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WE: [B8 ] ATRRIEAREEERH, FREZRZS AR RS mATELE L) Fead i, BTEH AR
R AR A FH I B s, [ Ak ] 2023 AT E N T LR — A LA AT W AR, RRE 4 AR
TR #AY G = o Trifolium repens. AT R #4758 = 3% Astragalus sinicus. &8 £ R % o F A GTR), HAXE I AT
B, T Pyrus spp. e, REFRRALEEE LIE (020 cm) AR £, Fi#fFo0, AAFTEABAIWEE LIER
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Effects of grass cultivation and biochar addition on
soil fertility in pear orchards

ZHU Lele', WU Bo*, WANG Zhaoxian*, ZHENG Mingjie’, ZHANG Yong*, FU Weijun'

(1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Plant
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Abstract: [Objective] Based on comprehensive index of soil fertility quality(/g;), this study aims to evaluate
the effects of grass cultivation and biochar addition on soil fertility in pear orchards, and to reveal the soil
fertilization effects of biochar application and grass cultivation as well. [Method] A field experiment was

conducted in a pear orchard in Longyou County, Quzhou City of Zhejiang Province in 2023. 4 treatments were

W HIB1: 2024-11-04; &[0 H . 2025-02-10

FETH : HFARF T T 515 O 2K SR S A ST H ((H20210012)

YEH A : & 5k Sk (ORCID: 0009-0001-1875-1043), M =% + 48 57 43 % B X R R P B 5% . E-mail: 3588244080@
qq.com. JBEEF . BKH (ORCID: 0009-0002-3274-5835), w52 LA, T+, I ARARA 2455 A Wi
5%, E-mail: zhangyong8182@163.com


mailto:3588244080@qq.com
mailto:3588244080@qq.com
mailto:zhangyong8182@163.com
https://www.hyyysci.com
https://doi.org/10.11833/j.issn.2095-0756.20240596
https://doi.org/10.11833/j.issn.2095-0756.20240596
https://doi.org/10.11833/j.issn.2095-0756.20240596

5 42 B 4 ) ARIRIRAE AR RO 5 A W OB I B Pl - S AE 77 (93 i) 755

set up: inter-row sowing of Trifolium repens, inter-row sowing of Astragalus sinicus, biochar application, and
conventional tillage (control). Each treatment was repeated 3 times. During the maturity period of pear trees
(Pyrus spp.), surface soil samples (0—20 c¢cm) and fruit samples under different treatments were collected and
analyzed. Radar charts were used to analyze the limiting factors of soil fertility level in pear orchards, and /Iy
was used to assess the effects of different grass cultivation and biochar additions on soil fertilization in pear
orchard. [Result] (1) Soil pH, total nitrogen, soluble organic carbon and microbial nitrogen showed weak
variability, while the other indicators were moderately variable, among which the coefficients of variation of
soil available phosphorus and soluble organic nitrogen were relatively large, indicating that soil available
phosphorus and soluble organic nitrogen were sensitive to different grass treatments. (2) Radar plots of the
affiliation values showed that soil pH, alkaline available nitrogen and available potassium were the main factors
restricting soil fertility level in pear orchards. (3) /g calculated by the weighted model showed that compared
with the control, /& under the treatment of 7. repens was the highest, followed by biochar and A. sinicus
treatments. (4) The biochar treatment had a significant effect on improving fruit quality (P<< 0.05).
(5) Correlation analysis showed that soil microbial biomass carbon and titratable acid mass fraction were
significantly (P<<0.05) or extremely significantly positively correlated (P<<0.01) with the weight of a single
pear fruit, and they were the key factor affecting pear yield per plant. [Conclusion] 75 calculated based on the
weighted model can characterize soil fertility quality. Based on this index, T. repens treatment was the most
effective in improving soil fertility, followed by biochar and A. sinicus treatments, and the biochar treatment has
a better effect on improving fruit quality. [Ch, 5 fig. 3 tab. 40 ref.]

Key words: biochar; grass cultivation; soil fertility; comprehensive index of soil fertility quality; pear orchard
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T3 —FE R TIE R A, AWkt — R e A ML, B TR BT RUE VIR R T, B AR
AR, AR BUR A RERS S N A HLB BT 4, s RS, (R bR YIS S, R RES AT
Raisi, W0 —EAIRSERE SR HL, BAA BRI sk, AAYRiEsS HIER R
F Y PR R R B A T, (HAE SR B it T A A SR A G, R, TR R R A AR A
S ANA Y B B SEBR BT SE A B TR AR . PEER . ATRRLL . M 2 E R

A XoF SR Bl ST T (4R 5% F2 B0 K A ROAR IR LA L W B K A ) A A s e U0 AR
FELLHE LA FE R X IR, BT IR ) BT SRS 1R, SR I - S AR bR AT 2 B UCRIE B 1
AR A EIDT , IFARYE 258 bR 0 2 bR or kB R T R RIALEE , TR ARS8 8 2 9+ JEAE ) i Bk S0E, 3599



756 WroIL R R K A R 2025 4E 8 H 20 H

RSP B VR A 9 B N T (0, AR A B R A S R R
IO s I

1.1 iR SRR

WFFE X R WA B “B AL 7 (LT UL M e e L, 28°14'~29°30'N, 118°01'~
119°20'E, KN 246 m, J& TG RN R, WSS, SRR . el . FoiE. &4E 5
AR 1400 m?, AFFSREA 17.1 C, AR FREKEN 1602.6 mm, AFEFIMXHREN 79%, £
HIREHECH 1761.9 h, A EFHEHIN 257.0d. HIEILE N, A EE R SE . B2 IR HE L
FAFHHE: pH M 5.17+0.31, AN (96.83+4.14) mg-kg ', WA K (27.46+1.20) mg- kg™, A RkWE N
(14.69+1.32) mg-kg ™', A HLF N (17.88+£0.98) g-kg ', A N (1.75£0.26) g-kg ', HEik A= ¥ JFi 7k K A
Oryza sativa T AP T, AW B0k B 42 4 200 H, fL#N 48.3 nm, fLIAF N 0.39 em® g, =1k
TN 500 °C, FHEE RN 7.5 Comin™', 8 5HCH 600.00 g-kg™!, AN 6.50 g-kg!, HALHE N
950.00 mg-kg ', HAEH 27.00 g-kg ', KoK 6.68 grkg !, LRI N 623 m* g,

1.2 Rt

KRN ZRE, EeMLX AR, WE 40 FIPHE (ck), RPRREERAT . BRI R /E
TEATARAE Y s S IR AR, BB A o, (R B AR R FR IR IR s A7 B FR 1 =0 Trifolium
repens (CT1), ZAHARMLEE, MIREZIL, EhamTRL 15em DIN, EEZERIHOE; 1THEMES
YL Astragalus sinicus (CT2), ZAEME R 2 4 FAS, B8, Tl 35 em, #8HVESRALRIAE ; it AE Y o
i (CT3), A=W me BAG S0 I PT U E W R iR bE L 928, W 3R . BN AbHhk E 3 N
52, i 124 RX, NXEA 20 m x 20 mo 2022 4F 10 F AT BRI 5 00 B b 4R B, RSP 4
W, BRI, TRBATREEH A =0 0.03 tthm™?), =¥ (0.03 t-hm?), &5 DK HF 1+ TR
. T 202342 AY), WEERRARBRI S MAT A=Y Bre, 3 kg-tk™, B2 EDHB) SR Y ok 5
0~10 cm )2 I FSFRST o A AL SHADF LA PRI — 30 2023 4F 7 AR, SR AL AUBURE R AR 45/
X 0~20 cm Y RJZ LHERE S . FEMASLRERA . WEHELAA)E, 02 2 mm. T 40EE M —22
BV ANEE 2 0.149 mm, RAEREA T RIMAE, ER MR/ R BEALZERE 3 AN, 7R AR AU
PIRESME AR . PE . e dEJ5 0 A SRR AS SR 1 AR N B RS, R AR S S = A A
1.3 MEFZESIHE

- S AHE e P 3 pH R pH A, DU I A KRB R 1.0:2.5; HIEE LR
(SOM) R FH i 4% iR B0 -V B IR /1 AR5 0 0 5 5 380U 20 (AN SR BB B0 00 5 5 = 398 ok sl g
(AP) >R F NH,-HC1 55 5 I (AK) R ECEERMNE 3 825 (TN) RAE MR -ILIRE
REWE; HHAWE (TP) R H H,SO,-HCIO, 1 fif-FHE6 PL L ik M 2 s H 328 (TK) R H H,80,-
HCIO, T - KM G BRI 2 .

T HERTEPEA LR (DOC) MM HA LA (DON) WI%E . FRELS 2 mm G5 (458 H4F 5 g iE T 80 mL
BLLE T, A 0.5 mol- L' BRERFP L 50 mL, 7EREHHLHLL 800 r-min' #&%7% 30 min, J5LA 3 000 r* min™'
B0 5 min, FhIEAS B PREOR . W EGR 1 mL F] 50 mL ZFEIE, HKER. BEA TOC 4 L,
D 7 $ O A MLER A MLEUT o0 8. B3R E A E Wi (MBC). SUZEW A W i & (MBN) SR H &
EZRREGRIER), R A =R AR 2R AR A =R YR A R A R
A=Y= A Y i/ S A LA HERR R S (CPD)=FF 5 4984 HLAR X IR 4364 LR,

TSN T B 2R A AR AL (Iy) R BRI B B IAGRTE ™ it 5

n
Iy = Z Wwigijo
i=1

Horpe g i U SERE S PP S AR O RB L 5 wi A58 i ISR TN A8 AR A . D LSRR T334
SEEE . MR TR R B A AR SE A RS2 MR, 4% 1 L4 pH AHLIT . Bl A%
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W, HRER . 2R, . 2. EtEaYmR . TTIEEALA . BEY AR . BEY YRR N
LEA BT B A s dE br . BIEAPLT . AR . B . B AR S BURBOTH AR R BEE T &
5 pH R I A R BT SR B BE(ER s RIERTISEA MU A . A A i R G A ) A i AR
FTRTERZMEPE A3 . BRSO 5 d5e e (L0 LB R 25 B R SRR BE(E S, QAR T3 3P AR (6 1 7
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HwEP,

REBTIE : RGN B AR R RO E s BB R= R R 2R ki ts s RGP e R i
K I T S AR A AN e R
1.4 HiEsE

Bt Excel 2021 FEATACBRANIG 1T, K SPSS 26.0 FEAT IE A/ Ak 16 5 77 2255 VER 6, SR 2K
K I Z 58T (one-way ANOVA) J Duncan £ & WL (P<0.05) #4725 5 W M0 br . B34k 3 IRE
S EEbREZE . FHOCHERAIR | AEZR I LR F ik IR Origin 2018 221, T4 M7 1% Al Canoco 5
251l

2 HEREAM

2.1 HHRRE T EEAER

M TA FIAL: AR Ab BN 148 pH i, RO = SR s, HAEY) B b ¥ 3
T HEAAHE (P<0.05). FEARRIGIET, S5HEMPHEMLL, AWK, A= ERWE T HIEAL
S A RO R (P<<0.05), ZrWIEEAN T 32.80%. 24.86%. 24.16% (& 1B), MK 1C AW, 5
WHBHEM L, B =0 8B T  8EE 8 R B0 BE R (P<<0.05), arBliRE T
56.18%. 27.25%, H 1 =M Ab3 + 5 8508 it i o3 H i 25 5 T 55 o e db 3 (P<<0.05). 5% FULBHEAR
Fo, = A T ) 5 O R o B R A (P<<0.05, [ 1D),  HiAth 4% kb BT 5 sk R Bk
Y76 o A

MEIE L SHEMPHEMLL, A= Bad, AP R ac BT Sl e 2050 & 5 50 i 3%
HHN (P<<0.05), ZF9HNT 34.83%. 23.61%. 21.67%, H A =mMAbm G TEs9 . Ay R
B (P<0.05), ARIAZLHEIX -85 4R (& 1F), 28 (& 16) a4y (& 1H) FiE sy mdis K. 5%
MAHEAL, = BT 54 A & o0 808 BE 1 (P<<0.05), 433 hn T 22.29%.
8.83%. FH MMIEM L, 1= Ab T 4 AR T RS B E N T 24.00%(P<<0.05),  FHoAth ik B
TR RS BON R A A BEA L, KT A RSO R BRI KO = B
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Figure 1 Physical and chemical properties of soil in each treatment
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o WA . WOMUBEE, Hob, p et R a0 W R RSB B E R TR EE
(P<0.05),
22 HHXRETEEWMFER

ASTa) b A 4 38 AT 9 MR AILRR B 0 B0 218.00~285.50 mg-kg ' (% 1), SHEMBHEMIL, A=
W R A AR AT A AR B o A TR, (AR BB K. 5 R
EAEL, A =rb . A oAb BE R 4 3 ik A 4 2 i I e 0 S 3 N (P<<0.05), 4l T
35.47%. 44.96%, Hh, AW AN BRI ST R A S (P<0.05). SR HBHEMLEL, A=, %
mH WA R ERTA YA LA . S A P U R A A B I (P<<0.05).

®1 TEANBRAS S

Table 1 Component analysis of soil organic carbon

Ab 3 AR BB/ (mg- kg ™) AEPEAHLE/ (mg kg ™) A LYt ik (mg - kg ™) ALY A/ (mg- kg ™)

ck 229.50+6.95 a 5.17+0.10 ¢ 51.56+2.78 ¢ 15.31+0.11d
CT1 266.83+13.97 a 9.48+0.11 a 69.85+2.76 ab 16.66+0.14 ¢
CT2 252.50+10.20 a 8.92+0.43 a 59.89+3.09 be 18.43+0.09 b
CT3 239.33+3.06 a 6.60+0.06 b 74.74£1.35 a 19.32+0.08 a
b3 SAER/ (2 kg ") TR AR AL TIEBRALL BRG]
ck 9.40+0.14 b 1.00+£0.01 b 5.20+0.07 b 5.50+0.73 a
CTI 11.73+£0.51 ab 1.25+0.05 ab 5.31+0.21 ab 5.98+0.39 a
CT2 11.66+0.21 ab 1.24+0.02 ab 5.94+0.04 ab 5.14+0.30 a
CT3 12.48+0.69 a 1.33+0.07 a 6.74+0.48 a 6.01+0.22 a

PLHH . ASRING R R A B R 22 55 1 2 (P<<0.05).

BIR LA, SHMBMEML, YR AT £ VLI T R E W, BT 32.77%
(P<0.05), FEnde, [ =MABT EHEA PR R0 i, (A RB 88 EKFE. ARAHET +
B AR B R B IMRIK I A AR B . (= Ab B B R TN H M. ASFEANEET R A
FeXA BT, o AR R AN P R AL B S T 29.62% (P<<0.05). 3 5A W K E) /)N
WRAEYTRANER | (= FR . FRPHE . R a i, A AR AR B 25 K
23 A RELTIERE A RREZEEN

ME2 W UE: H8pH, 2% . EHaIR . MAEYEY R EE S ZE/NF 010, JE T
SN, UL EARE RPN R, A ZHER TR, ERERNES RN
0.10~1.00%", J& T & AR S, Hoi AR M TS A IR AS 2 REOEXT RO, 1508 e g Fn
AL A LR AS ) A A 3 = A o 1 A G 35 R SO . YR TR B (9 12 A R824 | fesa Rtk
AT AT, el EIRE (K 2), RS, vEtEa . TIsta LA . MUEw YR
B A A E AR AN R AL PR AR R U, U [RIAR B2 ) 28 SR, Rl B ITX 5 AN HE AR

x2 tTEEMRRMSITE
Table 2 Descriptive statistics of soil properties

AU BREY AR HEREN 2R/ el 2V TEPEEHNL TTETEE L BUEYEYE By A

AH e (g'kg™") (mg-kg™) (mgrkg) (mgkg) (g-kg™) (g-kg™) (g-kg™) M/(mg-ke™) F/(mg-kg™") MeA(mg-kg') Z/(mg-ke™)
WHE 530 1951 11855 2715 4246 196 096 17.19  247.04 7.54 64.01 17.43
WFE 074 796 3820 1469 3350 043 035  6.80 67.50 470 30.11 435
Bu/MHE 506 1580 9680 2090 3050 180 082 1420  218.00 5.00 47.11 15.09
BORME 580 2376 13500 3559 6400 223 117 2100 28550 9.70 77.22 19.44
P2 019 237 1333 552 1060 016 009 227 2024 1.85 10.11 1.63

TREH 0.04  0.12 0.11 0.20 0.25 0.08  0.10 0.13 0.08 0.25 0.16 0.09
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XPAS ) AR B 3 5 AR ) o i A A 25 B S e Y SRR, 18 pHLL B LS USRI EE PO AR R
B, TIERUE AR E Y <057, pH BYREEE(HY) <045, HAAISEEHERM, H<0.21,
X 4% s ) Z2 R ARSI 2 W i, BRI 3 IR bR R A IR RIS IR AR R . AR, &
Wi sk B BE (A 0.80 DAL, ATEASUFHIIRAS
24 HWIXRETERNREEESEH

XA AR REE R 12 A FE AR T AR ) BT RS BT . B ST A R AR Y SR B R AR
B, ¥ 12 N5 bR AT 8240 HF . Kaiser-Meyer-Olkin £ 36 (KMO) {8 > 0.8, [ 4% F) 45 BR IE 46 16
(Bartlett) {H<<0.05, 136 W] BT ZEH8 bR B E o 40T, A8 BN IR 10 A TR 28 SOHACE (., P45
AE Ty i A FR K. A 1 ERU STERIE N 62.118%, HAR/NF Bk H3En e . AR . . &
A 2. 20, TEEAIK. TEEAILAYCE, 85 2 FERUroTEE D 21.682%, HA/NEZH L
HpH., AL, MUEMAY R, AW AEYERSE . mE 3 M SEMPHEMLIL, #48T
B B 2R A R A W, b e = BN RO AT

. CTI1 0.90
A B CT2 a a
MAEMEZ 1.0 pH CT3 & 085 —
; .9 9 S a
7 8‘% ck s 0.80 ;}
weemEm S 0k WA S o7s | =
LN B 00 |
3 Sy, B b -
R 065 ey
AT LR 4 CEC 2 060 -
T ooss t
N, l"/\\\i \\// - 0.50 1 L 1 I
A LB s\/ / T ok CT1 T2 CT3
b
Lot | S e o : .
LT AR TEAE A L 2R FOR B I B, A7 LI B R FRORTE
o L &2 3 e 2 ENGIEGE: WO WAL= s s e =k Ol R A P a3
S REARNRREE. TR A ERE R RS R
B2 XERAXAFEREEMEELER R [F) b 38 1) 2 5 5 3% (P<<0.05).
Figure 2 Radar plot with affiliation values of soil fertility indicators E 3 % A3 T ii/g}]g 5 }%‘%gﬁ’t (5\ ¥ F

Figure 3 Composite index of soil fertility quality under each treatment

25 HIXARERELRER

=B R RS R . AR L L B N (P<<0.05, 3 3), GIED TN 3.73% . 2.51%., %
YN A TR AR IR R A AR, AR B BN R SR AR L R IR AREL. RIEE R R
ORI BRI (P<0.05), MBEINT 6.15%. 3.87%. 2.19%. 1.52%. L8 KA, AREETT %
AU R AEAE— R 22 5% 0 FETFIUAR T AR AR 5 A5 0 o o it fam ke 28 ] S 52t Jo A B A
FHo BB 470, o1, B2 BRI 77.25% T 16.23%, TERh 1 b, AEH TR AL BES E AEHE
PR AT, 225 iR R B S RS0 B FE 1) A W o A B, i P 2 A T A R S RN

5 3/I

®3 EERBESEYFURTINYREmEHISZT

Table 3 Effect of adding grass and biochar on fruit quality

LbyH RSfEfR/em g /em RIFEH A E R /(g kg ) Rk (kg KR
ck 8.09+0.03 ¢ 7.86+0.05 ¢ 0.971+0.040 b 3.30+0.10 b 36.90+3.34 a
CT1 8.30+0.01 b 8.15+0.04 b 0.983+0.064 ab 3.33+0.21 ab 41.70+£3.40 a
CT2 8.18+0.02 ¢ 8.00+0.01 be 0.978+0.057 b 3.37+0.15b 41.27+4.29 a
CT3 8.41+0.01 a 8.34+0.04 a 0.992+0.092 a 3.80+0.27 a 36.90+3.34 a

YA AR/ NE RN R A B R 22 57 8 25 (P<<0.05).
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26 TEBUME. ENRESSRERRAXY 10 "
S

HSGHERA 140 B S — B0 T AL A L s |
I GRS, 2 A EHRE S i
R L L e I B N T
GRFEY] (K 5): L pH 5 ERBUE RS O N s
A BRI ZE R B (P<0.05) Stk B (P< I R A
0.01) T, 81 HE pI A5 T b 2 P BESL waks Y|
B USSR . M DL nE" |
WU B R SRR . A 10 " 0
Bz a5 g (P<0.05) B W3 (P<<0.01) IEAH 1 (77.25%)

o WA AR S AR A BT 2 A Y A S 2 YPP OB EE FDORSCHAE: FL RSLE: FS. BURIREG
N - o - TA. W ERR . 1,2, 3 78 HIFRR 3 MEEFA,

(P<<0.01) IEAHK . BAbk/™ it LR Y A= W ik , o .

S \ e o e B4 $RFEELREDFTAIN

EEE%‘ (P< 0.05) IE)FH?Q ’ Eﬂ{%ﬂiﬁﬂﬁi J}ﬁaﬁ*& Figure 4 Composite index of soil fertility quality under each treatment

B3 (P<0.01) IEAHS, KM -IERUEY )it pi Al

SRR BT B i AT LR

pH | pH 90000 :¢ b0
SOM 048 SOM % o606 6 c¢ éog
aN 052075/ AN D [ B S & S © & & H @ '

AP 078 ar | @@ S S O @ 0.6
AK 0.48/0.78/0.81| AK | @ | @ | @ o
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