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BHE: (B8] HiTRRAEFRE AT LAY R ZLERATTEM Acer truncatum 35 2K 5 5% kot #h, THikik
EMRRBFE T, APATERT GERAFRAEYRERBRLLE, [ FE] ALZRG G AR R, KA
EHRIE, ASRA (k) AFABRERA AR E ., RBBEBRAR. BReR AR IFED AR, 5 5&E 300,
50.0, 70.0 g-kg ' WA E, MERRAARETAEZMSGAKRE, AHF. LEHEF. REABS. FoFHiF, @t
BB F B H AT B G EIAF AT, WITRBEAM RS AT mE, [BR] FHER T AmAEY R
FAAAENGGERE. AHF. RETHES. LEOHF. RORELLHA —RAGRHER, RABT AT GH®EG, £
M, RSN RAMARIARETHERBRIIAL, 500 ke BrAsthukiAkRtt, $HRE. SBET
AR BARRBRAFRT ) AR k]l 2ARE T 98.79%. 110.22%. 175.00% F= 37.50%; 70.0 g-kg' #& 7 s xfet e d . 4
o FE, AILFEMEBERET AR E YR (P<0.05), % ckl 53 E T 50.00%. 221.76%. 200.00% = 146.91%.,
Fm 50.0 g- kg Ao B G AIEMIEHE K (0.665), AmiEwR T, (L] FIARFTRIMASR RS TEZRS G 4
KEH Ao e BOKA) A — AR ROR . S BUEE R R iR e 50.0 g- kg W9k R R AR, B 3 A4 K31
EHEIR: AR R, AER; B AEK; Y85 BB
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Growth of Acer truncatum seedlings in response to the seedling substrate with
different kinds of biochar

CHEN Mengjie', LI Xiaoying'?, SU Xiaojuan', WANG Yiwen', WU Zeting'

(1. College of Soil and Water Conservation, Southwest Forestry University, Kunming 650224, Yunnan, China; 2. Key
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Abstract: [Objective] In order to study the effects of different kinds and amount of biochar on the growth and
nutrition of Acer truncatum seedlings, the better biochar and its application amount are selected to provide a
theoretical reference for the scientific application of biochar in A. truncatum seedlings. [Method] The
seedlings were used as experimental objects, and pot experiments were carried out. Conventional light substrate
without biochar was taken as the control (ckl). 3 types of biochar (rubber biochar, rice husk biochar and
bamboo biochar) with addition of 30.0, 50.0 and 70.0 g-kg ' were set up. The growth, biomass, photosynthetic

index, root morphology and nutrition of the seedlings under different treatments were determined. The principal
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component analysis and membership function analysis of the seedlings were used to comprehensively evaluate
the indicators and explore the best biochar and addition proportion. [Result] The growth, biomass, root
morphological index, photosynthetic index and nutrient content of the seedlings were all promoted by adding
biochar to the substrate, the effect of rice husk biochar on seedling height, stem diameter, photosynthetic index
and root morphology was better than that of bamboo biochar and rubber biochar. 50.0 g+kg ' rice husk biochar
addition proportion was the best for root growth of seedlings, compared with ck1, the total root length, total root
surface area, total root volume and average root diameter increased by 98.79%, 110.22%, 175.00% and 37.50%,
respectively. 70.0 g-kg ' rice husk biochar addition proportion had significant effects on chlorophyll, net
photosynthetic rate, stomatal conductance, and transpiration rate, compared with ckl, which increased by
50.00%, 221.76%, 200.00% and 146.91%, respectively. The evaluation index of seedlings with 50.0 g-kg' rice
husk biochar was the highest (0.665), which was the best amount of biochar. [Conclusion] The addition of
biochar to the the substrate could promote the absorption and utilization of nutrients in A. truncatum seedlings.
It is suggested that 50.0 g-kg ' rice husk biochar should be preferentially selected when adding biochar to A.
truncatum seedling substrate. [Ch, 3 fig. 4 tab. 31 ref.]

Key words: biochar; Acer truncatum; seedling growth; seedling nutrient; grow seedlings

TLEM Acer truncatum J2 TG B FF Sapindaceae Wt & Acer M IRAR R, AR . Hilk. =
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15 e IR BE G 5 55y T A e B AL N IV T, O AT BF R B AR PR A ) B Y )
RHFICEEN 2R, RAFAE M LT Re AR P B 3= & 09 5 0 AR W R i AR OAMRE DY, & i S i s A=
VIR AL AT LIS Sl i Bofk e . 25, PR, BN TRE, ARENINM R R G E, RIDEAE
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1 #E5F %
1.1 #y

TEENM TR A =mE RFTAMKGE L AFEH: . WIEE . AR R AMICH 3% o 5 Ek:
B WECE WL T AR A amA RIS, HEM . pH 6.6, A HLAK & 534 1.03
g-kg!. A 030g- kg, AWE1.10g kg, 81 245¢g kg, AR 22.37 mg-kg ' AR 2.44 mg- kg !
HELA 109.27 mg-kg ',
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x1 EYMBRREREE

Table | Basic properties of biochars

JHES e HAY/ (m? g ") FH$L4%/mm BALAB(x102 m* g ) B (g kg ") B (g kg
(Vs 82.59 2.65 5.48 860.00 10.00
MRIBEAIR 265.01 1.94 12.85 614.20 11.00
FaFe I 62.47 3.37 527 270.00 10.00

1.2 Rt

TR A T 25 B 44 B B T V8 B ML R 2 AR Bl S 6 e dth . IR AR 17.0 em, =28 12.0 cm,
X REZH 1 (ck0) AN AT ZLHE, AIABARE AN A9 ok s Xt BEZH 2 (ck1) o FLERIE I [VOIRRE ) : (41 458)=3:7],
AINAED TS . HARA IR Y AR R T, R 0.8 kg BT, 43l 30.0. 50.0. 70.0 g kg™
FIRRIEA I (T1, T2, T3). FE5EHK (T4, TS5, T6) FMfrhc (T7. T8, T9) WA, AW FRKSF
FHEA R . 36 11 AR EE, A EREE 10 MR .

JCEWF T 2022 4E 4 A 5 HIEM, #&IE N 2.0~3.0 cm. &5 & WK MG, 25T 7 AJKAM
8 HIE il A B 2 A [m(N):m(P):m(K)=15:15:15], H#HEAE 8.0 go
1.3 HRRESNERZE

JTCEMAE ARG 8—9 A, HikT 2022 4E 9 A 25 HEEE, ARPACFREE 3 bRK $—3 1940
BNSE . ik e RO s RS KR ;. SRAEAEARAR . 25, PR WIS IR %, VW Ve T4
Je ) 5 i o mAm%Tuﬁ%%%&mm 65 C T E G E T 55 ; bR A i AL
(LI-300A) M7 ; M43 i A B JOK S B ;. G E48hR [JeA 3 M — 4 bk (CO,) BE/R 4
B, RILTE . ﬂ%LK]mﬁﬁiﬁA%%ﬁﬁu@mmmwﬁ HRRFEAR (AR . BAR R A
SR REE . B ER) SRR RSP R4 (WinRhizo Pro LA2400) il 2 ' HPI’EH%T“#%M}:L
80 Hifill e 4%, 8. &M, SEHYUCE Z0ENE , S0k H SRR T - A BT b e )
E, A A EE - SR EETHER,
14 HELHESSH

K JH Excel 2019 AbHE ; SR Origin 2023 231 81465 SR T SPSS 24 3 o) F K 3 7 22430 Hr i i AN )
&ﬁz@mﬁﬁﬁﬁi XA TEAR AT F RS54, A5t RS AL B FE bRl e (8, 0 SR pR AL

PRI FE R SRR RBUE, DL DT AR, BRI 43 A LIAR N () SRR RS AR, A5
%&ﬁ%mﬁﬁm%ﬁmﬂnEWﬁﬁﬂ%xmls

2 HERESN

2.1 FEFZEEYFRRX T ERNL) & 4K R0

211 RRAAESGAKRTESF HEATH: okl BRE MM TRALT k0, Jiti FHAEST AT 4 bk s 125
FEL 1) B2 3 R SR AR A5 e R e R e, vt P AP o o 4 T O T R A R o SR A T AR R AR e AR S
(P<<0.05). JififH 30.0 g- kg™ A=W B 5 £ AL BRR = A8 TR I AE 9 B s A 3 (P<<0.05). 3 F A= 40 J5a e b 2
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EEREEERERERBE FHEEEREE R X R ERBEH

Ab PR Ab PR AbPEAH
ANF) NG TR R RN [F) Ab IR 22 7 {2 3 (P<<0.05).
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Figure 1  Effects of different biochar treatments on the growth of Acer truncatum seedlings
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2 ke Ve ) S B e AN T R AR A B T4 BBk IR, 5 okl MR R T 36.21%. 7E
30.0 g-kg i E R, 3 AP A B A AL B M AN TR, 5 kI AHLL, T1. T4, T7 53 SIREME T
7.50% . 4.00%. 2.50%; 3 Fft A5 9y I Jie A B A 2O 4 S5 00 ) i e M 0T T R R A, X R o
ik T6 AbFE, 5 okl AMHLLHE R T 23.00%, 2503 (P<0.05). Bk T6 AbHAh, A AL KT
Xof B, P TR B i o e 1 0 SE IE H INS BEAR A A T AR R AL T8 4B, 5 okl AHEL R &
T 154.49%, %553 (P<0.05).

212 RARAAEGYGAHEEZF WIE 2 0[H: ckl JCFE L &R E AT R EXT ko, ZhHiH.
25 R AT R R TS A HRT IR R, 5 okl M H, BERTE IR E T 112.33%. 76.19%.
218.18%, T HiE4rAERE T 137.93%. 70.00%. 169.23%, %5 5HE (P<0.05), &M T TENLEHE
F M TR AN T R R T2 R AR B RR T7 Ab, ot Ab PEAR R R AT A A A R
HALHL, ckl 5 T6., T8, T9 AbHHM-ff i it 25 5 1 3 (P<<0.05), S HAMALEEZ: SR 2% Bl A 9 oo i
FHESEIN, Tt FHAS TR A= 9 0T AR 2R T o et 1 S R S T v s B IR A

18 ¢ A . 08
1.6 07
14 ~ 06
® 12 #9905
= o -
2 2 04
g 0.8 I
fice 0.6 w 0.3
& 02
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0 0
ck0 ckl TI T2 T3 T4 T5 T6 T7 T8 T9 k0O ckl TI T2 T3 T4 T5 T6 T7 T8 T9
RbFEZH AbFRZH

COn e R
NG 5 B R [ — R A [ A 4] 22 57 5.3 (P<0.05).
B2 READRFAIETERS G L2 HR
Figure 2 Effects of different biochar treatments on the biomass of A. truncatum seedlings
213 FRAEHGARZAKEF WER2 M RIURFERNE . N [E i i A4 BT 5 AL 310 78 A %)
HRAIE SR BAMELES . okl TEWAHRAIE ST k0. B T2 4b3SL, FoAuit R ab B4l v
A SRR, SRR BRI A SRR o MRS R A SARIC . BRI . SR
PRFRFIARY X B AR Tt AT AR FIAR AR ¢, HL B A 15 14 o 52 9 484 n J5 BRI A B8 3, TS AL 3RS 4))
WIRAAKERME, 5 ckl MELSES SR T 98.79%. 110.22%. 175.00%. 37.50%, %5 &3 (P<
0.05)c Jiti FHAR A AL, it e 2 1 I &0y v 25 AR R IE 2534 2 BUE RS T ke 3, ARt e i O T
it o HEPTRALIE, ANl i 2 F R B AR K AN IR RIE A F AW, Ut N SRR EAR

x2 AREYEFALEXNTENYDERRZERKPZIN

Table 2  Effects of different biochar treatments on root growth of 4. truncatum seedlings

Qb3 B /em SRR A /em? SRR em? M2 A2 /mm
ck0 142.99+14.38 de 22.94+1.97 de 0.22+0.01 ¢ 0.38+0.05 b
ckl 180.12+7.21 ¢d 23.88+1.29 de 0.24+0.02 ¢ 0.40+0.01 b
T1 263.91£2.95b 45.47+4.63 ab 0.63+0.13 a 0.55+0.06 a
T2 118.92+15.65 ¢ 18.08+3.27 ¢ 0.22+0.12 ¢ 0.38+0.06 ab
T3 206.08+£14.96 ¢ 27.17+0.39 d 0.29+0.03 ¢ 0.42+0.05 b
T4 290.93+£15.50 b 35.35+3.90 ¢ 0.34+0.03 ¢ 0.44+0.07 b
TS5 358.12+13.26 a 50.20+2.25 a 0.66+0.05 ab 0.55+0.03 ab
T6 296.51+0.57 b 42.24+0.90 b 0.48+0.02 b 0.45+0.01 ab
T7 264.42+13.16 b 28.41+£3.60 d 0.25+0.03 ¢ 0.44+0.01 ab
T8 207.79+£16.55 ¢ 26.17£3.71d 0.26+0.03 ¢ 0.42+0.04 b
T9 198.28+4.88 ¢ 26.98+0.65 d 0.31+0.05 ¢ 0.46+0.06 ab

L] AN T BRI — bR A A A PR A) 22 5 1225 (P<<0.05).



1070 LA 3 Nl N =+ 2024 4£ 10 H 20 H

R T it R i
22 AEFEEY R TEMNL E X EIERAZ N

HIe 3 AT 2R f5 T A I A IO S TR VM ETE 25 5% o FHFC BN 25 A HR BRI 2 R AR A 7
A5, HAHR bR S IBERE 7e st o i3 nm B ey ka5 okl AL, #fimtas | Hot G, X
fLRRE . ZRIEHURAE T3 R T4 A BT HREAL, e H A AR A BT Y frdd i o i J5 4 e ) CO, JEE
IRTEURT ckl, T AFEXTIF4REK | ¥t G iR . [ALFE . ZEBHASEm W% (P<0.05), 737l
ckl 4215 50.00% . 221.76%. 200.00% . 146.91%. T7 AbFHUE] CO, BE/R /B K, H ckl $21 85.95%.

x3 AREYMERRLENTEND EHLSERNIIT
Table 3  Effects of different biochar treatments on photosynthesis of 4. truncatum seedlings

AbTE MR /(mgeg!) A EZ/ (umol  m 27 KAFLFEE/(mol- m s HAICOLEE /R4 E/ (nmol- mol ™) ZEMEHE ZR/(mmol- m 2+ s7)

ck0 1.31+0.05 cd 1.78+0.13 g 0.02+£0.01 ¢ 144.50+16.26 ¢ 0.67+0.35 de
ckl 1.48+0.05 bed 2.16+0.40 efg 0.03+0.01 be 153.00£9.90 ¢ 1.134+0.01 bed
T1 1.66+0.22 b 2.71+0.24 def 0.03+0.01 be 198.50+10.61 cd 1.17+0.02 cde
T2 2.20+0.14 a 5.38+0.33 b 0.06+0.01 abc 189.00+1.41d 1.92+0.08 b
T3 0.96+0.01 ¢ 1.70+0.37 g 0.02+0.01 be 221.50+6.36 be 0.73+0.11 de
T4 1.22+0.17 de 1.89+0.69 fg 0.02+0.01 ¢ 217.50+7.78 bed 0.534£0.05 ¢
T5 1.55+0.08 bed 3.54+0.53 cd 0.03+0.01 be 202.50+12.02 cd 1.17£0.02 cde
T6 2.2240.15a 6.95+0.49 a 0.09+0.03 a 247.50+9.19 b 2.79+0.28 a
T7 1.64+0.22 be 2.68+0.19 def 0.07+0.05 ab 284.50+7.78 a 1.72+0.81 be
T8 1.57+0.10 be 3.01+0.06 cde 0.03+0.01 be 220.50+3.54 be 1.29+0.01 bed
T9 1.53+0.15 bed 3.69+0.12 ¢ 0.04+0.01 abc 229.50+3.54 be 1.64+0.01 be

VLWL AJENG FRERR R — R FR A [ 4b B E] 22 55 .35 (P<<0.05) .

23 ARAMEEYRRFNTENSHE RS RES BT

HI Pl 3 AT okl Ml b4 Al T 5 434 AU0 i 405005 T ok0. B T3 Ab38Ab, it FH AR W 0 e X &)y
My bAoA AU i B A R R, Hb S e E R R O T8 AR B, 5 okl MH LR S T
47.05%. R AR E o TO AbBE, 5 okl AHELIRE R T 49.87%. JTFEML 1 4l 4B o
SYBCRIN . BRI A okl AFROE T 46+ ko AbBR, it A= 9 S B AR BRAR TS I AL 4 T R AL ERL, M
b MRS AR A T B = A T AR BE, FHEL k1, BRI T 178.89% il 203.39%,
SERY IR T 179.67% 1 138.28%, 2543 (P<<0.05).
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Figure 3  Effects of different biochar treatments on nutrient content of 4. truncatum seedlings

24 EAREBZSITEM

I TSI S A TS, ST 35.675% . 22.391% ., 16.477%. 10.291% . 6.081%,
FITTURE R 90.915%, W 5 AL R 1T LA MLA: ) A b BERIUR. 90.915% (915 B MRSy STk



55 41 5 5 WREGESE . TC A v A AR AN [R] A 0 B B 4 W 1071

KA, 81 ERTREHMER; 582 EROF SRR SRR 583 Elr 2l a8k 5
4 TS MIE] COy BEIR P B BT e R 5% 5 T 2B BT f e Ko AR 32000 70 e R S T e
AT A AL B R R L5 16 5 (CED., CELUR T4 A B SRS ROR 0 E B R X T A& i AR K
M ROR et o R 4 TR 11 Rl AR AR MR E)/IMEYCHE TS, T9, T8, T6, T1, T4, T7. T3, T2,
ckl. ckO,

®4 AEEMRKEEEKREETN
Table 4 Comprehensive evaluation of seedlings under different biochar treatments
FetRi s

Qb3 CEI
1 2 3 4 5
ck0 -1.565 -0.510 —0.144 -0.837 -0.066 0.191
ckl -1.155 —0.450 -0.382 -0.699 -0.185 0.235
Tl 0.124 1.444 0.172 -0.320 -1.442 0.557
T2 0.161 -1.419 -1.027 -0.113 -1.413 0.274
T3 -1.086 0.105 0.541 0.061 1.156 0.394
T4 -0.467 0.897 0.458 0.652 0.161 0.525
T5 0.643 1.676 0.243 -0.757 0.065 0.665
T6 1.616 -0.088 -1.617 -0.989 1.116 0.558
T7 —0.047 0.221 -1.141 2.556 0.233 0.496
T8 0.590 —0.944 1.262 0.021 1.442 0.563
T9 1.186 -0.931 1.636 0.424 -1.068 0.613

3tk

YR BE Y ARV E SR BT, MY AR R E BA RS, AT DA S D bk e
M. MR AR, ARG R BT AL, HMRAR RGO, (REECEERN, AR R
SAMAD R, WA PR, JoERS RS . 2. rmR . AEYEa s, it
TR SRR B, 15 T 6.41%~154.49%, X 5EIAAEN H GUO 45 Xl 14, Paeonia FE i
Solanum lycopersicum WHFFEE R —F, AIREEH A B BA B 2L FRE, il ARG 4 e 12
FALBR B, LR APTIK R B AL, SR T A R, PR TRK L A, SRR SRR A A
U BR] it FH AR 0 0 i XA [ A b 35 3 A K R TR LA R VR . AR 0 o e A A IS AR o £ 48
SR E IS AAS o ASIESE TR 7 6T T AN ik v A 2 B R BSCR AL T AT IR FIAR e A I, 25
Lt s ek ) BT T 38 I, (EUAAR v B it e et A B I B3 15 ok it TR RN A By e 4R T e i (R 2 AT ok, e
Jiti e i3 R 50.0 g- kg MRt i . X5 R CEN IR AR 5 WTRESR R A W T DR R ) R i
MR, (S EY RAEZEH . FER BT R AL BLAR . R, PRS-
TR 225, PAEARRNIREEREEDY, S8 R o A K s AR TR

R RS E A SR A B SR e T, BB S N R B MR R A K A RTise, o
SR IR B AR K2 B REY =m0, R A : B 50.0 g-kg ' B i AN, Higeita e b 3
A B . BRI . SREBAR Y EARY & T A MAEY R AP, 545 T 10.08%~
98.82% . 9.59%~110.22% . 4.17%~175.00% . 5.00%~37.50%. X5 MNP WEo 4l 5 —80, — )7 1h L i
PP R IR AR R AR B EEIREE R 2R, AW B e Y e R T FRURIFL B B A Akt 1 R o Bk
BT 53— AR R AE /K - 28 Rl E R AT e S B sl ISR 0 A K A 225 5 55, R &R il = A
S, NIRRT PR R A B, SR R AP, Rk, i A R X T E N AR R AE K
AIEHEH

HAE R R Y A KA EA I Y BRI RE R IR, ABFTEH, SRS B st e, it A
JoT R S A v L] CO, BE IR MB35 T4 &, Bk T3 T T4 Zb3Ah, A RAL I T 44 % . Hob s
WA SALRE . AR R SO E AR PRI IR TR A AT ik, HASHRbRbERE
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PRI TR . 2R AP AR 25 S SRR Y — 3. MR R AP s fe F T AR R A4
K, HRRBEW R Rt 7oL KR BUE FE, RIEM R e E BT, NSRS R
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YA R R R, (BN R it — 5% o

YIS IR WOTENG AR R B WO, WA il LIS e B AT A B H5E
SIS, AR . AW AR T OC ARG XA WL BRRYMIL, BR T3 AbEEAL, AR
M B AR SrAA U R B R B R B B B SRR T3 T7. T8 AMFHAMA R TR, SN
HEYITARHLL, sS4 L MR B B T O A I . AT R A AR A
J R A AR TR AR SRR FE i o 31X 5 JE IS (R o8 45 5 — 3. B ROR A B & — 2 Xt R4
HALMITE, AL RER ER ST A . B FRSE R oA A KR R A
JCREMENIIE, EASFEFSEW Y kAR LB . R1EE B A5 . pH MU 199553 & 40 BUOR TR
[ % 66 S 5 4 B T FRE 28R A AN R] - BT AR ST SNl P 3% 0 it AN ] B0

BT IAED B R)G, oIS ST ENYN SR eA S AR, NmSERR . 4
Y G RAN RS, RGN RKA R RimkE e K R, R AR IR M 4 4 i A K
KB RIS WNE A 225, TR E WM AR K LEIRD . R EMA i A K& . £
. MRBEEIR ., LB BT M08, I SA T, RitsrikiEik
90.915%, HIFJEREAT R ARG A, 2R ERN: TS AP ALZEAIEEURK, 7 0.665. Uit
FAEY R e 3 M i AR LR G it . AR5 50.0 g-kg ™' FFFCA W VE T AL i & i L
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