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Preparation of wood fiber-chitosan biomass foam and
its application in soilless cultivation

TANG Zhi'?, CHEN Xinyi’, ZHOU Xiaojian’, ZHENG Qingzhuang®, LIAO Jingjing'
(1. College of Landscape and Horticulture, Yunnan Agricultural University, Kunming 650224, Yunnan, China;

2. College of Materials and Chemistry Engineering, Southwest Forestry University, Kunming 650224, Yunnan, China;
3. College of Materials Science and Technology, Beijing Forestry University, Beijing 100091, China)

Abstract: [Objective] This study aims to develop a cultivable foam made from renewable raw materials for
use in soilless cultivation, thereby reducing reliance on conventional molding substrates such as rock wool and
polyurethane. [Method] The soilless culture matrix foam material was prepared by mechanical foaming of
wood residue fibers and chitosan gel. The effects of freeze-thaw treatment and Triton X-100 on the macroscopic
morphological characteristics and foam volume were investigated. The structure of foam was characterized by
microscopic morphology and infrared spectrum, and the effects of of citric acid as a cross-linking agent on the
fundamental properties and cultivation performance of foam was evaluated through water retention

performance, absorption tests, and cultivation experiments as well. [Result] The freeze-thaw treatment
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significantly improved the pore structure of the wood fiber-chitosan foam, with 1 g of triton X-100 (TX-100) as
the optimal dosage. The addition of citric acid induced a cross-linked network within the chitosan, which could
effectively enhance the pore structure and water retention capacity of the foam. Under the condition of 40 °C for
12 hours, the wood fiber-chitosan foam had a water loss rate of only 69.21% and its water absorption capacity
reached 68.15%, a significant improvement compared to the foam without citric acid. In the cultivation
experiment, the growth performance of Raphanus sativus was second only to that grown in polyurethane foam
cultivation substrates. [Conclusion] The combination of a freeze-thaw process and the use of Triton X-100 can
create a uniform pore structure in the foam. The wood fiber-chitosan foam prepared with citric acid as the cross-
linking agent can meet the basic requirements for plant growth, demonstrating good application potential in
practical cultivation experiments. [Ch, 7 fig. 1 tab. 25 ref.]

Key words: agricultural and forestry residue; wood fiber; chitosan; molding substrate; soilless cultivation

Wit A 57 3h ) SR A ROV 1Y A8 Ak, it e AR AL P X ALARAR I 7 SR A aa ot R AR
PIbREACAR TS UL & R R RT P2 . oI —Fh 2y . sk ARiEAL AR, W] DA 1
RARC S SRS R B SRR AR A, RS EY T R A B, I AKIE R, R SR AR
A 7 RS E AL R AR 1 B IR AR

SR, AEHTC ARSI e Ae . BRRRAFHIUARIE T, AAAE LR I S i E Bl . A LR AN I
BEFRWTC B ARIG AR, X DA R MU 2Rk . AR s S i A K S el 45 i AN 3R
DRI I 8 o N S T €Ay (R Y R s 70 = % ) T IR SO Rt VI L NE I A N R 3 67 oM = T 18
PR el SRR I TR LA S A R B S iU R SR BRI T 2, b e A e AR L AR KOs A
e MEREAR EL RSO A & o RATRRIR AR, HELAMIERS Y AR, HARTT A JfERE
file . FRORIEZESFEERG . i, WFSEN B UG R BOHA AT R e o 5 SR R A G Tl 45 B — o ik g
PR R TR R A JE ST 0 BT DA T R SRR R

YA AR R A BRI FOR AT FAE | SRIET 2 . 5 TRl SISz 280z 6, JIPH TR,
e, sk, R, X P A R AFFL BRSSO R T A AR G 5 T s 1 A DG B S A T3
AR HTHEARES . KL R ]SS, AR AL 4 O 50 T 4 R 3 5L o ok
R AEAAAEARNE MR PERE 22 SR B, (IR i 4 AR, RIS AR T 2R 2, B HERE S 1L
B . 456 0155 . S5 2 mEs, ik, RMSRUARSGGE B, Ea7c RS, i
MU & 10 03 [R) R i e PR S F R 1225, il — PP AL BR S5 i 3550 AT R A /K RE G5 1 8 1) AR 27 4 -5 S b
EAEYHIIR . A 5T o B T2 5 B A 41 2 50 SRV IR 10 B A RS Oy ik BT ], 5K
IR S I M R B W R K NE MRV, IRLAE ™ Raphanus sativus $EATRIG RS, SRR B985 0 H
PERE
1 #MH5 7%

1.1 #R5UEE

FARLYE, FARHKBMNLEAITEABRA R, KR (AA) b, Rt RSt 25 B4
AIRAF; 52BBE (CS, /0T824 30000), 2w BB R A RA A &R (CA) b4t
WA TR AL 7 A FR AR B 380k 98% i Hi7id (TX-100), JbmtZ kR ERHEARA R Ak
ortiral, RESTRHE S A RA R oK GBS, R = A BRA R Ao dr
afi, EZEREARIAT AR B aPral, KEhiRhEg Rk =504 A A .

JE3002 7K, FiFHE RIS E R/ E s DF-101S S UE IR A it dkes, T Ciiflo
I ER & A PR F] 3 BCD-407WSPZM(E) FLVKAR , A IESE AR VKAR A PR F] ;101 78 o BB XTI A
b mtH AOCI BEIF A ER A FR A R s SUST 5569 Jrfig J12# i Bedl, BRigH = BB R SARAF ;
TESCAN MIRA4 H¥i i T i, 228145 (P E) A FR/AF ; Thermo Nicolet iS5 f# L M- 2T /MG, 2§



55 43 5 X ) B ZAE ORE YRS R AW O IR A KOG AR e 3

PR RBHE A A ; DDQ-BO2L1 FT8E#S, /NAER AR A FRAF]; Nexsa X SFGH FREIHL, FEER K
HRBHE A AL
1.2 REFHE
12,1 RAF%H-RBERGRAE L WERFRI—E & 170 R T R R 1% MK SRS
W, TG, 19805 BBK B FUR AR . A —E R ATETR 40 °C KN 1 h JGIRA L4, Ra,
T — & ] 1 22 T % PE R TX-100 J5HEAT R0, BF5% 7 ] 5 40 55 104 2 T8 376 P 700 %ok 280 T 2 i s
a3 SR FH BT 1 7 ORI Rl B - I A o It 1 0 0 OO0 B T A TR T o
122 K- R ERGH & HEFIFRIL—a 2070 RS TR E N 1% 100 mL 7K O RIE I
TR, TEBGEVIAAR)S , A& LLBIRFTERR, 75 40 °C TN 1h, 158I5ERIKEERTIERIA,
BEJG AL 60 H 22 AR LF 4k, Zad 4T E 8Pk 2~3 min, #9830 min, 570 SOBH /K BE G i SR8 1A 5 K
YRS . IA—E IR TR TX-100, FIFHITE LS FE 2~3 min K], ZHUM LIS A9
WA VKA T, 620 °C FAR 12 h, BEETEERDFAEREEIRS B NEK. BEESIEK, S,
AEINIE R PR 3k, RBRAR DN AN . R E R E T 80 C BYMLAR h iE— 25 IO 5 24 h,
RPN Y -se RMEIR, A RUSIFTBERR FH A 72 B - R 4R IR (W-CS), BSIATEEIR ik
FPRERRAS B 7 R AR LT -0 7K (W-CS-CA).
1.3 WX 5 RAE
1.3.1 3Urid FIHOE/ENEBER, BRBaREAE R (V) MK CBEERT, R Ibe
RANTEK SR BARFL (V,), 5 min JGBUHEESR , 058 BLA oK ZBARFUCR (Vs). FLBR (P, %) i
X (1) 5
P=(Vy=V3)/(Va=V3)x 100%. (D
132 EMEE  HERIE R R R . 98, &, BRI S IR (1), HEFa0r
TR BT (m), FRG IR (p) A (2) 1157
p=m/V, (2
133 BORB MR B TIRAEESE TN T LRREIFICSR, RG5> B2 A 228K 4340
0.9% FALGRE I BERR T 24 h, BUBJEHOETT - ## & 1 min J5FRE . BoK h) % () B A= 3) 1A :
O=My—M)/ M. (3)
K B) e M AR ETFES TR, My SRR R R T
1.3.4  PRARMEAE  ARE SCHERHGED, B TR RR SR K e, RRRESR KIS, A 40 C 1Y
SRR, AR LR T 1 RERE 505, #ELET 12he KIKR W, %) @it @) 115
W = (m; —my)/my X 100%. (4
K@) e omy AFTWAKSG IRER TR 5 my SRR FORE L BT AL
1.3.5 5 Mak S GB/T1041—1992 ¥R R4 RE I 77k ), R =7 RE J12A A5G ML (R =
SRR AR BRA /) MRS I R REEA I, R4 HEN 2 mme min s
1.3.6 AREAHE B TIROFESCE T2A TR ECN 0.2% FBBLLER PSSR, 10544 30 min
IS FERIEBITAREE (C, %) @it AL (5) 15
C = (my —mgp)/my X 100%. (5
K G myg HEARIBBLLE TR, my NFRRAELLA TR .
137 AFMabr TG 05250 FURE R Sl i 8 B 2D GG T 85 M R AR, SR ARG e
I VR MR B G5 R RAE , TSR 4 000~500 ecm™, FHERECH 32 1K, 4y R K 4em™. FIH
X SOt HL T REE 43 0 2 B A (C) . & (H). A (N) i,
1.3.8 ML ST FE S 2R T HOUIE S04 AE 8 TESCAN MIRA4 B L BE b T EE . H S HLIR
WO RE AL B EAEER S 1, FIE FIRSH G T A B, FR s R 15 kV, RO RO IE T 2R



4 wOTL A MROR R e 4R 20254 X A 20 H

139 #Hw sk PEHGTAIREBRGRIE XTI, 2 RI7ERERhEE s LA O % MRlT-, RERlFEMh B
341 B 12d, MEMRIRIK, 2RULZERIES .

2 HERGAHM

21 ARAHU-ZEEQANREIZHR

211 AR RN E SRR RSN a WA RIS R I AL 45 R AR AL
R EHEETEAL, IR LRSS A 5] (B 1A). 25T, RRE 8-S B0 R X — A P o PR
Iz T e R BOK BERE , FIURARIRR VR, IS T A 7R 0y AT DA 76 RME 7450 3 B
JCEHTHES , Hor 1% b i T 5 5 MR A BLAE FHTE i sc ik i 0 FE A A v 1 3k A v 7 RO ik
FEAR A T SO 58 SR B [, Be bl SR T — e FEEE 0 ACHE, A7 Bh A s nAs e ()58
BXMIZ8 254, I T AREF -2 R RIA S 4, WIS IR LIRSS 1 . AMFRIEVU LG, %%
FROEMHIEA, SRMIR, H#TTEER)E, 2R E 1B FiR . o] W Nk fh e 2 o i
VR BT A, VITE R B Y S R FLBREE R, BRI, RS T TR A T AR A R I
BT

A EETH: B ARG T A
B AR AR TR KA
Figure I Directly dried, freeze-thaw dried foaming materials
212 R\ EWER A @ ARG a ARITCR VRS T B & i =, PR 1o 39 4 57 £l
JFH XA (4 FLIR B FFL IR 2 M A S S 5, 00 A B i A 27 4 -5 B IR 25 A e BE . 1 2 R TE] TX-
100 ¥ fin 2 ZE WL AT 5 IR R RV AR AB Bl o e RES IR TG PER BB DL, HLAREEHT 4 LUTE s
%, EZWAMA RIS ECE . RN TX-100 5, FEE MR, AR S B LT, Y
TX-100 WANKF 1.0 g i, R m R H B MK, BREEE 6~7 cm, THEE I & AT BHL 4ER5 7
4~5 cm WG o SRR Ok BROAR SR T IE A 300 A e T & AR IR R LA B L BR I o AR s oL, (AR
B2 RIFAELIT IR R . PR R WA RIS IR, &g L7, HY
2 T M AR S 0 o A A I PR RO B (CMIC) BE R TSR T N PR AR, W R S v A S gk g K0T, 3
BRI IR I AR R R AR A

EJiiprcg el
AN

¥ T & )P

B2 REVAEHK B2 0 i8R E AR
Figure 2 Foam volume with different amounts of foaming agent
22 IFIREEN AR 4E-RRIEEAK M RE R RN
22.1 kgt K 3 AR W-CS-CA BRI | FLERA . IRK A [l 55 A X T W-CS 432 BT



55 43 5 X ) B ZAE ORE YRS R AW O IR A KOG AR e 5

Ao B Y T PRSI E B SN el Y R A B A AR RS E PR R SR FTRRIR A AT B W] R OIS IR
MPURSRIE . % ] W-CS-CA IR R LR, B Ll REAFFEFT AR IR IR 72 M AE AR LT dE R 1 1
INEAERIT, Sl 5e R B 0 B e FLBR N o TEVLIR A IR AT T, 72 R R SRR HE 18] K AR 1Y
BN B 52 R AE AR 20 HoA WAL E T A S B REAY, (Bl THSInE B, BUl R RE I RO A
Uik

0.05¢ 110 25, 125 0.0101 105
%004t 108« 20 20 £ 0.008 10.4
o P < o o
50,03} 10625 S15 15 ;i %p( 0.006 -0.3§+
oo | loa®™ %10l # o lon &
= 0.02 047 F10 10 F FE oo 02E
5 oo {025 5 5 1 0.002 {o.1

0 0 0 0 0
W-CS W-CS-CA W-CS  W-CS-CA W-CS W-CS-CA
T i FE 5 e
CPPFLBR R KR A WER R EIEmE Bl

B3 W-CS. W-CS-CA #3Hk
Figure 3 Physical property of W-CS and W-CS-CA
222 AFEMHH  HIEIE W-CS-CA Hh EEZHA /37 BMER A 25828 4k, X R B IAR£F 2 11
CS. CS-CA #HATLLAMNEIE M1 Bl 4A 7T DL 8 S8R 3] 52 BB AL T 1656 A1 1597 cm™ AOTERE T 1Y
C=0 {4 s MR [ /) N—H 25 i 72 2l W 7E 22 156 f 04 T AR B Bl 385 K0S SR BZ 8 T 5 RBE Ry
BER 2 18] ) & AR R AL SO, , AT B T B8 Z2 (R IBERG SR . PRI AR EF 4R CS. CS-CA #H47 N iy
X SHEJEHLTREIEHAR (XPS) 2087 (B 4B), AT VLR INFFEERR G, MRS %) 5 8 A e il iy B i i a8 Bk
AR o IR T o RO R R 2 ] A E R AL S NS, I HL R AT IR 1Y) A i D B R
W AR AL N2 I

A ! B [cs
| NH
CS N
LY
1 656 1 597
; CS-CA
; NH,
CS-CA ! >
. , . L . S — —
4000 3500 300025002000 15001000 500 403 402 401 400 399 398 397
WeH/em™! HFaE A RE eV
C ;
WS — SRR ‘
2900 Fy R R A2 10 7 T R
341673369 Tk fic 5
| —ak
| W-CS-CA — REF4E-5E BRIk
: PG R AC A £ 2 58 T IA
I
|

4000 3 500 3 000 2 500 2 000 1 500 1 000 500

WHBU/em™
A.CS. CS-CA IZIAMEEE; B. CS. CS-CA [IXEHEE P e Ut Rk &l; C. W-CS.
W-CS-CA LT AN

B4 CS. CS-CA. W-CS. W-CS-C #yfL 544
Figure 4 Chemical structure of CS. CS-CA. W-CS. W-CS-CA

g 1t — 5 AT 2 X I TR AL AR R R R, % W-CS | W-CS-CA HEATLLAMEE ST (B 4C), W
SR Y AR LT YE RN B R Te AT T . W-CS-CA 7E 2900 cm™' L Tl , R ALY FLgEER
H—CH, Fl—CH; WIS shid 2 fU7 ) 206 7E W-CS A WEEH] . [, 78 3 416~3 369 cm ™' #RAFAE
AL E RER, MR /N BT LIS E] W-CS-CA A 2 FEILE R, 0 A0 3 5 ] LUK
F| W-CS-CA & A2, X 5K RK B LSS — 3.

223 #AMHK K S HAFEBORAEE AL 4E-7e R IR A ER B . BORRRECK 30 5B H



6 WroIL R R K A R 20254E X A 20 H

BelE R, Al RIWLEE R W-CS (I LBRSS M IF AT, JF ELEF 22 2 1] i) 22 SUSCOR T AR DR 454 . W-CS-
CA ZF4E LIRSS S W, I HLAF 22 2 18] W2 70 BOM TSN 1 IR A LB R o IR 2T 4 i S 24k 4
5 LUJAN 5 RSS2 R B 300 4% 5 AT L S L8 21 £ 22 1] 3= AR AR 5¢ JM 58 I AH L i
Hio [P 5 AT RIS B SCHRBE Y LT, SRR 22 3 10 B OE T AL RS o X2l T AR IR Y
AIMBUE AL 22 L RY5e R Z A A T SR A AR, JF Eoh TR Ry LT, MRE R £F 22 35 H
ARG T KT S EIR R A A SR, AR TR BOKRE R LTt

0 ’ 20"t
| & '» =g \-. =

A. B. Ci%a?-cs; D. E. Fi%a?W—C-CAo
B 5 AKfZe-eRAEEIKS SEM R A
Figure 5 Scanning electron microscope (SEM) micrograph of W-CS and W-CS-CA

224 FRARMERE PROKPEREIRIL TARIG BB IR A MR R K e 1, (ROKPERE2E Ak R S b kL 5 T
W, AHITF R MIEEAT, T BN ESRAOKAE, Bk R xR . & 6 vl %: 7£40 C T, W-CS
WK 5 h BFRKFEE A 91.35%, 6 h B2 RACRE . B TABERAIMA, W-CS-CA EIKEA T
PIFLBRA, R e, 76 5 h B JK AR 36.81%:

225 KRB AVERE KT ] LA — B ] Y T K L K A3 T R TR B ) B R v R L R R o e R
VERVERARTERY, RPN TSR AE ISR ST A i, — @B BRI T BB E AR G A T gk o #h
& 7 LS. W-CS VIR FF AR BE K 50.06%, W-CS-CA W FFF L BE IR 69.41% ., W-CS-CA WK £F 2255 M43 L
MNITTE B 2 0 B4 450, B T A R B AR

100 - 100 -
80 - {{ 80 F
F% S I
S 60 e = 60
ﬁ E/f’ i % I
L 40} s }i 40 F
o e RO SRR h
20/ & o NTHF BRI A £ 4t 20}
0 1 23 456780910112 0 W-Cs W-CS-CA
5} il /n FE &
B 6 W-CS. W-CS-CA ikt % K FE B 7 W-CS. W-CS-CA #R A2
Figure 6 Water loss rate of W-CS W-CS-CA Figure 7 Adsorption degree of W-CS and W-CS-CA.

2.3 FEREAXS AR LT 4E-55 B HE AR T s B M BE RO B2 M
£ W-CS, W-CS-CA & MFhFYnl L 2F K . B 1 a0 AREEE W-CS-CA s Mk . R



55 43 5 X ) B ZAE ORE YRS R AW O IR A KOG AR e 7

£ BN THRIEE W-CS b, —FHEZH T £1 ITHBA.W-CS.W-CS-CA fiigE N £IE

BERRYE N T IR i S IR BE AT 77 A T B 2 K fL faHR
IK/?\ % #ﬁﬁ Uﬂ F iﬂ% ﬂ% EE E,(] %%ﬁ{)}% Eﬁ—c E& 2 Table 1 Physiological indicators of plants in control group, W-CS and
, ; e ;,_ . W-CS-CA

THRAORK I A0, BRI, 3 I e T Wi REe Emm
IR F LSRR I T I, RS gmal saimise 70000 1305009
RS e Rl I 7 S N A 4 7, 05 7 () - R U = S B Sl W-CS 1.94£0.91 0.86:0.72 0.71£0.67
ARG T LM, RS- R RIARAE R W-CS-CA  246:0.69  3.002.12 1.10£0.49
B B p ol (R 5 B RIS, URIHAE TG Ak B & PR - ok AR R FH SR S K . W-CS Fom A AR ZF 4k -
FRAT A BL T R Fo R TR T AR B AU RR 5 W-CS-CA Fon Fil 7%

M SCIFA LT Y58 MR IR P AR S R R

3 3tk
31 RFH-ERBEKHE TEURABEH RSO

ALFAE-FE RBRIR I 45 T 200 & BRI Vo TR B . IR 20
(FERAAWD) . 2T P90 (L) LAV A T CRLAL AN . 7K ) IRt — i e 47
HFERBIARALR, FERMI AN LG R BB . AT R A 7 1A% T Atk
B HFERMENG TR RO B HUR LR (0 B G, B B k. 2, 5%
FEMRR RSP 0 M LUR UK LIRS o TS W O R R OO VA T MR O AT 3
ik B HUBURBET . MU R SIHOALIR, I ELeh F A K Mg, 78 TR b Kbk s vk
P, R, BERTLIRASH, FEOQRMETLIEOR, MU R LR
A, TR R RERAERE . ABFUR IR A TX-100 M0 B F R ITAIER], 22—
MR, T R SR A T M SRR A o0, R4 47 R AP R FLACRERE T
A5 LUK R T TR A S A0, TR ARTLIRE R, AT B TR A I, (s
RO S), NTIEREMAPRIORASE P . S5 A BUBR AT , R BERE 00 7 s A 2 O MU K 1)
AL, REAT ) FARLPAE 5150 T LR R VA 0 T 20T UG R R AL
U SRR (EPS SR UNEINER 2 e s [ TN R e S 28y i P R
VRAE AN AR PRIT LB, ol TS ROy AR e e X AR, 540 P KPR A1 el
TR MR RE R, IR R A B — SR T IR R (0 pH B T SER MRS
32 FIRERT AL 4SRRI A M R

TERURMIFF BRI & AF T, o1 TAER M P RE AT SIS AR LR 409 52 & AR RAELBREAT
LR, SOBAHAGIE, WIERIE RS SITLI. JFH, i TR HEOUNRIF, S22
S WRTE /I FURCH AR P4 1305 W-CS HOFLIRAR ™, Ak LI T e, DFFEBAFE
AHERG LT BRI | Weth Y B e, JERy BRRASIR A T, 74500 5 PO U UG e,
FERMREIRE AR SN T ALY, SRR A R, 6 SR A b U T A 57
FET et WA TR LI, SRR AR A M R £k FLAT SIS ALK, M
T3 8 B RO WK
33 FPRRERB S RN AT Rk T AR KRR

RSP ERRI APE T, WA PR DA, SR IO RBRAR R/, ML bbb
KRB, FCT BRI, R T W-CS TR H RS, o3 T HL M LA
AMTRHY, B TR oA PRSI PE T L Pk FLBRES MBI 50, LR A 55
HEALTR T, T RUR B ST A T RO BRI —ERORE AR BLRZE I, P2 AT BT 68 U By A0 S
Al BOHE R UHE I 05 ik . — RO BRI DU A 5 T 2 ol K 5 R TE 38 2 ARG 2,
AT B 1 550 P B RAGRIRK I D DMK (BRI SRR [ B o 22 T2 B ROT R M2 I
LTS



8 RN/ NI NI e 14 20254 X A 20 H

4 Zik

RBETEUARLL A IR, EE7e RIEEEE, ERMIGTEFRERT, @i U 1 b R Uil e B -4
BRAR T 2L, GRS EIEARMRAFLERES M, 2f B A A 2 DL LB R B A [ it
S, KRR SZHRRE UG A R TR LF Y -7 I IR K PR RE L AL IR EE , B ALy i PR VK RE T A K
K1 R, EFE RS MR T REABNE R, RWZITEH SRS —E/
IV 1o

5 5%k

(1] FERiAE, kL. Bl 2R R it o ik e (7], W R A0l 2%, 2015, 44(3): 9-13. WANG Lahua, YANG Qiusheng.
Research progress on new horticultural culture substrates [J]. Journal of Henan Agricultural Sciences, 2015, 44(3): 9—13.
DOI: 10.15933/j.cnki.1004-3268.2015.03.003.

[2] EMSAER. Hr &l pel 203k 55 3 B o o iR R U], B 25, 2018(8): 120. WANG Pengcheng. Research progress of new
horticultural cultivation substrates [J]. Xiandai Horticulture, 2018(8): 120. DOI: 10.14051/j.cnki.xdyy.2018.08.092.

(3] ZEaril. B A TG 3 15 i B2 FH SR s 1. Tl g Al 2024(14): 25—-27. LI Hongbo. Application strategy of soilless
culture in modern agriculture [J]. Henan Nongye, 2024(14): 25—-27. DOI: 10.15904/j.cnki.hnny.2024.14.013.

(4] PN, SRR, BR55 5, 45, sORD R T JE i 4 B AR K2 (0], X HEOll Bl=7, 2025, 31(2): 1-6. SUN Juan,
ZHANG Haili, CHEN Yongbing, et al. Effects of insect sand cultivation substrate on the growth of chive seedlings [J].
Tianjin Agricultural Sciences, 2025, 31(2): 1-6. DOI: 10.3969/j.issn.1006-6500.2025.02.001.

(5] WOek, A, REAR, 55 RABR-VE R 52 B ATRHS f # 5 P REDF 5T (1], AR AR5 PR3 24 4z, 2021, 41(3):
325-330. QI Xinglai, ZHANG Mengnan, WU Shengzhong, et al. Preparation and properties of polyurethane-peat soil
lightweight foaming material [J]. Journal of Forest and Environment, 2021, 41(3): 325-330. DOI: 10.13324/j.cnki.jfcf.
2021.03.013.

(6] ZJp. O NBR M E JR b 05 2k 2 LIt 40 JEbF 1l 25 K2 L RE W 5E (D). 74 %2 - PRV 57 K%, 2023, LI Long.
Preparation of Bionic Porous Sponge Substrates Modified by Polycaprolactone Study on Its Performance[D]. Xi’ an:
Shaanxi University of Science & Technology, 2023. DOI: 10.27290/d.cnki.gxbqc.2023.000256.

(7] XUEESE, 220, R IR Y 21 2 ) 25 A2 9 o] B v o0 7 52 AR R R A 5 (0], R 4K, 2020, 42(3): 22-26. LIU
Jiaxuan, LI Qun. Application of biodegradable polymer composite materials made from plant fibers [J]. Tianjin Paper
Making, 2020, 42(3): 22-26. DOI: 10.3969/j.issn.1674-5469.2020.03.004.

(8] #E AL fHY) LT 4 F g VR A BHFL 45 A T A= HOR A BIF 5% [D]. 78 %2 BEVE B4, K%, 2018. DONG Huiling. Study on
Controlling Pore Structure of Foam Materials Based on Plant Fibers[D]. Xi’ an: Shaanxi University of Science &
Technology, 2018.

(9] 7. YR UBRRE A B (D], #8M: R MK, 2016. ZHUANG Senyang. Study of Bio-based
Porous and Lightweight Composites Materials[D]. Fuzhou: Fujian Agriculture and Forestry University, 2016.

(107 i, 572 B M /K 38 Jie 9 F il B L e v F 9% DL s I BE T K %%, 2019. LIU Kun. Study on Preparation and
Modification of Chitosan Hydrogel[D]. Wuhan: Wuhan University of Technology, 2019. DOI: 10.27381/d.cnki.gwlgu.
2019.0010009.

[11] BB, ILRS, BIRA. AL 4 R tdt B il 4 T2 RSB Be Itk e [T]. & o0 TRk 5 TR, 2023,
39(6): 182—-190. LU Xingyu, JIANG Tianyu, MA Xiaojun. Progress in the preparation process of plant fiber foam and its
bubble forming theory [J1. Polymer Materials Science & Engineering, 2023, 39(6): 182—190. DOI: 10.16865/j.cnki.1000-
7555.2023.0126.

[12] SHARMA C, DINDA A K, MISHRA N C. Fabrication and characterization of natural origin chitosan-gelatin-alginate
composite scaffold by foaming method without using surfactant [J]. Journal of Applied Polymer Science, 2013, 127(4):
3228-3241. DOI: 10.1002/app.37755.

[13] SHARMIN N, ROSNES I T, PRABHU L, et al. Effect of citric acid cross linking on the mechanical, rheological and barrier
properties of chitosan[J/OL]. Molecules, 2022, 27(16): 5118[2025-05-227. DOI: 10.3390/molecules27165118.

[14] KESHVARDOOSTCHOKAMI M, MAJIDI M, ZAMANI A, et al. A review on the use of chitosan and chitosan derivatives


https://doi.org/10.15933/j.cnki.1004-3268.2015.03.003
https://doi.org/10.15933/j.cnki.1004-3268.2015.03.003
https://doi.org/10.15933/j.cnki.1004-3268.2015.03.003
https://doi.org/10.15933/j.cnki.1004-3268.2015.03.003
https://doi.org/10.15933/j.cnki.1004-3268.2015.03.003
https://doi.org/10.14051/j.cnki.xdyy.2018.08.092
https://doi.org/10.14051/j.cnki.xdyy.2018.08.092
https://doi.org/10.14051/j.cnki.xdyy.2018.08.092
https://doi.org/10.3969/j.issn.1006-6500.2025.02.001
https://doi.org/10.3969/j.issn.1006-6500.2025.02.001
https://doi.org/10.3969/j.issn.1006-6500.2025.02.001
https://doi.org/10.3969/j.issn.1006-6500.2025.02.001
https://doi.org/10.3969/j.issn.1006-6500.2025.02.001
https://doi.org/10.13324/j.cnki.jfcf.2021.03.013
https://doi.org/10.13324/j.cnki.jfcf.2021.03.013
https://doi.org/10.13324/j.cnki.jfcf.2021.03.013
https://doi.org/10.13324/j.cnki.jfcf.2021.03.013
https://doi.org/10.3969/j.issn.1674-5469.2020.03.004
https://doi.org/10.3969/j.issn.1674-5469.2020.03.004
https://doi.org/10.3969/j.issn.1674-5469.2020.03.004
https://doi.org/10.3969/j.issn.1674-5469.2020.03.004
https://doi.org/10.3969/j.issn.1674-5469.2020.03.004
https://doi.org/10.3969/j.issn.1674-5469.2020.03.004
https://doi.org/10.16865/j.cnki.1000-7555.2023.0126
https://doi.org/10.16865/j.cnki.1000-7555.2023.0126
https://doi.org/10.16865/j.cnki.1000-7555.2023.0126
https://doi.org/10.16865/j.cnki.1000-7555.2023.0126
https://doi.org/10.16865/j.cnki.1000-7555.2023.0126
https://doi.org/10.1002/app.37755
https://doi.org/10.1002/app.37755
https://doi.org/10.3390/molecules27165118

55 43 5 X ) B ZAE ORE YRS R AW O IR A KOG AR e 9

as the bio-adsorbents for the water treatment: removal of nitrogen-containing pollutants[J]. Carbohydrate Polymers, 2021,
273: 118625. DOI: 10.1016/j.carbpol.2021.118625.

[15] M b=, =Irae, B =k, &5, Frig e ot 72 BB KEEIE 1 il £ 51 a8 (). DURE = 4> T2# 41, 2018, 31(3): 232-240.
YANG Shangying, YUAN Huihua, YI Bingcheng, et al. Fabrication and characterization of citric acid modified chitosan
hydrogel [J]. Journal of Functional Polymers, 2018, 31(3): 232-240. DOI: 10.14133/j.cnki.1008-9357.20171127002.

[16] JIANG Song, QIAO Congde, LIU Runpeng, et al. Structure and properties of citric acid cross-linked chitosan/poly(vinyl
alcohol) composite films for food packaging applications[J]. Carbohydrate Polymers, 2023, 312: 120842. DOI:
10.1016/j.carbpol.2023.120842.

[17] B, AR di 2 fL 5 b (B4R ] 4 5 PERERT ST (D] W /RIE: ZRAEMKL R, 2018. LUO Yuying. Study on the
Preparation and Properties of Poplar Fiber Porous Cushioning Packaging Materials [D]. Harbin: Northeast Forestry
University, 2018. DOI: 10.27009/d.cnki.gdblu.2018.000003.

[18] PENG Linshan, PENG Qihang, JIN Tianxiang, et al. Highly efficient capture of thorium ion by citric acid-modified chitosan
gels from aqueous solution[J]. Chinese Chemical Letters, 2024, 35(5): 108891. DOI: 10.1016/j.cclet.2023.108891.

[19] LUJAN L, GONI M L, MARTINI R E. Cellulose-chitosan biodegradable materials for insulating applications [J]. 4CS
Sustainable Chemistry & Engineering, 2022, 10(36): 12000—12008. DOI: 10.1021/acssuschemeng.2c03538.

[20] RE7KCRR, VLB, 3L 058, 55, AN [RDRLAR 20 5 Xof AL Rk 15 56 o 2 o K AL A FIK I I 52 (0] 25 IR 274, 2022,
42(6): 1161-1170. TANG Yongkang, SHEN Yunze, Al Weidang, et al. Effects of different particle sizes on the bulk
density, porosity character, water suction of substrates [J]. Chinese Journal of Space Science, 2022, 42(6): 1161-1170. DOI:
10.11728/cjss2022.06.220125009.

[21] LI Keyi, YANG Xueting, DONG Xin, ef al. Easy regulation of chitosan-based hydrogel microstructure with citric acid as an
efficient buffer[J]. Carbohydrate Polymers, 2023, 300: 120258. DOI:10.1016/j.carbpol.2022.120258.

[22] ATZORI G, PANE C, ZACCARDELLI M, et al. The role of peat-free organic substrates in the sustainable management of
soilless cultivations[J]. Agronomy, 2021, 11(6): 1236. DOIL: 10.3390/agronomy11061236.

[23] PARRA J G, IZA P, DOMINGUEZ H, et al. Effect of Triton X-100 surfactant on the interfacial activity of ionic surfactants
SDS, CTAB and SDBS at the air/water interface: a study using molecular dynamic simulations [J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2020, 603: 125284. DOI: 10.1016/j.colsurfa.2020.125284.

[24] KIM U J, KIM D, YOU I, et al. Preparation of cellulose-chitosan foams using an aqueous lithium bromide solution and their
adsorption ability for Congo red [J]. Cellulose, 2018, 25(4): 2615-2628. DOIL: 10.1007/s10570-018-1742-2.

[25] YI Changyu, WANG Xinchao, CHEN Qian, ef al. Diverse phosphate and auxin transport loci distinguish phosphate tolerant
from sensitive Arabidopsis accessions [J]. Plant Physiology, 2021, 187(4): 2656—2673. DOI: 10.1093/plphys/kiab441.


https://doi.org/10.1016/j.carbpol.2021.118625
https://doi.org/10.14133/j.cnki.1008-9357.20171127002
https://doi.org/10.14133/j.cnki.1008-9357.20171127002
https://doi.org/10.14133/j.cnki.1008-9357.20171127002
https://doi.org/10.14133/j.cnki.1008-9357.20171127002
https://doi.org/10.14133/j.cnki.1008-9357.20171127002
https://doi.org/10.1016/j.carbpol.2023.120842
https://doi.org/10.1016/j.cclet.2023.108891
https://doi.org/10.1016/j.cclet.2023.108891
https://doi.org/10.1016/j.cclet.2023.108891
https://doi.org/10.1021/acssuschemeng.2c03538
https://doi.org/10.1021/acssuschemeng.2c03538
https://doi.org/10.1021/acssuschemeng.2c03538
https://doi.org/10.11728/cjss2022.06.220125009
https://doi.org/10.11728/cjss2022.06.220125009
https://doi.org/10.11728/cjss2022.06.220125009
https://doi.org/10.1016/j.carbpol.2022.120258
https://doi.org/10.3390/agronomy11061236
https://doi.org/10.1016/j.colsurfa.2020.125284
https://doi.org/10.1016/j.colsurfa.2020.125284
https://doi.org/10.1016/j.colsurfa.2020.125284
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1007/s10570-018-1742-2
https://doi.org/10.1093/plphys/kiab441
https://doi.org/10.1093/plphys/kiab441

	1 材料与方法
	1.1 材料与仪器
	1.2 试验方法
	1.2.1 木纤维-壳聚糖泡沫的成型工艺
	1.2.2 木纤维-壳聚糖泡沫的制备

	1.3 测试与表征
	1.3.1 孔隙率
	1.3.2 表观密度
	1.3.3 吸水吸盐性能
	1.3.4 保水性能
	1.3.5 力学性能
	1.3.6 水吸力特性
	1.3.7 化学结构分析
	1.3.8 微观形貌分析
	1.3.9 育苗实验


	2 结果与分析
	2.1 木纤维-壳聚糖泡沫的成型工艺研究
	2.1.1 冻融定型-介质解冻过程对泡沫结构的影响
	2.1.2 表面活性剂添加量对泡沫性能的影响

	2.2 柠檬酸对木纤维-壳聚糖泡沫性能的影响
	2.2.1 物理性能
	2.2.2 化学结构分析
	2.2.3 微观形貌
	2.2.4 保水性能
	2.2.5 水吸力性能

	2.3 柠檬酸对木纤维-壳聚糖泡沫无土栽培应用性能的影响

	3 讨论
	3.1 木纤维-壳聚糖泡沫制备工艺以及成型成分对泡沫成型的影响
	3.2 柠檬酸对于木纤维-壳聚糖泡沫性能的影响
	3.3 柠檬酸交联壳聚糖-木纤维泡沫对于植株生长的影响

	4 结论
	参考文献

