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Abstract: In response to the prominent issues of cultivated land quality degradation, low resource utilization rate of
agricultural waste, and outdated traditional seedling methods in the red soil region of Guangxi, this paper systematically
claborates on a formulated substrate technology system based on the resource utilization of agricultural waste. This
technology utilizes regionally advantageous agricultural and forestry wastes such as sugarcane bagasse, eucalyptus residue,
and cassava residue as raw materials, constructing a specialized substrate system suitable for the characteristics of red soil
and the seedling-raising needs of staple grain crops through systematic processes including raw material pretreatment,
carbon-to-nitrogen ratio regulation, physicochemical property optimization, and functional component compounding. The
research results indicate that the optimized fermentation process can shorten the decomposition cycle from 60 days to 21-28
days. The biochar-humic acid coupled acid regulation model achieves precise control of substrate pH from 5.5 to 6.5, with
the cation exchange capacity increased by 30%-40%. Field validation data show that compared with traditional soil seedling
cultivation, the formulated substrate increases the seedling survival rate of rice by 15%-20%, reduces fertilizer input by more

than 30%, and increases field yield by 10%-15%. This technology constructs an ecological circulation chain of "waste
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collection—substrate processing—farmland resource utilization," achieving an emission reduction benefit of approximately
0.8 tons of carbon dioxide equivalent per ton of sugarcane bagasse in terms of ecological benefits, and reducing raw material
costs by 30%-40% compared with the industry average in terms of economic benefits. However, there are still areas requiring
improvement in current substrate technology, including the lack of a standardized system, insufficient stability of functional
microorganisms, and lagging intelligent supporting equipment, which urgently need to be addressed through systematic
research. This provides theoretical support and practical reference for the high-value utilization of agricultural waste
resources and the improvement of cultivated land quality.
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29, WERWIEL TEGEERER GOl E£40. Bieth. Br bR 1, #t
H BT B R S 5T ARV VRS Gea B L MR IROE P R A O AR IR R R AR AR S,
PEVE AR X LR R, BRI . RE . MORER O THEY = B E 25, (HKIHM
Bk AR = R T I 22 S MM . BRURME S AR A PR, ALK 5 T Pa A T AN 68%, 3% pH [
ALY 4.8, PHES T ZHEACT 10 cmolkg, AMURELZ . TAEMHEVE RATER R H, EEHIZ
TEVIIR R R E 570 FIHRCERD. S50EE, 708 H L) 3000 F50E, #2464 5 500 Jiml, A%
#5200 Jf, fHEE RGeS 30% A b, T RCETIRTR B 5 FREE 1 AR AT 1) R B

MV 75 BEIRAIE LU R BT e AR A BRI IMb . OO HEML . B S A A% ORFIE, N
il IR AE T OB HER B AR DY, AR AR IR S Ay B R S50 5 AR AT PR
FREARER, Mg CRFURE LRI T—R H LRI A SR EELL, seolfth
FRERRTE . AIERCE I ROV IEG QIR HAE 2 8 B ARUT. SR, 41 5 B AE S bR S H A 47
FAEFRHEACIR R DHREEMRR B EAR . BRI BC BRI G . KIS HIER R R
LA TEE Z A . ARSCET I H FIATE) 7 2 M IR T SC e SIS IR, R SR BT T b2 TR A4
R AR LT R R ML, R A AT BOARAEAE AN R 52 H 5835 T7 1
1 MRS%
1.1 FPRbRE

A TR RN R W R R FE TR M R, WRERT UM T SHA%ET
X.o HBEEESRETHE WREFY, SKE 45%-55%, AL 80:1-100:1; F SR T #i5 &
AR AW, EIKE 40%-50%, RIS A0 A o 7R AT I EE AR B s RS SRIR T UE R I LA,
TR 60%-70%, BRAELLZ) 30:1-40:1. DhfgtEiiklGFEfFE 2 YR ORMIREE 500°C-600°C) | JF
VAR (SRR SR =65%) « BEMEM (B3, KMREALE) K2,
1.2 EF#H&TE

B GG AR DAL RHERS . DR E R ARG r et RIS, EAAERE (A EE 50%-70%)
ST IZ LR G, TR T2, T K0T ReE e . RS A R
T2, B RHMEHR R 55°C-65°C, 4EFF 7-10 K, JE#H 1421 K, BJEHJEHI 2128 K.

DheetEhibl S RCiL LA PRk T: (1D REEARF: BANEDR (EIRE 5%-10%) 58I
(FUEEE 2%-5%) , FEHEATTEER pH & 6.0-6.5;  (2) WP T I NGE/KE T2 A5 1
TR A2 (RREL 10%-15%) 5 R RARAEVDE MDD IR BRAR T 3 A0 R E R PR (3D
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JEBEAL R S DR B B NMEN R B AN B B I (IRRREL 10%-20%) , HEftlem L (R
25%) , INMEERE BRI 5%-10%) W ERAE. SHSEEHERE. WERE 58 R
Bije, ZBRbTE 7-10 RIE i Ve RE L 77 585 7
1.3 FALHRI B 7 ik

FERAE. AL JBAILBREE . FKALBREE SV EFR bR 2 IR CRES B 5T 81T HoR BT )
(NY/T 2118-2012) JU5E®, pH {ER A EBEMRE (EKE 1:5) Wi, HSRKHB SR E, S
TR R A SRR HENE o AL SR H S IR A Bk e, SECRA LR E ZENE,
A R R R IR S AR SRR B P L (5 , SR F LR ERIR 3 - KM G VR E
1.4 HEHREBET

HH [R] 38 E TR GG T 2024 AFA7E R 7 1T Q0 X gEAT, s/ it Pl oA 22 1 3 3R S A o 156 15 3 AL 3.
(D fEELEEE GHRD () FERAERER: (3 DhREMRRERE . FAM 3 RES,
BENLIX S, BB Bl e R . BRP BT BEAR . R RIE 155 R KRS W E 77 5E5)
. FRm. B TRIE M. RIRHCSRAIER R, TR R,
2 ZREGH
21 FRTLET MR

R H R . RZEES RS AR RA LR, @R R A 25:1-30:1, FAL
ARBTE, BAJTHES 60 KA ZE 2128 K (R 1) o MWFGELKELIE, LB
Ik 85%LA b, VHBRAEZ AR FORHHAL BRI R B VB, RS &, wHRTHE R
RES 3, REEE .

1 BENERETZRASEN L

Tablel Comparison of optimized parameters for raw material fermentation process

TZ2H 5 T2 AT AR
BRALL 40: 1-60: 1 25: 1-30:1 A 30%-50%
TR 50-60 21-28 Y55 50%LA_E
FIKE (%) 65-75 55-65 A 10%-15%

TRRHEARIZE (/R 0.5 1-2 N 1-3 %

22 EFREHAESEAER

TR, e T RIRECTH S . AVR- IR G ARSI BT pH I 5.5 &
6.5 MIFEHETRYE, PHES TR IRESET: 30%-40% (K 2) , AUEMAIERREFEE A, B NAERE
HI7E 0.3-0.6 g/em® , HAFLFRIE 65%-85%, 1B ALBR SHEKALBR LB E 1:2-1:4, HHLRAR R IFIE
1% 5 7K AL -1
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Table 2 Comparison of physicochemical properties of different substrate formulations

Eiztan (i i HAth A Thee 2 5 i
pH & 52403 3402 540.2
HSE (mS/em) 0.840.2 12403 15403
FHE 728 #e 5 (cmol/kg) 8.5+1.2 11.8£1.5 132+1.6
AR (gke) 152+2.1 28.5+3.2 32.4+3.5
HE (glem®) 1.25+0.15 0.45+0.08 0.4240.07
SALBRE (%) 48.5+52 723445 75.61+4.2

2.3 BHBRKIE

IR 45 R o, BCHOE I AR B S IR A i, KRR IR T 15%-20%, PR HE5F 45

ok 0.85, WA IEESE R 25% (R 3) o DhRERIHIREL FURCRIL T AL o7, HIHRRIIAE B

FHUGE T IRPR GRS .

R 3 ARALEE BN

He iz

Table 3 Comparison of seedling raising effects under different treatments

izt fegi 13 Sent A 5L )5 T Re Y 5L 57

R (%) 75.2+3.5 86.5+2.8 90.2+2.5

T HE S B TR 4L 0.68+0.05 0.82+0.04 0.85+0.03
RA&ZE) (mg-gh™) 0.32+0.04 0.39+0.03 0.41+0.03
BHHIEEE (2 28.5+2.1 352418 36.8+1.6
MRt E 0.28+0.03 0.350.02 0.36-0.02

2.4 RHEIMF=RN

KHEFEAG, ThEe R 3 B AR e FH =08 2b 30% L E, KFE~= &S 10%-15% (K 4) .
TEHRE FREVEY) LN H [FRELGIE T 32 R R s 75 B A SR R KT 2 85%, SLSdi ERgE hn 1-2
B, RIS 800 vy KAEMEERIEE R 95%, 550K IA 908%. Lid#iiEad, MR AR B

W P R R TS BT A RN

R4 FRAEKRHBEMBER

Table 4 Field yield and component factors under different treatments
LA (i i HAth A 3 Thae 2 5 i
B R/ D 18.5+1.2 20.2+1.0 21.0£0.9
FERLEL O 125.3+8.5 132.6£7.2 135.8+6.8
SR (%) 85.2+2.8 90.5+2.2 92.142.0
THE (g 24.5£0.6 25.2+0.5 25.4+0.5
Shrre e (kg/m) 485.6+18.5 535.2£15.2 548.5£14.8
HIERER (%) — 25.3+2.5 32.6+2.8
g

3.0 EFRALK A BRI S S 24T
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HJE AR E LT 60% Gl 7S 2 B S AR RS O . Rl L2 e IR A %
SRR A 1) R SE A I WY, B R T e Y R R AR E ME AT R PR 0T, A, R E AL
THREATINRE Sy Bh A, M LASEIL™ i o 8 ) DR PP A o
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BMEL AR AL, BRI 13 MRS HEALBC T B
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(1) SEEHER RS AN B . INPRESLE & RN B T2 P, BABAR
AR R, TSRS 5HE) v bRk 2-3 T, JFRH TR POER M B AR, g7
pH. S5, FLERE SR AR 5 A I 735, PR A B o 2 37 B0 7= O A DA IE |
E, TN HA T .

(2) SRALThEE AR YIRS B MR 7T o TF R ThRE I Vb AU 2k A A R IE B R RE 7L, AR TR B 6
ML A TERSAR T2, EKEFRA. B B E A ThRER I ik, JF R IET il 2
FE AR DR VE PO PR BER o SIS SE L e SRR I L E TR Bk, AR AR
T 5 o

(3) HACEEBT-VEY) BAENLEIRE TS o S TVEY)- LI - 2R 55 2 IR 7R & (T 7 PSR AL, Bl
AFEEYD S ASEAE B B Bos B 57 B IR 1) 75 SR BB . SR FH 20 20 AR i AT B i R A iR R i A 5 1)
PERIALH, 48R T% 0 B oA S5 A E VRS B 7 DL AR AE o AR B KR A H (RIS E 4l , S s A
[ A 25 X R AR R B P

(4) HEHR BRI R 55 TR SEFERIER B E HRE&, LIHM. k. 3
SRR B 2 SAEHEA o HESEVIERIN . R EEHORAEIL A 7 5 8 A I B AR O, gt Bk
Rz” P6, LM HERE . mAR R, BEeTEEII6e. InoRE = R LR & I AR E TR,
o I 2 2 TR P A

(5) AR BN MR 2% o @ 2 RS XK AR A, RS A k
AR HEOR N FH 88 o T R B Kt P LI R IR AR, EE RSN
LB RGEVAS, LA SR AN

(6) TREAEBME LTINS FF AR AR Z P ST AR FH i AZ S 7 vE %, Mg A L
B R TEVPAS AT o IR BB I RBAR NI AL 2 T AR B AT, HEBN AL “BRIC+HE 7 4k (4
RAIHTAL o R G BUKS L BT R RGN I ) ORAP MG« G PSR G RO i S U SCRFIE
T I AR A M SEIRA N 2 5 A 2 W PR 2504
4 G

(1) ARFFFER R T 5T RO 759 B2 AL R O TE b B T B Rk &, B AR A L A 4 2
25:1-30:1. HRKREET A, SEIEPEYIL 60 K455 2 21-28 K, W AT 4EAL IR 7 i 15 %0k
85%LL L.

(2) M-I T TR HE A5 R R A S B iR pH M 5.5 R BRI & 6.5, B T2 R Tt
30%-40%, &5 25 EIEGIE 0.3-0.6 g/lem® , HAFLBRSE 65%-85%, 18 AL SR KFLER Ll itk 2=
1:2-1:4,

(3) HIALRAESE RRY], FHER BB AL S LI E WK RIRTF 15%-20%, FE85%
FEFREX 0.85, LB E 30%LL b, KHZ S5 & 10%-15%, B RFRTE 85%, mHiHH
7= 800 JT .
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00 oA 5 A 3 S ERCSREAT L ) G0  om DA RE

(5) BRI T “IRFVEE—IE PN T—R H B IEAA 7 AR S0E S . BT
BT TR £ 20 0.8 W — S A0k 2 Bk, EORH A BT LT KT B AR 30%-40%,
ANV IR TV IR s AR S b B R AR TS it 1 R B BOR S
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