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ABSTRACT: Development of a compound fertilizer for agricultural
and horticultural applications remains an important challenge in the
field of biomass synthesis on account of its raw material source and
biodegradability. In this work, an eco-friendly slow-release urea fertilizer
(SRUF) employing mulberry branch-g-poly(acrylic acid-co-acrylamide)
(MB/P(AA-co-AM)) superabsorbent was prepared. The MB/P(AA-co-
AM) superabsorbent was blended with sodium alginate, urea, and CaCl2
solutions to accomplish this synthesis process. The synthesis conditions
of the SRUF and its application performance were examined. The
results showed that under the optimal synthesis conditions the water
absorbency and water absorbency rate of the SRUF reached 420.0 g/g
and 60.0 (g/g)/min in deionized water, respectively. The water
retention of the SRUF was 7.2 wt % after 25 d. The urea release in
deionized water and soil both exhibited a typical slow release behavior.
A degradation rate of 32.0 wt % was attained for the SRUF while it was buried for 90 d in soil.
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■ INTRODUCTION

Recently, efficient utilization of agri-industrial residues has
attracted substantial attention for the preparation of cellulose-
based functional products, such as cellulose nanocrystals,1 fatty
acids,2 substrate,3 and bioethanol.4,5 Mulberry, as an important
economic crop, is widely planted all over the word.6 But up to
now, mulberry is not made full use of in many countries except
for its leaves, which serve as feed sources for the silkworm
industry. The rest, like branches, stems, and roots, is handled as
agricultural waste for incineration or landfilling.7 Efficient
utilization of excess mulberry branches therefore remains an
important challenge. Significant efforts have been dedicated to
exploring the preparation and properties of mulberry branch-
sourced functional materials in the past few years. Pectin,7

cellulose whisker,8 and natural fiber9 were extracted from bark
or xylem of mulberry branches for new materials preparation.
Water and fertilizer are two critical factors for the growth

process of crops.10 One of the methods to effectively hold water
and nutrition in the soil for the crops’ growing needs is the
application of a superabsorbent. Recent research with
encouraging results showed that a superabsorbent, which
improved water irrigation and nutrient retention in soil, could
act as a water and fertilizer manager in the growth of crops.11,12

Superabsorbent, as a three-dimensionally cross-linked hydrogel,
can absorb water or other liquids from tens to thousands times

its weight. The absorbed liquids can also be kept in the
superabsorbent under a certain pressure.13,14 These particular
advantages urge superabsorbents to be required in fields such as
agriculture and horticulture,15,16 sanitary products (such as
sanitary napkins and disposable diapers),17 environmental
protection,18 and drug delivery.19,20

Over the past few decades, the preparation of super-
absorbents has been primarily based on synthetic polymers
like acrylic acid (AA) or acrylamide (AM), which hold potential
environment hazards due to their poor biodegradability.21,22

Meanwhile, the increasingly depleted petroleum resources are
their main source of raw materials. As a consequence, many
efforts have been made to exploit eco-friendly raw materials for
superabsorbents. Many products from renewable natural
resources, such as starch,23,24 cellulose and its derivatives,25,26

hemicelluloses,27,28 chitosan,29,30 humic acid,31 carra-
geenan,32,33 and even flax yarn waste34 have been adopted to
prepare superabsorbents.
Hence, the existing problems and appropriate properties of

waste mulberry branches motivate us to examine its potential
applications in the field of compound fertilizers. As a continuing
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study for organic−inorganic compound superabsorbents,35 our
target focused on providing new tactics for the high-value
utilization of waste mulberry branches, i.e., combining it into
fertilizer for agricultural and horticultural applications. The
objectives of this study were to investigate the preparation of an
eco-friendly slow-release urea fertilizer (SRUF) based on
mulberry branches under different synthesis conditions and to
characterize the properties of the resulting fertilizer, specifically
its water absorbency and retention, slow-release urea behavior,
and biodegradability.

■ MATERIALS AND METHODS
Materials. Mulberry branches were reaped from the mulberry

plantation of Zhejiang Sci-Tech University in Hangzhou, China.
Acrylic acid (AA, analytical grade; Aladdin Chemistry Co., Ltd., China)
was used after vacuum distillation. Acrylamide (AM, analytical grade;
Yingguangtai Biotechology Co., Ltd., China) was employed as
received. Ammonium persulfate (APS, analytical grade; TianjinYongda
Chemical Co., Ltd., China) was used after recrystallization. Calcium
chloride (analytical grade; Guoyao Chemical Reagent Co., Ltd.,
China), ammonium bicarbonate (analytical grade; Beijing Solarbio
Science Technology Co., Ltd., China), N,N-methylenebis(acrylamide)
(MBA, analytical grade; Guoyao Chemical Reagent Co., Ltd., China),
urea (analytical grade; Beijing Solarbio Science Technology Co., Ltd.,
China), and sodium alginate (apparent viscosity 200−600 mPa.s, food
grade; Shanghai Maichao Chemical Co., Ltd., China) were used
directly. All other chemicals were of analytical grade, and solutions
were formulated using deionized water.
Synthesis of MB/P(AA-co-AM)) Superabsorbent. Pretreat-

ment of Mulberry Branches. Mulberry branches were cleaned, cut
into pieces, and then dried to a constant weight at 105 °C. After
smashing and screening, the pulverized mulberry branches between
100 and 200 mesh (0.072−0.143 mm) were collected. The content of
cellulose in the pulverized mulberry branches was tested according to
the Kurschner−Hoffer cellulose method, and the contents of
hemicellulose, lignin, benzene alcohol extractives, and moisture in
the pulverized mulberry branches were measured according to the
TAPPI standard methods of T 223, T 244, T 204, and T 258,
respectively. The main chemical components are presented in Figure
1. The cellulose content was 36.5 wt % in the used mulberry branches.
Mulberry Branches Grafted by AA and AM. The MB/P(AA-co-

AM) superabsorbent was prepared by grafting AA and AM onto the
pulverized mulberry branches by free-radical graft copolymerization
according to previous research.36 In brief, 1 g of pulverized mulberry
branches was distributed in 20 mL of deionized water and then poured
into a 250 mL three-necked flask with s magnetic stirrer, reflux

condenser, nitrogen line, and a water bath of 70 °C. Meanwhile,
oxygen-free nitrogen was introduced for 30 min before reacting, and
then the APS solution (containing 0.05 g APS) was added.34,35 After
stirring for 15 min, the AA solution (containing 4.8 g AA) with a
neutralization of 60%, 1.2 g of AM, and 0.02 g of MBA were added
into the reaction system successively. The total volume of solution was
limited at 40 mL. After 2 h, the product was washed by deionized
water and ethyl alcohol in turns and then dried to a constant weight at
60 °C. The dried gel was ground into a powder and passed through a
200 mesh sieve.

Preparation of SRUF. Sodium alginate with certain concentrations
and 0.5 wt % urea aqueous solution were blended with the synthesized
MB/P(AA-co-AM) superabsorbent (≤200 mesh). The mixed solution
was added dropwise into a 0.5 wt % CaCl2 solution by syringe under
low-speed stirring with a injection speed of 5 mL/min. The volume
ratio of the mixed solution and calcium chloride aqueous solution was
1:4. After a certain time, the calcium chloride cross-linked solution was
filtered and rinsed with deionized water to remove the excess calcium
chloride and then dried at 37 °C to a constant weight. Figure 2
schematically shows this proposed preparation process of the SRUF.

Properties of Prepared SRUF. Water Absorbency. A total of 0.1
± 0.0001 g of SRUF powders were soaked in 500 mL of deionized
water, saline solution, and tap water at 5, 25, and 45 °C, respectively,
to achieve saturation. Then the swollen sample was filtered by 100
mesh nylon screen to remove unabsorbed liquids. The equilibrium
swelling Qeq was calculated by eq 1

= −Q M M M( )/eq 2 1 1 (1)

where M1 and M2 are the weights of the dry and swollen samples (g),
respectively, and Qeq is the water absorbency of per gram dried sample
(g/g).

Water Absorbency Rate. The accurately weighed SRUF powders
(0.1 ± 0.0001 g) were swelled in 500 mL of deionized water. At every
0.5 min interval, the sample was fished out to measure the water
absorbency. Then it was put back to the same deionized water for the
next test.

Water Retention at Various Temperatures. The SRUF was soaked
in deionized water at 25 °C to achieve saturation. Then the swollen
SRUF was placed at 5, 25, and 45 °C, respectively. At every 1 h
interval, the sample was weighed for a total period of 12 h. The water
retention capacity at various temperatures RiT was determined by the
following equation

= ×R M M/ 100%iT i 0 (2)

where M0 and Mi are the weights of the swollen and desorbed samples
(g), respectively, and RiT is the water retention rate of per gram
swollen sample (g/g).

Water Retention at Various Centrifugal Forces. The SRUF was
soaked in deionized water at 25 °C to achieve saturation. Then the
swollen SRUF was wrapped in a 200 mesh nylon screen and
centrifuged with different rotation speeds for 30 min. The water
retention capacity at various centrifugal forces Ri was determined by eq
3

= − ′ − ′ ×R M M M M( )/( ) 100%i i 0 (3)

where M0 and Mi are the weights of the swollen and centrifuged
samples with tea bag (g), and M′ is the weight of the tea bag (g). The
relation between the centrifugal force (F) and rotation speed (n) was
calculated by eq 4

π=F n mr4 2 2 (4)

where m is the weight of the SRUF, and r is the radius of the
centrifuge.

Water Retention in Soil. Soil was dried at 105 °C to constant
weight and sieved with a 10 mesh nylon screen. Amounts of 0.1, 0.3,
and 0.5 g of SRUF mixed with 100 gof soil powders in 500 mL glass
beakers were infiltrated by running water until the water exudation
from the soil gaps appeared.37 The control experiment without the
SRUF was also carried out. The beakers were placed at 25 °C and

Figure 1. Main chemical components of the used mulberry branches.
Data points are the means of three measurements. Error bars represent
one standard deviation.
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weighed every day for a total period of 12 d. The water retention in
soil Ris was determined by the following equation

=R m m/is i 0 (5)

where m0 and mi are the total weights of the saturated and desorbed
samples with soil (g), respectively.
Slow-Release Urea in Water. A total of 0.2 g of SRUF was

immersed in 400 mL of deionized water, which served as the release
medium. At every 10 min interval, 2 mL of solution was taken out
from the release medium to detect the urea content using an
ultraviolet spectrophotometer method.38 Then the same amount of
fresh deionized water was supplied in the medium immediately for the

next measurement. The urea cumulative release rate of the SRUF in
water was calculated by eq 6

∑= +
=

−

R C C400 2w t
i

n

i
1

1

(6)

where Ct is the urea concentration tested by ultraviolet spectropho-
tometer at a certain time interval (μg/mL).

Slow-Release Urea in Soil. A total of 0.3 g of SRUF was wrapped
by 500 mesh nylon screen and buried in a plastic cup containing 150 g
of dry soil.39 The depth from the sample to the soil surface was 10 cm.
Tap water was flowed into the plastic cup to keep moisture content of
the soil at 30%. Then the plastic cup was sealed with plastic wrap. At

Figure 2. Proposed preparation process of the slow-release urea fertilizer.

Table 1. Factorial L9(3)
3 Experiment of Syringe Caliber, CaCl2 Solution, Sodium Alginate, and MB/P(AA-co-AM)

Superabsorbena

sample no. A (mm) B (wt %) C Qeq (g/g) Qeqr ((g/g)/min)

1 1 (0.5) 1 (0.5) 1 (2:1) 419 63.4
2 1 (0.5) 2 (0.7) 3 (1:2) 147 29.3
3 1 (0.5) 3 (0.9) 2 (1:1) 154 33.0
4 2 (2.0) 1 (0.5) 3 (1:2) 368 68.7
5 2 (2.0) 2 (0.7) 2 (1:1) 401 56.0
6 2 (2.0) 3 (0.9) 1 (2:1) 439 59.0
7 3 (4.0) 1 (0.5) 2 (1:1) 348 35.7
8 3 (4.0) 2 (0.7) 1 (2:1) 393 48.3
9 3 (4.0) 3 (0.9) 3 (1:2) 278 41.0

A B C A B C
K1
b,d 252.7 378.3 417.0 K1

b,e 41.9 56.0 57.0
K2
b,d 402.7 313.7 313.7 K2

b,e 61.2 44.5 46.3
K3
b,d 339.7 303.0 264.3 K3

b,e 41.7 44.3 41.6
Rc,d 150.0 75.3 152.7 Rc,e 19.6 11.6 15.3

influencing order A > C > B A2 B1 C1 influencing order A > C > B A2 B1 C1

optimal combination A2B1C1

aA is syringe caliber; B is concentration of CaCl2 solution; C is sodium alginate to MB/P(AA-co-AM) superabsorbent mass ratio; Qeq and Qeqr are
water absorbency and water absorbency rate in deionized water, respectively. bK = (∑water absorbency/water absorbency rate in deionized water of
single factor)/4. cR = max K − min K. dWater absorbency. eWater absorbency rate.
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every 24 h interval, the sample was taken out and weighed after being
dried at 37 °C to a constant weight. The weight difference method was
used to calculate the urea release rate of the SRUF according to eq 7.39

Throughout the experiment, tap water was added appropriately to
maintain the moisture content of soil always about 30%.

= − −R m m m m( )/( )s s c0 0 (7)

where m0 and ms are the total weights of the SRUF and nylon screen
before and after soil burial (g), and mc is the total weight of the control
SRUF (without loading urea) and nylon screen (g), respectively.
Natural Soil Degradation. The natural soil degradation test was

carried out for 90 d. The SRUF sample was prepared with a shape of
circular disk with the diameter of 10 mm and thickness of 1 mm. Then
it was wrapped in a 200 mesh stainless steel wire. Each SRUF sample
was buried 10 cm under the soil surface. At every 10 d interval, it was
dug out. After being washed by deionized water and dried at 60 °C to
constant weight, the SRUF was weighed, and its degradation rate was
determined by eq 8

= − ×W W WDegradation % ( )/ 1001 2 1 (8)

whereW1 andW2 are the weights of the dry SRUF before and after the
soil burial (g), respectively.

Morphology. The SEM images were photographed by a JSM-5610
LV SEM system using an acceleration voltage of 8 kV. The samples
were sputter-coated with a gold layer in vacuum before being observed.

■ RESULTS AND DISCUSSION

Optimization of SRUF Synthesis Conditions. Sodium
alginate can form an “egg-shell” structure under the action of
Ca2+ and then achieve the task of slow-releasing the
compositions wrapped in it. After blending of the MB/P(AA-
co-AM) superabsorbent and sodium alginate in the presence of
Ca2+, the MB/P(AA-co-AM) superabsorbent was wrapped in
the “egg-shell” structure of sodium alginate, which can cause a
variation of the osmotic pressures inside and outside the
superabsorbent and influence the water absorbency of the
SRUF. Therefore, the SRUF should have an excellent water
absorbing property. A factorial experiment with three factors

Figure 3. Actual and SEM images of the slow-release urea fertilizer formed under optimal conditions: (a1) dried, (a2) cross-section (magnification: ×
200; scale bar: 100 μm), (b1) saturated, (b2) cross-section (magnification: × 200; scale bar: 100 μm).

Figure 4. Water absorbency and retention of the slow-release urea fertilizer: (a) water absorbencies at different temperatures, (b) water absorbency
rate in deionized water, (c) water retentions at different temperatures, (d) water retentions at various centrifugal forces,and (e) water retentions in
soil with the unequal fertilizer contents. Data points are the means of three measurements. Error bars represent one standard deviation.
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and three levels was performed to obtain the best synthesis
conditions of the SRUF. “A” stands for syringe caliber, which
designs three levels of 0.5, 2.0, and 4.0 mm. “B” and “C” stand
for concentration of CaCl2 solution and sodium alginate to
MB/P(AA-co-AM) superabsorbent mass ratio, respectively.
According to the factorial array of L9(3)

3 presented in Table
1, the following experiments were carried out, and the range
analysis was exhibited. It is shown that the influencing order of
each factor on water absorbency and absorbency rate in
deionized water is A > C > B. Syringe caliber is the most
important factor, sodium alginate to MB/P(AA-co-AM)
superabsorbent mass ratio follows, and concentration of
CaCl2 solution is the last. In the synthetic reaction, syringe
caliber controlled the content of the MB/P(AA-co-AM)
superabsorbent wrapped in the “egg-shell” structure of sodium
alginate, which played a role in promoting the water absorbency
of the SRUF. The activity of slow-release urea would also be
affected, while the content of MB/P(AA-co-AM) super-
absorbent in the “egg-shell” structure was excessive. This factor
had a more significant influence than others. On the basis of the
results of the factorial experiment, the optimal combination
A2B1C1 was obtained, corresponding to the optimal synthesis
conditions of 2.0 mm syringe caliber, 0.5 wt % CaCl2 solution,
and 2:1 sodium alginate to MB/P(AA-co-AM) superabsorbent
mass ratio. The prepared SRUF here presented the maximum
water absorbency and water absorbency rate of 420.0 g/g and
60.0 (g/g)/min in deionized water, respectively. The cellulose
grafting percentage and monomer graft efficiency of the MB/
P(AA-co-AM) were 120.4 and 31.8 wt %, respectively. The total
nitrogen content was 0.37 wt % in the SRUF. Figure 3 displays
the actual and SEM images of the SRUF formed under the
above-mentioned optimal conditions. The excellent water
absorbency of the SRUF preliminarily confirmed its potential
to be applied in the fields of agriculture and horticulture.
Water Absorbency and Retention of SRUF. Water

Absorbency at Various Temperatures. The water absorbency
at different temperatures is an important property for fertilizer.
Figure 4a presents the water absorbency of the SRUF at 5, 25,
and 45 °C, standing for the typical temperatures of soil in four
seasons of temperate regions. The water absorbency of the
SRUF increased slightly with the rise in temperature. The water
absorbency of the SRUF appeared 445.2 g/g in deionized
water, 289.7 g/g in tap water, and 50.6 g/g in 0.9 wt % aqueous
NaCl solution when the temperature was 5 °C. But while the
temperature increased to 25 °C, the water absorbency climbed
to 495.7 g/g in deionized water, 295.4 g/g in tap water, and

52.3 g/g in 0.9 wt % aqueous NaCl solution. As the
temperature reached 45 °C, it ascended to 503.9 g/g in
deionized water, 296.8 g/g in tap water, and 56.1 g/g in 0.9 wt
% aqueous NaCl solution. These results, which were
comparable to those for wheat straw-based superabsorbent
resin,13 indicated that the water absorbency of the SRUF was
stable in the same solution with the change of temperature,
which exhibited the excellent performance of the SRUF both in
the cold winter and hot summer.

Water Absorbency Rate in Deionized Water. As a
compound fertilizer applied in agriculture and horticulture,
high water absorbency rate is one of the most important
properties for its efficient water absorbing and storing during
raining or irrigating.15 Figure 4b exhibits the dynamic swelling
behavior of the SRUF within 5 min in deionized water. The
SRUF achieved water saturation in only 3 min, and the water
absorbency appeared 514.8 g/g in deionized water. The initial
swelling property of the SRUF mainly depends on capillary
effect and the capture of hydrophilic groups on the surface of
molecular structure. When the water enters into the SRUF, it
accelerates the dissociation of ionic groups. The electrostatic
repulsion caused by the ionization groups procures the
expansion of polymeric network, which can consequently
promote more water moving into the inside structure of the
SRUF.40

Water Retention at Various Temperatures. Water retention
ability is another important property for a compound fertilizer.
Figure 4c displays the water retention ability of the SRUF at 5,
25, and 45 °C. The results implied that the water retention of
the SRUF decreased with the increase in temperature and time.
The SRUF reserved 74.3 and 59.2 wt % of the absorbed water
at 25 and 45 °C for 12 h, respectively. While at 5 °C for 12 h,
97.1 wt % of the absorbed water was preserved. The decrease in
water retention with rising temperature can be explained by the
fracturing of hydrogen bonds, which mainly absorb water
molecules in the SRUF.41

Water Retention at Various Centrifugal forces. Water
retention of the SRUF at various centrifugal forces was tested
by centrifugal experiments under different rotation speeds.
Figure 4d shows the relation between water retention and
rotation speed. With the increase in rotation speed, greater
pressure is generated, which led to a decrease in water retention
of the SRUF. The water retention only remained at 81.5 wt %
when the rotation speed rose to 4200 rpm for 30 min. The
reason may be that the increasing centrifugal force breaks the
links between water molecules and the hydrophilic groups in or

Figure 5. Slow-release urea behavior of the slow-release urea fertilizer: (a) in deionized water, (b) in soil. Data points are the means of three
measurements. Error bars represent one standard deviation.
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on the polymeric network of the SRUF. As a result, more and
more water runs out.
Water Retention in Soil.Water retention in soil is one of the

most important indicators for compound fertilizers used in the
fields of agriculture and horticulture, which has positive effects
on improving soil quality, increasing seedling survival rate, and
accelerating plant growth. Figure 4e presents the water
retention capacity of the SRUF in soil for 28 d. The water
retention of the soil with the SRUF was significantly improved
compared with that of soil without the SRUF. The water
retention ratio of the control (soil without SRUF) was about
2.0 wt % after 10 d. But for the samples containing 0.1, 0.3, and
0.5 g of SRUF per 100 g of soil, the water retention ratios were,
respectively, 22.4, 67.1, and 79.0 wt % after 10 d and 0.3, 40.5,
and 59.7 wt % after 15 d. After 25 d, the water retention ratio of
the sample with 0.5 g of SRUF per 100 g of soil still remained
7.2 wt %, which showed that the addition of the SRUF was
beneficial to the improvement of water retention in soil.
Slow-Release Urea Behavior of SRUF. Slow-Release

Urea in Water. Figure 5a shows the urea slow-release profile of
the SRUF in deionized water at 25 °C. The curve exhibited a
typical sustained release mode consisting of an initial slow-
release followed by a plateau. The slow-release of urea lasted
about 130 min. After that, the sample attained 85.2 wt % of the
whole release and approached a release-adsorption balance.
The “egg-shell” structure formed by calcium alginate wrapped
the urea in the SRUF and made the slow-release urea behavior
of the SRUF better than the poly(sodium acrylate)- or flax
cellulose-based superabsorbents.35,42 The release behavior of
urea closely relies on the swelling properties of the SRUF. First,
the polymer network of the SRUF extends rapidly during its
fast absorbing process, leading to considerable release of urea
molecules from the SRUF. Then, with the gradual saturation

for the SRUF, the extension of the polymer network slowed
,and the release of urea molecules was cut back.

Slow-Release Urea in Soil. The practical application of
compound fertilizer is usually buried in natural soil.
Consequently, the slow-release urea behavior of the prepared
SRUF in soil was measured to objectively evaluate its
application prospects in agriculture and horticulture. As
expected, the trend line in Figure 5b reveals that the release
of urea appeared to be a classical three-stage slow-release mode:
an initial high release (0−7 d), followed by a release
equilibrium (7−8 d), and then a rapid release again (after 8
d). Therefore, the slow-release behavior of urea from the SRUF
may be explained by the following processes: (1) With the
continuous swelling of the SRUF, the urea in it dissolved
rapidly. (2) When the urea was released from the SRUF, it
absorbed and deabsorbed repeatedly with soil, which slowed
the release rate of urea. The release and absorption between the
urea and SRUF achieved balance quickly. The urea release rate
stabilized. (3) With the accelerating SRUF disintegration, the
urea was rapidly released again.

Biodegradability of SRUF. A soil burial test has been
established and standardized for several decades. It focuses on
investigating the biodegradability of material in a real soil
environment. Figure 6 displays the degradation rate and surface
morphologies of the SRUF with different weight losses. The
degradation rates of the SRUF buried in soil after 10, 50, and
90 d were 8.2, 22.7, and 32.0 wt %, respectively, while the
corresponding values of the control sample (poly(AA-co-AM)
superabsorbent) were only 0.2, 1.9, and 3.1 wt % cited from the
literature.35 On the basis of the polymer skeleton constructed
by mulberry branch cellulose, the SRUF performed an excellent
biodegradability compared with the poly(AA-co-AM) super-
absorbent. Figure 6b−f showed the different surface morphol-
ogies of the SRUF, which were buried in soil after 10, 30, 50,

Figure 6. Degradation rate and surface morphologies of the slow-release urea fertilizer with different weight loss: (a) degradation rate, (b−f) surface
morphologies of the fertilizers buried in soil after 10, 30, 50, 70, and 90 d, respectively (magnification: × 200; scale bar: 100 μm; applicable for all
images.).
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70, and 90 d, respectively. Coarse and loose surfaces appeared
on the soil buried samples. More and more dots and cracks
emerged on the surface of the SRUF with an increase in burial
time. This was mainly caused by the fracture and degradation of
the mulberry cellulose macromolecular skeleton in the SRUF,
which was decomposed by microorganisms and enzymes in
soil.36 In addition, mulberry branches have a low price as a kind
of agri-industrial residue, in which the cellulose and hemi-
cellulose partially replace the AA and AM in traditional
superabsorbent and constitute the reticular skeleton of the
SRUF. The production cost is reduced. Meanwhile, mulberry
branches belong to biomass materials and have excellent
biodegradability, which makes the SRUF eco-friendly. So, the
resultant SRUF is considered a low-cost and eco-friendly
compound fertilizer.

■ CONCLUSIONS
The objectives of this study were to investigate the preparation
of an eco-friendly SRUF based on mulberry branches under
different synthesis conditions and to characterize the properties
of the resulting fertilizer for agricultural and horticultural
applications. In light of the encouraging results, the following
conclusions can be drawn. The optimal synthesis conditions of
the SRUF were 2.0 mm syringe caliber, 0.5 wt % CaCl2
solution, and 2:1 sodium alginate to MB/P(AA-co-AM)
superabsorbent mass ratio. The product achieved the maximum
water absorbency and water absorbency rate of 420.0 g/g and
60.0 (g/g)/min in deionized water, respectively. The water
retention of the SRUF was still 7.2 wt % after 25 d. The release
of urea from the SRUF in deionized water and soil both
exhibited a typical slow release behavior. Finally, a degradation
rate of 32.0 wt % was attained for the SRUF while it was buried
for 90 d in soil. These positive results strongly suggest that as a
low-cost and eco-friendly compound fertilizer, the prepared
SRUF has a great potential for applications in the fields of
agriculture and horticulture.
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