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Abstract: [Objective] To clarifying the impacts of biochar-based fertilizers on soil nutrients, tea yield and
quality in tea gardens is conducive to enhancing the production efficiency of tea gardens and promoting the
transition of agricultural production towards low-carbon, recycling-oriented practices. [Method] Focusing on
tea gardens, this study conducted two years field experiments with four treatments: no fertilization (ck),
chemical fertilizer application (CF), biochar-based fertilizer application (BF), and a 1:1 combination of biochar-

based fertilizer and chemical fertilizer (CBF). The study investigated the effects of these treatments on soil
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nutrients and tea plant growth. [Result] (1) Compared with ck, CF, BF, and CBF treatments significantly
increased soil pH, total nitrogen, alkali-hydrolyzable nitrogen, available phosphorus, and readily available
potassium contents, and significantly increased the absorption of nitrogen, phosphorus and potassium by tea
plants (P<<0.05), with CBF treatment showing better effects than CF and BF treatments. (2) Compared to CF
treatment, the tea yield in BF and CBF treatments increased by 23.13%—24.54% and 53.27%—53.75%,
respectively, and the pairwise differences among different fertilization treatments reached a significant level
(P<<0.05). The type of fertilization significantly affects the contents of water extract, caffeine, tea polyphenols
and free amino acids in tea leaves (P<< 0.05), with the trend being CBF> BF> CF> ck, while the
polyphenol/amino acids showed opposite changes. (3) Grey relational analysis showed that soil pH, alkali-
hydrolyzable nitrogen, and available phosphorus are key factors influencing tea yield, while soil pH and the
concentrations of potassium and nitrogen in tea leaves have a greater impact on tea quality. [Conclusion] The
application of biochar-based fertilizers combined with chemical fertilizers can improve soil nutrient conditions
in tea gardens, increase tea yield, and enhance tea quality. This method is as an effective measure to promote
green and sustainable agricultural development. [Ch, 2 fig. 3 tab. 37 ref.]
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1.1 RIe LR

IR H A T WL i K 17 3% B B Ik 25 b (28°34'12"N, 119°12°06”E), 4K K 275.7 m. ZHE T
WA RS, AR 19.1 °C, AR K RS 1559.0 mm, 24F0] IS FRES, K
e 3—9 A (BZ), Z4EVFHH BN 175500, FHHEA 1145 d. il 5 m= 5 mE T
FALZR AN, B 10 a0 BEAZEEIE S A ECHIA], PPaEMk. I HET, R H 0~20 cm
A0+, % S E AL PR R pH 4.60, A ML 24.49 g-kg ', A 1.67 grkg ', B fE A 90.12
mg kg, AW 52.45 mg- kg, HALEP 100.02 mg-kg .
1.2 MR5FEZX

D B Ay AT BRAAAE R TR OO G R B S, 7E 2022—2023 4EHEAT T I 2 a Bk il . St
BE 4 DMAEERAE . ANHEIE (k). RIE (CF). AW BENE (BF) LA K A= W) ot o B 8 5 10 N 4 20wl # it FH
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i 1:1 {Rjifi (CBF). X/ T° CF. BF 1 CBF Zb3#, Frifipth&A A, . Mo nxSaE., B0
/NX AR (N) 1 FH & 360 kg-hm™, 2l (P,O5) Mt FH & A 225 kg-hm ™, 48] (K,0) Byt &k 225
kg-hm 2, /R[] 4b 21 2 [a] 4 it AR | it A A e A R i A Ach B4 %) 35 8 it R a0 1 FiToR o RN ALBE 3 AN TR
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WG/ N ] K AR, ARAEME AR A BB AR 3 A) FIRKZEEAE (10 AJE)2 &, 2915 60% Fl 40%.
Tt A 7 X34 Rt , - SRR EE R IE 10~20 om. 55 HE AR FE 1448 i A5 Al FH JR) 45 B bt 403800 > Al
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Table 1 Annual fertilization design and nutrient element contents of each treatment

Atk K it A £/ (kg hm ™) it #:/ (kg hm )
b3 A5
R BT R QQEEQ% N PO K,0
ck 0 0 0 0 0 0 0
CF 770.88 2125.00 490.38 0 360 255 255
BF 0 0 0 4 500.00 360 255 255
CBF 385.44 1062.50 245.19 2 250.00 360 255 255

Uil : CF 1 BF 60% FIfEHZBIL, 40% FAfERKZ=EA0; CBF fLALFIZEbE & F A P04 B 60% FTEREZHEIE, 40% FIVERKZ:
B, JREH N BESECN 6.7%, FEERAL P POs B /3400 12.0%, BLERHIH K,0 BTt 7380k 5.0%, A5k % HIEY)
BRI N:P,05:K,0 it oy 8:5:5, Z5hel % AW I s SN e Wi VT8 rh BRSO BHEE (G %) A BRA AR AL, DIk
FERSFF N FORFE IR . iR 600 C 25 MR AL i e, PGS . F38 . FREFERESHTRAZ30d K
R A HLE, BRI 17% IRE . 40% S BERRES . 10% BRIRE . 15% =9 i o J 18% A HLIE (4 JFURHES L (i 543
BO IRATERLH L. ZDE, AT T A4 Bk HE AR i 0 0k 11.8%, pH by 8.2

1.3 HmE&E

JIT R A BIRE 43 AR SR A i . R R S AR R AR RO P TR A o SRR TR 2RI R |
TH RS Xk, BRI RIS Y G R 0~20 em £)2 HAE, BEAV/NXEL 8 AN (“S” TEHUREIL IR TR
HY51, BIBRZRYEH 1 kg A2 A5 RS 56 2230 XUk B ORI, RGBS R 0 45 o ASmHRE R R AE R AR
TR 1 25 2 A RAMARMEAE 25 /N DR ARG o R4k 1) i iy 1] 52 36 25 J 57 BV T 105 °C A HERS
AT 30 min J5, 2 60 C fEIRMET 2 E 4, WIS IAF.
14 MBWERFIE
141 X3 issrmle  HHEM L AR AR AT E £ S IR (R R AR )M 34T, b pH SR AH
PEgisE (KA R 1.0:2.5); A HLT (OM) K FH 4% iR B - s R AN ARGkl 52 5 2% (TN) R H
W -1 RTH A, THELRE RIEIE s B A (AN) RIB i 8oL E s ARk (AP) R NH,F 2
PR-RBRYT H (B E ;. UK (AK) SR NH,OAC =248 - KRR & .
142 %t FEASAMNE KM EEE S RAEBRED WE, TEERICRTEM G—4 ), 4
ANXBEHLEEE 3 4N a5, 43 M I PAAE (1 mx T m) SRAHE TR 28 2F (1 2F 2 MoRbniE), FFRRiEE .
[ B 21 S5 250 S PR ORI A5 2F o A 2R RAM A B A /N DX 5 R SR A7 1140 255 i A B0 g A7 Ak R 1) 2%
FreaE, TR A (kg hm ), B 220 H,S0,-H,0, T, PR E ZALE I 2 At
S5, AHBAPL L ORI AT A, TR A A

Ui B S TR A N R R AR =1, FERS K B EERRTE B B AR WERR A A% 2 B S A5
B AARE =4, b B S e A K Fh s BR A ORUE, AT SRR AR . R W E I B I S
Py 0 L DU S o ) ) T A AR — ), PR R ORI R L TR R . kRS, R
My . 2 LUAE R 2 i BT B A . A KR H R T K IR 4 B 5k (GBY/T 8305—2013) M ;
WA R FH X, 2 RS 2 2 6 G B (GBYT 8312—2013) 5E 5 45 £ By K FHAR RIS 20 66 B (GB/T
8313—2018) M5 ; I 5 2 HL TR 1 I 2 SR FH Bl =1 43 Y6 Y6 BE v (GB/T 8314—2013) M . Mg b W AS £
1y 5507 B AR 1 F AL, HCEOAERRAIG, PSR AT A 0B 5 o R I ST 8 5 4% BT T4 s T LK N )
FCESH], £ 50005 BT AR AR JE T o o ik e s KR Y RACE Ry 0.22, JiF B s ZE IR AN
J90.20, WNMERRAALE S 0.25, ZEEZBRIACE Jy 0.11, BYE LA N 0.22, 3k SEA E(ERIL T 4% i 5
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SR EE . Excel 2HIEE . (7 SPSSAU #-A7 KA SEBREE 0 HT,  DURA R 45 VA S M) R 1~ X6 255 -
FE AL AR IR

2 HREAM

2.1 HEABZRAEITZE T EA EERAE

MFE 2 AT AL ck, 2022—2023 4 CF AbFR(Y) + 358 pH B#AK, [HAR A B 3225 ; 1 BF Ml CBF 4t
PR ST T 4 pH (P<<0.05), H CBF ZbFRAGHEFRCR 5200 F BF AbHL . X 3 B FH 2 ) o e SE A
AL R R SRR AR, B At Y S SRR AT E AR R R RE 5 A P Tt T 2% i - SRR T Ak R B
Ufo WEFEIAIN, Z5HE CBF AbSAY - 5A HLBT T & 4045 0 35 5 T ok (P<<0.05), RUIAY ik HAL 510
Bt A EE AN AR A A T3 Tt - e mc it i . ASREAR AL B 5 e o rh . B L. A . AR
B AL I S A L, Y932 CBF>BF>CF>ck, H CBF fil BF 4b# + 18 b U B4 i 5 40 5
By hl 25 T CF L3 (P<<0.05), 3R Wi F A=) o e BE 0 e A 25005 Jn - 48 v Ul 77 43 o i 70 4
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Table 2 Variations in soil nutrient contents in tea gardens under different fertilization treatments

Fhy b pH HHUEAg kg  2FANg-kg)  BUFA/(mg-kg) AP (mg kg HEBH/(mg kg™
ck 4424027 ¢ 23.8541.92b 1.45+0.1 ¢ 86.55+5.14 d 44.45+1.48 d 99.33+4.73 d
CF 43740.18 ¢ 26.14+1.54 b 1.75£0.09 b 122.1240.22 ¢ 64.16+1.92 ¢ 128.3343.79 ¢
2022 BF 4.89+0.16 b 27.28+1.03 ab 2.03+0.13 ab 132.39+4.54 b 78.22+1.77b 148.67+0.58 b
CBF  5.15:031a 29.66+1.33 a 2.23+0.12a 142.17+5.48 a 86.51+£1.70 a 174.67+3.79 a
ck 4.35+0.26 ¢ 21.18+2.12b 1.13+0.11d 75.12+5.20d 39.64+1.83 d 93.67+3.21d
2003 CF 4.28+0.18 ¢ 27.27+1.05a 1.82+0.11 ¢ 123.16+£0.51 ¢ 65.67+4.50 ¢ 131.00£7.00 ¢
BF 4.85+032 b 27.94+1.28a 2.1240.15b 138.37+4.71 b 78.78+2.85 b 155.33+0.58 b
CBF  523:02la 29.65+1.66 a 2.42+0.09 a 152.54+5.93 a 87.82+1.68 a 179.67+4.73 a

LA R RNG FEE2R [l — AR AN [R) b B ) 22 55 1. 25 (P <<0.05)

2.2 EABZEE 3T Z i EU R SR R O =M

LT AT B AT | Az 5 e FEAE DL B A A I e e S R A A Bt 30 A ) A b 2 0 T A AR %
R B ISR EINO . AL ok, 3 Pt EANERAY AL, B B B N T 10.67%~54.82%,
33.27%~71.10% F1 12.86%~25.60% . LR Zemt 20 . . BB 0 40 28, A [Rlit A Ak 2 2% it
O . B, SRR EE N . CBF>BF>CF, ATz M2%E R3] 58 EKE (P<0.05)., 5
CF AbFEAH L, BF F1 CBF &b FEAS - AUT =20 500 S8 0 11.75%~13.88% F1 26.98%~28.13%; i Ji 1243
A BIHE AN 4.529%~10.45% FIl 17.95%~21.78%; #1555 435043 BB I 4.129%~5.04% 1 7.03%~7.44% .,
DERTAT, Bt A 40 5 S N K A= 0 I3 e BB S5 AU B B bt 25 RE A AR X 0. B B3R il Hop A
A= ) 5 1 S RE 55 A B e it 365 R e £ o
2.3 HERREEXZM 2SR

M 3 ATHT: ASTRD i AE Ab BE X A5 I P B R AR K . AHEE T ok AL, it MR XY fE W A A
(P<<0.05). N[w]jifi AL S 1 22 ] 2% i 7= f A7 AF B 3 25 5% (P<<0.05), Hirf CBF A3 45 i 1% 38 7= 2401 fie
If. 5 CF4b3AHLL, BF Fl CBF AbBEAY At 7™ it 73 il 55 1 23.13%~24.54% F 53.27%~53.75%. Jiti It
FA Rt SRR E R . 5 CF ARG, CBF ACFRAYZSH /IR W . ohnmkse . 2% 22 ) Ay
IR R E R B E]E, BER05HN 17.69%~19.04% ., 16.19%~16.35% . 9.55%~11.64% Fl
15.33%~16.65%; 144 b U] i 3 A% (P<<0.05)., BF AbFEAH L CF AbFRXT St /K 2y . wmiEng . 252
gy RS LR A 32 5 R I K 6.42%~7.62% . 5.94%~10.20% . 4.03%~6.25% Fi1 8.48%~10.40%, HAZTI5 R
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Figure 1 Influence of different fertilization treatments on the nitrogen, phosphorus, and potassium concentrations of tea leaves

/NT CBF b3, #5808 CBF A3 A M 24 1L i 5 I8 T BF A3 (P<<0.05). A [A] i I Ak F S 2565 i o

FEBOR/NF I CBF>BF>CF>ck, H i CBF 4bBLAG A 5 25 A $8 B0 % & T BF. CF il ck 4b 2

(P<<0.05), 2023 4} BF fl CF &b T & 22 5. L5 8T, SAMIEAEALL, JHe . A9 5

FENE K A 0 5 A AN I T it 147 7 385 8 e 1 2% el 25 45l B 0 B it 43 8, (LR 2865 it B 4

SR LL CBF AR BEE 0

&3 AEEIERLAETFREH“EM@REERSH

Table 3 Analysis of yield and quality differences in tea under different fertilization treatments

ck 593.85+17.92d 40.63+141c 2.69+0.17d 2634+1.12¢ 3.81+£0.06d 6.92+025a 1448+0.29¢
CF 882.77+40.71¢ 43.02+023c¢c 3.01+£024b 27.94+0.28b 4.09+0.07c 6.84+0.11a 14.97+0.08 ¢
2022 BF 1099.44+£40.64b 4630+1.39b 3.31+0.16ab 29.07+041b 443 £0.05b 6.56+0.14a 15.69+0.33b
CBF 135727+46.17a 51.21+1.79a 3.49+0.20a 30.61 £0.82 a 471+0.05a 6.5+023b 16.70+0.54a
ck 571.69+22.13d 39.17+139d 2.65+0.09c¢ 26.39+092b 3.81+0.12d 6.92+023a 1425+0.38¢
2003 CF 891.10+11.03¢ 4426+1.86¢c 3.14+0.12b 2731+0.85b 4.10+0.02 ¢ 6.66+£0.17b 1530+0.4bb
BF 1103.17+£26.57b 47.10£0.29b 3.33+0.11b 29.02+0.84 a 453+0.03b 6.41+0.24c¢c 15.80+0.17b
CBF 1369.84 +£29.68 a 52.10+1.80a 3.65+0.21a 30.49+0.54 a 479 +0.06 a 5.82+0.28d 16.88+048a

UiH ;[ )N B [l — 445 A () 4h 20 ) 22 57 .25 (P<<0.05)..

24 FHFEMRRNEEZWMESR
MR PR AR TR “S 7, DOEEE N R “ s g7 K ECHRE A, 45
FE 2 s, NI 2 1. st it 5 8 pH AR ZURTA S0 19 DGR BR B IR i, RIK R B KT

1.0
0.9
0.8

. 0.7

W% 0.6

>‘.K

=

i 05

€ 04

K
0.3
0.2
0.1

0

O™ 5 Wi

pH AP AR

Tigofir 5

AR HAET RPUTE RTEEE RPAE

ate 4

EALIISE S
B2 Zet S mb ey aBl X0 RE XKy

K

Figure 2 Grey relational analysis of tea yield and quality with potential influencing factors
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0.70, R by A . ARSI 8L, 57 AR R AR 0.64~0.70, T 3T LI R4S
MR ZENHER TR B S R AR DGR RAR, G R BN 0.54~ 0.58. I pH. AU, ASnHATE S
B A G TR R, R SCHRREUR T 0.81; HUCH HIEAHUR A B BR800, K OCHR REL
4 0.70~0.74, FHULTIAT, SRS A R 0SS AN, ARSI 39 pH L R R A R
A ROCHER R, MASH T 5 48 pH, A5 BRI U B /3-8 O R T R %

3 itk

3.0 ARk ER AR E L IEN R

APHE BAERK T pH by 4.5~6.0 1 -3, AR B I it RS AR AR R 4 I ) 25 T B0k [ 38 pH R
W, PEERHARAR A4, SRS ECR A R R TR RN R, el Ak A A R e X TS B
AP REL R R B OCHE R, ARG i AE R AL A el it FHAE W B SENE 2 a 5 R IR, BRI AR el
BN pH R4t , AR T K E AR Sk i) R 3R i B, — R, AR S R
YR ELAG 2 i far T, A R SR L 22— B A ) R S TR S A (pHL 8.2), K it A £
)5 BE G o R L e T AR TE M SRR B0 HY, L nT DA D b s e v AR, $R v LR 4% i
F1, W4T 145 pHS O,

A PUTRA S S B AR R Z —. ASESEH BF il CBF ALY ok Wb 45 T 4% hd 3ol
BUTE T i 43880 32 PR A W o e SERE v 5 A R A WL, R SNIRAT B A 2] 398 rpn] LIRS i -39
AHUTFEEETS A, BB R A AT S IR AR R R A 2 BHES RIS A AR
BANTHE G, il m A HUT o o4

CA MR il F A 0k SR AR B 2 3 - S P i . A R R AR S R e O ARE
AR RN : BF M T ok 74T HIEARBCR LA WEMHE . X — SR T AW Tk LR 5 3L
FAON . — 5, I NOS -N B W e A W I 1 BT S T 28 o o5 B, AR T NOS-N 7E )
AP R P i KR R, JRRRAR T R P NOS N Bk 2 55— 7, m iR, fhirit
A5, NH, 58 i i A A 45 NOS-N k2R, i A= i FE N8 P T 3 & F 5E FN I 4 5L 55 e
VL, FE A% 38 2o # F I R PR NH W B 3 0 3wl LRI 3 R s AL 0 B 00 0 M, DR i Ak
T, MR A E W ny KBRS, I CF, BF AbBR S 8T 15.85%~18.57% 3E SR F1 19.96%~
21.92% FRGWE, X —IGERT VA T A=W ik SO fite A 358 5 B 45 T 3% pH, Wb T R IEXT R
B ERE 5380, ARSI H s iR KRR A AR B A s 240 . LR IBUR RS, W
IIENELR B T AE W TR ) Z2FLRe M, S SR A 20 TR S T R T R AP AEAERRER, BN T &
TRE M, TG 0 - 38 v o A5l AR B o o T,

3.2 AR AR BB i A X 2 M O P IR R SLR

CA 2T R . AW BRI A B TR =, B ZEAEY, AR
T IR R Ay, PR AE X T4 A o i O T, WP RCR Z B IS A s . ARSI R
Wl SRtifb AR EL, BAGAE W R BB SN T 23.13%~24.54% (5=, X2 % B K Z,
Jitl A5 el ) Ak R 25 7 o i 2 7 T 9 2K 3 Ut A J B 3 L AN J2 T A 40 e RETES E 2 4 I e R A T 46
TRHITRG, b, AR RE A bR i A AR ) 2R X 3R B TR, AR R I i B = R E R RE
BUTNPH BSOS, ARSI R RIER AL B PRSI E R, B RGO g AR K
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