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W E: JFREAROKERNEINRHRACRL, XT38 @K IR B e F IR ol rT R e BF R L 1A
R T YK AbfE (Si0y) XTI IK 2 e G SRR ZR LM RE ISR, RAREIR (AA AITREEEE (AMD
NERL, Sl KRR I A % T P(AA-AM)/SIO, E 5 RKF AR5 R W2 LI T 21 % 1 RKZRE,
TEA BRI RIS, THIRER AT IABIE MR B L 3.5 0 1, BIARF GRS ANERRERSY) « ZZIF (NN-VE FF XA
WL« WA (=) FIgAK SiO, 73 AN SRR 1%, 0.04%. 15%H 2%, TRIKZ2REAE R Y e sl i 1 25l
%, WEEENRAN, SIEZE 3%, JMIEERN P(AA-AM)/SIO, B & fRKAARL, 5 IEMZ 1 24%. RKI R
PRI S0 465 W) RN B R s 1k (e BL 20 438 (Fourder transform infrared spectroscopy, FTIR) . FA#iHi4% (Scanning
electron microscopy, SEM) Fl# & (Thermogravimetry, TG) FAE, RaKFHRHIMK A gl g, M 155
FE AR K B RN I ROK AR KRS, TROK SR ISR VERE /KR HVERT Lo 25 SR KB 9K SiO, RE LT Hh 4 B T 52
& P(AA-AM)TRIK AR, 5 P(AA-AM)GRIKIPEVEL, Ik Si0, B & TRKATEHE 2 877K 0.9% NaCl KR
R K 2R 00 R e 152%0 87%, 11 H. 3 R& 2 1k 2 25 32 51 SEM Al FTIR 45 SR B, 42K Si0, AER I/ BT P(AA-AM)
PRAKBIRE,  Si0, RIS A MREREEIN T IR RSB B . AL TROK 2 EREE, E&TRKEREAEM L kF
IKFEFRIKEE (FrFR 25 d Ja) S0l T 25.5%M 47.2%, JERPEHOHE 60 d #9n%) 72 d. 25 EFTR, 49K Si0, R354%
ORI BHROK 2, LG & 00 2 & ORoK R BA I R ORI RERe 77, A T AR A = Bk, 4 sk AR
FHRICRARBE T 37 B
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N — M T TR 8 A DR 7K 2 88 E U B 5 T R 4% 7K IR B [ £
I SEBUKAE— 4L, 2 RRRKERENEE AR K R
27, Yang SR A RUR G E A % HHA
BT (R DR AT E R 22 R BE 1 PR VK 2 RENE , 42 FOK N
P RENS B AR R e 4 2%, 32 RUIE A 36 2 3 R K
FRIKBE

KHFFRH K SiO, Xf P(AA-AM)PRZKFHEAT 1 55
B, HET R B OSUZ B T 2 & OROK BRI, R &
B ORI BB K AN ORI - SRR NE A PR KB K AN
NERHE R R REAT I TS 3RAE,  DADA PR REETT A
SINAEE SRR 2 B

1 RS

1.1 #R

PRI Cpfral, RERRMAZERA] D W
fiie 1NN R S U Bt (b al,  RiEAE R AL 22
AU s WERERE (O Hral, REEBUSA S H] A R A
7D 5 KRR N =8 (Odrdl, Jbatim) kg
T AT s AN RTE R (o Fr g, bt T )
LA-T 2/ Corbrd, BB R T A4 B B A PR 2
A 5 KRLRE QLUARBEEALEBERAFD : PAPI
(PM-200, fHE HHERAMBMARAFD 5 49K Si0,
(Si0, & & 99.9%, Fifd 15~30 nm, JbtaifERHS 4R
FARAFD 5 REBEEF LR A oA TR
NECIDI

B0 B P 93 o+, EAR AR . AL
ik 10.44 g/kg, 4% 0.78 g/kg, THAR 16.32 mg/kg, 4
A 2.40 mg/kg, KM 43.35 mg/kg, HEAEH 91.03 mg/kg,
pH 1 7.5,

1.2 FH%
1.2.1 P (AA-AM) /Si0, FRKAH4] &

KKV UR A %% P(AA-AM)/SIO, fR7K BRI,
BRI ISR g LEUKKUE T BUE 5 78 M B I NI B
10% [ S BN ISR B P A 75%)5, RN\ E & 1)
PRI TR Jie A1 NN PR 366 50 7 0 T e 96 B 28 52 A T 1
SRIGTET R I 2%40°K Si0, ML £ 5 min, 7
NiREHR 60 CHIHE AR 1 h, #AE SR EA
A PR S, A2 FA M E SR ORngks R
WU o B SRR AN TR = I B R A
AOTEREREN, A4 I B IR FETE 35 °C I HA Wi+,
30 min JE ML, BTG EIRRE R, KB i A AR
105 “CHIE TN T, 2 )5 FH T se i i HU0 8 5
it 0.25 mm i, BRFFOR KA B K o 7EA BOOR KA RHE
PR BR A IR G B b o 3.5 0 1, 5L A G Rz
BRFDEARER ) « ATHRFR (N, N-IIF X s Bk e ) A
YRR (=B 2000 9 B Y 1% 0.04%
F 15%.

1.2.2 RAKZEHIeH 4] &

¥ 1 kg KFURLRE ChifeN 2~4.75 mm) FINZ
F A BN, FPLES B A 1AL JR R KT
WA RN A, E AT % R 152 58 9 30 r/min 245 . 4R

BHRFERESEAE (65£2) CHF, ¥ 10 g ISR R
{875 AR R T, 29 5 min Jo B RRHE AR R T & 46 2E
R AR, AR N IERZ S 1%, EE R
TR 2 R B AL MM B B IA AERAZ T 3%, il % H A
JR 2 (Polymer Coated Urea, PCU) . #HERHDERE
T P52 286 7R i 1 1 46 1) L PR 38 3R 1D, B S K 240 g it
0.25 mm FEH TR P(AA-AM)/SIO, 177K #4 K5 5] 43k
FERERL R, ) AR A AR AZ RS 27% AR
IKEREAE KL (Water-retaining Slow-release Fertilizer,
WRSRF) .
1.2.3  RAKARAKEE A mlaX

1) ARZKIA RHIR 7K 22 I

K e sE K P, BFRELZ) 0.1 g ARk AR}
(My) BTRebd, IAEERZEETK (8 0. 9% NaCl
WD, FFRKEAEEEREE (M) o WOKZETHE
s (1) B,

WK 2= (M=My) /M, x 100% (D

2) EREAEFEK g 71K

FREX 100 g WA 1 g JERL (PCU fil WRSLF) 4
ARE, BETWAENS cm RAMGIREF, H3JE 74 um
JE RGN E B IEIIEFRT R (W), W B s
BALZBETKT, AR TRE 24 h, FEEEEMKP
Wi, #E 8 h 5 E (Ww) , &40H 3 RE
2o KR EIMARX (2) Fig.

FrAKE = (Ww-Ws)/Ws x 100% (2)

3) ZREARLR/KRE J7 R

FREC 0.5 kg RF-+F1 2 g IERE (PCU F1 WRSLF) i
5, MATHGRE S, W32 74 um JE AW EE
JRHHFRRE (m) , IR E RN L B TR,
TEEIR TE 24 h, BEEKHENKFRIH, #E 8h 5K
JRE Gmy) » BEJEBITERIRE 1. 7. 14, 21 A1 25 d FRJ5
B (m) , HAE 3 RER. KR EAR (D
FizR e

1RIKEE = (mi—mo)/(my—mg) * 100% (3)
1.2. 4 REBIFIEN X

KRR MR 2 R AR B E R, FREL S ¢
Bl (PCU Ml WRSRF) 22N H il 74 um [IM4EH,
H S E T B 250 mL LB TKIERD A, BONERR:
AT, T 2520.5°CHFE, palfE 1. 34 8. 18, 28, 38,
49, 59 F1 77 d BUFE, FH0T U OR HE VRN e R
ﬁk[ZO]O
1.2.5 {52 etirsf kg

AN AT R 25 E PerkinElmer A &) A4 77 [
Spectrum 2 A1 AF H I 42 SR AL A6 (ATR-FTIR)
SRAHTIART 5, KL N 4 000~500 cm™
1.2.6 1atgdds

RFZEE FEI A 8257710 XL-30 BU3 3 s B X i i
(RTHWE 4 FHR M R HI AT RO 45 4
1.2.7 #A&x 4

TR FHZEE PerkinElmer 2 7 4E 72 ] TG4000
RURE S ATOGEAT I E, MRFFAERRAAT, AR
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WMEAN 20 mL/min, FHEEZN 10 C/min, FHEIEEA
30~700 C.
1.3 HiEAIE

iR H SPSS22.0 B AT IR R T Z o, ERH
WK A 0.05 K, BRSSPI EbRifE 2 .

2 FER59H

2.1 ARIKFRIEEFDFFE

P(AA-AM)/SiO, E & TRIKI R 1) Si0, A ERIR 44
KALF, RS S RNERERE, 5P R IR F
Tk e 5 A e T i VB AR T, DRI 7 4k LA B TR A
. REEE A G Sio, IRIFHL BT AA I AM
RATIT, SR JE R EAL R A % P(AA-AM)/Si0, B
GIRAKG . B 1 RERAKA B SEM B, W RLE H, 4l
P(AA-AM)M B TSR R 16 (B 1) , 1 Si0,
Jo1 B 53 BN 2% I B G R AK MR E Y 2 A ok AN
0 Hh oy HF AR (B b)Y, FFH Si0, fl P(AA-AM)
BRI LI AL ARBRT, RBY SiO, /£ P(AA-AM)E: {4
Moy BRI A S VR AR 47, R L R 5 .

500 nm 500 nm :

a B (HGRR-Im IR b. B (DI BR-PIMsBERG) / — ARt
a. P(AA-AM) b. P(AA-AM)/SiO,
B 1 ARKMF4E SEM B

Fig.1 SEM images of water-retaining materials

K 2 Ak FEE FTIR &, HE 2 aJLLEH,
P(AA-AM)/SiO, B & R/AKMEL B P(AA-AM) 14K
Si0, ML R AE I, 7 1 104 cm™ 4B B IR IIE A Si0,
[ Si-O-Si [ X AR 4 R Bh i, 1656 cm™ H5 A 1& Ny
-CONH, 1 C=0 XU I H4iIRBNIE, 1550 cm™ 4FAEIEXT
M. F-COOH H C=0 W5 4R O J5 ¥ p-n FLHEFT 51 & 1)
PRI E, 3295 em™ 4bi&A-COOH H1 ) O-H Al
-CONH, ') N-H ft 51 2 IR 45 iz Bl 06 , 1 B 45 K5 551 15t
Bk Sio, LA E A 5] P(AA-AM) AR, Ty Hou H 4k
FARFATE FE A 7= A B S R 5

3 NARKMP B TG/DTG gk, "TLABEH, 49k
BEFRIAN B ST P(AA-AM) I i fase i, Tt
HAE 400 CZ RIS ERELF, XATReR M T Sio, &
S MEREER 5EA PAA-AMER T A8, il
W T RAKAEH S BR R FE B, TG fIZ T LUE H, fr
KM RO R FE E AR 3 AN, AN BUE
30~300 C, HREL 15.6%~20.9%, KEAFEZHT
BRAT AR LI S S5 K o TS 25 8l BB AN B
7 300~400 ‘C, WfgHTIRAKME > FH-COOH. -OH
SRR 2 2 DL -CONH, 8 (1 AW TS, FREMRR R

Srmne

1E 12.4%~13.9% [8]; 5 =Fr B~ 400~500 C, %Xk
T T = R RO AR KA R = 2 2% S5 R 24, R4y
FNR AN T AL R, 315K 26.0%~31.4%2[H],
BE AR R AR TR (B 3a) . DTG HiZk LA
R AR ) B K 2R B R R FE A 440~450 °C (] 3b) s

Sio,
y
° P(AA-AM)
g
E
=4
g
IF 1 656 cm™
b 1550 cm 1104 cm?
/
; P(AA-AMY/SiO,
3295 cm™!

L 1 " 1 " 1 L 1 L 1 L 1 " 1
4000 3500 3000 2500 2000 1500 1000 500
%% Wavenumbers/(cm™)

A2 fRKMHEG FTIR B

Fig.2 Infrared spectra of water-retaining materials
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Fig.3 Thermogravimetric analysis of
water-retaining material

2.2 RIKPFRIR K

MFE 1 ATLLEH, TfEELEF/KIEZ 0.9% NaCl
W, P(AA-AM)/SiO, E & TRKIRHIIIR /K 2 35 2 2
T P(AA-AM)R/K A B, o rp 25 557 /K IR K 0
341.9 g/g WINZE 861.9 g/g, 0.9% NaCl V& H IR KH M
34.9 g/g WEINZE 65.2 g/g, YR HIA 152%F1 87%. IX 1]
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RESE IR NANK Si0, BEIEE A58 E P(AA-AM)AELE )N 4%
BREE, NI BG ISR RHIR K

F 1 RKHRIRAE

Table 1 Water absorption rate of water-retaining material

PRAKIE L LBFK 0.9% NaCl ¥
Water-retaining Deionized water 0.9% NaCl aqueous solution
material Ng-gh Agg™
P(AA-AM) 341.9£57.6 b 34.9+5.74 b

P(AA-AM)/SiO, 861.9499.7 a

2.3 {RIKEFZRERYMERE

Kl 4 25 PCU A1 WRSRF LB, MEHHTLLE H,
PRKERE N AL Z /) PCU JEZ B, JEEZN 15 um
Tt (B 4a) , TAMNERKZEBIE LA 200 um (B 4b) ,
WRTHNEEREE.

65.249.09 a

I mm

a. IR F
a. Polymer coated urea (PCU)

b. TRIKEREIE
b. Water-retaining slow-release
fertilizer (WRSRF)

B4 PRAKGHIE SEM B
Fig.4 SEM images of water-retaining slow-release fertilizer

Bl 5 R IRK R R AT J5 o0 EEE R, o DU
We oK JE ORE RE A R B B MG K, 3 R B OE A2
P(AA-AM)/SiO, TR/KZREWAKBZMK, TE 7B NEE
(I 7Kk I o

a. KA

a. Before water absorption

b. WKIERK)E
b. After water absorption

B 5 RAREBAHKA G
Fig.5 Comparison of water-retaining slow-release fertilizer before
and after water absorption

PRI RS R 7K 2R BEAE 38 Hh (O RE 7K BE 52 1 o
K 6a iz, 5 PCU AL, WRSRF HIEKEM 36.1%3%
i E 45.3%, HEJY 25.5%, B REETHRKEBER
SRR EE 1. 5 TIREFAKRE IS, WRSRF 7E T3 1)
RkREH FEZEE T PCU (Bl 6b) , &t 25d 5555, Wi
K IR G T 47.2%, ERL 2 18] R b 22 S
HAIE KT K, Ui P(AA-AM)/SIO, B & 1RKH K
XoF BEL Lk 7K 3 B B AR A AR

MAEEH B BRI R G, 2 PR B AE ) A R B
BHZirfl S ez (| 7) , ¥R R ERA K, HIK

T 1%, 5 PCU #Htt, WRSRF HIB (B ZE 2B
15 80%FT AR IE])) HH 60 d 36 % 72 d, UEPA{R/KZEREAER
GRMEREERNEREYIEZRE, JNERKERK
MERK G TR T K& ike, mTReXT R R B — B, At
DL AR K SR R O K

60r

40f

20r

F#7K Z Water holding ratio/%

4b P Treatment
a. FKE

a. Water holding ratio

(=3
(=]

o®
=]
T

D
(=}
T

{#7K Z Water retaining ratio/%
>
(=}

—=—PCU
—e—~ WRSLF
20 +
0 5 10 15 20 25 30
15 3% i) Incubation time/d

b. fRAKZ

b. Water retaining ratio

B 6 FRAREMAAE LIE F a9 RKFF KA
Fig.6 Water holding and water retaining capacity of
water-retaining slow-release fertilizer in soil

—_

00

—=—PCU
80} —e— WRSLF

A E BRI Cumulative N release /%
i
f=)

20 10 60 80
1% 7z [ Incubation time/d
B 7 RAKERIE RFHR K
Fig.7 Nitrogen release curve of water-retaining slow-release
fertilizer

3 1

PR IK TR A2 DAIE B AZ B A B s M 5 M B SR K TR SR
VML (B 8) , HIAKEMHEL =ML Fa] PLFE
KERIKEY, K FILE Al K rhay DL ok 5 & & L

FAERIK Sy, AE R K PRI K SR F 7E 10~100 g/gi*,
RN T RFHRKFI MRS, AV EHE A PR E oI
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SR BB RGE Y, WREYK R AR D105, A
T, P(AA-AM)/SiO, E &M KR P(AA-AM)FI K
RRKIEIETF 152%F1 87% (K 1), AIRgJEREZE A& HRK
PEBF I T PRGNSR Si0, S XS i IR A2 TR [ 24 &5 )
(8 , K TR bbRmA, Miiem 7 IRKM K
I K2 . AR, TELRKMEF I TN 4
POEHE R SR KA RE, oL Ya s n 7 52 & 44 6k
(IR 7K X B BRI AN T SR A ) X 8% IR K IR A, AT 84
T K EREAA0 Ak Ak Si0, IS IS N T AR KA R
FadasetE, JTHZTE 400 CLLRET, X5 T4,
%_§&[25,27] .

TER AR E A MRS, SO v I 1 ) R A2 TC HLAN
KA R FUA 355 580, Ghorai 2R A 5 ik -
EER 24 H PAM-g- 3 R /9K Si0, 4K B -S4 KL,
Si0, R FHEE 5 R AR _E R ER AR/ F e 2L m it &
BRSSO T ARG EL R RIS, B
BB TO R R  FRE E A R R B RE . A
MR ETEESPHMNKBEBRBESER KT
P(AA-AM)/SiO, YKE A TRKMEL, G T 49K Sio, 7E
AWM RRE (B 1) , WTRR RS BT EJEALE
Gl & E AR R, RiTE S RERYK SiO,
5 P(AA-AM) b [RJFR 1R Jk 41 Rt e 5= TR B T B0 ) &
BAER, MR T8N R G ML S (B 8) , 183 T
BIE) o B R R,

TR kL2

Wate-retaining layer PUZERE HO Fertilizer nutrient
PU slow-release layer

]/ kN
N release
i >
Swelling  # K
4 IS »

a. MK H b. KK
a. Before water absorption b. Water absorption and syelling

Aok Ak
®  Nano SiO,
77777 X

H bond

c. IR

c¢. Nutrient release

d. RHEFRAPKSION e HFELHAKSIO, N
N TRIKIM 2%

d. Water-retaining net e. Water-retaining net

without nano SiO,  filled with nano SiO,

B8 RAKZEBIHFAKEIRTAER I HRITAE
Fig.8 Process of swelling and nutrient release of the
water-retaining slow-release fertilizer

PR G2 R JIE A2 HL AT R 7KORT I ) 5 B 5 AE 1 2 e T
KL AR A ORERAL R H] & T2, et s oK
ZE R U H 2 5 U R T3 i RO R R e,
W R N R GRS 2 DRK 1 75 3 2 002 B Ok
SRR, A TR R R XU B T2 4% B A
RARGERIE, WENRAMUBECIRRER, SNEN
AR E G ORKPTRFEIUBOKERK (B 4) o il & PR K S
LRI BGRAPOKIROKEES) (B s MK 6) , 48R 5
MR TE 81, BeAh, ROKEREIEIE B RAF IR
PERE, SEARKERSZFICHLEL, RAKZRIER LR
RAIERK T 12d (B, BT HRKERIERFR 4L

WAL Z RO T B, AREE LI Y A 1705 2,
TSR IRy S EAFL B AR B0, S TSR I SUZ
FES AR K S B AR, R KRR 7K B I TR R J5 52
e (B S, Bl REFR i MK ERCY, —J5
] T IR0 FAMTEG 5 — AR T N EEE N
HNPRBIEIEZE, T FEAR T 7% 20 BETBCE 28 -39 1 fR7K
ZRAEMERPERER, F PO T R E 5 R
IR LR O LT3 e, A i85 ]S A
AN — B AT Re 5 R L AT 5 AR R AR OK B0, LT
ULV VGBS B DA 297

zi b, AWFFRHIEH P(AA-AM)/Si0, E & {R/KAE
BRI T RARMAEIK R, HH &R E A RKE
BEARR I R AF R /KRR g B vERE, (5 i TR
EEERHEFFARAES, BEAFRASX L5
KA TR0 K WBURFAE 2 Sk, R, 7k
HELOKAGRERHE M Th R ME AR K RIS, 4 5
BB T R A5 SEBREW AL = SR B FT, R BT X
T 5 b X ZE AR K 43 W 3B R $2 = AR 357 43 R BCR (13E B
K ZERGRZ R 7

4 % i

1) SRR BEE R & H I (PRI - TR M 9t i D
/5T P(AA-AM)/SIO, BAETRKIEL, 40K Sio, 78
P(AA-AM)TR/KM R 38U 50, B BE Y45k 7
A, EEMEMHREeERAEERIT. 5
P(AA-AM)MHLL, BETRKPEHE 2B 17K A1 0.9% NaCl
TR TR K 2653 R S 152% 1 87%.

2) KHMEAME T ZH%H P(AA-AM)/SIO, B&
RAKEZERBIE, S5EAKRKERNZEEML,
P(AA-AM)/SiO, & A PR/K SR AR AE 38 1 1 Rk 2 R
IKZY P 25.5%F1 47.2%, AERMZZRIR I 12 d.
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Preparation of P(AA-AM)/SiO, composite water-retaining material and its
application in water-retaining slow-release fertilizer

Cao Bing'?, Wang Meng?®, Yang Kaijin®, Ni Xiaohui'?, Wang Xuexia'?, Zou Guoyuan'?, Chen Yanhua'?*
(1. Institute of Plant Nutrition and Resource, Beijing Academy of Agricultural and Forestry Science, Beijing 100097, China; 2. Beijing

Engineering Technology Research Center for Slow/Controlled-Release Fertilizer, Beijing 100097, China; 3. School of Nuclear Science and
Technology, Nanhua University, Hengyang 421001, China)

Abstract: Water and fertilizer are indispensable inputs to crop production in modern agriculture. Drought, water shortage and
low efficient utilization of water have posed a great challenge on agricultural production and food security in China. New
fertilizers with dual functions of water retention and slow release become significant to enhance the utilization efficiency of
water, and thereby to ensure the sustainable development of agriculture. Therefore, previous studies on the new fertilizers have
drawn much attention in water and fertilizer technology in recent years. This paper explores the preparation method of a novel
water-retaining material that incorporated with nano-SiO, for the slow-release fertilizer with water retention properties. A
P(AA-AM)/SiO, water-retaining composite was fabricated by in-situ polymerization in aqueous solution using acrylic acid
(AA) and acrylamide (AM) as raw materials. A water-retaining slow-release fertilizer was then produced by the double-layer
coating process. The mass ratio of acrylic acid (AA) and acrylamide (AM) was set as 3.5:1 to synthesize water-retaining
materials. The initiator (potassium persulfate and sodium sulfite), crosslinking agent (N, N-methylenebisacrylamide),
plasticizer (glycerol), and nano-SiO, were added by 1%, 0.04%, 15%, and 2% in monomer mass, respectively. A drum coating
process was selected to prepare the water-retaining slow-releasing fertilizer, where the inner coating layer was made of
polyurethane, with the mass ratio of coating materials to the inner core of 3%, whereas the outer coating layer was
P(AA-AM)/SiO, water-retaining composite material, with a mass ratio to the core of 27%. Fourier Infrared spectroscopy
(FTIR), scanning electron microscopy (SEM) and thermogravimetry (TG) were used to characterize the microstructure,
morphology and thermal stability of water-retaining materials. A filtration was selected to determine the water absorption of
water-retaining material. Soil culture experiment was used to investigate the capacity of water-retaining and water-holding in
the fabricated fertilizer. A water immersion method was utilized to explore nitrogen release properties of fertilizer at the
temperature of 25°C. The results showed that the water absorption rates of composite materials with nano-SiO, in deionized
water and 0.9% NaCl aqueous solution were 152% and 87% higher than those of only P(AA-AM) materials, while the thermal
stability was also significantly improved. SEM images and FTIR analysis indicated that nanoparticles of SiO, were evenly
dispersed into the P(AA-AM) composites, while the silicon hydroxyl groups on the surface of SiO, increased the cross-linking
density of water-retaining materials. Compared with the slow-release fertilizer without water-retaining layer, the water
absorption rate and retention rate of slow-release fertilizer with water-retaining layer (after 25 days of incubation) increased by
25.5% and 47.2%, respectively, indicating the releasing duration of fertilizer was extended from 60 days to 72 days. The
preparation method of water-retaining composite material that incorporated with nano-SiO, and water-retaining slow-release
fertilizers can provide excellent properties of water absorption and retaining, as well a high performance of slow release in soil.
A mechanism of water-retaining was proposed to clarify the slow release of nutrients in the water-retaining material and
water-retaining slow-release fertilizers. The findings can offer new insights into high efficiency fertilizers to enhance the
utilization efficiency of water and fertilizers.

Keywords: fertilizers; water absorption; water-retaining material; SiO,; water-retaining slow-release fertilizer; release duration
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