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PO R ME4h B A K I 22 i

AEHT O HERT KM BRET FWHAT ERFILT K OET

(" EARLAZAL AT AR SRS &R 5326005 (S HAEEARAESAABRE NN, T HEHS

532600)

B B T BT RBAAEAR e & 4 & B R J7 X 7 w8 A (Betula alnoides) Tt % 4
WAEKWZ, L3 AT EAG R T R (FB4 FB4 #1 FBOL) 1E A #F R AT &, 2 H 3 A & 5
A (4.5 cmx8.0 ¢cm,6.0 cmx9.0 cm,8.0 cmx12.0 em, AEXE ) F1 6 fb H T E 7 (F L+
K FN AR R AR AT R A B B TR R WK, B RN R AL 4 A K A
REARESEHT, ELTHRREATIN AT ET N R BARME TR, #RKW. &
R KEAS THERALEZMEERYENHE e taR .t £ EM
WREARES, EFAEREWNRERN, WRPH T REAR LT AL TF R LG 2 H
WMEKEAERIN .6 NEFE TP, AR 4 LINEAENEKNY , HHE G5 £HE.
BB CAER A E R RETR BRERFRTHERL2 IR A MERE 7 W
1.01~1.36 . 1.11~1.62 1.13~2.94 . 1.05~3.94 1.05~2.86,1.03 ~2.44 1.29~2.17 [ 1.29 ~
2.20,1.32~2.44%1 1.00~1.60 5, FIA LU RGN E B TER TR £HEM
12T A HEAE 2 B A 2 2 HLAS B 3 K T 3 A, 2k PR B LA MR K Xt 4 v K Y (R EE1E A R
HE, MEHEYENEKERREALSETHATERG N, TR tER RET
AR PFAELCHFERENGAREZ AN, - F I EE A TN HELN, T @
% FB4™ 2 ZEHA% 3(8.0 emx12.0 em) F1 5E7T 4(74.625% % 10 £ +24.875% X | # & +0.5%
) AT A8 3R K (1.566) , R H ¥R & 4T,

KEER WEME; £k, RER; TR REAPS

Effects of container size and medium formula with biochar addition on the growth of Befu-
la alnoides seedlings. LIU Shi-ling'”*, JIA Hong-yan'?, CHEN Lin'* | YANG Bao-guo'*, LEI
Li-qun'?, PANG Sheng-jiang'>, ZHANG Pei'* (' Experimental Center of Tropical Forestry,
Chinese Academy of Forestry, Pingxiang 532600, Guangxi, China; >Guangxi Youyiguan Forest
Ecosystem Research Station, Pingxiang 532600, Guangxi, China).

Abstract: We examined the effects of container size and medium formula with biochar addition
on the growth of Betula alnoides seedlings with three superior clones of B. alnoides (FB4, FB4"
and FBO1) grown under three container sizes (4.5 cmx8.0 cm, 6.0 cmx9.0 cm, 8.0 cmx12.0
cm, diameter and height) and six medium formulas ( different ratios of yellow soil, composted
bark , sawdust, charred bark and bamboo charcoal). The optimum container size and media for-
mula were determined by comparing seedling growth and root morphology, with a comprehensive
evaluation of seedling growth. The results showed that the media formula, container size, clone
and their interactions had significant effects on root collar diameter, seedling height, leaf area,
leaf number, biomass, and root morphology. When considering the growth performance of all
clones among different media ratios under the same medium type, the optimal growth performance
occurred in the medium 4, in which the root collar diameter, seedling height, biomass, branch
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number, leaf area, leaf number, root length, root surface area, root volume, average root diame-
ter were 1.01-1.36, 1.11-1.62, 1.13-2.94, 1.05-3.94, 1.05-2.86, 1.03-2.44, 1.29-2.17,
1.29-2.20, 1.32-2.44 and 1.00-1.60 times higher than those of other media formulas, respec-
tively. With the increases of container size, root collar diameter, seedling height, leaf area, leaf
number, biomass and root morphological characteristics of all clone seedlings increased, indica-
ting that larger container facilitated seedling growth. Principal component analysis was used to an-
alyze the growth and root morphology indexes of B. alnoides seedlings, the results from which
showed that the leaf area, root surface area, average root diameter and survival rate were compre-
hensive evaluation indices of seedling quality. After further calculation of the comprehensive eval-
uation index, the combination of clone FB4", container size 3 (8.0 cmx12.0 cm) and medium 4
(74.625% vyellow heart soil, 24.875% bark, and 0.5% bamboo charcoal) showed the largest

comprehensive evaluation index (1.566) , exhibiting the strongest effects on seedling growth per-

formance.

Key words: Beiula alnoides; biochar; clone; principal component analysis; root morphology.

B BT IR A i B B 808 I TARAAR
[ A B 25 TP R AT 15 B B ORI e R |
BA T A A0S 25 5 T8 SR A,
PR Tz B T ARRE W IR — &R 90
AR BT PHEROR . 55 B FR i o 25 v AR
ARl AT 5 A 34 5 (Oliet et al.,2009) ., Hifal £
A i AR BT L [ N Ah 2 N2 e R R R
(Aphalo et al.,2003; Close et al.,2010) , FE 5 i 77
(ABAEF-25,2011) 2% v AR A (AR Z 55, 2018) |
FEAEHL A (Oliet et al.,2009) i R TCHE 5k #E (21 %
RA,2012) GHETH AL BE (KL AF,2019) S5 5 I HEAT
T,

TEPRIE TR A5 RS S 15 5 1o O B 2 4 1 ) 2
il EIREE (2016) XFIHAS ( Pinus tabuliformis) 25 %
HIFITAS SRR W] A 0 25 e T A i 1 AR 2R K
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RH, R A A1 & i R B B, 1 RROR S 4F
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KB IR AR KRR SE R R TN,
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JAR PRI 6 456 365 1) 25 s RILAR it (A R G E B,
Valero %5 (2017) 48 th , ifi & 25 4% 1 A2 K 0 JE T e 7
PSR RS SR BEE IR BT DR B g
RAF, BFFER B, A5 (biochar ) A F T2 45 & Hi
Z G Y94 ( Dumroese et al.,2011a) , 312
N VE RIS (Vaughn et al.,2013 ; Dumroese
et al.,2018) FITCHL AL 53 )AL & ( Headlee et al.,
2014) o AW B W) AR FIRCR 52 A Wy e 2 B
Jit FH A | 9 A AU RIAR ) b 24 45 TR 3R 19 52 ) (A T
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ANFETHERERKB W, 2568 08U LA TR i
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1.1 X5 X MR

RIS TV A R A S R R E K E
AL AAF 3 i MOl B2 A 5 e R Al S 3 v
LUl 55.(22°05'00"N, 106°48" 12" ) |, Hh &b 1 W7 #4AHF |
BTN, FIRENH R, AR 21.5 C,
B H (1 H) SR 135 ¢ &3 H (7 H)FH
A 27.6 °C, 24 H IRET4L 1218 ~1620 h, =10 C
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TR 6000 ~7600 °C ,4EFE7K & 1200~ 1600 mm , £
SHEE 80% ~84%
1.2 kit

2018 4F 1—5 H ZERGH ARl 52 50 vhc i [T e
AN ) 25 2 FURS R 5 o i 4o} P R A TE PR R A AR
PR , SRR T, T XA
BAST/NETCY 4 i) AR F s B i & 3 K,
3R EIAG 1(4.5 emx8.0 em) FiA% 2(6.0 cmx9.0
cm) FIRLAE 3(8.0 cmXx12.0 ecm) , EHIX N 6 PEH
Ber (£ 1), BIX R 3 NIMER, BANTHER 25
BRA—AD/NX 3 RER (X)), &1t 4050 Bk,
T HDRE A 56 BRI BT 0 Ee il se IR A, A 3
FhELAS 1 To g5 A8 B TRR B B 8 N sl
1 2B BAT AR IR AR R 25 A T 50 3 A AR
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AT FRE, DLA AR Je FAT el BE okt
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KR Rz e AR R B 2R 35 R 3R Rl 512 56 v
DRRIERT e A LR R YA BR A F] pH
6.0~8.0, NPK=5% , HHLIF =45%

B AR, 200 3 DV R HETC % R FBOL
FB4 FB4" HAH 35 1 K R ARl 52 56 v 1
P20 4 em,
1.3 ARz

IR Z R et B/ N X G AR 2R e
FA i s AR AR BN/ INMX Sk
B 5 BRPRUMEVE RAMETCE R4, T AR & T AR
FR RIE B SEFEAR I FH 2 BT8R b
T BB S AR 2K i 3 RN R
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Table 1 Compositions of growth medium
RFigs A
75% 0 A+ 25 %0 IR A Bz (XTI 1)

2 54.55% K IR Hz +27.27 % 4R A +9.09% AL Hz +
9.09% 850> 1 (X HR 2)

3 74.5%F 0> 1 +24. 5% K B 2 + 1947 5
74.625% ¥ >+ +24.875% K HIA 1z +0.5% 47 5

5 54%X R B2 +27 % B R +9% AR B +9% B 0>+ +
1947 75

6 54.27% K IRz +27.13% 485 +9.05% AL Bz +
9.05% 0> 1 +0.5% 4 1%

B U, v AT SR F Chen 55 (2012) 1
Tk, WA BIEAS R E R LA-S BAEYIR R
SIMHRGE (B DT R M IR A BR A | ) L 1558 3
ﬁ*ﬁﬁé%ﬁ(0<d$1 mm /PR 1<d <2 mm HA4H
R d>2 mm HUR) T E R EAR R AR E AR MR
KA B R HAERRIEESE, FAR 25 a5
A 65 C LA P IELLHE 48 h ZH T &, I 2 4%
WA,
1.4 HARFEITM

FIH F2 180503 3 (B AE 55,2016 ) ¥4 2 fie /s
BAESETE b, IR FH AR B8 b 9 SR JE pR B0
(BRI, 2005 ) , 254 PF i 78 1 #E A 4 36 R ) b

PR, LA VRN TR R CET = ), W.Z, , CEI fi
i=1

KB RO &L, @/ ROz,
Hn AR PRI ECEE, W, B Z, 3 LR AR AR Y

A AR E R EUE, W, =C./ 2 C, (CNE i MHIAR

B PEM AR AT ) 3 Z, = (X, -X,,)/ (X, =X ) s
Hod X ORFEARINE A, X, X, T Bk
FE—FE AR ) S/ IME AR R, A o SOk G, ) Z, =
1_(Xz_Xmin)/<Xmax_Xmin) o
1.5 diorr

FIFH SPSS 19.0 A — e A Y% 74 e #E4)
B AR AR (A | | A3 BRI T AR i
Ara R AR ARR A ARAR AR E
PR ) #E47 J7 22431l Duncan 2 1 L 47
BT, I FH I R 4 A BT i A 8 bR 64 T 3253 34T
o SR B BR BT AN R AL B 25 G TN T 45

2 HER59Hm

2.1 ARKEFEH

HEZH R 20 a5 FRal (£ 2) , 3L
X6} PO R A A P A 1 5 T B R, 2 B 1) 5
WA RN YK 2, TG 2R ASORT VG e ME ) 1 i AR | 7
MRS R AR R AR S AR A
FERZI (P<0.01) . WK R B AN 1, 245 H0AS
XFE S C 5 19 58 E A X P R AR 4l A K P AR i
M) e A, LU= ST < etk R HAE T, 25 4%
FUAE < TCHE R 038 HAE I RZ W e/, 25 4 BIRS x5k
JEE 7 < Tek Z = DK 2 58 BAE I T AR i B
A RIS Y B AR B PR (P<0.01) .
UL RT DA Y, 5 3T 5 R 25 JAS 2 52 ) 7P T e 4l
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Table 2 F-value of multivariate variance of growth and root morphological indices of Betula alnoides seedlings

izt ARG ey TR AR A x BTG X FEIREC I A xFE R
el TR TR [WEnEES

SR 22.54** 129.00 " * 0.13 5.41%" 1.04 231* 0.67
Az 26.84* * 126.76 * * 25.81** 10.40* * 0.47 3.89%* 1.20
Tt 30.86* * 161.11" " 23.55** 535" " 4.08** 5.24%" 1.45
i R 53.25" " 209.55* * 25.15%* 31.96* * 3.51* 3.62%" 424
I 4k 31.08 " * 181.99 "~ 17.24"* 20.00 " * 0.62 2.78% % 2,94
Y 33.19** 262.65" 42.94** 30.03* * 3.67"" 5.35%" 4.03**
Mt L 1.71 29.52** 1.70 3.08% % 1.53 0.86 0.81
LiESN 73.47% % 67.23%" 1.84 7.52%* 0.58 247 1.45
R A 69.21** 85.06* * 0.76 8.12%* 2,66 * 1.43 1.66
HRARFH 25.07** 48.91** 4.21*" 3.89% " 5.16%* 0.98 1.53
HSEH A% 1.36 3.09% " 11.71"* 1.90 1.17 2,92 2.47%*
TR R 5.09%* 59.15** 0.18 1.14 0.37 0.44 0.35

ZERHUME SERTEC T JCVE R AR RS x I T BT A e LM x TobE R FER BT < TCVE R A U L IR 7 < Jebk & A A Bk 2, 5, 2,
10, 4, 10, 20; = Fl =+ = 431 /RACHLH 2% 53 1 3 (P<0.05) Al 2 3 (P<0.01) , FEA R =810,

AR FRERE,

ZHEIWEB K (FR3) A d M 3(8.0 emx12.0
em) PP REMELD T AR A oA ek A
A s 2y €T E =T a RINR CIE N S s Sl s E o
ARG 1(4.5 emx8.0 cm) FIZEZRHLAK 2(6.0 emx9.0
em) ¥ 1.36,1.21 ,1.85.,2.48 . 2.01 ,2.94 {51 1.21
1.10.1.45 1.71 . 1.41 ,1.39 {5, ZE48 00 3 AR &
Pl ik 2 I T Al P o 25 28 BR324 4 KK 1) 4
HIAEIE R 225 VURMES A 1s RBEE 1T
VT A T 2 e /b | A A= K A8 A U B AT A
TSI BRGNS RSN 6 AN BTG T, BT
4 UMb AR R AR SRR T AR R g R
KR, Br 55T 3 (i E BRI ) To i & 22 751,
b 2 m T A A . otk &R HE, FBOL 1Y
A RN A Wy 2 e T FBAT A FB4  (H L = B

R3 FEEMTMRE R A ST HAR 0 E BT 75 BN R

i T FB4* I FB4,FB4* Fl FB4 14 A= K484 TC ik
EEES,
2.2 WARIEERM

I3 2 AN A s SR T C Oy M 38
AR P R MRl B A AR R R T BURAR (AR R R
Wi A R 2 7K (P<0.01) 35X 55 P4 g A ) v 2 1 4R
FrRAEL, JE R C T 25 i B IR J2: 52 1) VP g ME 401 1
SR AR MR R EE R E,

TERAST KWL EA MY RMRER,
ZEANHNEG 3 IR RIE A R, B3 T HAR M
FhRAS (K 4) , AR AR RUVRIAA R 530 He 2
AELAS 1 A AR RLRE 2 $25 T 102.00% ,101.71% Fi
95.85% ,47.85% .44.80% Fl1 36.22% , VG Fg HEL i AR
RILESHBEE VT h I 3G I Se 34 K508, 6
A FEREC T, LA AR RIE S S HUR K, HAR

Table 3 Seedling growth response to container size and medium for Betula alnoides clones

b3 IR e HiF - AR LIPSE a7k R L PEREES
(mm) (em) (em® - B&71) (g-#™) (%)
ARG 1 1.70£1.81 ¢ 1.74+0.20 ¢ 11.56£2.72 ¢ 21.24+11.69 ¢ 13.10£5.59 ¢ 0.59+0.29 b  0.51+0.14 a 85.7+15.36 a
(n=270) 2 3.60£2.71 b 1.91+0.30 b 13.08+2.65 b 30.71+12.96 b 18.60+7.12b 0.75+0.35b  0.50+0.13 a 86.0+18.19 a
3 5.00£3.01 a 2.11+0.41 a 15.77+£3.66 a 52.66+30.77 a 26.30£12.86 a 1.09+0.65 a 0.44x0.11 b 90.8+13.48 a
FEIIC )5 1 1.70£1.56 b 1.77+0.17 b  10.99£1.52 ¢ 20.57+5.57 b  12.40+3.26 b 0.57+0.14 b  0.61+0.09 a 98.8+5.41 a
(n=135) 2 1.90£1.73 b 1.68+0.20 b 11.21£2.45 ¢ 21.81x12.77 b 13.90+6.19 b 0.48+0.22 b  0.56+0.15a 99.1+2.31 a
3 6.40£2.38 a 2.26+0.35 a 16.04+2.76 b 56.00+32.18 a 29.20+10.17 a 1.25+0.61 a  0.40+0.07 ¢ 68.7+12.53 ¢
4 6.70£2.22 a 2.29+0.31 a 17.83+2.97 a 58.78+23.62 a 30.20x12.11 a 1.41+0.43 a  0.39+0.09 ¢ 92.7+10.53 b
5 2.00£1.49b 1.75+0.22 b 12.39x1.92 ¢ 25.70+11.15b 14.80+4.53 b 0.54+0.21 b  0.46+0.11 b 70.9+12.99 ¢
6 2.00£1.68 b 1.76+0.15b 12.37+2.51 ¢ 26.37+10.46 b 15.50+5.06 b 0.61+0.13 b  0.48+0.10 b 94.7+8.88 ab
Tt % FB4*  3.46+3.16 a 1.89+0.37 b 14.10+4.02 a 32.92+21.59 a 20.76+11.31 a 0.74+0.45b  0.49:0.12 a 87.0+16.86 a
(n=270 ) FB4 3.38+2.98 a 1.85+0.33 b 13.70+3.41 ab31.88+21.28 a 19.88+10.79 a 0.74+0.42 b  0.49+0.13 a 88.1x15.64 a
FBO1 ~ 3.48+2.53 a 2.02+0.33 a 12.60+2.84 b 39.82+24.21 a 17.36+9.31 a 0.94+0.60 a  0.47+0.14 a 87.4x15.34 a

NG TR 2 AR PRI R ZR B (P<0.05) , TR,
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Table 4 Effects of container size and medium on root morphological indices of Betula alnoides clones
Abr R (em) MREMFH(em?) HARFH (em®) R B AR (mm)
B AR 1 452.17£191.03 ¢ 80.62+36.21 ¢ 2.17+1.11 ¢ 0.620+0.07 a
(n=270) 2 617.79+183.73 b 112.31£36.06 b 3.12+1.40 b 0.630+0.06 a
3 913.39+369.48 a 162.62+63.80 a 4.25+2.06 a 0.620+0.05 a
E Sy 1 613.63+260.52 ¢ 103.29+40.52 ¢ 2.55+1.02 ¢ 0.600+0.06 ¢
(n=135) 2 484.68+153.66 ¢ 84.47+29.94 ¢ 2.16+0.92 ¢ 0.610+0.06 ab
3 786.85+381.75 b 143.95+67.18 b 4.00+2.06 b 0.630+0.06 ab
4 1016.7+366.01 a 185.94+59.34 a 5.28+1.98 a 0.640£0.06 a
5 468.06+119.75 ¢ 84.72+26.97 ¢ 2.23+0.84 ¢ 0.630+0.05 ab
6 596.78+193.21 ¢ 108.72+36.07 ¢ 2.88+1.03 ¢ 0.640+0.05 a
Tt &R FB4* 677.64+323.12 a 115.55+53.60 a 2.93+1.37 a 0.602+0.06 b
(n=270) FB4 672.63+356.24 a 119.35+59.29 a 3.17£1.68 a 0.621£0.06 b
FBO1 633.09+292.36 a 120.64+61.36 a 3.44%1.78 a 0.646+0.06 a

K MRRE A ARRFURIAR 35 B AR 70 0 H At L o
1 1.29~2.17 .1.29~2.20,1.32 ~ 2.44 1 1.00 ~ 1.07
fio T RR RIS R LIE W,
FBO1 B V- E 42 5 FB4 1 FB4 25 % 3% HoAl 3
MRAFESSHIE R A L, FB4" Al FB4 Y4541
REESSHII LB EEES
2.3 WABREZA N
AN [ A 3G i MEAE K A8 AR AR RIE S e bR 32
AT TS R R A 3 A4 ?Eﬁjﬂ:l () F R 57
H 25Tl N 80.816% , 3% 3 4N 4 RE % Bz b
VG R KU AN [) 25 285 RS R 5 S 7 R 1, A
iﬁi%ﬁ*ﬁ*TUﬁﬂj,%—Iﬁiﬁqjﬁﬁﬁ\i&
& T TR R ORI AR e i R AT R, ELA
3%\1‘}?%%%_ X 6 MEPR B B E R IEA R, FH
WA A B/ INESCHIE S 1 48 s o 288 iy A R 1 o TR 5 56
TR AR AR AR R AR AR R T RURTAR
TRF, M AT IR B =3 A o 3 IR AR G, TR e
2R A A K MR 2 T R A e /NI 4 5 56 =

x5 BFHRAEMERLE T EEEERKZMPESEN

RS- 2 B AR RN TG 38 1Y) 2 r 45, A A B /NSO
R P, A SR/ NV AR 1 2 i AR AR R 1
RSP 4) BARFAETE R 4 N Hn , ¥ P F A A
LA R bR

Y FOR [R5 2 RUAS | BE 0 FJE I R AL A X
VU R MES B A B 520 25 57, >R TSR 8 pRBLE X AN
WG E WAL A RN, 54 AN b B b 25
AVEM IR EHEA T 10 M HA B HACRWE S,
AR AR HAE T 2R RS 3 FELE BV 48 £ HE 4
B 10 AT S T 6 4, R KIS 4254 F
TPURHEL A K, LR A TFIN TR EHE A T 10
e G AR 4(6 ) FIERT 3(4 ), B AR
4 I E B RO B R E— 2 UL A IR 36 ik
THRGTR I 0.5% 7 ¢ 11 355 J5T Bc 7 19 74 g M 2B AL T
X BRI R EC 7, ELAR T30 1947 5 i 6 B L 7 5 A
[ JCPE & 4, FB4®  FB4 Fl FBO1 7E45 & PEM 15 %k
HeA T 10 S0 E oA 5.2 .3 4, BB FEAR R Y
X4 FIUAR RN L R BC 7 AL PR IO R FB4T A K

Table 5 Comprehensive evaluation on response to container size and medium for Betula alnoides clones

Cik, SR I R AR LGt HF

TR BB B LS MR P B [ERCES K

FB4* 3 4 4.190 0.209 0.609 0.979 1.566 1
FBO1 3 4 4.201 0.138 0.448 1 1.514 2
FB4 3 4 3.910 0.276 0.644 0.917 1.504 3
FB4* 3 3 3.983 0.079 0.494 0.625 1.378 4
FB4* 2 4 2.233 0.508 0.770 0.896 1.127 5
FBO1 3 3 3.100 0.115 0.356 0.521 1.088 6
FB4 3 3 2.814 0.153 0.356 0.573 1.028 7
FBO1 2 4 1.827 0.352 0.678 0.813 0.929 8
FB4* 1 4 1.817 0.212 0.598 0.833 0.869 9
FB4* 2 3 1.830 0.364 0.345 0.604 0.816 10
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Mty KEMHERAGT, HETLIER FB4 &
FEHLHE 3(8.0 cmx12.0 em) FIFEST 4(74.625% & .0>
+ +24.875% K B Hz +0.5% 47 % ) B2 A T F8 5K
K (1.566) , HH MRCREAT

3 i

RZWTIERT, KIS 258 T B AR KA
R EA R T E AR R AT, EXE AR
PRI G v e i 3 i s m, R AR R A K
ORI /N B RS 25 A 1 7K A2 98 LB (South et al.,
2005 ; Dumroese et al.,2006; Pinto et al.,2008) , A
MR R A A 25 4 A 10 B 1 SORAA R 25 7
P, P R HELh B A AR T AR R R R
AR RIS S BB 25 A DU 0938 T3 i, R 9]
TN AR I IR Ay A A BT B B R e
¥i ( Elaeis guineensis ) ( Akpo et al.,2014) 4 5 ¥
(Acacia koa) ( Dumroese et al.,2011b) FrE % ( Eu-
calyptus citriodora)) ( Vaknin et al.,2009) =N SIE VA
( Pinus pinea) ( Dominguez et al.,2006) 5 HF 57 4%
—32, i 5 & 45 ( Cinnamomum camphora ) ( 43 [E IR
55,2005) | 1R 47 Y F9 45 ( Euscaphis konishii ) ( %115,
2017) S BIF T 45 R A — B, UL B B B2 A IR XS
AR Fh 4y B AR A B S AR AR 22 5 . HLJBUR ] BETE
TR HE AR RIS S A R Ao T A
RIGAA A [R] T Z8 e BUAR X B 14 B A 4 | 7 5 .
AR R R RS2 AR IR K, Ning(2017) F
Akpo(2014) FERFSE K IR, 25 4 AUAS X &) i A K 1 5%
M) R B I 7, 3 B BRI in B i o e % A RE A
PR RSTRON . AWFFE B 0T E 75 %) 74 e HE 4l
B AR IR R 25 (052 W0 T 2 e DU A, 100 W1 3 ik
PEFEG IE 25 A AR TN AN BE AR PRI B L 7 %00, 25
s MU AL B C 7 (8] AR 52 BAR L T B i i h
AT BT A S BRI b 19 B PR 2R 500, 3
PSS B PIH E HAE AT 27 5 % 1

A4 R B, He BT C 7 % PG R RSN Y A
EEM 3 (P<0.01) , Bl i A KRB S i 4>
e 3> 1, HE BT 6> 55t 5> A5 2, P B U AT
B T RIORRY AR X 5 55 (2018) Fl Lin
25 (2017) N AR Wk R AR R AR ) A K BF R 4508
— 2, [ ABFSERER B 0.5% 1 7% 1 ik ot
[ R S I e i D RS OO S R N s SRR T

(89.78% ~99.56% ) ‘. 3 125 T IS NI 1% 477 7 114 3 o i
AN R (63.11% ~74.67% ) , {H SXHEAR T4
H8(96.44% ~100% ) . AT UL, 2588 H i A= K R BLIGR
TAW B BN AR A Yy B8 Iy BT IR
N XA R R B A e R AT RETE T
AW e BA AR At UL, W B RBRCAT it A
AT RE A E G, AR T AR R CR T AR 1Y
AR (Khan et al., 2008, 2011; Vaughn et al.,
2013) 5 AT B Hy T AR 1 IR B 15 45 25 A J] L
JOK T A W A A S S i R AT BB AR
YRR Z 450, DTS2 e o A A= A 5 B8 R B 1) 2B ) o
WINPT e 2 2E - HE DI RE , 5 S 0 o A W B 5 5 4
TG S B ASF 520 ( Huang et al.,2017) , 2488t 7]
RS RV A BB S pH A 5K, BARE N A it
— R AIIT

AWFFE BT 3 4 (17 R Al B AR O T
J57 5.6, fH By TR 5 b B0 b e RCK, BT
NWFFELE SRR L W) ¢ PT A S N A A i o 2
R b sORE AR, 18/ NO, - By 2k B i
BRI RS A= W) 5t 1R il Lo PR i Ak SRASCR 4
(Zwieten et al.,2010; Farrell et al.,2014) , X it DA 3
A RER UG A AE B e MR RE O T % 8 | 7 R
FHEERT 6 S5IEEHRE MG B U R AR, 1ok, W)
W EERASE , 1 W45 (2017 ) BIFSE & BRIt FH A= 4 o
It 2 AR VR B 3 7 BORAI AR B3, Tk
9.6% . Kk, 4 J5 Wi I e A W e 55 I R i) 8 i 3K
5, JF HIOF i ARG MECRBEIT, Ik i A T 5ig
MAE = R R BT MDA 25 28 P T A

4 4 g

ZEAHEG LRI A JCrE R B TP
FMES AR BAFAESS HAR T, PR IV M 2
BHNGERHEX 3 MHE, BHEATM ER,
LA S PHE 3(8.0 emX12.0 cm) , 3L )T 4(74.625%
B0+ +24.875% X HI A B2 +0.5% 11 <), otk &
FB4" & HRACR AT

S 3k

XA Mt , T, 4. 2011, e R E AR
IR, HEFMOAFSY, 24(2) . 36-41.

KO, R, R, 25 2019 EREXT ST A RSO E
TER B R m . AEAS 22, 38(1) 67-73.



X LB A5 L A G MU RIS AN A= 490 5 14 5 5 T %o 74 I AR 4 1 A R A 52 ) 2881

BB 2017, ARSI UM B STTIRC LU X 5 447 B O A
o TR AR (A A B S0) . B A TEPEAR R
PUER, AN, B W], SF 2012, PRI R A 5

SEPR L. MO BHARTT, 25(2) « 241-245.

SEEK, HEE, BILE. 2005. 3 Fi S+ R R R L TR
A A HEORET. MRS, 18(3) : 60-65.

A A 2018, IEARAW IR ARAFE K X B R AR E 1R R R
AIBEFE (A e 30) . AR . AR AR AR R .

XUZER, AR, PREGE, 57, 2018, j A A2 AN T
AR R RS2 FRAR S RS AE 4, 38(4): 393~
399.

FVLSE, £ W, EIIMY, 2018, RRKFEF IR A
Py e SRR R R 43 3% B . R 3R S IR R
224k, 24(4): 1027-1038.

EOOR, R 2, IS, %2018, AR YHAF R
YRR AR RIS A R A A, thEA
AAl2ai, 26(12) : 1795-1801.

TOB, N B, FEE, 2016, AR UK
A B IS ME AR K LA K AR AR S . Aol A
2%, 52(6): 10-17.

FHEM, BER, TL, 4F. 2013 T PYSERE PURIHE T Al AK
MR G TR 5 AR 1 C &R LR RS, 26
(2).257-262.

EEE, T OH, & OB, %2019, YRR TR
BEREW A YR C N P R AL SRR Y SR, R
SO R4 FARBRARR, 43(2): 1-8

Bk, o8, (€, 45 2005 FIHISJE s B EE P
EREPLRE. SR, 22(6) « 33-36.

oW, R, SRA, 52017, AR ARV Rkt FH A
BRSO VR B B S i R E AR, 50
(10) . 1827-1837.

VESOW, X555, J77KIG, 4. 2016. A Bkt N Tk +
S i R R IR A 2 AR B R R B AR R
Al FARBIERRL, 40(5) : 14-20.

e, /M, EI5AR, 4. 2016, T T4 Hr RN
BARLE M NE 1 15 Bk g TLFE AL K424 42, 38(6):
1188-1195.

a8 ER, EAME, BERE, 5. 2019. 6 FhAMA: AR ELE XY
FAMER) B R4 TP SO0, PR i AR, 46 (3) : 453
460.

Akpo E, Stomph TJ, Kossou DK, et al. 2014. Effects of nursery
management practices on morphological quality attributes of
tree seedlings at planting: The case of oil palm ( Elaeis
guineensis Jacq.). Forest Ecology and Management, 324 .
28-36.

Aphalo P, Rikala R. 2003. Field performance of silver-birch
planting-stock grown at different spacing and in containers

of different volume. New Forests, 25, 93—108.

Chen L, Zeng J, Jia HY, et al. 2012. Growth and nutrient
uptake dynamics of Mytilaria laosensis seedlings under
exponential and conventional fertilizations. Soil Science and
Plant Nutrition, 58. 618—626.

Close DC, Paterson S, Corkrey R, et al. 2010. Influences of
seedling size, container type and mammal browsing on the
establishment of Eucalyptus globulus in plantation forestry.
New Forests, 39, 105-115.

Dominguez LS, Herrero SN, Carrasco MI, et al. 2006. Contain-
er characteristics influence Pinus pinea seedling develop-
ment in the nursery and field. Forest Ecology and Manage-
ment, 221, 63-71.

Dumroese RK, Davis AS, Jacobs DF. 2011b. Nursery response
of Acacia koa seedlings to container size, irrigation method
and fertilization rate. Journal of Plant Nutrition, 34. 877-
887.

Dumroese RK, Heiskanen J, Englund K, et al. 2011a. Pelleted
biochar: Chemical and physical properties show potential
use as a substrale in container nurseries. Biomass Bioener-
gy, 35. 2018-2027.

Dumroese RK, Pinto JK, Heiskanen J, et al. 2018. Biochar can
be a suitable replacement for sphagnum peat in nursery pro-
duction of Pinus ponderosa seedlings. Forests, 9. 232-252.

Dumroese RK, Pinto JR, Jacobs DF, et al. 2006. Subirrigation
reduces water use nitrogen loss and moss growth in a con-
tainer nursery. Native Plants Journal, 7. 253-261.

Farrell M, Macdonald LM, Butler G, et al. 2014. Biochar and
fertiliser applications influence phosphorus fractionation and
wheat yield. Biology and Fertility of Soils, 50 169-178.

Headlee WL, Brewer CE, Hall RB. 2014. Biochar as a substi-
tute for vermiculite in potting mix for hybrid poplar. Bioen-
ergy Research, 7. 120—131.

Hossain MK, Strezov V, Chan KY, et al. 2010. Agronomic
properties of wastewater sludge biochar and bioavailability
of metals in production of cherry tomato ( Lycopersicon escu-
lentum) . Chemosphere, 78. 1167-1171.

Huang DL, Liu LS, Zeng GM, et al. 2017. The effects of rice
straw biochar on indigenous microbial community and
enzymes activity in heavy metal-contaminated sediment.
Chemosphere , 174, 545-553.

Karrhu K, Mattila T, Bergstrom I, et al. 2011. Biochar addition
to agricultural soil increased CH, uptake and water holding
capacity: Results from a short-term pilot field study. Agri-
culture, Ecosystems and Environment, 140 . 309-313.

Khan MA, Kim KW, Wang M, et al. 2008. Nutrient-impregna-
ted charcoal ; An environmentally friendly, slow-release fer-
tilizer. Environment Systems and Decisions, 28, 231-235.

Lin ZB, Liu Q, Liu G, et al. 2017. Effects of different of bio-



2882

EEREAE OHEIRE FEoM

chars on Pinus elliottii growth, N use efficiency, soil N,O
and CH, emissions and C storage in a subtropical area of
China. Pedosphere, 27, 248-261.

Ning T, Sheng ZF, Wan XY, et al. 2017. Influence of container
type and growth medium on seedling growth and root mor-
phology of Cyclocarya paliurus during nursery culture. For-
ests, 8. 387-402.

Oliet JA, Planells R, Artero F, et al. 2009. Field performance
of Pinus halpensis planted in mediterrannean arid condi-
tions; Relative influence of seedling morphology and miner-
al nutrition. New Forests, 37 313-331.

Pinto JR, Chandler RA, Dumroese RK. 2008. Growth, nitrogen
use efficiency, and leachate comparison of subirrigated and
overhead irrigated pale purple coneflower seedlings. Hori-
Science, 43. 897-901.

South DB, Harris SW, Barnett JP, et al. 2005. Effect of con-
tainer type and seedling size on survival and early height
growth of Pinus palustris seedlings in Alabama, U.S.A.
Forest Ecology and Management, 204. 385-398.

Vaknin Y, Dudai N, Murkhovsky L, et al. 2009. Effects of pot

size on leaf production and essential oil content and compo-
sition of Eucalyptus citriodora Hook. ( Lemon-Scented
Gum). Journal of Herbs, Spices & Medicinal Plants, 15
164-176.

Valero OA, Lopéz CI, Salazar DM, et al. 2017. Physical mech-
anisms produced in the development of nursery almond
trees ( Prunus dulcis Miller) as a response to the plant
adaptation to different substrates. Rhizosphere, 3. 44-49.

Vaughn SF, Kenar JA, Thompson AR, et al. 2013. Comparison
of biochars derived from wood pellets and palletized wheat
straw as replacements for peat in potting substrates. Indus-
trial Crops and Products, 51, 437-443.

Zwieten LV, Kimber S, Morris S, et al. 2010. Influence of bio-
chars on flux of N,O and CO, from Ferrosol. Soil Research,
48 555-568.

BRI X3, 40,1987 4FA4 WL st A, WA
FE 5 MRS , E-mail; liushiling725@ 163.com
=EHE K W




