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Review article

Introduction to Hydrogels for Water Retention and
Delivery of Agrochemicals

Yi-Hua Chen* Yi-Chun Chen*

[ Abstract] The global climate change causes the impact of the water cycle and the water resource
management. Water resource relies on rainfalls in Taiwan. However, most of the rainwater runoff along
the slope flow into streams, rivers, lakes and concentrated rainwater lead to mudflow. Rainwater run from
high mountains in steep courses or lose from short rivers during rainy season. 3.6 million hectares of forest
and agricultural coverage is 58 and 29% in Taiwan. Therefore, soil water retention is important property
of our environment. Hydrogels are three-dimensional network of hydrophilic polymers which have the
ability to imbue a large quantity of water. Hydrogels have wide potential applications in the fields of food,
biomaterials, agriculture, water purification, etc. The main material of soil conditioners is polyacrylamide.
However, acute toxicity of acrylamide was demonstrated. For solving the problems, the materials of water
retention and delivery of agrochemicals are used bio-based hydrogels in recent progress.
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Figure 1. Appearance and SEM image of
cellulose-based hydrogel
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Table 1. Application of different environmental sensitive hydrogels

Type of stimulus

Polymer

Application Reference

Temperature-sensitive  Poly (N-isopropyl acrylamide)
(PNIPAAM)

hydrogels

Light-sensitive

(Bis (4-dimethylamino)

Cell culture Okano et al. 1993

Drug delivery Mamada et al. 1990

physical hydrogels phenylmethyl leucocyanide)
camaiti (poly (2-acrylamido-2-
Electro-sensitive methylpropane sulfonic acid- Drug delivery ~ Kwon et al. 1991
hydrogels
co-n-butylmethacrylate) )
pH-sensitive . . .

hydrogels Alginate Drug delivery  Liang et al. 2004

Chemical

Glucose-sensitive

Copolymerizing allyl glucose
hydrogels (AG)

Obaidat & Park

Drug delivery 1997
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Table 2. Application of synthetic and natural hydrogels in agricultural application

Substrate Materials Application Reference
Stockosorb K 400 Pinus halepensis Huttermann et al.
1999
Polyacrylamide, Zea mavs Abd EI-Rehim et
Synthetic Potassium polyacrylate Y al. 2006
. Acryllq acid, . Water retention Gongalves et al.
Potassium acrylate, N-isopropy! acrylamide, capacity of sandv soil 2016
Sulfopropyl methacrylate potassium salt pacity y
Carboxymethylcellulose sodium salt Tomatoes Demitri et al. 2013
Bio-based Chitin Rapeseed Tang et al. 2014

Cellulose acetate

Water retention of soil ~ Senna et al. 2015




MREENFS2Z=T) 39(4) : 301-308, 2017

K E SRR o T A AL K& I B IR
£77 (Liang et al. 2007; Li et al. 2015) » & 4:AY
77 (Active ingredient) 3245 BA EYRE 2
RGY o SRR R EE R B S 1 R oy ST BRI
AT b A BT 7 5 o BRI PR i o3 BB PR L
B WHEM RS OSHE PR o B i > HITER
NG ~ KR S G AE V) 0 5 I LR » HH
IR K ST S ~ 2858 ~ kiRt > S8
Hh EREE R R SRR > HARR A SO A
Vs B ER IR - B MERTIR A I 35 S N R A
R RIS RS S R FRIETRE » H TS R
V)2 TR B @ K R EE (2 B
e EER RSN REEBE R EENE 0 B
LS REK s | T8 R T > REERIACEL
EFOK B T KRR B R - R
Yal oy e 2 BE PRV E R Y > (o8 PR 2R
TS 1 B 25 H s FHIRF ] (Camipos et all.
2015) » fRFEE A (Slow release formulations) £
R EE S HA AR YIS TR B = R E B G 2R
A BERFRAREERMSZ— SR
1218 HASE 2 HARRN > MR » HEFF
HAYER A SR REE > IR fEE 2
S (Campos et al. 2015) ©

%S (Polysaccharides) WIS AL
BaEim Rz Y&y o H g
(Glycosidic) ;###.~ Bl (Monosaccharide) #H
sy ZEERIEZ AR R EY T
BEEE (EEEEE) ~ YY) (R - R
(Pectin) ~ E#1E (Cyclodextrin) F1#Hy) ~
Py (I %NE (Dextran) ) ke@hP) (% T HE) - #5
FERT SRR IE (A% T 0E) sEIR (BRI »
Hb@EM e s EEREESE > £
i R (B B AR SRS 5 - BRI K
B A E - KIBEBHMIRESY) - Al K&
KR K > RBiI A BAL G ) & Bz KB R
e R IR SRR o KR RARS
i (Natural polysaccharides) 38 /KBS B3
FEIE 2 W92 (Bai et al. 2015) » &> F ~ diki
AR B AR PR SO o3 S R 2 FE A > E il

305

C 6 R e M ~ Wy ~ MR s % T R
FERARMEEEE » wEIEE (Fertilizer)
&) (Insecticide) ~ R (Fungicide) ~ 4
Yk %% (Biopesticide) ~ 3% (Hormones) ¢
%% (Nutrient) % 4EYH B 5> (Campos et al.
2015) -

fi - i

7R 2% St R 9 5 7 ATV A2 S LA £
FREEE » SR R ER AR A SZ SRR 58 e
BN FEBUREY) RARMOKE IR RIRR - AT ES
P b K B A o 30T 2R R R R T A
Han - RIS Bali P oy g 2 AL M RME 2 1
H - INILEARTS A E MR 2 KBRS Rk
PR ZERER] - H a4 KRB IR S22 7R
PRAAS > ASCATHEHASE A B KB T siigoR
HERE -

]

ENDELVECHE RV TN N T
(1061011A-8) FIIRHEHZF 2 (105-2313-B-005-
006-) ffiB) » FFILFERET o

7N~ 5 SRR
Abd EI-Rehim HA, Hegazy ESA, Abd EI-Mohdy

HL (2006) Effect of various environmental
conditions on the swelling property of
PAAM/PAACcK superabsorbent hydrogel
prepared by ionizing radiation. Journal of
Applied Polymer Science 101(6): 3955-3962.
Ahmed EM (2015) Hydrogel: Preparation,
characterization, and applications: A review.
Journal of Advanced Research 6(2): 105-121.
Bai C, Zhang S, Huang L, Wang H, Wang W, Ye
Q (2015) Starch-based hydrogel loading with
carbendazim for controlled-release and water
absorption. Carbohydr Polym 125: 376-383.
Bain MK, Bhowmik M, Maity D, Bera NK,
Ghosh S, Chattopadhyay D (2010) Control of



306

thermo reversible gelation of methylcellulose
using polyethylene glycol and sodium
chloride for sustained delivery of ophthalmic
drug. Journal of Applied Polymer Science
118(2): 631-637.

Bajpai, A. K., & Giri, A. (2002). Swelling
dynamics of a macromolecular hydrophilic
network and evaluation of its potential for
controlled release of agrochemicals. Reactive
and Functional Polymers, 53(2): 125-141.

Campos EVR, de Oliveira JL, Fraceto LF, Singh
B (2014) Polysaccharides as safer release
systems for agrochemicals. Agronomy for
Sustainable Development 35(1): 47-66.

Chang C, Zhang L (2011) Cellulose-based
hydrogels: present status and application
prospects. Carbohydrate Polymers 84(1): 40-
53.

Chang YC, Kan CE, Lin GF, Chiu CL, Lee
YC (2001) Potential benefits of increased
application of water to paddy fields in
Taiwan. Hydrological Processes 15(8): 1515-
1524,

Chen X, Mao X, Lu Q, Liao Z, He Z (2016)
Characteristics and mechanisms of acrylate
polymer damage to maize seedlings.
Ecotoxicology and Environmental Safety
129: 228-234.

Demitri C, Scalera F, Madaghiele M, Sannino A,
Maffezzoli A (2013) Potential of cellulose-
based superabsorbent hydrogels as water
reservoir in agriculture. International Journal
of Polymer Science 2013: 1-6.

El-Rehim HAA, Hegazy ESA, EI-Mohdy HLA
(2004) Radiation synthesis of hydrogels
to enhance sandy soils water retention and
increase plant performance. Journal of
Applied Polymer Science 93(3): 1360-1371.

Feng E, Ma G, Wu Y, Wang H, Lei Z (2014)

KBRS LSRRI B B AL 22 {2 i 2 PR

Preparation and properties of organic-
inorganic composite superabsorbent based
on xanthan gum and loess. Carbohydrate
Polymers 111: 463-468.

Goncalves AAL, Fonseca AC, Fabela IGP,
Coelho JFJ, Serra AC (2016) Synthesis
and characterization of high performance
superabsorbent hydrogels using bis [2-
(methacryloyloxy) ethyl] phosphate as
crosslinker. Express Polymer Letters 10(3):
248-258.

Huttermann A, Zommorodi M, Reise K (1999)
Addition of hydrogels to soil for prolonging
the survival of Pinus halepensis seedlings
subjected to drought. Soil and Tillage
Research 50(3): 295-304.

Klouda L, Mikos AG (2008) Thermoresponsive
hydrogels in biomedical applications. Journal
of Pharmaceutics and Biopharmaceutics
68(1): 34-45.

Kwon IC, Bae YH, Okano T, Kim SW (1991)
Drug release from electric current sensitive
polymers. Journal of Controlled Release
17(2): 149-156.

Li X, Li Q, SuY, Yue Q, Gao B, Su Y (2015) A
novel wheat straw cellulose-based semi-IPNs
superabsorbent with integration of water-
retaining and controlled-release fertilizers.
Journal of the Taiwan Institute of Chemical
Engineers 55: 170-179.

Liang HF, Hong MH, Ho RM, Chung CK, Lin
YH, Chen CH, Sung HW (2004) Novel
method using a temperature-sensitive
polymer (methylcellulose) to thermally gel
aqueous alginate as a pH-Sensitive hydrogel.
Biomacromolecules 5(5): 1917-1925.

Liang R, Liu M, Wu L (2007) Controlled release
NPK compound fertilizer with the function
of water retention. Reactive and Functional



FRZEWTZEZE T 39(4) : 301-308, 2017

Polymers 67(9): 769-779.

Mamada A, Tanaka T, Kungwatchakun D, Irie M
(1990) Photoinduced phase transition of gels.
Macromolecules 23(5): 1517-1519.

Obaidat AA, Park K (1997) Characterization of
protein release through glucose-sensitive
hydrogel membranes. Biomaterials 18(11):
801-806.

Okano T, Yamada N, Sakai H, Sakurai Y (1993)
A novel recovery system for cultured cells
using plasma-treated polystyrene dishes
grafted with poly (N-isopropylacrylamide).
Journal of Biomedical Materials Research
27(10): 1243-1251.

Qiu Y, Park K (2001) Environment-sensitive
hydrogels for drug delivery. Advanced Drug
Delivery Reviews 53(3): 321-339.

Sadeghi SH, Hazbavi Z, Younesi H, Bahramifar
N (2016) Trade-off between runoff and
sediments from treated erosion plots and
polyacrylamide and acrylamide residues.
Catena 142: 213-220.

Sannino A, Demitri C, Madaghiele M (2009)
Biodegradable cellulose-based hydrogels:
design and applications. Materials 2(2): 353-
373.

307

Senna AM, Braga do Carmo J, Santana da
Silva JM, Botaro VR (2015) Synthesis,
characterization and application of hydrogel
derived from cellulose acetate as a substrate
for slow-release NPK fertilizer and water
retention in soil. Journal of Environmental
Chemical Engineering 3(2): 996-1002.

Tang H, Zhang L, Hu L, Zhang L (2014)
Application of Chitin Hydrogels for Seed
Germination, Seedling Growth of Rapeseed.
Journal of Plant Growth Regulation 33(2):
195-201.

Tilman D, Cassman KG, Matson PA, Naylor R,
Polasky S (2002) Agricultural sustainability
and intensive production practices. Nature
418(6898): 671-677.

Yu J, Shi JG, Dang PF, Mamedov Al, Shainberg I,
Levy GJ (2012) Soil and polymer properties
affecting water retention by superabsorbent
polymers under drying conditions. Soil
Science Society of America Journal 76(5):
1758-1767.

Zohuriaan-Mehr MJ, Omidian H, Doroudiani S,
Kabiri K (2010) Advances in non-hygienic
applications of superabsorbent hydrogel
materials. Journal of Materials Science
45(21): 5711-5735.



308 IKIEHE 1 SROR KV e fE FR A L5 i (e 2 HE R £



