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8 E: BN A st BT ARG A K R IR MR R, SRR TR T R, Ok
AR A BB IS 2% . DAEL TR RGeS 5, RS E AR, WIOR IR B e R A e, i
EREE M0 (CK) L 2% (T1) ., 4% (T2) . 6% (T3). 8% (T4) F110% (T5) W6 DELEE, A kb
H3WEE, RHTEEMEILRIIRTT, A&~ E THM AR R . RS TR R M. 25 R %
B: (1) 4% ~ 6% W n] 3 B TR ah i AR s (2) il AR W R S TR R 38 b B2 5 17 B R i o ) 1 453
gy, pH. AL, S RUMHUSC I A P it FH 3, L AR 3 — B0k TS>T4>T3>T25>T1>CK, Bl fig
A ARWE, HE e S CK AL, 2000 B 8w 9.25% . 119.51% F1108.77%, HAbBEF 5 CK 2 5
ANE; (3) BHGTAMCER . B - MM A . FRvEmEmRR . RERREG G M i 4 it F B B I R, g
R T 715 P I A= 0 it P et A3 T 38 0, e AR W it R 10% BB it s (4) ONIRISInAL B B R4l i 57
YRR 4 DEFIEE R T 1Ty, Bt TikRik 82.754%, i — Ay BRI N TR S SR
TR BN TR . LT S R R R AR A A D A R TR A
SR L, it 4% ~ 6% AW sl AR EH TR R K, [ AR S B I R IR e R o i A R
Witk
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AL ERGTR PR, O AR A 0 A K SR R
FHHE

1 #REFZE

RIS I AR A T PR A BRA ], %
FE iR IR R R, ek miE (450 ~ 500°C)
PRAASM N RE M W HE TRk A =
R REMEN A R Bbk, REFRE 1 SR 2L A O
RIS (O R AR W) s i 3 5 ) 78 P R AR
Mp R EFRARBE AT o AT T A 2R S S 18.5
emx 16 cm, BN KK, 2023 44 H F- iR
SEAREHLIX ARG, BRI R (R
B Rk, #it 6 K, 43 0% (CK) |
2% (T1) ., 4% (T2). 6% (T3). 8% (T4) F110%
(TS), X581 H Rl HEA R e B oE A BELIX A, AEAbH
3WHEKE, KEHE 30K, it 540 ¥k, B R
TR AV P SIER BT, RS NE
W RIS, R TR E .
L1 BT A A i £ S+ R4

FRRRE SR . T 2023 4E 10 J1 & 1 TH4)
L, HAE RIS AR KA, IR
RGN i AR AR . AERE SORSE: T 2023 4F 10
HoREE T HERE S, B BRRENLIEER 5 MRAE K152
AR, 304k, FEFHASTIETAR S em 4L
3RO ~ 10 em HREIFIR A5 5] — AR
GFE, W SCEE A B B, 1 0.15 mm
i 5 FH T S8R RIS P 0 o
1.2 I s

pH M 2. FREC10 gk 2 mm G £L A9 KT +
BT 50 mL A I A 25 mLK ( K+ R
25: 1), MBI FEDUR ZIHFE 2 min,  ##E 30
min £ _FIEWEIER, H pH T 1 h WS ;
ALK (SOC) R WA A L — 25 5 kI
S (TP) FERANA)S, i OB g4t f5 H
FRBAHT L A EIAE (UV-1600, 48] WAEGRE
1) 5 FHFRES KGRI E 28 (TK ) 5 B
ORI AR A (AN ) 5 3R - b EE e A
R (AP); JHOBREER ORI A (AK)M;
K H = E AN A AR — 40 R E 145
BT AcHuE (CEC) 17
1.3 LIRS T

B—H A B (BG, pg - g_l b)) SR FHEY Ay
Fbfeik; WS (URE, mg-g™) SRATARE — AN
— 164 —

Fefo ik REBEEE (SUC, mg-g') KM 3,5- 6
TR e T ek R o W o ok 2R Ul
(CAT, mL - g") 75 FXFRYIEAERERR — 40 b (o
I EFRYEREIRESE (ACP, mg - g ™) ",
1.4 HdEkb i

12 J1] Excel 2021 X5 (14 )5 0A Bl HEA T G0 1R
AT, SR SPSS 23.0 H Y FRLIAIER Uy 2543 M O A E
FEARTRAE XS BT B AR A . 387 00 T
M, GE /N B E 2R s (LSD) i T2 E
i, WM N a= 0.05 1 Pearson A1
ST LA FE G530 IFiE ) Origin 2021 il &

2 BREHH
2.1 B EEBREINA P R B R4 B AR

Al

BT AT, T3 AL T AL A . b
PN . e et R A i B CK T 26.09% . 20.24%
50.00% . 29.17%. TS 4bH B T4 B . Hb
TR e W 43 il 8 CK B A 6.52% . 19.34%
24.14% . 29.17%. 15 MH 10% = ¥ % Jiti FH & 56 0 Y
2 E AR TR A K, BT R it
I AR e T AR R B R R e R L P R SR T
FOMBRETESE, DI AR 1 TA 4 P A R0 14857
SRR
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CK Tl T2 T3 T4 TS
a1

B AR ET RS EKENEM
VE: W RE om, MM mm, A TEREANE om, AEEEIREALL om;
RIFRVING 05 RS2 7 835 (P<0.05 ),
2.2 B WA A RN A2 R R R
FEARF AP BRI FIZAF R, BT R4 + 4
S AR R AR (R S 22 S e (R 1),
B CK A, pH. SOM. TN Hl AK Fifi & = ¥ 7% it JH
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F1 HEREYRNETRYHELEERTESENFI

et o gl Bilfifp 2 AR AL A B [P i
(g ke") (g-keg") (g-keg") (mg - kg") (mg - kg") (mg - kg") (g-kg") (emol + kg™)

FRB L

CK 1.19+0.89 1.14+0.09a 11.69 +0.52a 49.93 +6.09b 7.71£397b 121.02+3.75¢ 1636+ 11.18d  3.30+0.68c  4.19x0.15d
Tl 272+03%9 1.13+0.14a 12.15+1.29a 46.20 +9.68h 6.85+£5.83b 12659 +5.05¢ 26.06+11.90cd 3.01+13lc 5.14+043c
T2 327+0.32a  1.20+0.12a 1224 +120a 49.00+1044b  937+191a 13254589  31.52+8.80c 4.08+£0.78¢c  5.34 +0.4%c
T3 330+093a 126+0.16a 1243 +1.15a 63.00 + 14.76ab 14.41 +3.44a 141.57+5.51b  35.61 £10.10bc  6.03 + 1.12ab  5.47 +0.23bc
T4 327+0.89% 1.31+£0.09a 12.57+1.2la 57.96+10.47ab 1628 +4.08a 148.89 +8.83b  45.17 +6.71ab 690+ 1.45a  5.66 +0.35b

TS 352+ 1.17a  1.32+0.18a 1225+1.23a 69.53+24.16a 1692+ 1.66a 156.59 +6.35a 51.20+7.04a 4.81+1.23bc  6.34+0.26a

T ARVNG TR R BRI 225 B3 (P<0.05 ),

HRRN, SR TSSTAST3S>T2> BRI T3, T4, T5 5 CK MIfFE7E R FH 25, /i
T1>CK. HEHEA91H 22.71% ~ 51.34% . 5930% ~ R R 2617%., 1607% ., 3925% F18701%. 11125%,
213.04%. 12959% ~ 196.85% H14.60% ~ 2939% I 119.51%; CEC I N T3, T4 5 CK [HIfF/E B EE 5,
FETS iy, HPBRTI S5 T2, T3MICE FM2ZE 5l E5em 8246% ., 108.77%, HAbFEHr5 CK %
S, 25TL, T3, A CREHEEZR, 35T,  RARE.

T2, TALL K TA 5 T2, T3[H) JC i F 25, pHAE 23 & ML INAE Y et - 3ERGE P %) 52

HoAb AL R A R EPE2E 5 (P<005) 3 AN, AP &7 H 2 v, TR B A P R AR BN, CAT,
24 [ 34r
E [ 2F
s nf T E/E PR
> [ = 30fF
2l 7 B "
£ of Ot Eaf
$ Ll o
= 4T = 201
ﬁ@ 12+ 181
A 16 E
10 1 1 1 1 1 1 1 1 1 1 1
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YL i
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=106} £ 35)
\90 ; ‘DD
g 1041 . ED 30+ s I\I
F 102 B | st 1 I/L 1 1
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BG i TEFRIN N CK 5 T2, T3, T4, T5 [AJfE1ERE %
S, ARG T 22.87% ~ 3534%. 346% ~ 509%,
AR IR K CK<LT1<T2<T5<TA<T3, 7E T3 I & ; URE
TEPERIA CK 54 A0 BRI AF7E 0 35 22 5%, HiR N
61.08% ~ 87.84%, WiFHIK A CK<T1<T2<T5<T3<T4,
T T4 B ; ACP JEPEREN CK 5 T3, T4 [f77E
T BAIER 1934% ~ 2221%, IFHUCH T1<CK<
T2<T5<T3<T4, 1E T4 B i 5 ; SUC TG PER I CK 5
T3 [MAFTER 25 5, RN 7.37% (P<0.05) , T
MRURH TI<CK<T2<T5<T4<T3, 7 T3 W .
2.4 FH TP INAEY R G A S
T A A AT

i &3 0] %1, CAT 5 TN, AK, SOM. pH Z [f]
MR IEASE (P<001), 5 AP Z (] 5 3 1A
X (P<0.05); URE 5 TN, AP, AK, SOM, pH Z [H]
R EIEMSE (P<0.01) 5 TP, AN, CEC Z[H]&2
2 IFE M & (P<0.05); BG 5 TN, AN, AP, AK,
SOM. CEC. pH Z[H] 2% i 3 1E A ¢ (P<001) 5
TP 2 [a] & &} 2 1 A 5¢ (P<0.05); ACP 5 AN, CEC
Z I TEA G (P<0.01), 5 TN, AK, pHZ
[ 777E B E A (P<0.05) ; SUC 5 TN, CEC Z [d]
AW FIEME (P<001), 5 AK Z 84778 B % 1F
FHIE (P<0.05) 5 R IR TR M5 3 fb 2 M o )
FEEBVINRR, LIRS A2 2 24 T I 3L ]

A

URE
URE|@ TN !
TN.. AN 0.8
AN|® ® @ H 0.6
H(@ @ ® @ CAT
CAT|® @ © @ BG 04
BG|® @ ® @ TK 0.2
TK TP 0
P|® ® ® @ . AK
AK‘. B . ® . . ACP -0.2
ACP|® ® & @ ® ¥ . CEC 0.4
CEC|® ® . ® 000 @ oM 06
SOMO @ © ® ®©0® - 0 © & @ SC '
suc|l® & - g - ® APE-0.8
AP0 @ ©® 0600 ©0©0°00-°>0M,

3 BETR#ETEEFTRSENEEE
HIAR ST

T PFER<0.05, # FRP <001,
25 BHETW ARG EA SRS
R PCA 43#7
X144~ R AR AT BT, DARRIE(E
— 166 —

>1 bR, B8 EWaaPrEkmE (Bl4), AFE
75 1R A B T 8 R B D R 2,
FAE, XF A I TTER R . RS 2 ANRHIE(E >1
W AR, e R — R 7.860, 2
DUBRFIRH] 56.1%; F AT —HRHIEESY 1.542, 5T
HRE R 11.0%; 55 = F AR 1178, 72
TUHRR A B 8.4%; 55 DU = A 43 B RFAE fH R 1.004,
TIHRE R 72% 4 E o B 24 5Tk L 3
82.8%, HBH 4 A FRo v LMRFERER /750 F5 b5 A
+- 5

22 NER MBI, 455K 4 FE 207
L — BN B R 2 CAT, 2 {E 5]
S 0913, FES—E s HA TK R AAEH,
BATEY -0.005; 55 — Mo FEE M F42& TP
SOM, FE5E —F s WA suc RIMHEMAER, £
T A -0.050; 2 = F2 K4 FZ R T /& AN,
AT (E N 0.805; 51U = Al 4 FZL M A 72 TK,
AT {E R 0.927,

1.0

TK
05r TP
SOM
e URECEC
2 G
3 0.0 AN%(})PG
Z cedhAK
9] .CA'lTN
&)
~ .SUC
-0.5F
_1.0 " Il " " Il " J
-1.0 -0.5 0.0 0.5 1.0
PCI (56.1%)
1.0
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—~ ACRIsuc
X JK
a BG pH  URE
5 00 EC
&) TP N
~ * ARsom| AK
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_05 |-
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R2 FELETHEEUFMERS TR S ERE

fEhR ER— 370 S ) ERs
CAT 0.913 0.085 -0.040 -0.027
URE 0.688 0.211 0.328 0.477
BG 0.676 0.399 0.492 0.162
ACP 0.307 0.438 0.696 0.204
SuC 0.513 -0.050 0.702 -0.248
TN 0.629 0.514 0.391 -0.208
TP 0.014 0.895 0.171 0.145
TK -0.005 0.101 -0.031 0.927
AN 0.028 0.248 0.805 0.024
AP 0.498 0.771 0.265 -0.028
AK 0.783 0.489 0.272 -0.080
SOM 0.359 0.820 0.155 0.171
CEC 0.500 0.422 0.400 -0.194
pH 0.689 0.247 0.425 0.208
3 g

3.0 il AR Rl v A K A AR

A R AU TN S B SR T R B 1 R K P BE
FOMRFFRE ST, AR T R A KRBT
SRS BRI, A S LAk R R
PEREREWS I 5 LRI TRIKRE ST, WD oK 7 Y28 A Al
W, A IO R K S i, AT
MRA XA BRI T . TR, AP s T aE
g kst - HEAE A, BN LR AR i,
D A AAL A F AR R, MR &
AIREIR IR, BEAh, AW pcid RERS IR T e A IR
JE, Bt B R R0 E , AR ARIE
AR AR R AR IR B, Atkinson 45 1 4 1
AW BARBET A LA PLT, HA BRI EL R T
B B n R T AT LA RS R A L AT B,
T - HEPRIE R At 1 T 5 A 1 S R B fiE
M fedE RS I o0 O MSRR T, 3858 T AE Y
AR ABFTEAR AL, B 0 A= P e Ak B
MARAL, TR A A KRRt s2 B . 5%
MRACEIAR L, A=Wy pants Ak B 380 T E AR 4h
AR AN . R, AR AN T
Iy ) A R A B e R
3.2 it AP RS - A 2 B A PR

FEM A O SR R R, R R A s FLBRLEE |
PR BUR A S AL, SR TR A R £
SIEE, (Rt IR B S AR, e
BAGPERR T AN E IR R I, AR AN Y%

&, 3R pH FTRES AR, XS AR 5 )
TR T AW S pH A RAL(E . Lehmann '
5T KB, AP mr) pH Al LT 4805 T 12, X
Pl 22 5 IR T AE W e () & DR B | I T
LR BRI S 2 AN &, B0, Cheng %1
fe i, AEYIHIY pH A2 B H R R A S5 R
WL, ARk i E AR B AR S X pH AR
B\ESEW, YRS R T pH, A PR &
K e g 1202 oAb, Farrell 55 2 R 45 FR,
FHAE Wy e ] i v 398 v (%) w1l 15 358 pHL
AIRIRZE R IR, AR He A A G) REAL 38 I 23 0
TR pH, X BRI R AR Y A B R B 25 A
SRR, B e R Wi & A 1 AT i
+, FEHBA IR P SR, TG
HERERYE L R, X T T ROX — R E MR
PSR E Y A K B U . kA Y SR
RIEL, YT B LR A S . R
W 55 1l s i T it 2 ok 2 4 v - R A i R A Al
G B, AR R, SRR
BN B TR A AR T SR AR
3.3 Jits A e Xt A S M A A R A%

Wang 25 27 BRI, /N 00 L 4 o it 1
Al R ISR IS PR, A0 B -D- 2R 4R Y
Tl B — %0 T W F0 N- £ Pk - B — A A T
Mg, AEAE4E Y BRI, B KA R R SRR
Yyt AR 585, AR E T DRER . RERERG A B -
BT R TEYE . AR sErh, BEE A it FH i
Mg, B - MANE . o e A E RS T
EE RS X R R TE T AROCEFAIE M. AT
W, AWt I, Ae ks BT A4l iR 1 g o
Ho IRBETER: -5 v (%) IR Z K iRy 2R — A8 Ak Ty
I REE EEAEH . A Y s 4 b Ik %
YRR IR AR L O AR P R, £
SR BT AR o e R AR, TEAHSY
th, AR ARG SR T KBRS YE . B A IEREE S
SREW R F LM (P<0.01), IRHEGS 06 iE & 2
WEEIEAE (P<0.05), FRIHAY R MEEBEA
G TE IR R R RO, e R AR
ME AL, e LENAR AR, Rk
MR i 2 — S Re e NATHLEE (Po) fbA i sh JCHL
B (Pi) WIRE, e AT7ERRPEREE o R s
HIZK A AR Pio VT 258 A DS 2 R P W IR I
TEPES 158 pH B R m C R, KNS A Py dsn
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BB, L8 pH WRE> T 0 AR, B
A= SR P R AR N, R R T v S B S
FHE R AR Ra S, LI BT as R, AYsit
R NAEC R SR, X - e s 7R
FRERAE . AR5, AW s InscsE: 1 14
AIBERARIE T, AWk 28 3 W07 3R A3 T A A 7 Tl ek
YR, IR A K S BRI T Y
fillo BEAN, A=Wty Z2FLAs A6 A RPN T
TR R TR, A R T 2 A
R, A REE SR T 4 RS A B
FREE, fEF T gk, YE5R T REOE S A RL
R RGN T RS
3.4 A G A TS RS R A S
A=Wt - EREE PR R e — N R A L2
LR, R4 A SR . HIEERMEY
R ABER TR HA RS, ek, i
AACERG . IREGH B — AW IS 1 5 1 pH
FETEIERIE P ARBRSEH, AL S R
AN B — A5 AR MG AR S pH S M I 3 IE AR G
(P<0.01), FifiECEE . TREGA B - H AT
s vE 5 pH A G, B — M40 1T 5 A L i
B R FEIEMSE (P<0.01), FU B - %W
ML S A LRIV e, E 2% 1 WhoE R PRk
GAEY A AN, YRR R TE 5% At
SR N, (R R A e o AR T S
APl G IR . AEARDFR T, 4% ~ 6%
EYIRFAET, WAL AR, B - A AR A
T et B 5 it P e B T R, A v it P X
BT e S N B R A W it
FHER I AL . B — BTG . RERERE A
fig PEWS R B o i RIS TS TR WK,
- 98 A I T A AR A T LS e Ak v R G AR
Bl IR PE 7 B 2 H K P L REAE TR
RUERRIZE A BRI At 22 57, (H 5% ik
FEAALE, JitiH 4% ~ 6% B9 o 5L 80 £
e A RS E A H . Xl S 3 i oT
ZRAL TR BB, IS TR TR
Tt vt FH A= 0 i R AT 5B T A 3% 03 BB
4 Zig
AR I 4% ~ 6% A4 nT i
EREE TR E, B8R, Bkt
Farbit ARG T IR, ISR MR
— 168 —

P W ERTE, RS M A T T, CAT. BG
F1 SUC 1 HEIITFE 6% Bl ficii . MIRGERN #8 FIZe b sl e
LEORE, N 4% ~ 6% AW AL B R TR
AR R R R R A A SR TR A
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Effects of seedling substrate application of biochar on the growth of Eucalyptus spp. seedlings with straight stem and
its mechanism of action

LIU Yu', GAO Cheng-xiang', KONG Ling-rong', SHI Zai', WAN Hui’, DU Guan-ben’, CAO Zi-lin’, WANG Xiao-li""
(1. College of Forestry, Southwest Forestry University, Kunming Yunnan 650224; 2. College of Materials and Chemical
Engineering, Southwest Forestry University, Kunming Yunnan 650224; 3. College of Ecology and Environment,
Southwest Forestry University, Kunming Yunnan 650224 )

Abstract: The effects of different amounts of biochar on the growth of Eucalyptus spp. seedlings and soil enzyme activities
were investigated, in order to obtain the optimal substrate for Fucalyptus spp. seedling nursery, so as to provide theoretical
reference for the rational application of biochar. The experiment was conducted with Eucalyptus spp. seedlings in container
nursery substrates with different mass ratios of biochar, and six gradients of O (CK), 2% (T1), 4% (T2), 6% (T3),
8% (T4 ) and 10% (T5) were set up, with three replications for each treatment, and a completely randomized design
was adopted. The growth of Eucalyptus spp. seedlings, soil chemical properties and soil enzyme activities in the various
treatments were analyzed. The results showed that: (1) 4%-6% biochar increased the growth of Eucalyptus spp. seedlings.
(2) Biochar application improved soil nutrients of Eucalyptus spp. substrate in different degrees, and the trends of pH, soil
organic matter, total nitrogen, and available potassium with the increase in the amount of hiochar application were consistent
as follows: T5>T4>T3>T2>T1>CK, and the available nitrogen, available phosphorus, and cation exchangeable capacity
contents were significantly increased by 9.25%, 119.51%, and 108.77%, respectively, compared with CK, while
other indexes did not differ significantly from CK. (3 ) The activities of soil catalase, B -glucosidase, acid phosphatase,
and sucrase were reduced with the increase of biochar application. The activity of soil urease increased with the increase
of biochar application, and the highest content was found at 10% of biochar application. (4 ) The nutrient indexes of
Eucalyptus spp. seedlings with different additive treatments had four principal components with eigenvalues greater than
1, and the cumulative contribution rate reached 82.754%, the main influence factor of the first principal component was
catalase, and the main influence factors of the second principal component were total phosphorus and soil organic matter; the
third principal component main influence factor was available nitrogen; and the fourth principal component main influence
factor was total potassium. In general, application of 4%-6% biochar could significantly improve the growth of Eucalyptus
spp- seedlings, and increase the content of nutrient elements in seedling substrate and the activities of main soil enzymes.

Key words: biochar; soil enzyme activity; Eucalyptus spp. ; substrate; nutrients
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