 kg- hm™?2
(NagoPrao Keo M), ¥ B B FERY VE B X 88, A CK R R, it
10 N HEAEAL .
2.3 Wi
HEAEABEEEAEA LRI IRLEAERNS
At & 7 B:38 4T W E (J. L. Johnson 1 K. L. Temple 3%,
1964 F); BEOBEH AR ERME R W (pH=7.4)F
IR B H SR B F B3 AT W E (Daneran 1 Apyrions,
1968 &) EME A MEANE -"HELHELBEHATH
BB EFROBRIETHE(A. 1L Dancrsn 15, 1974 ) ;1R
BEE AR R BB NN (pH =6.7) /K fi# 4 ALY 77 15 it
478 E (G. Hofmann # K. Teicher ¥, 1961 4E) ; BE ¥ B 15 £
FEEESER BB (pH=5.5)Bh R T KBENHHY
B 1t 547 B 2 (Hofmann 1 Seegerer 32, 1951 4£)[6:13:17] 44
BHACHYEARTIEEFRE TR BE LS AERAST

RN 3 256 TG M0 s MR I B I 1 SN S
TR A1

HR5iTH

3.1 MEAEXT - SRR TE Y AY B

M&E2 LAY, HEAEX M A TARRR .
B ER TR EEA AR . R 1 FES A,
T AR R A YL GHUIE & FERHF T 82 i 8 A s EAE LA
BE # AR, e ite & L T F il
AEMTHIBESE. Ko, b3 o HifE L s H
Ko R BT RIEIEMELE.E
HEE S B S LB TS BREE IS R IR
SrHIEL T B R & 413, 49% ., 22. 10%. 20. 56% .
220% F149.46 % , A3 5 4351 b Xt BE 42 55 283.33%
10.64% .267.76% .182.86 % fil 61.44% , kb ¥ 6 43
L % BB IR & 331. 48%. 46. 77% . 10. 28%.
265.71% %1 3.51%, RAKIAEE H 3 A T4tk
75 5 IR R fp PES R TR 4 A b 5E 24 3 8 R
BIEMAN GRS ERES L BT AHRE
T .

M4 FEEEH I AIHAEESREAE R 14
H AR 34 FAETE A A LA R . S LA
JER S R BT FEYLIHIE & R B & N,
P.K THLR & M. Ko, A8 2 b EE, 4 o KX,
PR 6 TR . b3 2 AR B L3 2 B AL BETE 7
FEHERES TR EE A MEIER, Al LX) B
FEfK4.12% F144.58% , Bbx-5 IEMEr L & AL
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Table 2 Effect of fertilization to soil enzyme activeness in larch plantations
8 =®5 P3G SEAEN HHM EHE LS Bk BB PELENG
Age No. Treatment Hydrogen peroxidase Proteinase Polyphenol oxidase Urease Saccharase
(yr.) level (0.1 mol-L ™! (HE® pge ) FH mg- {NH;-Nmg- (0.1 mol-L7!
KMnO; ml-g™ 1) 100g™ 1) 100 g™ 1) Nay$0a ml-g~!)
A B A A B A B A B
1° 1 Neo - 14.81 - 1.807 - 2.447 - 0.40 9.03
2 Ni2o - 5.47 - 1.223 - 3.170 - 1.51 - 15.83
3 Nagwo - 6.38 - 2.000 - 1.931 - 1.02 - 9.43
4 Peo - 15.13 - 1.784 - 3.828 - 0.86 - 15.31
5 P12 - 14.49 - 2.143 - 3.685 - 0.99 - 16.58
6 Pao - 16.31 - 2.843 - 1.105 - 1.28 - 10.63
7 NaooPi20 - 3.85 - 2.037 - 0.796 - 0.82 - 11.13
8 N2ooPi20Ken - 6.47 - 1.011 - 3.582 - 1.05 - 13.27
9 N2ooP 120KsoM - 19.41 - 2.365 - 1.208 - 1.12 - 15.35
10 CK - 3.78 - 1.937 - 1.002 - 0.35 - 10.27
14° 1 Neo 15.54 12.62 1.900 1.236 2.344 4.201 1.15 2.10 14.20 8.40
2 Nizo 11.71 15.45 1.836 1.190 4.820 5.698 2.69 4.71 14.70 4.60
3 Nasw 8.012 8.29 1.775 0.537 4,408 1.724 0.79 2.39 14.40 8.90
4 Peo 7.65 3.92 2.230 0.672 1.208 1.312 0.60 0.96 12.80 10.00
5 P 12.85 7.47 2.674 1.355 3.582 0.899 3.18 2.46 15.70 9.90
6 Py 7.93 13.30 0.929 1.139 4.511 5.852 2.36 4.22 16.00 9.00
7 NaooPi2e 9.57 3.48 0.899 0.537 3.582 1.208 1.22 0.43 15.30 7.30
8 N2ooP120Kso 11.85 7.06 1.331 0.896 5.130 5.440 3.23 3.08 15.70 10.70
9 N2goP120KegM 14.17 13.21 1.434 1.711 2.963 3.995 2.39 2.82 15.40 7.90
10 CK 8.11 7.93 1.755 1.044 5.027 2.344 2.43 2.05 11.70 8.30
34° 1 Neo 13.35 15.31 2.499 2.586 2.963 5.130 2.36 2.39 11.30 13.40
2 Ni2 8.75 9.36 2.166 1.544 1.312 1.518 2.79 1.55 15.70 11.70
3 N 6.61 11.48 1.080 0.216 1.518 0.692 2.56 5.30 15.90 7.80
4 Peo 9.02 9.80 1.308 2.715 2.344 3.582 1.25 1.38 10.10 9.00
5 Pix 13.67 14.17 2.271 2.937 4.098 4.614 2.89 1.74 13.70 15.40
6 Paao 8.06 14.12 1.842 1.755 3.376 0.383 1.87 0.82 8.20 8.20
7 N2ooP120 10.93 13.67 0.517 2.003 2.550 1.724 0.99 3.18 10.10 10.40
8 NaooPr20Kao 4.28 10.25 2.756 2.032 1.105 0.899 1.74 2.20 11.70 15.90
9 NaooP120KegM 9.29 12.76 1.822 2.896 4.614 4.182 2.98 3.28 16.30 21.20
10 CK 10.48 12.12 2.266 2.053 1.828 2.098 1.54 1.48 11.00 8.70
A:HPFF Rhizosphere; B;: I FF Non-rhizosphere. T[] The same below.
MEE . EOMEE. RBEES LN RESs FEAOIEEEEES KX RES 30. 4%,
44.39% ,94. 83% .4.62%.13. 98%.10. 70% FI 16.91%.0.22%.43.06% .124. 18%.119. 92% .

129.76% . 4bFE 9 XTI LM E AMEE. S B E (L
B E vE IR BEIE VE F0 B4R B 1 438 2 BE B 0 YA 1 4
YER, 7 B H X BB BEAE 18.29% .41.06% 1. 65% Fl
4.82%, MIERGF I BEECOBIEE. EH EILBEIE
5 RESEE A RHEEA, 27 X R 63,89 % .
70.44% %1 37.56% , REr-S5IERFr ot € b 8§
EHEA RIS B 74.72% 1 66.58 %, BB EA
#9A VLAEKE =T DA N YL, [WIed i T BSR4,
BB AR E K EER, ARFEXEN
BERTEAEERCE, B, Y KB AR —
ERUREHXAVL. VLIRS B, M ERAREK
HRE, NTTERRERAKERKWEY.

34 L FE I A TTH, EHE M & B 1T
JE R MG VIR & R L &R TR S . 4,
WEE S HBE, GE1HK AEIBHRKRZ 4HES
MLE 1 HES B EEY T EES. OB SR
FRSdERF TSR EM . E0B. 2HELE.

87.66% .17.57% .24.55% 1 77.01%, H LI BB
FUEMELESRIHE LB 1 RS
27.39%.26. 32%. 10. 28% . 25. 96% . 62. 09% .
144.52%.53.25% .61.49% .2.73% f1 54.02% .

g ERr R, i BB X 95 A R [E] R rE B Bx 5 Fh -
SR IR B B Y R m, (B A [ 40 B X O[] 4R By
B IS M EARR, A 1 EE A
1 34 FAE I A THARERZERGF T 14 F£4.34
SEAEE AN TARLLER 1 AL FE S FALEE 9 B FE g,
14 SEAEMB LI EE 2 4b 8 6 FIALEE 9 BB AE, =
RLEE YA, 0 9 hRAE, AL S HIR AL
6 BIRZ.
3.2 HEAEXS L IBANA Y TE TR B B e

HEITUES, 2R 1 EE MR, &R LG
B+EMEY LR AREENMERNEY KR
BE HP, LE hRAE 4O T HMANER.
AHER BAEEREMERRES X RER
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Table 3 Effect of fertilization to soil microbe in larch plantations ( X 10 ind. *g "~ 'soil)

E£ih W®E LEXT WEYLR il ] MR HA

Age No. Treatment Total amount of microbe Bacteria Actinomycetes Fungi

(yr.) level A B A B A B A B

1* 1 Neo - 1485.32 - 1456 - 24.2 - 5.12
2 Niz - 1333.44 - 1287 - 33 - 11.8
3 Nag - 996.10 - 951.3 - 42.9 - 3.54
4 Peo - 662.70 - 602.3 - 56.2 - 4.2
5 P - 1060.07 - G987 - 69.4 - 3.67
6 Pau - 1192. 80 - 1109 - 78 - 5.8
7 NzooP1z0 - 887.90 - 856.2 - 24.6 - 7.1
8 NaooP120Kgg -~ 1064.00 - 1020 - 36 - 8
9 NagoP120KggM - 1906.60 - 1823 - 74 - 12.6
10 CK - 563.50 - 525 - 35.8 - 2.7

14% 1 Neo 783.65 1345.8 760 1300 23.3 42.5 0.35 3.3
2 Nizp 1029.22 1177.0 1002 1150 26.8 24.6 0.42 2.44
3 Nzaw 1454.2 1028.3 1420 087 31.4 32.8 2.8 8.5
4 Pgo 444.00 1431 420 1400 14.2 16.8 9.8 4.2
5 Pia 661.8 196.2 630 188 19.8 6.8 12 1.4
6 Py 609.6 612.69 580 580 22.1 32 7.5 0.69
7 NaooP120 536.6 780.3 520 746 16 28.5 0.6 5.8
8 NzgoP 120K g 692.58 1190.6 680 1148 12 38.9 0.58 3.7
9 NzgoP120KegM 1529.51 1701.9 1520 1690 9.2 4.1 0.3 7.8
10 CK 553.18 464.2 510 450 43 11 0.18 3.2

34b 1 Neo 787.52 707.98 780 702 7.2 5.7 0.32 0.28
2 Nizo 1155.5 490.16 1140 460 15.1 30 0.4 0.16
3 Nawo 832.6 239.16 800 213 29.6 24 3 2.16
4 Pgo 1304.1 337.1 1270 320 32 12.2 2.1 4.9
5 Pin 1714.9 1153.7 1700 1120 10.2 30.5 4.7 3.2
6 P 1565 1011.6 1530 1080 31 26.4 4 5.2
7 NagoPi20 477.56 265.3 460 260 17 1.8 0.56 3.5
8 NaooP120Kep 811.54 279.6 800 250 11 26.6 0.54 3
9 NogoP120KeoM G61.25 798.3 930 770 29.8 24.3 1.45 4
10 CK 638.4 327.9 600 320 35 6.5 3.4 1.4

238.88% .247.24% .106.70% il 366.67% . (44
SERMAEYEMEEREEN MR, 5 1%
MRS S XRAKEH - C R ORI
AR B’ T £ 0 FAE A R AE I I 40
HREAMUS) MR RN R
FEEBERE R A3 N 3% im, 5 1B E G iR RS s
JER A — 5. X —FREBH, KEHH T LE#
MAEMREY, RS EWARE, (2B EE NS
8 . A Bt B AR bR By T 3% B UM HE R P

14 FEFEFHMATHRBIEE B FES0E R
MEVSR AREEHEIRES, HPLULE I W
RfE, RS EREr LB L E X2 MG, KRS
FI Xt B R/ 78. 60 % F1 62.73% . TR FR 5 IERBR
THEBAEYSE AEBER AR EZ RS, H
BESH X B 176. 49%. 266. 63%.
198.04% .275.56 % .66.67% F1143.75% . 4b¥E 3 A
HK BRSERERISMEYD SR HEYE K
B RS F H REE 162. 88%. 121. 52% .
178.43%.119.33% .1 455.56% 1 165.63 %, {RFx
T EZRME, HEBE LR 26.98%.
Hi, e L IBIEYMBREE, ANBS TR

B B FI KR EUE, BE (R LB M iE s, e
HEREE, TR LEENTHEMER. i
B ERREAR R

34 SEAE TR PR SR, AE 55 oK i AE 1 4R A 1Y
£ SR CHAREARRER AT IERER. BEE &
LEFEAR B SRR A B R R A0 A SR HE Y TR A g
£, ERFR I S, WAE A ERIERR K
TR ANHBERKE, MBI &8 3 M
(b 4.5. 7 6) ¥ W E MR & BRI, B
FLLL T S BURRAE. b H S MR SR LA
AP LB AHEEE. EEERES IR RES
168.62% .251.85% 183.33%.250.0% .38.24 % Fi
128.57 %, Hfr LB ARE X RIMH, HEEHEXTR

W 70.86%, MERR LI EREAHBERS

369.23% . X2 H A o A TR GERMR LS,
PRA RS 4 8 B 6 VR Wi 3 o, AR - 3B P B4 A
B, B KRR E 25, E, B
B L E— FERABEE, A AR R P TN
F6, (R bl - B A M A B, AT SR e bkt £ 3
JEA, i ERAWTE, KSRIE TS AIKRES
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4.1 WIEXMFEHMANLHKARR KX EBE S f .18
BIEEEH B W, BAERGLEX AR L G/
BHEBEEMREWERARAR. FF K1 44
A, BHYLTHIE A e I M AE BUR B4 T S b B
FE 5% B LA R TEHLIR 5 B8, B AE /Y 5 40 3 T F
HEEMITHIRAE. A, 458 9 ARE L4H S
ER 4B 6 BRZ W ELAUNBERTFTEELSHAR
JEREVITHIR S, AL 2 R RF, 4E o H
KIMEATBHREEEYHARLENBEE, B8
BRAESHESENEEFR BHEMBETER
4hFE 5, AbE 1 HK.

4.2 WEMENE L EMFE B L BMEYH
B ATEEAYELEREE, TR 1 FEUOK
B, SHEELENTEHEDER AERENER
BB RER. HhOH o hEE, LEMAD
LR AEEER BARNENAEFTRES SR
1275 238.88% .247.24% .106.70% 1 366.67% . 14
FEEGBRRTBTERROERE, HFUEVES T
REMREEN b3 9 R A EefE, 4078 3 AHIK, Mk
EFETHE. 48 9 R SIERF LEMED B
B AEBEERE . EEERSFI ARSI 176.49% .
266.63% .198.04%.275. 56 % .66.67% F1143.75% ;
Xt F 34 F AP, BEREAER 3 AL (AL 4.5 0
6) 3] H B e B B AR A FEBUR 4T, ARl ab 2 5 R
BE RESERRIBMAD SR SRR W
HESH HITRIZE 168.62%.251.85% .183.33% .
250.0% .38.24 % f11 128.57% .
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