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(L WHTAEMOLBAME S5k, W1 il 3100205 2. M & Wbkl TAESS, W #12 3145005 3. WWTRMKZE M ST IF2ERE,
W AU 311300)

FZE: 1A%k Carya cathayensis AAWTARIZHIE BB, GFERSAEREZTERY), H
HHupsh IAZ B TE 0 R H A AR, IR, ARy 82200 RS S i Rk, PRI T LAk A
JEo A, 2021 4F 10 H, ZEWHTABUMN TG Z X AR LLAZHebR A, 30 TEFAMa IS8, S AEPR, 3 Fh
Uk pk oy 200 R . RS . RUEMIRER AR R AR . IR 4 FMEBEE . R O
it AR, CK) | EEILAGHE e IOR (BC) | EEHT (HM) | EXIHsAIUE (OF) .
Zod—AFEROANH, ZERFE . (1) MMTF CK 4B, HM Ml BC AFIR #1857 135 pH (A (P<0.05) , 735
7033 L71ANMERL; (2) 5 CKARBRAHLL, oAt 3 FhabBEYRE e i HIBAPUR S & (P<0.05) ; (3)
5 CK ACBEAALL, Fofs 3 PRabREn) HIRmE YR B REIENT 22.1% ~ 54.8% (P<0.05) , &AM HEY) 21
MR, HM AR T EE/ME R (F/B) 5 (4) BC., HM Fll OF 3 RhibFExt 3 5B . RAELAH S0
TEPERA SRR, ERAE o AATHEEG . BRI R I . 2T KRR . B RIS R SR
Bt A LAZBHE A DU 2 L LAk T B AR G T . B A R B ) A .

X8R Bk AYUIE; Aok, B, UEWERE
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Amelioration of Forest Soil by Treatments of Chinese Hickory Hull

HE Zhen', GAO Jiayu', HUANG Yujie', CAI Jianwu?, LIANG Chenfei’, LIU Xin-hong', ZHANG Jun', FENG Bojie', WANG Zong-xing',
SHEN Aihua'
(1. General Station of forestry technology promotion in Zhejiang province, Hangzhou 310020, China ; 2. School of Environment and Resource

Sciences, Zhejiang A&F University, Hangzhou 311300, China)

Abstract: Sample plots were established in 20-year Carya cathayensis stand in Lin’an, Zhejiang province. They were intensively managed for 10
years, including applying chemical fertilizer and herbicide. In October 2021, experiments were conducted by randomized blocks design on C.

cathayensis stand treated by hickory hull biochar (BC), hickory hull mulching (HM), hickory hull organic fertilizer (OF) and CK. In October 2022,
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0-20 cm soil were sampled. The result demonstrated that soil pH elevated by 0.33-1.71 in the treatment of HM and BC treatments, compared to that in
the CK. Treatments could increase evidently soil organic carbon content, except the control. Soil microbial biomass in the three treatments increased
22.1%-54.8% than that in the control, with more microbial groups. HM treatment resulted in an improved fungal-to-bacterial ratio (F/B). The tested
treatments showed positive effect on enzymatic activities of soil carbon and nitrogen convertion, including a-glucosidase, B-glucosidase, cellobiose
hydrolase, B-xyloglucosidase, and leucine aminopeptidase.

Key words: Carya cathayensis; hull; organic fertilizer; biochar; mulching; soil microbial community

L%k Carya cathayensis J&FRERFA IV St T RAAA IR EY), HATRESHIZGFOE, FEI AT
SR, AFEBHTIG R T RS R (. X)) 9, 2018 4, HUMNTTLLAZSERMEEIRC i 3.07 75 hm?,
WAZHEF =824 1.3 75 to AR, ARSI Hb kb 22 BRI E S B HIRER b . AP o8 TIESR Rl R,
BRI | RZGHIFRES, SRR, BRIL. FRoJefi I SE s, T E 2 T LA A TR R

LMk ETE I LLAZ PR PR B ISR AL, FRSEEURE 4/5 72461, BESA KRESTRFY 4.
I bkTe R — MR R BOMOL R T, B B, AAERMAEE RS, S FEREEER. k.
PRI Sy . HET, OISR &R R & RO . A DUILERT A8 AR i ),
HA5 R LA EFeLE LA bR T o UL

KREWEY, RMLEFLARE (GBS AR . AYUILSE) BHFIH, iTARMSEE R,
ARG LRI BRIRIE . F75r  BUEYRRERIBEE SN ARBIT00 F H 0 R A LA TR B — b 2Rt
ATAMFRI T, — 7T R PR SR R, 55— 7 T TSR LA AR L T I ) - SR IR f )
P, ASSCRRTE 7 UAZHkE7es DAY 3 Rindhkrs (s . e s HUIL ) ot Lageith . 3700 et
FREYREE SR ZCR, LA S0 ST AR SRS REE, AR TP B TRk e .

1 AR5 E

1.1 RS AR

RIS, TWH AU TG 220K 1 B LAZBkAR L, 144 330 m, HHEEBDIERF - hE. %%
PEARHIA 2 20 4, SELMLE7E 2 10 48, BRI AL B FIBR S 4848 5 Awifl 10 vt AE S (N
P,0s : Ky0 = 15: 15 : 15) , FKHIAEES) 350 kg-hm?, ZHI7E 4 HE. 6 HJEM 8 HIEMA 20% 5 Hl, i
FEZ74 300 kg-hm. REET 2021 4F 10 P4, SRABILX AT, e 4 M0 X (control, CK) |
TR (biochar, BC) . %7 (hull mulching, HM ) Fli7AHUE (organic fertilizer, OF )
AR 4 AN EERETT, 16 AMETT, BT 4m? (2mx2m) . 4 AM0HE H IR SR EDT R —3,
it AR FROR P F Lt dkt, 5340 3 RPACBRFE AR S BERN 2 (1.42kg-m™ C) &Itk HE . 7e. AYUER
A BRI 23 31k 2.92 kgem™. 6.13 kg-m?Fl 2.2 kg-m? ( Tt ) , HM AbBRIGT 3 S R TERE 77 25
i, BEIEEY) 5 cm; BC Hl OF ACHELEAHUIEIR 0 ~ 10 cm )2 13BN SR A G 1R AERE T 10 . IR
BT TS T LA R G SE RV T, HeM RS BN 9.6 gkg', RIS E N 4.5 gkg', BHIEEN 32.6
gkg!, EREREN 488.6 gkg' . AHUIEATTAIEI LR 4 6 1RA, HARSEN 36gke’, 2SR
F15.5 gkg!, AHEEHN 303 gkg!, BMRESER 232.8 gkg' o AEWIFORIN R S AP T TS, B
FRIG, HlE A 500 CIREPE 4 h, i 2 mm FHRAIFEH,, HEARBEULETCY : pH 10.02. 25KRE & 648.5
gkg!. BRE44gkg'. CNH 14739, K5 13.26%.
1.2 TEHRRESERUE

BURERSTa) A 2022 4F 10 H, BAMEFIEH 5 SRELITEES, KRERMEDG, RE0~20cm 12
13, IRAWS). IERERTERZY . AN, 2 mm G, FRPREEREIAIRIA . EREER S
W (CReRtb o) U, 4398 pH RS A Aki%; HHUR (soil organic carbon, SOC ) & & H EASIR % =
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5 A (available nitrogen. AN ) & & 1% Y BRI ; 2% (available phosphorous, AP ) & % HEhER-
FBAERL; HA (available potassium, AK ) &5 & R HES R BRI K AEE T8 . IR RS 2R
NENGHIT: (PLFAs) J7ikiie!, ARprociile 750, 2. IR 7 Fht3eiint:, AR SR imdkib
Bl : o -FEEHEE (AG) . B-EIZPETENE (BG) | £F4E—WKMEEE (CB) . B-AHEEEE (XYL) ; 5R
PR RAIEE . RE R EENEE (LAP) | N-ZBt- B - B H M HEE (NAG) ; S5HREUE RN Mtk
fizhts (PHOS) U,
1.3 HuEatiE

% H SPSS 25.0 M- THIES M. BRI ZE T 2504 (one-way analysis of variance ) T LA E AR
(] 3RV AEbR . BEIENEIATE LIEEEE e bR 22, WK P<0.05, SR LSD Jiik.

2 HERER

2.1 WzdGERA RT3 LIRE M BRI 20

LA EAN AR 7 2350 IR O A T ARIFREE R 2 (1) o BC R HM b8 133 pH {#
MR T A 2 BRI (P<0.05) , AHEK CK ARPRS A 0.33 F 1.71 B4, {H OF AZbFEXS 3% pH (ETG B2
I (P>0.05) . W5eAPUELRE (OF ) B+ SOC., AN, AP fll AK &M 4 FibEib s . Hd, HM,
OF , BC AbFHE ZR T 13 SOC & & (P<0.05) , HUL OF AFR A AR, 5 CK ML, SOCIRE T 1.66
%; HM. OF AP 13 AN S RIEEE T CK AR, 47tk CK ARBIRE T 22%F1 62%, {H BC AR E#L
WARZE (P>0.05) ; OF 4bHI AP 24 63.24 £3.06 mg-kg', MHILT CK AbHIRE T 3.34 £%, BC AbMAHILT
CK AbFEHET 73.04% (P<0.05) , HM AbFE C 4A0H K MBS (P>0.05) ; 3 FibEIBEIRE T 11
AK E8 (P<0.05) , $HEFCREI A OF>BC>HM>CK, HMMHHZERTEE (P<0.05) .

F1 TERABHROBIUMR

Tab. 1 Soil physicochemical properties of different treatments

Ab3 pH SOC/(g-kg™) AN/(mg-kg™) AP/(mg-kg™) AK/(mg-kg™)
CK 4.72+0.06 ¢ 30.18+2.11 ¢ 125.18+3.34 ¢ 14.58+0.43 ¢ 105.88+3.69 d
HM 5.05+0.05 b 37.67+1.43 b 153.16+8.03 b 16.79+0.60 ¢ 146.90+8.86 ¢
OF 4.70+0.02 ¢ 80.19+3.52 a 203.93+5.76 a 63.24+3.06 a 265.10+14.26 a
BC 6.43+£0.04 a 38.04+1.66 b 136.36+2.19 ¢ 25.23+0.89 b 186.60+7.89 b

T BAEFIE « bR F—SI AR/ NS F R AU )2 R R (P<0.05) 5 T,

2.2 WWZHEHER A RLRF A R 3 LB YRR

LA EAN R AR 7 2 s T R s (3£ 2) o BC. HM Al OF b3 38R Sk
BEEFET CK M, il CK AMFIRE T 54.89%. 25.41%F1 22.13%. 4 FhMCFER) 3B A 2RI
BC>OF>HM>CK , £bF > 1) )35 55 {2 P<0.05 ). BC . OF Fil HM AbFE) HIEE Y5 T CK AMH( P>0.05 ),
BC AbERMY) LI 8 4 Pk b H S HA 3 MO ZER B (P<0.05) o H2REHPER/ 2
FCEHPERE, BC AbFRD 5 T Hofth 3 FhibBE, HM Ml OF ZAbF B35 T CK 4bF (P<0.05) . 5 CK 4bFEAHLL,
BC Fll HM AbPEAY 5522 FCRH P TR/ 22 FCBH PR AR B3, OF BRI T 0.26 (P<0.05) . HM AbPE 3B H A
/TR 0.2 £0.04, RS T OF AbFRA - 3EE /40P 0.13 £0.02 (P<0.05) , BC ZbFEE CK 4bFE 3 A
P/ L B AR (P>0.05)

GER PRI (£ 3) , BRTEHBE/ANWESS, +3E pH 5 HIBP AR | R . 2R
P SRR . L R AL R . SRR B B IEASE (P<0.01) ; 13 SOC. AN,
AP SR 5 AR YRR B FH TR (P <0.05) , W52 KM Y B R EFEMRE (P <0.05) ;
AK AbPE SANPAANE 2 FCH MR AE D 1) AR B IEAE (P<0.01) , 5 Gp/Gn 2B FAHE (P <0.05) o
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T2 TEMEYABPLFAS =

Tab. 2 Soil microbial PLFAs contents in different treatments

X Pes=sy gl HH FLRHMERE  FLRHMER L e g R FGRHPET
ig / -1 -1 -1 -1 -1 -1 Elﬂ/éﬂilﬁ] RVA T

(nmol-g™) /(nmol-g™") /(nmol-g™") /(nmol-g™") /(nmol-g") /(nmol-g™") /322 FCRH P
CK 9.20+0.22 ¢ 5.94+0.14d  0.90+0.02 a 2.29+0.06 b 3.55+0.08 ¢ 0.72+0.01 b 0.15+0 ab 1.55+0.02 b
HM 11.53+0.57b  7.02+0.28 ¢ 1.42+0.29 a 2.63+£0.1 b 4.25+0.18 b 0.72£0.03b  0.20+0.04a  1.62+0.03 ab
OF 11.23+0.6 b 7.97+0.37 b 1.06+0.15 a 3.42+0.21a 4.39+0.19b 0.52+0.01 ¢ 0.13+0.02b  1.29+0.05¢
BC 14.24+0.35a 8.89+0.21 a 1.27+0.07 a 3.26+0.1 a 5.50+£0.11 a 0.94+0.02a  0.14+0 ab 1.69+0.03 a

F 3 TEBAMRIMEY PLFAs MIEX X R
Tab. 3 Correlation coefficients between physicochemical properties and soil microbial PLFAs
N e . e N : . = RPH /2 TR o4 =

MR ded omE o wemmem e s LRIEEE gnan ge
B -0.44 0.63%* 0.41 0.83%* -0.01 - 0.62% -0.35 0.33
SR —0.65%* 0.38 0.13 0.67** -0.15 —0.80%* -0.38 0.05
BUA —0.74%* 0.24 -0.01 0.54* -0.08 —0.80%* -0.21 -0.05
AR —0.69%* 0.34 0.09 0.62* -0.11 —0.77%* -0.31 0.02
pH (0.85%* 0.67** (.84%* 0.34 0.27 (0.64%* -0.07 (0.82%*

I BhEEEHR RS, *FTRIE P<0.05 KFEFMR, *+FRTE P<0.01 KFARZEMR,

2.3 WiZHEER A RLRH A R 3 LI EE AR

H# 4 ][50, BC. OF Ab¥rf +3% o A EHEHEHE M 8 577, 6.52 nmol-g"-h (F+H) , 5 CK 4k
AL, AR T 24.1% (P >0.05) fl140.2% (P <0.05) . OF Ab¥iry+3 g A H RS g S T
HiAth 3 Fib i, 5 CK ALFRAHL B2 T 35.5%( P <0.05 ), 13814 MK fREE AR Y A : OF>HM>BC>CK,,
Pivin o B EER, HYS CK AFAHLYAIRE (P >0.05) . HM AbHI 3% B R B BEL GG E A 36.84
nmol-g’h™ (F+H) , 5 CKAHAMEL, BFIRE T 29.6% (P >0.05) . OF, HM AbFH 439853 s iR L ik
BEEPE 500 17.42 1 19.06 nmol-g'-h" (F+H ) , BEET CK A (P <0.05) . 4 Fpabrir 3 8 -N-Z.Bt
AR EEREE R . OF>HM>BC>CK, FiMj)ICREER (P>0.05)

% 4 WHEHEHS R IR A 5 Fond - REE 4 B B

Tab. 4 Effect of different treatments on soil enzymatic activities
AbF AG/(nmol-g'-h") BG/(nmol-g"-h")  CB/(nmol-g’-h™")  XYL/(nmol-g"-h") LAP/(nmol-g’-h") NAG/(nmol-g'-h™") PHOS/(nmol-g"-h")

CK  4.65£0.46b 59.81+0.61 b 13.3120.87 b 28.4240.16 b 13.1540.73 ¢ 35331364 259.92439.02 a
BC  5.77+0.3 ab 77.53+7.55 ab 16.15+1.05a 29.90+0.45 b 14.94+1.28 be 36.99+3.59 a 216.01+7.62 a
OF  652+0.12a 81.06+9.04 a 17.64+0.4 a 32.11+2.12 ab 17.42+1.86 ab 37.96+2.38 a 243.46421.66 a
HM  4.96+0.27b 61.83+4.1 ab 17.55+2.48 a 36.84+3.05 a 19.06+0.65 a 37.2042.24 a 252.45+32.83 a
¥: AG, o-HEMEHEE; BG, B-H4iHEE; CB, ZF4E WUKMEG; LAP, stEIREFNEE; NAG, N-ZBt- B -Z S

PHOS, MREmsiRll; XYL, B - ARG,
3 Wik

3.1 WEHEEFRA R S TIRIE A BRI ST

LMk TE B 5 St A= W SO A B 2ot IR b BL S, LA Fe A AL 138 pH i, A4
PRI AZ BT o0 ) S R R AT PERH 2 1R 0 A e, HIRe g 3 pHL SR, AL
HEH LA e 2t B IRE RS, AR AR, HAESO IR M . Al R S A AR
HLIREY, X L6 R SECHPUILR H BRI AR . ISR IR by 200 A3 DU A e,
FHEL TR ARAREE, T APk e A DL LA LR SR & T 165.70%, $REiREERA (£ 2) , AHUEHEIL
Bk TE A 32 I R S R B USRS, i e A U S s L ARk )
ORI HAFRE M T BIREH S, I HAEY TR A I AL M mT LA L3 h A BN 724, EEH R
ARG B RIE; ML e B S LA HURE S TS R A BRI, (Wdksiise P &8
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FEARE ., GF4EE, SWsIEB (202 + [ Odontotermes formosanu ) 5 - 3Esh¥ 22 5 Hoky e | 4%
BEMMREED Ik A YUIERENS BT Ry, TR AR S 0 LAk sk R R 5 i
ARF IR IAZHOHETEE Bt LR RO S, PO AR SR . SRR, HA
S5y f. EAHERNR, 3 PR S T, XIS SR (48 3.20%) AX.
3.2 WIEZMEERARTHA RN LB YRS SR M

W FoR B T HIBME AR, EYFORE SARRE AR . EhEE LU R BERALAAY, T
SR LA PR R | R AR RAIIEN, AR A ERE AR . M T TT A PR R AL
B, AEYBORANAZGHE T A R A AR Y B R R, AP e R Y 3 B AR Y R
BRI /2 DA Ll B ey, X b T O R R L TR A1 AR b R e i g AR KO I H B b M
Pyl i BRI SR TR KB, TR AR R S I pH (R EEIEARE, FE RO RA T R4k
FRET RS EYy, ARk b S R E R R T, RIS S L LAk S A R T L e i LA BT
B B/ S, O 02 (P<0.05) , R SRR R HIES A ZNZEE ), T
AP REE R SRR E A B R VE oAb, 2% FRBH P A/ 24 FC D I P B0 AR 0T R 398 a2
FECU D AR R, HE2L B 2L RO L S pH RIE R, 5I R E S %, BiIE 4 fb
AEFR ARk E A LB B S SRR R I

3 pH . ST FIHE | S e A Yy R RS 2 D % 3 K B R A s IR TR Y AR,
BT IAZER e Sk S &, 3 s e e i AR e S T HIRA YRS 2, DA, HIERIRE RS
TR AR AR A IEAHESE R, W RS S IR SR A E R R P . B A
B, I o ARG . B -RIATEEE . CR4E TREKAREG . B AR VE R, XEE L
BRTT AR IR A T R BRI AR, MRS T SR AHSRRRE . G, M IE LR
RUZERE B O/N g, B, REMEEIKEE ( 5EFHLHE ) EHEAR RE S . AUEhT L,
RS ERIMICE SR, M E YR AN A G N A Z AR RE s, FEm s e

4 Hik

TEAWEZ R, KBULAZEEFEA YL (OF ) b T4 A3 AR FRME ok B2, HIFRMEIR IR pH.
EWlor (BC) Allizekiiised s (HM ) ACFEAT BT RAR L3R MR e LB A3l E Mt i) AP RIS S
Pho 3 FCBEETRESEIN G T30k . RAHASRHOREE . RIS BICA 1 4, ARSREIDESEH mr g gk 2t
SERR,  ANTARFH IV A AL LA, SEDIHERPF AL LLAZ PR e A A RLEAR T 200 L3RR N . eAh, E
EAZTERIMRHD, FTA AR ORI LA BRI T S AL B D e IR, R R A ki A s b
MG BB, AR MR e IR R0, RIS (BSR4 ) hRA
—ERIN 1. Bk, ST IS SO R AR R ACR . ST ORISR B, e A% Bk
b SN (W N P T i (e R E B LU e
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