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Abstract

To systematically analyze the effects of woody biochar application on the growth of xTaxodiomeria peizhongii seedings in sa-
line-alkali soil, 1.5-year-old *Taxodiomeria peizhongii seedlings were utilized as experimental material. Four treatment groups
were established: control (CK), biochar (B), woody waste (W), and woody waste-biochar mixture (WB). Over a duration of 360
days of continuous field observations were conducted, during which quantitative analyses were performed to assess the differ-
ential effects of these treatments on aboveground growth parameters (including ground diameter, plant height, crown width) as
well as root growth indices (such as number, total length, surface area, volume) of the seedlings. A multidimensional evaluation
system was constructed by integrating the Plant Growth Index (PGI) method and the Biomass Expansion Factor (BEF) method,
modified to incorporate root parameters. Experimental results demonstrated that the B group exhibited a 24.86% significant in-
crease in ground diameter growth compared to the CK group (p<0.05). At the same time, plant height and crown width showed
growth trends that did not reach statistical significance. The WB group did not display significant growth-promoting effects.
Root system development responded more sensitively to biochar than aboveground parts: the B group showed 287.16% and
376.75% significant increases in root surface area and volume, respectively, compared to the CK group, whereas the WB group
exhibited 76.01% and 97.19% increases, and the W group showed 54.82% and 58.12% increases. PGI evaluation revealed that
the comprehensive growth index of the B group (4.28) was significantly higher than those of WB (2.34), W (2.15), and CK (2.09)
(p<0.05). After correction by root volume ratio, the BEF model estimated the biomass per plant in the B group to be 1.05+0.35
kg, representing a 133.05% increase over the CK group (p<0.05), corroborating the PGI assessment. This study confirm the sig-
nificant biomass accumulation enhancement effect of woody biochar on xTaxodiomeria peizhongii and innovatively proposes
a BEF correction model based on root morphological parameters, providing methodological support for carbon sequestration
quantification in forest ecosystems under soil amendment practices.
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Tab. 1 Soil physical and chemical properties

HEHR &

Index Value
+HERE/ (g/em’) 1.35
T+ LB /% 36.14
RIS /kPa 1039.25
T3 pHIE 8.34

13 EC{E/ (mS/cm) 1.37
B R &R/ (mg/kg) 92.26
LR/ (g/kg) 23.12
BHHlee =/ (gkg) 13.84
IEAE LS R/ (gke) 6.89
Bk SR/ (mg/kg) 5.67
B e R/ (mg/kg) 152.72

um lucidum) . 41 1t 2= (Punus cerasifera < Pissardi’ )
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Tab. 2 Analysis of basic characteristics of test materials

REAR MR A

Testing material Property Value
kiR 45.49%

AL F ARER 0.45%

ML (C/N) 102.22
N e 72.35%

" SREE 1.17%

WAL AL (ON) 61.84

H £ 9.16

0~ 20 cm#HEE. 142 BAREYBHE

REHRAEMARERRIKE, KBRS
2T, AR ARRIE LR IEL IS
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Tab. 3 Changes in diameter, seedling height, and crown width of X Taxodiomeria peizhongii under different treatments

R3S FEMETHRAMME. BE. SEMEL

_ 76 A R (8]
fEHR 038 Application time
Index Treatment
1d 30d 90d 180d 270d 360 d
CK 10.7£0.36 11.26 £0.47 13.07+0.82 13.98+1.38a 14.06 +1.72a 1436+1.73a
B 10.91+0.11 11.66 +£0.24 13.11+£0.78 15.07+1.87b 15.35+2.1b 15.48 +2.02b
Hhig /mm
WB 10.85+0.23 11.61+0.17 12.94+0.65 13.82+1.01a 14.17+1.18a 14.26+1.13a
w 10.76 +0.44 11.34+0.36 12.69+0.78 13.52+0.82a 13.79+0.92a 14.01 +£0.83a
CK 93.46+4.22 95.62+2.37 92.47 +8.59a 96.44+16.29b 99.01 + 15.52ab 97.25+ 14.65ab
b/ B 94.14+5.83 96.24+4.77 90.25 +7.99ab 105.94 +19.65a 106.58 £19.67a 105.82 £ 19.64a
51 /em
" WB 93.44+4.84 95.45+5.03 86.28 +8.71b 92.02+12.52b 96+ 11.36b 93.05+9.41b
w 95.79+1.7 97.38+4.09 92.28 +4.99a 99.72+13.1ab 101.82 +12.99ab 100.65+11.1ab
CK 0.44+0.02 0.51+0.02 0.44+0.02 0.59 +0.02ab 0.54+0.02 0.43+0.02
—— B 0.41+0.02 0.5+0.02 0.44+0.02 0.81+0.02a 0.69+0.02 0.54+0.02
=iE m
" WB 0.43+0.02 0.57+0.02 0.41+0.02 0.53+0.02b 0.47+0.02 0.41+0.02
w 0.46 +0.02 0.51+£0.02 0.36 +£0.02 0.57+£0.02ab 0.51+0.02 0.36+£0.02

i : RPVARE AR NG FE AT AR AR A TR SR 2 728 (p<0.05), ARINEFEHEATEATEF (p>005),

24R55H
21 MAREMIRIERX R A #2#M_EEKER
=20

HYPRANE BERH T R ME. S
FElErigts, SRHEAEARSAEYECEIE
FH(ER. WNEIRER, SAIEBERR
FOIRRENEZEEZES (p>000), FEE
ANERREJFEH ZE 180~360 d, A4k A FB4R
WERERNBALNEEMHER (0<005).
BEAKEREERRN, HRRKSIPEHE
FEASAT - B4A (457 mm) > CK4R (366 mm) > WB
48 (341 mm) >W4H (325 mm) (£R3), Z#4B
EXRRPEREY R MELEEBHR
MR, MEERARAARKAEE
ZHEEMR, 4hFE360dfE, BAMKSHE
K IE1E (10582 cm), I WBH (93.05 cm). CK
28 (9725 cm) R WZH (10065 cm) 53R S
1372%. 881%F0514%, BIEY BEHSHD
AR —EL, BRRIABA (054mP) > (K

£ (043 m?) >WBZH (041 m?) >W4H (036 ),
SEHERRYE, BREVRNERITZNM
2. HeMBRHBE—ERNREIER, Hbp
WiZtEA RN B A B2

2.2 AR R B FXIR R ARSI

BITRA BN R GG R
REESSHDSETN (RL). LREIER
7~ FEANEERT(EIFELS, BANIBERRLE.
RBIRK, FHRKEFOREHE BEEK
FaE, ANBERRASE0 dRY, SRASFFERHE
A9 BEA>WBEH>WIE>CKEH, Sty
WER, EPRAIEBR BRETRFMR 2K
DA BA B3 BBA R SS7EFN4ATT(E, =5
FREZRF (p<001). BEMEBERIS
KO BIHSBARIIT6ZFNTE BREZ
RFE—4EYRAE BHRIEBEERE
M. EEIRNE SIREAMAKESTY
SR BRETIMR DERAES RS

5482%F15812%, 18 £ Duncan % B 10 % A A
Gt RENT,

2.3 MhAEEY A b F XTI A K e SR =2
PGB RIS SR BKTER
ZEENIER EAMARTHNBTRAT
MEFNERK LB 128 ES
iz, WE. ROSE mitEiE. REH
B. 2R REDRERE 2ZEIRESM
CSTEAMEZEMAL. SRHIEER, SN
HMPAE S BERFES : 428 (BH) >
234 (WB4H) >215 (W£H) >209 (CK4R) (&
Ta). BEEIENE EYRNEEARIPCE
B BAR S 100%, MELMIBAE R
EUFITHEEER. H—SHWRE, &
YR ANIB BT FTE 8 7S T84 R R,
BHE, HPRASH (RELHE. 2R
RFEIRFEEIR) NTTEEARE (
). EREERUELMAREY) R AIFEFIEE
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Tab. 4 Time series changes of morphological parameters of the root system of X Taxodiomeria
peizhongii under different treatments

_ i R 8]
flE:'f’T‘ . &Lfi . Application time
naex reament T 30d 90d 180d 360 d
CK 000000 000+000 025+043b 1.00+071b  2.5+0.50b
o B 0004000 0504050 150+0.50a 275+13a  525+083a
WERHE /A
WB 0004000 0004000 025+043b 1.50+0.50b  3.25+0.43b
W 000+000 025+043 0.50+087b 175+083b  3.00+071b
CK 000000 000+0.00b 129+224b 6.56+594b  29.14+4.06c
) B 0004000 4.17+4.63a 11.91+3352 3404+1023a 8579+11.6la
JARE /mm
WB 0004000 000+000b L12+194b 18.26+696b  45.82+4.83b
W 0004000 143+247b 3.83+6.63b 1781+701b  41.24+11.42b
CK  000+000 000+0.00 129+224b 45342926  12.02+2.32b
B 0004000 417+463 831+247a 13914327a  1640+043a
SEARK /mm
WB 0004000 000+000 LI2+194b 12.00+098a  14.16+0.73ab
W 000+000 1434247 1924332 1057+1.69a 13.62+0.64ab
CK 000000 000+0.00b 053+091b 292+171b  439+037
TR/ B 0.00+000 18+18a 510+4124a 536+082a  579+0.16
(mm/10) WB 0004000 000+000b 080+13% 4.86+044a  4.90+0.20
W 0004000 086+149 100+174b 4.54+014a  476+0.19
CK  000+000 000+0.00b 086+149 8.18+75lc  40.26+7.10c
) B 0004000 4.64+497a 1929+746a 5476+10.84a 15587+210la
AR /mm?
WB 0004000 000+0.00b 1I13+195b 28.51+1271b 70.86+10.36b
W 000+000 1.54+2.68ab 4.82+835b 2507+9.16b 62.33+19.56bc
CK  000+000 000+0.00 005+0.08b 0854079  4.99+1.04c
} B 0004000 0424043 272+153a 763+096a  2379+3.68a
AR /mm?
B 000+000 0004000 009+0.16b 374+198b  9.84+2.03b
W 0004000 0134023 051+0.88b 293+1.05bc  7.89+2.85bc
E ¢ RIPVEARE NE B T A A B AL S T ORE AL RN £ 7 B (p<005), HENEFERTER

E2F (p>005),

Ab T
a fERFE RO EE

E1 Rt EESIRAER S MR R R IR RS AESAE

Fig. 1 Radar map of response characteristics of aboveground and root growth parameters of oriental fir to forest waste and biochar treatments
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H, AYRDIBEEYERNRATER
FH13305% (p<005) ; MEENEASEFF
YA IBAR I RAMN Y BIEE AKX BEK
¥, ZEHEETEYERKEENTEL
BEE—Ht.

3itig
31 EYEY BEFEERAKENEITES
REIERAR

BEFSEfE DB THAT RN (2. i
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Fik, BV BAE TR AEYESAME
REREERAY, BT IERSHAYE
miEEE ", ZTERESREEE. £
FTERELSE, ARMEOTERESRSE
RESPESEEA T RANE, HIRE
KREFRPHE EEAMETNHIENE
AExpas, /W, AFRLIMEGBE
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TEARGAER ERRA A (A, HhiR)
HITEYEMEGERERRE. LREUE
BN - AYPRANEER R AT IR A E N
376.75% (p<005), MfeHBEFEITEME
#h FEYEERAE0%, XN riEYH
ST R BN RSN T AR R R
M. MR BAEKNIEEH 1S BLHBEF
ENEMEEESERFIHRE, FAIRE
TN R NEARE.
HXZBRE, AREBEHETRA
RIRLENFSEERE. ETHRERE
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ERXBEFHTIEIE, REEMENIRRE
SLEBIRI. BIEIABMEARS
N IRARAR DA ER L, I BEF &S
BRI T A BHTIFEMERIE. BIE/E,
EPRANER DAY B IR IRAR 2331
(p<001), SPONFEERSEYS K
W TMEETERNBRIE. ZEETTEBNARE
R4 BEF AR R AR B U A 228
[B1FL, ABWLRARERNEYENERN
EARAL T IR T AFAESR.

3.2 MAREMIRAR AR HERKMEE ST

EYREARMEF YRR, B
W ETEEAEREETHEDRSELS
H, WYKL S EEREER". &
%, £V BRI IET HERNKOFNEE
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YRR SN R KIG R E) A+
PO R, EREERTIEEENG
FEBRREIRBIER. HRRI, EYR
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Fig.2 Comparison of forest biomass between different treatment groups during 270 d and 360 d observation periods
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