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Abstract: The study was aimed to solve the problems of relatively extensive cultivation and low soil quality of Panda-
nus amaryllifolius that restrict the improvement of yield and quality. Different ratios of biochar combined with mush-
room residue were used to improve the soil, clarify its yield-increasing effect and mechanism, and to provide technical
support for efficient cultivation of Pandanus. Under basic fertilization, four treatments were set up, 800 kg/hm” mush-
room residue (MD), 800 kg/hm” mushroom residue + 1600 kg/hm” biochar (MDB1), 800 kg/hm” mushroom residue +
3200 kg/hm’ biochar (MDB2), and no mushroom residue or biochar added (CK). A field plot experiment was conducted
to study the effects of different treatments on plant growth and yield, soil physicochemical properties and microbial
community structure of Pandanus. Compared with CK, the yield increase effect of mushroom residue alone (MD) did
not reach a significant level, while the biochar combined application treatments (MDB1, MDB?2) significantly increased
the fresh leaf yield of P. amaryllifolius. This was related to the significant increase in leaf SPAD value and net photo-
synthetic rate of MDB1 and MDB2, which significantly increased the average fresh leaf weight, but there was no sig-
nificant difference in yield between MDB1 and MDB?2 treatments. Soil nutrient results showed that compared with CK,
MD, MDBI1 and MDB2 all significantly increased soil pH and available potassium content, but MD treatment signifi-
cantly reduced soil organic matter, alkali-hydrolyzable nitrogen and available phosphorus content, which may be related
to the utilization of soil organic matter by a large number of organic matter-decomposing microorganisms in the mush-
room residue leading to nutrient consumption, while the combined application of high-dose biochar (MDB2) alleviated
this effect, thus increasing organic matter content and alkali-hydrolyzable nitrogen content. PCA analysis based on soil
bacterial OTUs found that there were significant differences in community structure among different treatments. Com-
pared with CK, MD soil bacterial Shannon diversity index decreased and Simpson dominance index increased, while
MDBI1 and MDB?2 significantly improved soil bacterial diversity. Compared with MD, they significantly increased
beneficial plant growth-promoting bacteria such as Pedomicrobium, Streptomyces, MND1, Nocardioides and Pseudo-
monas. RDA analysis showed that soil alkali-hydrolyzable nitrogen was the main environmental factor affecting bacte-
rial community structure. In summary, although mushroom residue application alone has yield-increasing potential, its
effect on soil improvement is poor; combined application of biochar can significantly increase soil pH, available potas-
sium content, improve soil microbial diversity, promote the enrichment of beneficial microorganisms, thereby increasing
leaf chlorophyll content, enhancing leaf photosynthesis, and ultimately promoting a significant increase in P. amarylli-
folius yield. Therefore, the synergistic application of biochar and mushroom residue is an efficient and safe soil im-
provement strategy, providing green and sustainable technical support for efficient cultivation of Pandanus.
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Fig. 1 Agronomic traits of P. amaryllifolius under different fertilization treatments

w
wn

_]_

(=]

== NN W
“wn O W

MR AN & SPAD
(=]

S W

MDB1 MDB2

CK MD
Lb38 Treatment

B W [}
T T 1
o

HOL AR

Net photosynthetic rate/(umol-m2s")
)

[
T

(=)

CK MD MDBI1
KbhFH Treatment

MDB2

AF/NG FhEFR R AL PR 22 5 2 ( P<0.05 ),
Different lowercase letters indicate significant difference among treatments (P<0.05).
2 AEERLETEERNESIER

Fig. 2 Photosynthesis of P. amaryllifolius under different fertilization treatments
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Fig. 3 Soil nutrient contents of P. amaryllifolius under different fertilization treatments
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Tab. 2 a-diversity of soil bacterial communities in P. amaryllifolius under different fertilization treatments
kb 3 Chao f8%% Shannon 5% Simpson 84 R
Treatment Chao index Shannon index Simpson index Coverage
CK 3788.26+438.22° 7.25+0.06° 0.0015+0.0002° 0.9908+0.0048°
MD 2434.40+87.40° 7.00£0.07¢ 0.0029:0.0002° 0.9984+0.0008"
MDBI1 4111.37+£353.43° 7.51+£0.04* 0.0014+0.0002° 0.9920+0.0055°
MDB2 3929.65+104.91° 7.38+0.05" 0.0019:0.0003° 0.98990.0014°

T B /NG B R A B1E] 22 57 .35 (1P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Fig. 4 p-diversity of soil bacterial communities in P. ama-
ryllifolius under different fertilization treatments
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Fig. 5 Horizontal community composition of soil bacteria

phyla level in P. amaryllifolius under different
fertilization treatments
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Fig. 6 Horizontal community composition of soil bacteria
genera level in P. amaryllifolius under different
fertilization treatments
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Tab. 3 Redundancy analysis (RDA) results of soil physico-
chemical properties, plant physiological indicators and soil
microbial genus horizontal community structure

T R e »
Environmental factors Interpretation rate/%
AN 29.50 7.5 0.002™
AK 10.40 29  0.042"
SOM 8.90 2.8 0.062
pH 1.90 0.6 0.490
AP 1.30 0.4 0.514

T "RRER L (P<0.05); "RREFMEE (P<0.01).
Note: " indicates significant difference (P<0.05); ™ indicates
extremely significant difference (P<0.01).

WTERIAON . H5E, WETEARIEHTG PRk
ALK 50%L b, U B TR A R A BILBT 3R
EL B RERH ;T LA o o B M T 4 3R 20 O
WS 2 T BT W AR A e A, ] R TR I i AL LG
(C/N). B (C/K) BETFHED) Rk
TR A AL R UEY) , MERE T R
TEVE SR AT B — | ZAEPE R RO ARFsEH,

PANE R A FE T, + 3% Shannon ZAEVEFERE E
flXF CK, 1 Simpson F54 W Z 0, X AIGEE M
DA T R — A TR SS A S R Y s i BLASTF
FRAERWEYW, MD AHIR) HIEAIEHETT . JERE
W AFFR T TR ZE SR TR T . B A 1]
Methylomirabilota | 13 & T HABALFE, 1
TEH A A 5T v R X Se A W 38 A B A L
FRAM e 1Y, MBS, X s ik i oy
fife AP, HLREE W — 20 B, JHFEE



440 o AE A F AR

%478

ZINA . BEEFRSY, X ATRESLE MD AbEE () 145
AP, B A BSOS 0 R R R
BRI R, S AR 2 HERE A9 PR VT REXT VR A=
A ek AR ORI, , — TR S HENE
T 5 A Rl A kAR A T
32 AYxEMEEREENEIRNEERE

A= ) e DR FL AR 1) i B 2t v A R MR AR L B
ikl e P SO PO HoA B T
TEEN Ty AR R, i H A AR
Lb 22 1w AR AL PR iR A B TR RIS R B, TR
S g E Y e FE, DI B - b k58 4 B T 6
PR AERK . AR Y, WEAHE 1600 .
3200 kg/hm>A= % )5 ( BI43-%1°% MDB1 fil MDB2
A3, WERE T HIERH A S &, A MDB2
REFR, A HLET S A A S S 2
FRF, RUAEYE SR A SRS, i
it 5 AT 0ORb T T B it TR I T B AR DGR e
B, x5 F PR K B A ok it T
AT TR AR A SR AR B 25 R — 3 W]
i, AHX}F MD 4b#, MDB1. MDB2 AbEEf+
HEAN A Shannon F8 40 & 2 5, 1M Simpson $5%%
S REA, 150 A AR W R AR AR B T B X
BRI R o, e T RIERE Y 2 A
Tt MR R, EYREA MRS (10~
30 um ), ATLUCHANE (29 0.3~3.0 um ) EHUEYH
At RS TR0 R R AR 4 T Lk £
ey 3 AR R AL R AR BT, R4 RSP A
S E AR T R B AR TG, T
A e A T IECE YR IR 45 ML 2 MM, XTE
AWFSE EMAr T MDBI1 4B S CK ELA AR
WA Th AR R T EE; HBERE AW kit e 4
hn, SRRSO — 2D i, Al SRR A5 e
— AR, BRI, 1. J@AKET, 5 CK AL,
MDB?2 ZbPE & EfE T T IERERE ] . ZEAUAT IR E L 28
ZERFT R . 2R ( Pantoea ) Fll Dongia 5541 0 =
B Hrh ZEir e 2 BB 11—\,
AT LA R A A B A R g 2R KB FE R
W 5E TP IZ S A0 T 32 2k B I S T v T i Y AR )
AHLAE (TRONAR R ZEAAT T N24 ) P2 624
PR A2 e L B — s e R A g
WA K Z MR, L, A 5 B i b
FEH WIS, R A AR AR A
PRIEA 5 AR VYR 2 5 iR, A ROHRR T
T PR T R P BT AR, A S [ AR B

33 EYnREEEEERHEZRRTERA
HI1E R #LH

B T 0 A e SRR R I, T ™
i S O T A R SR A R B R R, AR
R BALG A PR A R A BT BT, (ERCRIT
AR, S AR C G 7 4 2
X — i e ids P R A S SR M R AL S
REYRFE LT i BRhg e, Eov g s n]
PAAS 84005 i 2 SRR A S 5R IR BRI U W A
A, R 2 T HE AP R,
Tt AR % Jm 5 D /LB (£LA2<50 pm ) 11
HEBIREARG , 1 LB (FLAE>300 pm ) He B3 fm B,
AT 38 368 b SEXTVE R I (K RE 1), AR IEVE AR
FAERPT, WeAh, AR i K He R TR
Sy AR, MR R B IR T
HASE 1Y T IERET , A B TAEH XI5 3 1R
XA AE S A2 1) ¢ 5 R TR AR 2 A B 9T P R A T
PR IBLE Z —

4 g

PRI P AT AR TR SR FH 7 O Y 672
RN B, YR ARFET YRR T
HHGR A U, R BB IRA Dy
e A R Tk, et T SRR
SEF, HEAESS T e YR v A O
VEo e FASERL E BRSSP ]t AT LA
et ARG EM . S a, ATENF R
ke - SR R A — Rl e A A I

2% 3Tk

(11 HEFERE D EEYERER S DEEYE A
HM]. b Bl d i, 1992.

Editorial Committee of Flora of China, Chinese Academy of
Sciences. Flora of China + Volume 8[M]. Beijing: Science
Press, 1992. (in Chinese)

21 ZUPK, FHIE, B, M, i, fMilis, 2R,

g JEFHOR B RAE TR OTFEER]. h E
gl 2020(6): 46-51.
LUOMJIJIX Z, QIN X W, YUH, ZONG Y, HAO C Y,
HE S Z. Research progress in breeding technology and in-
fluence of aroma components of Pandanus amaryllifolius
Roxb.[J]. China Tropical Agriculture, 2020(6): 46-51. (in
Chinese)

[3] 50, HIIR, FBeE, R, Mz, WAHE, ¥k, ¥
P, BE22 TR R A Y ROR TSR (], T E B0,



552 4

ARTLEAS - R RO T T A R 7 0 R AR - S R O 7 8OR o

441

(4]

(3]

(6]

(7]

(8]

[9]

(10]

2019(6): 15-19, 7.

ZONG Y, I X Z, QIN X W, YU H, HAO C Y, HE S Z,
CHU Z, HU R S. The development prospect of Pandanus
amaryllifolius cultivation in Hainan[J]. China Tropical Ag-
riculture, 2019(6): 15-19, 7. (in Chinese)

UL, ey, B, BRADe, FRol. b B R Bt
XoF )P | R A i SR R PR s A D], SRR,
2024(22): 69-72,78.

YU J M, YANG K, HUANG J D, CHEN L B, LIANG K.
Effects of planting density and substrate on volatile compo-
nents of Pandanus amaryllifolius introduced in Guangxi[J].
Modern Agricultural Science and Technology, 2024(22):
69-72, 78. (in Chinese)

2ol B A T R TT A 0] R ROl B
2003(5): 40-42.

LI X M. Development and utilization of edible fungus resi-
due[J]. Journal of Henan Agricultural Sciences, 2003(5):
40-42. (in Chinese)

AR, EHEE, Bk R AR N BB A K B
RS R TIE]. PEREAET, 2024, 40(11):
73-77.

GAO Z, WANG Y Y, DUAN Z F. Effects of mushroom
residue replacing peat on substrate microenvironment and
yield and quality of strawberry-tomatoes[J]. China Agricul-
tural Technology Extension, 2024, 40(11): 73-77. (in Chi-
nese)

CHEN D, LIU X Y, BIAN R, CHENG K, ZHANG X H,
ZHENG J F, JOSEPH S, CROWLEY D, PAN G X, LIL Q.
Effects of biochar on availability and plant uptake of heavy
metals — a meta-analysis[J]. Journal of Environmental Man-
agement, 2018, 222: 76-85.

ZHAO Y K, ZHANG A, ZHU X Y, HAN J L, LI P F, SHEN
X G, HUANG S W, JIN X L, CHEN S, CHENJ Y, LIU J J,
LIU H L, HUSSAIN Q, CHEN D. Comparative biotic and
abiotic effects on greenhouse gas emissions from agricultural
ecosystems: application of straw or biochar?[J]. Environ-
mental Science and Pollution Research International, 2023,
30(52): 112307-112320.

MR, ZEVENE, EAEN, B ALY BOE RN
BT ROFI/I 3 R B S (). WA R,
2024, 65(5): 1139-1142.

LIGS,LIZN, WANG M X, LU H Q. Effects of biochar on
soil improvement and yield and quality of Chinese cabbage
in greenhouses[J]. Journal of Zhejiang Agricultural Sciences,
2024, 65(5): 1139-1142. (in Chinese)

B, EET, X, BEH, TR, ISR
B g U R AR R ] R P B K 28R AR B ).
57K HEIE, 2023(1): 40-46.

(1]

[12]

[13]

[14]

[15]

[16]

YANG S W, WANG J P, LIU S, MIAO Y M, ZHANG Y C.
Effects of soil amendments on soil physical and chemical
properties of dryland apple orchards and economic efficiency
in the Loess Plateau[J]. Water Saving Irrigation, 2023(1):
40-46. (in Chinese)

KR, ARSCke, BEM, BN, WS, 5, SR,
FREI . A AR TR X A Bl L T O A i 7 R A
JREGFEMALT]. W TAMOR 722741, 2025, 42(3): 486-494.
ZHANG SE,ZOUWH, LEIC S, LUO X P, LAILF, LELJ,
WU J H, JIANG P K. Impact of biochar-based fertilizers on
soil fertility in tea plantations and their effects on tea yield
and quality[J]. Journal of Zhejiang A & F University, 2025,
42(3): 486-494. (in Chinese)

EWEL, ROKPE, XM, BEdiE. AW moxt I RIEH
Be B I RERUAE W) B AT S R (7). AR S S R IR AR
i, 2022, 38(6): 689-701.

WANG H K, WU Y B, LIU J P, XUE J H. A review of re-
search advances in the effects of biochar on soil nitrogen cy-
cling and its functional microorganisms[J]. Journal of Ecol-
ogy and Rural Environment, 2022, 38(6): 689-701. (in Chi-
nese)

KAz, REME, UBh, 20, FLAET, 205k, B
AN FORECAEZR A AR A B xS B o B 5
M), E3E2EHR, 2021, 58(3): 610-618.

SONG X Y,SONGCY,LIUX W, LI Y, KONG X P, LI X
L, CUI D J. Effects of application of biochar on soil humic
substances in cropland under wheat-corn rotation system[J].
Acta Pedologica Sinica, 2021, 58(3): 610-618. (in Chinese)
RN, EeFy, 2l (A, PR, EIMEL. EYR
HIENEGERENERE B 1 3E 0 B TSk e (1), M) & 77
5iEkl#AR, 2021, 27(5): 886-897.

ZHAO Z Z, WANG X L, LI H B, REN S P, CHEN J,
WANG L L. Slow-release property and soil remediation
mechanism of biochar-based fertilizers[J]. Journal of Plant
Nutrition and Fertilizers, 2021, 27(5): 886-897. (in Chinese)
FOLIR, XIEIE, MRiUE, BURRS, il A5
JEECHEXTBAB™ 5 . & B SRR R m 1],
HE SR 2023(8): 144-151.

WULD,LIUY T, LIN ST, LIAO C S, ZHONG J X. Ef-
fects of combined application of biochar and chemical fertil-
izer on yield, quality and fertilizer utilization of pepper[J].
Soil and Fertilizer Sciences in China, 2023(8): 144-151. (in
Chinese)

MUHAMMAD A, RAN T S, AROCKIAM S G P J, HAN R
X, LI H, ABDELRAHMAN H, SHAHEEN S M, ZHU Y G,
LI G. Biochar-derived dissolved organic matter (BDOM) and
its influence on soil microbial community composition,

function, and activity: a review[J]. Critical Reviews in Envi-



442

> 1R 47 %

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

ronmental  Science
1912-1934.

RIZWAN M, All S, ABBAS T, ADREES M, ZIA-UR-
REHMAN M, IBRAHIM M, ABBAS F, QAYYUM M F,
NAWAZ R. Residual effects of biochar on growth, photo-

synthesis and cadmium uptake in rice (Oryza sativa L.) un-

and Technology, 2023, 53(21):

der Cd stress with different water conditions[J]. Journal of
Environmental Management, 2018, 206: 676-683.

i+ H. FHERASHIMI. 3 RE. JbaT: HEARO R,
2000.

BAO S D. Soil and Agricultural Chemistry Analysis[M]. 3
ed. Beijing: China Agriculture Press, 2000. (in Chinese)
R, ST, BiE DhE RS R IR
e M R sk SR BE 5 [J]. WYL AR O A 4, 2015, 27(12):
2171-2176.

WU Z Z, SHU Z N, HUANG J. Effect of mushroom residue
and pig manure as conditioner on aerobic composting of
sewage sludge[J]. Acta Agriculturac Zhejiangensis, 2015,
27(12): 2171-2176. (in Chinese)

Mg, X, 29, X, Wbk, /b, i &7
FHw RE A HLUIE il S IR0 0], YL A2k, 2014,
26(9): 44-46.

WEI'Y H, LIU Y R, L1 J, LIU Y, HU Z E, XIONG X W,
PENG B. Pilot test and fertilizer efficiency test for organic
fertilizer made of edible fungi residue[J]. Acta Agriculturae
Jiangxi, 2014, 26(9): 44-46. (in Chinese)

FA57, DA B R A T TS [].
EMAL, 2013(1): 59-60.

WANG Y, MA H W. Research on the improvement of soil
physical and chemical properties by edible fungus waste
residue[J]. Agriculture of Jilin, 2013(1): 59-60. (in Chinese)
SOrsE, ERESE, WA, ERE, DY REEEHEE -
B BAR I AL BTN (0], A3 S AR B 24, 2015,
31(3): 340-345.

LI F L, WANG H P, ZHANG Q, WANG Q Y, LUO T. Ef-
fect of application of mushroom residue on composition of
soil aggregates in paddy field and its evaluation[J]. Journal
of Ecology and Rural Environment, 2015, 31(3): 340-345.
(in Chinese)

AN, EFR, 2148, BEE, P BEEFYRE
PR AR A S WF S R [)]. B RUR T4, 2015,
12(26): 134-135, 138.

HUANG D F, WANG L M, LI W H, QIU X X, LUO T.
Technology models and research prospects on the cyclic
utilization of fungus-residue castoff[J]. Science and Tech-
nology Innovation Herald, 2015, 12(26): 134-135, 138. (in
Chinese)

EHEEE, WET, W, S, SR, AR B

[25]

[26]

[27]

(28]

[29]

(30]

T A F AR AR AT FEHE R (). LR AL A4R, 2024,
36(7): 26-32.

WANG H X, ZHANG X Q, SHEN T, FENG X M, LI A B,
DU H Y. Research progress in edible fungus residue re-
source recycling[J]. Acta Agriculturae Jiangxi, 2024, 36(7):
26-32. (in Chinese)

BHEE, £, 50T, RO, 20, it 2RUE.
TR IS 5 T T Tt ) 7K R F 3 % 3 S Rt 35 1 1) 5% T[],
TLHAO R, 2024, 52(1): 191-197.

ZHAO Q X, WANG H X, WANG L Y, SONG Y Z, LI X,
YANG C, LI F J. Effects of combined application of bacte-
rial residue and chemical fertilizer on soil nutrients and en-
zyme activities in paddy field[J]. Jiangsu Agricultural Sci-
ences, 2024, 52(1): 191-197. (in Chinese)

AR, TAER, KR, TEE, FTEM, T, T4,
Zutss, X, AR B T R R 2R 4
FE S IR SR AT (] o E LIRS TR, 2023(4):
200-209.

MENG X H, WANG B C, ZHANG X Z, WANG Y F, L1 Y
M, REN P, WANG W, LI H L, LIU C. Identification of mi-
crobial diversity and correlation analysis of environmental
factors of edible fungi residue with different treatment
methods[J]. Soil and Fertilizer Sciences in China, 2023(4):
200-209. (in Chinese)

T, EAEEE, RE, EW, BEM, XY, wKIE,
TR, B, EIE BAEEELSS A AELER). &7
JHTEH, 2024, 46(4): 6-9.

YU H Y, WANG Y F, SHI L, WANG J H, SHENG C G,
LIU Z T, ZHANG P, WAN L, ZHAO J, WANG F. Review
on comprehensive utilization of edible fungus residue[J].
Edible Fungi, 2024, 46(4): 6-9. (in Chinese)

JOSHUA O 1, CHINEMEREM R O, VICTOR E O,
MUTIAT O, WASIM A S, JAYANTA K B, CHANDRA S
S, GANESH B M M, SAM A C, SELVASEMBIAN R.
Biochar for ameliorating soil fertility and microbial diversity:
from production to action of the black gold[J]. iScience,
2025,28(1): 111524-111524.

FIRHH, Wz, £, B, W%, /iR, Rk
i, =G R T A W R R A SR 4 K B B Sy
RS2 [I]. T ELOLRE, 2024, 57(13): 2612-2622.
WANG QY,CAOD Y, WANG D, ZHAN Z Y, HEW Y,
SUN Q, CHEN W F, LAN Y. Effects of long-term applica-
tion of biochar on nutrients,fractions of humic in brown
soil[J]. Scientia Agricultura Sinica, 2024, 57(13): 2612-2622.
(in Chinese)

ZHUANG WL,ZHAO CC,ZHANG Y J, YANGZL,LIG
Y, LEI S, ZHANG S X. Synergistic application of biochar

with organic fertilizer positively impacts the soil micro-food



552 4

ARTLEAS - R RO T T A R 7 0 R AR - S R O 7 8OR o

443

(31]

[32]

[33]

[34]

web in sandy loam soils[J]. European Journal of Soil Biology,
2024, 123: 103680.

XUE J, YANG B, MUHAMMAD R U K, KANG X J, PAN
K, WU F Z, THOMAS P, ZHOU X G, ZHONG W. Biochar
stimulates tomato roots to recruit a bacterial assemblage
contributing to disease resistance against Fusarium wilt[J].
iMeta, 2022, 1(3): e37.

R A YRR A BRA B A RFAIATE N24 K
i FH: 202110394139.9[P]. 2022-05-27.

Genlido Biotechnology Co., Ltd. Bacillus subtilis N24 and
its applications: 202110394139.9[P]. 2022-05-27. (in Chi-
nese)

B, BN, TR, BIARERE T AR Y N A R A N R
o3 B e SO AR I AP D). AR 24, 2010, 50(6):
710-716.

HUANG J, SHENG X F, HE L Y. Biodiversity of phos-
phate-dissolving and plant growth-promoting endophytic
bacteria of two crops[J]. Acta Microbiologica Sinica, 2010,
50(6): 710-716. (in Chinese)

HAEAY. JSEFHAT R B R A AR AE D). AR A MR
2%, 2017.

[35]

[36]

[37]

[38]

XIAO T F. Researches on genomics and comparative ge-
nomics of the genus Paenibacillus[D]. Fuzhou: Fuzhou
University, 2017. (in Chinese)

JJAAY,SONG X J,LISP,LIUZP, LIU X T, HAN Z X,
GAOHZ,GAOQQ,ZHA Y, LIUY, WU X P, WANG G.
Biochar enhances soil hydrological function by improving
the pore structure of saline soil[J]. Agricultural Water Man-
agement, 2024, 306: 109170.

LUOPY,ZHANG WK, XIAOD,HUJJ,LIN, YANGJF.
Biochar-based fertilizers: advancements, applications, and
future directions in sustainable agriculture: a review[J].
Agronomy, 2025, 15(5): 1104.

XIANG Y Z, DENG Q, DUAN H L, GUO Y. Effects of
biochar application on root traits: a meta - analysis[J]. GCB
Bioenergy, 2017, 9(10): 1563-1572.

PALANSOORIYA K N, DISSANAYAKE P D,
EL-NAGGAR A, GAYESHA E, WIJESEKARA H,
KRISHNAMOORTHY N, CAI Y J, CHANG S X. Bio-
char-based controlled-release fertilizers for enhancing plant
growth and environmental sustainability: a review[J]. Biol-

ogy and Fertility of Soils, 2025, 61(4): 701-715.



