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Table 1. Amounts of materials used for the synthesis of slow-release systems based on alginate-zeolite matrix.

Alginate Zeolite KNO3 Zeolite:Alginate ratio
) (® (®
13.33 6.66 10 1:2
16 4 10 1:4
17.77 222 10 1:8
20 0 10 No Zeolite
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Table 2. Amounts of materials used to produce the slow-release systems based on gum-zeolite matrix.

Gum Zeolite KNOs Zeolite:Gum ratio
(2 (2 (®
40 20 10 1:2
48 12 10 1:4
53.33 6.66 10 1:8
60 0 10 No Zeolite
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1. California bearing ratio apparatus
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Table 3. Amounts of materials used to produce the slow-release systems based on straw-gum-zeolite matrix.

Straw (g) Gum (g) Zeolite (g) KNO:s (g) Zeolite:(straw-+gum) ratio
333 13.33 10 1:2
4 16 10 1:4
4.44 17.77 10 1:8
5 20 10 No Zeolite
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2. Specific release rate at unit time
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Figure 1. Cumulative percent release of nitrate from slow-release systems based on zeolite:alginate (A), gum:zeolite (B), and
straw+gum:zeolite (C) in the ratios of 1:2, 1:4, 1:8 and zeolite-free systems.
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Table 4. Constants and coefficients of determination (R?) obtained from power function and parabolic diffusion models fitted to the
nitrate release data from different alginate:zeolite systems.

Parabolic diffusion equation

Power function equation

Slow-release system

R? C R R? b a (alginate:zeolite)
0.45m 18.35 4.2 0.99%** 0.98 0.03 23.55 No zeolite
0.56" 18.84 5.32 0.99%** 2.03 0.06 33.89 12
0.47ms 17.95 43 0.99%** 0.03 31.93 1:4
0.49 s 15.44 3.85 0.98*** 1.10 0.04 27.50 1:8

)‘:L;l&cj?&) o/oo) 6)1.»1@4»»)3)1:&» g.,,“:‘):a.;.ns)%

£

**%: p <0.001 and ns: non-significant

Shol s bslsT glaesls dal ey e s Sl (Gl GU S sdde 351, 31 ol RY) s ol 5 el 0 J g
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Table 5. Constants and coefficients of determination (R?) obtained from the power function, parabolic diffusion, and pseudo first-
order models fitted to the nitrate release data from different gum:zeolite systems.

Parabolic diffusion equation

Power function equation

Pseudo first-order equation
Slow-release

system

R2 C R R2 b a R? ki Qe (gum:zeolite)
0.97*** 8.19 13.68 0.98** 0.36 23.60 0.93*** 013  80.09 No zeolite
0.62* 33.72 12.62 0.93%** 0.12 60.90 0.99%** 073  43.55 1:2
0.95*** 11.64 12.80 0.99** 0.31 27.38 0.92*** 019 7531 1:4
0.93** 8.89 8.73 0.94%** 0.35 17.37 0.79* 0.07  68.64 1:8

EEC

)\bb;'.vuﬁb}"/°°\)°/°06JL¢TC)JQ~J):)\>L;'@AV.§)54.{HAS} 3
*: p<0.05, ***: p <0.001 and ns: non-significant
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Table 6. Constants and coefficients of determination (R?) obtained from the power function and parabolic diffusion models fitted to
the nitrate release data from different (straw+gum):zeolite systems.

Parabolic diffusion equation

Power function equation

Slow-release system

R? C R R? b a (straw+gum):zeolite
0.50"s 77.57 19.32 0.99%#* 0.043 138.50 No zeolite
0.44ns 91.01 20.32 0.99%%* 0.028 160.40 1:2
0.49"s 84.35 20.58 0.997** 0.041 149.90 1:4
0.49ns 83.73 20.69 0.99%#* 0.043 149.00 1:8

D3 sme 8 5 0/00) LSJL‘ICE“ 23 b gme s jans 5
***: p <0.001 and ns: non-significant

5o B el Y 5l s 58 5 ¥A SY W i s bl
JD) 5 m Y 5P VA e el 3Ll sl e
iy (33 A3 5t e s 0L sl (AIHY
e S o Al e 5 hlesT gl ol YE b s
Ol Skl 3yee 5 el odalin Lo, L aS ol Skl
= l_a(,.:_.,..:.w Ol 0358 eslie sdasglis 5 axils J‘}}VA
o 03 0 0L 5 S o Jra, S 5, S u s
5 bl it BT s S 5 el ol
035 Solslil doss (Sbt Lamme 53 3l e sla ey
L3S S Ao ps AV s, Te b

slorosls di il Lajlas poloas 53 Sl wl Jus
L sl Cilie glaca s 51 auly s3laslsl
esms o palide (V Jsdzr) LS i o555
o Lslapinm s bg o i 5 4 G 5eS @ S e
el bl L e e OLS S 5 s ey Ogds 5 VA OIY ALY
Wl Bl A58 VMLQ ololay o5 s o (o Jls
L oo LIS lapims 3550 55 0529 ooy 3lie 35
als Gl Lol Sl ey 3lasll slie 2,

gl celu VY b ous rl;;'.l Sl S eslul el
i ot Ly Glapios 51 3Ll s (il
o 30 Y8 S YE YO FY s ey Os 5 VA AF Y

Sl Sa 54503 i.:.wq (.....ﬂl:.’ solwslsl 5l G Dde ol

¥

33l s das e UL | il glacensd b 55
Sl YY 55 ey Opd s VA N ALY LSL"‘V-:—“%”’)" ol
Gl YE 5l s 5 doss Ao s AS/Y AS/Y QVF L e ol
23m doy3 WIE 5 VVP Y MY s i ol e 55 S
om0l Jgl 555 05 St 3l e s BB Ao 3lasls]
el S 38 15 (6 B ) el s
5 Sl @ cladis 5l et 0l (7) s
LS Gt Sl Ol (lala glaesls » Sl
Sl 2 0 el I S50 ) il lacd
e Sl mU di Sl ol sl e Gles
0= S p3lie (o S0 S 5 p S e Sl 03,5 Cund
o O wisas 20 )Y 5 VA Gt 4 by o S e
Sp=S o Lo I VY 5 VA ekl b aslie o
-t D Sl ek sdalie (lasll do s digy b &S sy
i 5l ol Suisy Cow o ldie sl Sl
S 3 K3 Gt 5l 568 s 05 4 5e5 53 Sl
3 5305 (S8 hls ld s O e s o OLES

el néﬁéjﬂ) .LSL.&@)}:

S @bl 8
L il (sl slapimen 3l ey 3laslsl A3



UL, 5 b

Vfoo Hlasl/ o2 o ylads / r.&.:)'b.: Jle/ aL_S} S Jaa.bJ

3l MLQ 65[.,-:\)'1 slaasls 5 Jsl sy 4 o &gﬁbg cd':lf” C»U St slad e Jij\ﬂ 3l yl;- (R?) S sl o s bl Y J‘,.\?

S linll it o

Table 7. Constants and coefficients of determination (R?) obtained from the power function, parabolic diffusion, and pseudo first-
order models fitted to the potassium release data from different alginate:zeolite systems.

Parabolic diffusion Power function Pseudo first-order Slow-release systems
R? C R R? b a R2 ki Qe (alginate:alginate)
039" 1207 241  goggw+ 0011 2114 (gg#++ 337  21.78 No zeolite
043" 1217 274  (ogg*++ 0029 2151  goggee 271 23.12 1:2
0.44ns 11.69 2.61 0.99*#*  0.028  20.64  (jggu== 2.71 22.15 1:4
0.44ns 10.52 2.34 0.99*#*  0.027 1856  (ggus= 2.73 19.88 1:8

Dl gan 8 g 0/00) L;JLJCEM 3 s gms LS Sanss g
**%: p <0.001 and ns: non-significant

V.M»Li_j 6)\.«43‘)1 6@55\: 2 J)l 63 4...}3 E) &Jf‘)lﬁ cd‘}; cLz L,<:.1.\:.w kgLAJ.M J:')‘j" )‘ le;— (Rz) u,:.“.: w\j.ﬁ 3 LACA.:L: A JJJ.?

C,:J_,U’:Q...a alises Sl et 5|
Table 8. Constants and coefficients of determination (R?) obtained from the power function, parabolic diffusion, and pseudo first-
order models fitted to the potassium release data from different gum:zeolite systems.

Parabolic diffusion Power function Pseudo first-order
Slow-release systems
R2 C R R2 b a R2 ki Qe (gum:zeolite)
0.92*** g 55 6.07 097" 029 15.62 0.94"* 013 4574 No zeolite
0.59" 2215 454 093" 011 3206  0.98%* 058 4753 1:2
0.87** 946 466 097" (24 1557 091" 020  36.64 1:4
0.89** 7.18 322 097" 022 11.52 0.74* 030 2486 1:8
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Figure 2. Cumulative percent release of potassium from slow-release systems based on zeolite:alginate (A), gum:zeolite (B), and
straw-+gum:zeolite (C) in the ratios of 1:2, 1:4, 1:8 and zeolite-free system.

SaoVe Sl b gM 580 AP AF S S S el
ot ety (sl e 5 g Qe 5 AY/F Qo)) AVA 5 S
o O3 3 VA X O lacend Sl pl w5, 6 el YY)
G3lsl3T b aglio )3 48 55 Aoy Y 5 V8 F/) VA O i 0
s 3 039m 56S e Ghalesl sl el Y s ol
FCOW P TSP I I KUES CPE IV o PRSI ]

i e (2,08 5 S A5 G s ol ol

¥y

53 (@) Jslws Olas 53 st sll el 1S e Lol sl
S S & S e Sl sl ol 03,y 4l dsles
JJ))L:ASJ).: \:/\_5 R B es) u_g.l.: Ny 6\.&(.5.«.?‘.»44)9}}/4
(oS pam) ke (Lot 5 ply (55003 51 Ao s

Silwal3l A sl el esls LS (C—Y) K s e

Y o5 ey G s VA N A W6|)l>6uwj| (,.w:l,:.



UL, 5 b

Vfoo Hlasl/ o2 o ylads / r.&.:)'b.: Jle/ a\._..f} S .ha.bJ

6L"°;v-:-~::”’ 3l p-w“ti L;)'L,-:\)'T slaosls 5 &':Sﬁblg ERPIEY C"U St slad e JL)'\J{ 3l yl;- (R?) oy - PRV NG A d‘,.).?
L 55 heatelS il

Table 9. Constants and coefficients of determination (R?) obtained from the power function and parabolic diffusion models fitted to
the potassium release data from different (straw+gum):zeolite systems.

Parabolic diffusion Power function Slow-release systems
R? C R R2 b a (straw-+gum):zeolite
0.37ns 55.79 10.66 0.99%** 0.005 97.59 No zeolite
0.38ns 54.18 10.66 1.00%** 0.009 94.93 12
0.38"s 54.64 10.87 0.99%** 0.011 95.64 1:4
0.370 57.18 11.01 1.00%** 0.006 100 1:8
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**%: p <0.001 and ns: non-significant
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Abstract

The supply of mineral elements for plant growth is of great importance in agricultural production. The
development of slow-release fertilizers is one of the effective methods for overcoming problems caused by
the uncontrolled use of chemical fertilizers in agricultural lands. Biopolymers are among the most suitable
natural compounds for the synthesis of slow-release fertilizer systems. In the present research, alginate, rosin
gum, and combination of wheat straw and the gum together with zeolite in the mass ratios of 1:2, 1:4, and
1:8 were used to produce slow-release systems of nitrate and potassium. The extents of nitrate and potassium
release were measured 1, 3, 5, 10, 15, 20, 25, and 30 days after slow-release fertilizers applications. The
highest percentages of potassium and nitrate release were recorded during the first 24 hours. The results
showed that the highest percentages of potassium release were recorded for the systems made from wheat
straw in combination with gum rosin and zeolite while the lowest release percentages were observed for the
1:8 zeolite:rosin gum system. In general, it may be concluded that the slow-release systems made based on
rosin gum:zeolite were suitable candidates for the preparation of slow-release nitrate and potassium
fertilizers.

Keywords: Alginate, Gum, Slow-release fertilizer, Wheat straw.

Background and Objective: Development of slow-release fertilizers (SRF) is one of the best methods to
improve nutrient use efficiency in agriculture. The low release rate of nutrients prevents their loss through
leaching and reduces the toxicity of the elements for plants. Various materials, including elemental sulfur,
synthetic polymers, gum, chitosan, ethylcellulose, and alginate have been used to manufacture SRF. Clay
minerals are also among the ingredients used as carriers or coatings in slow-release systems. The materials
used in the production of SRF must have unique characteristics such as low cost, acceptable bio-
degradability, minimum environmental hazards, and no adverse effects on plants. Natural and synthetic
polymers are new coatings used in the production of SRF. Abedi et al. (1), for example, used a combination
of ethylene cellulose, glyceryl mono-stearate and Compritol 888 to make Fe-bearing SRF, and concluded
that through using these compounds, the amount and rate of Fe release to the solution decreased. Bajpai et al.
(2) used a mixture of alginate and carboxymethyl cellulose as a carrier of potassium nitrate and showed that
this compound has a great ability to produce SRF. Despite the extensive studies performed on the use of SRF
as a source of nutrients for plants, in Iran less attention has been devoted to the production of such fertilizers.
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Therefore, this research was carried out to investigate the possibility of using of alginate and rosin gum along
with zeolite clay as a carrier of potassium and nitrate.

Methods: To prepare the slow-release alginate:zeolite systems, the mass of the matrix (alginate and zeolite)
was fixed at 20 g, while the alginate:zeolite ratio varied from 1:2 to 1:8. In all systems, 10 g of potassium
nitrate was added to the mixture and the suspension was added after mixing with a 5% calcium chloride
solution, after homogenization using a burette at a constant speed. To prepare slow-release systems using
rosin gum, the mass of matrix (gum and zeolite) was fixed at 60 g while the gum:zeolite ratio varied as 1:2,
1:4 and 1:8. The gum was gradually dissolved in 100 ml of acetone and subsequently the appropriate
amounts of zeolite were added. After homogeneous mixtures of zeolite and gum were made, 10 g of
potassium nitrate was added to the systems and the mixing was continued. The prepared mixtures were
molded after complete acetone removal, in pills with a diameter of 5 and a thickness of 2 mm, and dried at
ambient temperature. In order to study the release kinetics of nitrate and potassium ions from the synthesized
systems, one gram of each sample was placed in 100 ml of distilled water. The amount of nitrate and
potassium released from the samples into water was measured after 1, 3, 5, 10, 15, 20, 25 and 30 days.
Nitrate concentration in the solutions was measured spectrophotometerically at 220 and 275 nm. Potassium
concentration was also determined using a flame photometer. The release kinetic data were described by the
pseudo first-order, power function and parabolic diffusion models.

Results: The power function and parabolic diffusion equations successfully fitted the nitrate release data
from the slow-release systems made based on alginate:zeolite matrix. However, the systems produced from
alginate released a substantial amount of the loaded nitrogen during the first hour, indicating that these
systems are not suitable for SRF production. The amount of nitrate release from the gum:zeolite systems in
the first 24 hours ranged from 26 to %52. With the exception of the 1:2 system, which released about half of
its nitrate reserve in the first 24 hours, other gum-based systems appeared suitable for producing SRF
fertilizer. The release of a significant percentage of nitrate in the first day indicated that the systems with
different (gum+straw):zeolite ratios are unsuitable for slow-release fertilizer production. The power function,
pseudo first-order, and parabolic diffusion models were able to describe the potassium release data from the
systems. The results indicated that a high percentage of potassium loaded into the alginate-bearing systems
was released during the first 24 hours of the experiment, which is consistent with the observed trend of
nitrate release and indicates the inadequacy of these systems to produce SRF. The amounts of potassium
released from the gum:zeolite system during the first 24 hours of the experiment were 41, 25, 24 and 26% of
the initial loaded potassium for 1:2, 1:4, 1:8 and zeolite-free systems, respectively. The corresponding
amounts of potassium released from the above-mentioned systems after 30 days, were 44, 39, 18 and 52%,
respectively. These data suggests that gum-based systems are good candidates for potassium SRF
production.

Conclusions: The results of this study showed that the gum:zeolite systems had a reasonable release pattern
of nitrate and potassium and released these nutrients in a longer period of time. Therefore, these systems are
good candidates for the development of SRF.
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