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Article Info ABSTRACT

Article type: Background and Objectives: Indiscriminate use of chemical fertilizers,
Full Length Research Paper  especially nitrogen, not only imposes heavy costs on farmers, but also
causes environmental pollution. Nitrate is easily leached out of the reach of
plants due to its lack of retention by soil particles. The entry of excess
phosphorus and nitrate into surface and underground water causes the

Avrticle history:

Received: L . .
Revised: phenomenon of eutrophication, reduction of oxygen level, excessive
Accepted: increase of unwanted species, and finally the death of aquatic life.
Increased nitrate concentrations in drinking water can threaten the health of
people, especially children. Also, greenhouse gas emissions and the
Keywords: accumulation of heavy metals are other consequences of the excessive use
Coating, of chemical fertilizers. One of the effective methods for improving nutrient
Controlled-release, use efficiency and reducing environmental risks is the use of slow-release
';/f;'r'i'czeer' fertilizers. These types of fertilizers are specifically designed to release
Slow-rellease their nutrients in a controlled manner throughout the plant's growth period.

This feature not only increases crop yield but also improves the absorption
of essential nutrients from the soil.

Materials and Methods: In this article, an attempt has been made to
explain the concept of slow/controlled-release fertilizers and their
differences, nutrient release mechanisms, and factors affecting them. Also,
types of slow/controlled release fertilizers, production methods, required
equipment, and the advantages and disadvantages of each method have
been examined. Matrice and coating methods are used to synthesize
fertilizers with physical barriers. The fertilizers are coated with inorganic
compounds such as sulfur or organic compounds such as resins and
thermoplastic Polymer. The release of nutrients takes place through the
processes of diffusion, chemical decomposition, swelling, and osmosis.
Fertilizer coating is done by two physical and chemical methods. The
physical method includes fluid bed, pan coating, rotary drum coating,
melting and extrusion, and chemical methods of inverse suspension
polymerization, solution polymerization or cross-linking, and microwave
irradiation.
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Results: Although in most cases, slow/controlled release fertilizers are
used interchangeably, the two are different. The rate of nutrient release
from slow-release fertilizers is slower than that of conventional fertilizers,
but the rate, duration, and pattern of release cannot be controlled. However,
the rate, duration, and pattern of release in controlled-release fertilizers can
be controlled and occurs over a specific time period. Slow-release
fertilizers are divided into three groups, including compounds with low-
soluble organic nitrogen, such as urea-formaldehyde and isobutylidine
diurea, water-soluble fertilizers with a physical barrier, and low-soluble
inorganic fertilizers.

Conclusion: One-time use of slow/controlled release fertilizers reduces
labor costs due to reduced need for fertilization. These fertilizers increase
plant access to nutrients by controlling the release of nutrients and reducing
risks and toxicity. They also increase seed germination and the growth of
quality crops. Factors such as temperature, pH, and ionic strength of the
environment affect the release of nutrients from fertilizers synthesized
using the matrix method. While the release of nutrients from coated
fertilizers depends on factors such as the size of the fertilizer granules, the
thickness and uniformity of the coating, the type of material, as well as the
type of crosslinking and filler, and temperature. As the thickness of the
coating layers, granule size, and coating uniformity increase, the rate of
nutrient release decreases. Fluidized bed and pan coating methods are
among the most widely used methods for coating fertilizers. Although the
melt extrusion method is a very simple method, it also requires expensive
equipment. Although these fertilizers are more expensive than conventional
fertilizers, they have many advantages over them that justify the higher
cost. The price of imported SRFs in Iran is influenced by factors related to
currency and market demand. These fertilizers are more expensive than
conventional fertilizers due to the need for more complex production
technology and special materials for coating. Overall, according to recent
research, the production of SRFs is moving towards the use of new
technologies such as nanocomposites, natural polymers, and low-cost
biomaterials. This trend, in addition to reducing the environmental impacts
of chemical fertilizers, is also considered an effective step towards
achieving sustainable and smart agriculture. This article can provide
farmers, producers, researchers, and interested students with useful
information on the advantages and disadvantages of slow/controlled release
fertilizers, production methods and equipment required, a better
understanding of the nutrient release mechanism, and the limitations of
each method.
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! _ Delayed Release Fertilizer

2 - Controlled Availability Fertilizer
3 - Coated Fertilizer

* - Slow Acting Fertilizer

5 AV Cad s a b S pl S ol Sl
3pdoee g3 Cole pde 5 O35S AT e
Ll el bt slas S @ Baee Ll o
S o bl o ol anly 5 slind (S5
oo S o 3L (5,28 bkl WSRF a8
Wlind wis i) 35 g a4 e s ol
(IS sk 4ol Cslae G L 5 (Leemly
DY P LY s> s Sl Sl s las S el
Sran ad (VF) ol e oSS a4
i el ge 5 o 01l 5s S1s)ls sl SRF
(S skl DL GlBlE 5 5l 5 O en
i e oS L aglie 53 Ypens LS o
ol ol LOT W5 (65318 15 sls 6 5V
S5 L p e sl el sl 4 Sl
St bl s ol S S Il ol Ll
3038 Sl Lolem ke s las S e 5l s S
Sols oS ks g slaagza Jtals 5l
Sl 03,5 20 ol Gladle s (5,5LS sl
Ghle 5o es 4 b S L slas S Sl ealinal U
ol ms SRl e Sl L LS
Gib Sl s Do 4 2l LW
Gy ogh e el (Mol 5 (55,5l glaasl
53 3,8 ab b gl WSRF dis sl
(Soosles sl Dslis G A s b oule
Sheslesl s sl st gbaiales 4 5L
bgbem ol 35d pebemt YU L L glas S
23 Gose i Rl 5 S LadS s 4 LS e
Sl s g e s S SWS (gslis
Dadh e jdS 5 (gH,sUS
by zobe WSRF 5 59250 olde ole
(s s w5 ke BT S Slsgr e
5 S 3l s cagby s Wl aee Jolse



Ol e 5 (cosbw (530 | gl laog Llse 9 Mdgs (S sg; 9 i) ST had] S35 Elgil 2 ol (5590

A Mg s ole sl GWSRF Ol csdS
dudl.w DL 4:.9; Q)}»& g_;‘:"'hjj“'.’. dLﬁ‘)LS [N
Ql-g:d»am-ijj&:?lﬂcuj‘ oslazsl a4 YeYO B Y YV
5 ke ey sl Olrse wbe
'QM;J@LAJJS‘)‘ Llwd w‘ J\:jj: 6‘j &:J\)J)JLJ
380 D dt.a Al e 4 aalsl s

sd e atly y ole K88« SRF

Qo =\

b (YY0) UL 5 (g3 paie a3

(s D) Dbrse w5 Ju solse
(L gooda Gy bosasad s JB)) s i
o anzsl Dbrsdes (UB)oysl 4 s Sbrse
5 U)oyl a0 wiil cdgs (UH)e,sl
5 (U-HAP) LT oS s daoy5l slacS 556
Sl g e SBE s a8 15 o olS
@3lge 4 53 UL sdalsay bt L3S )
O54) Dlrasdes 5 sl mp oS W Je
Sz 035 WS A e B Gl
Jeds JS Lamtli 5 camy 5 S sl il 5 aly,
oosl a4 il glas S 5 ol 5l eslinal Lol Lozl
AV*) o8l YL Hlade L U-HAP , UZ UBJL«
RS Sl Eel (Sl eSS s 0 S L
DB 5 ol il sy 5 S sl wlS L,
0 @u&:}o;} (et LA uiuf,m
sl Fomb 3 b obs 5ol gbls glajles
5ok el b ol alie (o5 e TYO)
U-5; UZ UBlasss ulpls g Ll e
i Loyl gl b Kl 15 e HAP
ok gilele, Lo il (SCU) (65858
Srar 2LE 5 ma ) e e DI

(Y0) Ws S e 055 %0

o s QLS Ay gay L O A s e S
Las Sl 3

LSRF 45 Llos S i)l58 (godame lalllas
s VLS gl Sl s cx e
2 T 5 Y0 8 (e S el
OLer 5 Jo)l s e Olgsas Luly e
sl el me SRFE 58 e (Y+YY)
Lol Bl sesS >k s, s Fe s NPK Lols
on o WIS s (Sper S A, s, g
st g 38 oS s Ol T mls ssls 13
Olee 5 Cdils (K a8 iy (5, p ke Sl S
Sl OLLS 5o Sl 5 055 (oIS gl
4 S Sl gme Dl B 5550 558 L el
60 gandlas 3 poeen Ll (YY) cosls aals
Aol (S A e ST i 4
oAl sl as i o), EDTA 5 Sepn
Shiy Sl st oy L) ol Sl es S eslaxl
ol laalin . ols Hl 3 )y 350 SO pax S
Loodd s idy ool Oldgl o8 sl ol
Slogast 555 p 1 ST A Soa gl
s clJ..}l 03 5 Cwa ) 4 g0 CL&S)l o 3l g
(YY) cals u‘<’f“")§ G i U5

S Ll ui)l)f (Yo¥Y) 50 UL 5 avwes
SLle) s g5 4w psne ed SRE las s
Glos 53 53 (puS IS 5 53 8 sy OSSN o
G 05s dile Slis s Csl PO 5 YO 0
(V) 5 55 oS o 3 Sas 5 S 035

4 WLSRF ¢lgl Wy ale 2 5550 -)
rols SS&

@38 o0 VY Jle 4 WSRF Wy il

Lblog 0isi & by gy GWSRE 4l



\f‘fcb)wcb)gb c)l.\g‘l,: .\.9..’93965- Cu pde & il

R O SRE G b Sssde giledlee
DS ok b S e (LSRF) S
Sl Jele gloos S 5 Vb o3yl L Jolsne
seld g e Sl gles byl o S
OS gk s SIS Dosen el e
SLEs o OVl S Sl enlinal b ol
Slilel 5l ol mbs A 5 IS,LVL los
BB Ol 4 Sl sl Ol &S sl 0L
Sl ObT pl pedle il JralS (glabasdle
sdasdlasl osle Olgea &) 38 &S aidls
AL SIS ol plnidl ssp pesdle
Sl Ol e (S s eyl e Ce

(YA) das o Julsdl |y S ys 059 28 cdes

555 (YAY0) OLn 5 0,3 Gelioed 1 lidr 3
Sk Jols imckinl L1 Jsl S
< (PVA) IS sk o Sy Sl ezl e
S 03 s (HPMC) e iz Log oS oo
@l S iy Sl BB s s
o JB b LK s« s ol

ol

c))\ 6)Lwl.h) Q‘J:.d LG\ CM\JU a)j‘ é)l.wlﬁ)
Jsb celu YF U uj Loy odd as tis
)bJ}WbJJ\}‘M)J‘\ALﬁJE&Ab)JEJ:;‘S

(YA) s ilulasy cole G 31 eSS

b =Y

Slisd 3l eslazad L (Y0YY) OLKes 5 SLa

A4S L35 155 SRF Lo doadlle 5 o)l 50,
el 5 b e jole il s S
3lalay Oljen oS 313 QLIS Goiowd o) uls 2l
Oe a0 S 53 3585 l ) eely 5 20
SIS Gl e Sgosb 4 rdl Al e 5 LG
50585 3oy YP/AY S YENNY (i w o S

)‘ J&L}- C"L:J QT fﬁj}b_} v\.."Jjg L.S)L""LA)M

Yo

Cile slie Sl A (YY) 0L 5 K

Ao Sl Ll iy e b 0Ss a5 SRF
wlord Gl Sns » (22055 1S5 05a) eolind
Sty il 1y s s S g5 S
st S 4t bl Gkl Gl sy Sl 55
ol @l sl IR e sy 03 5 Shas
03 oot Doas (A8 a8 sl Ol ey
ssb e b B s b SU g iy, 4l
Sdems WSRF 5 )8 as o Jaall (g)ls sme
L 0B s Saamy 5 (Rl 1 ol SL S
s WSRFE 5 58 iomen s 0 RalS
5 WS, ol Gl b S slag sl
DS sk s s o3y R SIS s, o i
o @L:J .JJ>J§L5A S Gles iy 0555
08 S LS AST s ) 2 hasi
g5 5 S olecd sba S5 s L WSRF
L dyame 5 Shas Ghusi) 55 ohsh (055
S3WS ana s lp Fse L 5 esls Ll

(YP) Lgy e sle 4 L

33 SRF o5 (YY) 0Len 5 S,k
5 8bs Sa) 2 Say s OSse Sul eskie
c:b LS e Sl Sy 4 we sl gl
SIS s b eSS g, bl sboles
w b gasmessl « (UZMesles (s5meysl Jold
(UZN-NDE) s 5Ls 5l-(c5,-0,3) 5 (UZn-DE)
Dl 53 S 5 OSs s wde Ol oS sl Ol
FA 5« UZN Jls b ewlis > UZNn-NDE
S do s 00 Lo Hles opl s 055580 O eas
(YY) 55 UZN s

L (VYY) oL &\) LSJf-P DB 3

ijjﬁ L;'ljjé )‘j W &u} J:“ilj )‘ aalaal



Ol e 5 (cosbw (530 | gl laog Llse 9 Mdgs (S sg; 9 i) ST had] S35 Elgil 2 ol (5590

sl s s e e g5l SRF K
- SR B P P R W O\ B P S PP A
ST 5l i 5l sl oslinad SB el

) LS o (55 sl 5 s Lo

r.:wbg Y-\
cd s SL 51 elaal L Ladise
s db Sdee bl ulics Ao

e ST fals Ly 4 b sladls S
St S oy 4 S Al 5 o3 bl
Caol Gl b aey Sl s S Wy
boe glod 4 ainls 5 el 2 Slula
Jpame onl oS Lsls 0L Lahbsl mbs sy
Silola, ClllB VU g pdis Ao gl
St oS kil s e s Shes 5k

FF) ol

ST O 5 el 6 05 anllas o

Ao Sl OS5 S b sl ek
Seg Sl ey 3L 5 V.:MLU LS 5 S
o by oyt 5 SilKe Sl puas
o ld W5 glas S A ) L3S el S
Sl b SRRl 5,08 48 5l 0L S 555
Sy 355 4 Ll Jpame Shops W 15
0 edd g e Caglie Sly3 sl s 8 s

(10) Aol 3 5 1 SV 5T e

ool 34 Gl (VYY) 0L P

Los b Lol ool i Sl ey (5Ll
ey LS 51 b sl sl iy s S eslin
s 53 s e e 5 sy (S g Al
OBk S) o (3 IS5 55V 1 S S

.L:J}S SRF .o &JJL&:}.{ quj Loy 0 E) ¥

M

L osladg b b eds amd doadlle b oyl oSS
S ot ke i e VL
e L Sy ks Ol B oy e S

S 51 (OYE) OLlSan 5 Ol ppoman
gl 5 S &) aali b b
J s Dld s 555 a2 s S S S
Caol gl sds Ay GWSRF s S eslaxl
Sls sz 25 Corge 5 o2y 2ol SHlula,
LSSt D3 g sl eslial s S b g
Oy OAE S 4y Caslie 5 (SOG Dlo yas

V) Ao 35 |

Sasdea S0 (YY) ohes 5 5k
g5 K Olgea g Ol Sleddim St
93 55 D3l cpl Lsls I3 ey 3,56 SRE
Oljs 5 o 3w (pu oo 4,3 Ve 5 V0w (glos
SAL sy s Kbl s e
23 S 513 e 55 5e Pseudomonas alloputida
Sl s a3 Ve s el s )3 50
Olje Cmomed o adils Yoo gl 4y o (5 2
ol st O3 Sles 3 ied ol 5 O]
GlaaNe LB Oljs 4 wgedo a3 Vor s
ol Glale s de s Sl s 08 1 RS
slatlbensy 5l cabsl B e ol3s0
3l ol oslaS s oYL iy (Sl
(YY)

2 S ey (TR) s (pizmen

S 38 R el gl Lind SWSRF )
FeS) K Js Okl Sl ol S
Olgsar ol gLl 5o s 3l (ol



\f‘fcb)wcb)gb c)l.\g‘l,: .\.9..’93965- Cu pde & il

oS 5Lisy e slagdae s Qcﬂ‘u L sl

(Yd/\) J.J.)‘b yb wl:.i& DL oj.ijﬁb.

A G ash e 4ar S L e 5o

s slagusts Sl eslid Caw 4 s SRE A5
Spe s b Gl dacyaelS it b
oshe Ly, ol ol 0L e M“J'A('S ey
Sls S o S Al Ca e oS
GBS g 50 S o8 Sk osde pled

.:.sj_fde s L ga 5 lLL (65,508

bl 5 LS 55 b SRF 54,08 -
o

Bl b b s, S
2 gl Sl cd by (CEC) sl
(SOC) T esle 5 CEC s 4 ) sbasSl=
G Ul 5 esp S PH Ols VL
SLigel Spoda sl ply Sl i (NHL) o5 50l
ssls flie 55 ol 505 skl
b s ol e i b JT el CEC
Olags il el Tl 3 cpl 5 azils sl g 3L
3ph e ol ole Ol 5 S el aslas PH
(¥)

Ja s sl s 05l 20 5

b S 4 s sl Lald 03l
5> Sbigel Syods Ol a3 5 a3y SV
Jol Sl sl (F0) Cal S S
4 65,S e Jp Sl il b o 53 a8
oIl 5 S il s 4 ol g b
Ao 5 Aok iy S Sy Jils

m LS ol s sl GBIl Co e

VY

FB Ol w0 ) el lals, Olpe ol
YA Cid8 3l e Sy sba ol rals gladaSa
Ll 53 ol e 53 OF olalay Olpe 35,

(X8 Sy Ao 3 YA 0 A Lo

beday, -¥-)

o b el L (YY) Ol 5 Lol L

robe sl SRE o lal iy O gl 2 o
SeUd e s ;«-<~‘ ‘;,»"J (S e Sl e
Sy AmS| (Sad Al Gl ol et
e AemSt g e Sl (s Sles
ol 53 3 5dome > o ple S 5l s s
s oV C I S Aol lad e o
s &S sl OlE Glas, e Ll =k
Aol les b aulie 55 SR Sles 53 o J e
Ao W 500 G5 4 Jsene gdiesy sled
5 5K ol Ol b pesdle sl ol a1
s oS 53 2L Rl Wedls s IS s
ode ;3 & uelyy Glamme 5 3 Shas Ol 50

FV) Sl )l

sl Olsieas Uso 5uis s 5l LS laallas s

Sy Bl e Slagding, NSk Cer ' wly
U & (M) 35 5 (Fe) ool (Cu) s (ZN)
SRF o5 My sl lodsb 5 (loyds S
Sy Wae bl 3 b Sa s sl
P Sl sl Sl e Sl
Lot obisl CIB s b e O 50
on A Wlal s Jslee 4 S
S daklobe ool o3 Shas 5 SO gl S
PR g R R e T R

LS5 ol &S sl Ol bgdses, silula,

L. Carrier matrix



Ol e 5 (cosbw (530 | gl laog Llse 9 Mdgs (S sg; 9 i) ST had] S35 Elgil 2 ol (5590

ST Sl eslinad b oedidd 5 slad ses NHAID L0
S ol Ol bl s pluls CHNS SFT-IR
Slaes S a3l 4 BBy sl S 0 A
23 it Ldd Seepd ool Hltle 4 520
SIP i S el l Jel slaai sl
Seoen dol SlS 50 5 slaey S 5 JS and
el 38 Ao s VY0 5 VIO L g s b gte b
CIVER PR Al el iy Al
S edsglpanl NHAD ol ply el cosa

(FY) 5,8 13 eslial 5550 o g) GlaSE s

o= g5 oler OV (V1) OhlSen 5 (63 5aie
—osl eSS0 5 adSs Ol Ol
o) xSk sl (UHAP) bl oS5 us
ool s Oisss @slelay Ol 5 035 eslizul
s L Gl alse) of 51 sl Sal sl
Las S cpl S 3ls 0L 0BT gl isls J1 3 o) 5
S RE sba sl gslela,y e LilS
U-55 o550 ilula ) Cou aS (65 sbas chas Jals
03 3 Jseme oyl 31 xS 0 VYO s 50-HAP
b Jseme oyl 5l o3 AD 51 e (S les]
ez el Js s B e g el w55, 1Y
ol ey o3 OAY w55, Yo 5l U-HAP
odid 58 5 aneal (giluls, edasolis =l
s o5l Ole 48 55 OF 51 Sl eanl .ol 035 20
Syms S 28 Sbl S s slaala iU
Ses 5 Lo SIS 55 (GH5 A oyl
0Lz 5 St sladibe .S o Wl o5l (3lala,

S5 sasss nl 53 O5s Gilula, oS sl

Y

Ble ol Jsas )y S &S J= 55 58

Ll Sl g 15a 5s (s i SUlS )

5 S s s SR 5 (gaumme lalas
e (Jle Olgeas Lles S )y 2 1) Zopline o3
sl s s amils Sldl (Y ) oL
Sde > S 3L W a4 e jole oS
OLEs Lol bl s o ol oS s 51 LS
gble 53 LS pl 3 WSRF 5,8 L as sl
ST gz 3 Shas Bim e 53 S S
SlassS a4 Cand deo)n Fr 51 s Olee 45 055 520
NPTV o 5 JFCI PR W
Bl S DAL L S s e &)
robe ilula, IS sk 4 Csbe 5 0 S
Sl e ol OWI 1 @S 5 ol
syh eslinal 4V b S i L 2 WSRF
@)

e ole slalay ds o 4 o Jlis 5

35 b Bla W3 & s laSLE s LSRF
ohs oMo olie 5 Ol GV (eSS o b
el Sl xS ol sk ot kil s s
Sl s ails oS 5l el 4 o6 5 asl
T G 3 s Olsen 035005 W3es a3
Gl b ke hls 23Sy 5 (38 dels
ol LSRF 5l obe cxliSs gslls,
SOYY) OLes 5 sl ks 3 LS
€5, SRE G Ol geas (NHA) o sy 25 ol
o OPNHA 16 S oslinal o8 o) S s
ol (Sndl Jels e T s
Slsbrgm 5 (BB e (g ,en Al Lo seS
Al b Ogel 3 Al p s 5 L s e



\f‘fcb)wcb)gb c)l.\g‘l,: .\.9..’93965- Cu pde & il

prL& )‘ Juﬁ).) Yo J_}J}- L}:”‘J?— é)l.wu) -y
)\ ol f)k&‘ QLA) [GER VIS ol d&h.)u,lﬁiﬁ &Uf«
QA0 olus Wy B b

1SO (glas,fukilusl —Y-¥

3l bl Ul Olosle YOV Jl s
|, BS ISO 19670:2017 ol 4 53,5kl (ISO)
Slr poyes DLl s 5 o S 55 e
o sl b a5l e J.:wip; oyl slasS
13 S a5 sl e s S So P sk
O3ars rae Slp Ly Gl sl i,y 5 kil a s
el 53 3 se iyl s Sl S s i e
Slaoatls 5 035 a8 il gl5l Lol 55l
() ol e il el

et |y kol aasie 53 osjlubal ol
Jal Jols il oS (6,8l sy ol S s
#3555 b &ls 5 Il S gy e rites
S oyl st GlassS 53 Disd Glseee G
by Sl ramen 3L Ao s YA VL L
23 5SSl sl ias 5 e sileeslal 4
(FF) ol sl oS 5l (!

skl 150 WJle oles L3 ol el
3ol Oljn s 0 45 58 e 5 1) (5503
Bils e et Aty gl S Sl glie ole
— M obs 3lela; e pb 4 syl oy
Sl 4 ol calis 5 s > b "LSRF
(F7) 5,05 EN 13266:2001 L |

(GB) oy 3 Ikl —¥—¥
ol 03,5 05 WSRF (sl y alas bl o

s S las bl el Jol s g3 Juld oS
(NY/T sSRF ;5 (GB 15063-2001& 2009) .S

¥

Sl ol el i B e S g
2 Ois Gosee MlSe ms o slasss
OF G151 5 els il sl Sl g ldle slas=

(FY) 1S (oS ol

WSRF b3, sla, bl —¥

red 5 e s Bl ol il gla ) piS

Glp esme glasyllkal dSO asle laolesle
w45 Wls S B,ae  WSRF
Glaesls 5 535 bl gl gy, «ldhol

el 3|k
(EN) E}J‘ 3)‘-*3&'&‘ —\—“

EN rb 4 ‘53)(.4\4&.«‘ lﬁ))\ ‘Y"\ JLw DL

S 2 &S 35 me WSRF (¢l , 13266:2001
slass o oo ole gluls) s sba A,
Jols splaleal pl spls S S edd s il
Sl Glais, cmamen (e ule atal
5wl sl (’JN Slaslae ead o bl ol
o laaw syt (FY) ol WSRE L 5
ol as il e sWSRF Z,‘f\ oy Sl u3
a3 YO 5 sles s ol e Ll a0 s
o3 S gty (e ) &_ﬂ L j3 egeeda

w‘

el YY 5 el A e

e obie 5l Ao, VO S S silula, Y

)'})Y/\)Ja.l.::dbb pos 33

1 _ Fickian diffusion



Ol e 5 (cosbw (530 | gl laog Llse 9 Mdgs (S sg; 9 i) ST had] S35 Elgil 2 ol (5590

oShie SVsame fold LSS5l dies (S
e il e dadlind 5 eyl 3 (el Ladss)
LSS lisd oo e w53 4 LS S
5 (UF) sadlio 5 oyl dile s sl gy s
3 bkl B pleed el pha s DS S
oyl 63 SISl Jaslkal o5l L (IBDU) ol

(VO J<2) (CDU)

ST 03 sl S5 (UP) aadlle b ol
a8 O3s s ol Silela, sl Blas &S 0
Lol s ol oyl Ao YA (gl 5 2550 o
5 bt SES1y lde ol 4 aadlle 3 0353
IS5 S edsh o o 3 55 00 plonil Al
5 e Sty eyl JS0pe SO L e B
5l e STy onl S 3 phe SIS ke
d e 3 dms (il 1 O Ce e Wlg s e
s sl IS5 SOL oyl Dok gise cpso
Wy ol 5 (MDU) o5 (g3 e 5 das o [2S1s
w ool J S gl 5 pH Cow STy ) S e
S 3 Shas Gaes UF 4 S ..bjda Csd
RIS R YRS WY PR T P Coe
Ll S gl S5y a4 edes j5b a4 SLS S
Sl atly oo 5 Cosby PH (S5 50 ol
(\WY)

LSy 5l ABDU) Tesl 63 ks

Sols 5 350 4 Lol oyl L mle s lIB g3l
305 slula, Aol bl O 58 s T
s o5k 4 85,8 o s e b
Cusbs 4 eites b sk 4 5 JH1S SIS Il
Gl sl ly 2 S Sl piomen 5 S

QOV) 558 0 el by sl 5o Al

! Urea Formaldehyde
2 - Isobutylidene Diurea

&La;j.u 4GB 15063 > ,lulkal 2267-2012)
Slgms o 5 JHI5 «sr05) 2585 JSo ke
3 g el 28) ool pste slas S 5 05550
Ol 5 (o de TVO LY ) )5 o1l (s
POV slcble ¢l oo o sbee Cusb,
SReS) el s (hens YO) huge (Ao
oy 4 NYIT2267 5106l 5505 5 o (Ao oY
S 3 355 Slyme adyl Slpe s p 4 S5
e Sls S sl 25ls e 2l ola sl
(Ll oy Yo 51 YL Gl O35 %0 Ol o5l 2
.(fY%)

(NY/T 2274-2012) L5, ol jae o
Lils s g ebe aw Bli= ode 4 b b bl
Olgee 4y 355 Sl eslanal 358 Oy o 5 il
S50 2lle ole 55 do,s Yo ialS s Jsens
b b pilesl 6l ey o3l 6,8 13 ey
Sl ilesl sl 58 oo OWLS (S5 bl
23 L VL (S5 L LS gl elie S S
3358 el e me VT Cles 4 oo
O 058 5 2od b nly oS15 L ObLS
Glohlsl sl il e e 0F Ll
4 GouslES 5 gslasl OblS ¢l 5S 5
AL m e e Ve g e e Ve Sl i L
(1)

LSRF ¢l -¥
Ju).&L;c MSJ h)-«é\ on;MMLASRF L;ks)_}lacu
Jskoms oS J1 055725 b 58S 5 ¥

sk U OLS 5 08 5w JI olsS s
MEJ (G Mol u,>J ‘o”.‘}'l} éusﬁ)
C b SLS 5L T 0550 Jels 5 Kpd



\f‘fcb)wcb)sb c)l.\g‘l,: .\.ﬁ.’,ﬁfsdl:- Cu pde & il

9 Sl C».w).)g_ﬁi djj)v\-:-“ ! (Jj)).l.:.ﬁ)
S5 5 () Sl eSS Gl o3l b b
(W) () JS.A) 3405 a.,\..i(.Sl);n 38 & It 5
J ghoes VS o glas S -Y-F

dox Sl oS e P L e LSS sl
5 KNHPO, il (gl puisel  olins
ol Ls"\‘:""" G b olaws g.<~w 9 MgNH4PO4
V) () J&i) <! (PAPR)

5 Ser gle b O s dous glas s Y-

ok L;h.:u.‘.'.&ﬁ L;Lh.:_’s

RSOl e KL LSS s onl e

e ol IS0 Gk 5L el s il
5 3l Blo o Sl e Sl Sl 3 355 Jlad
S 3 Al ot G Wlasde 2
Goedd s iy J8l S GWSRF .ol Sl
D Il ey slse Lol as b 058 05 5
S slge 5 (g Lo, Sadge 5 Jo3
g r Suath (Ganaslse pla 55,558 Jold)
Jed 5l A sl Jle olula, o Sle sl
Ji ebas S5 slasady b S ndlsl

[ Oyl (slas S gl s ]

o= Sy 2l s Jsles slas S

S etss o oal S b e LS 5
a.)&uhadi.ixJ_,S\)f| | 385 b
0555 oG 7 R
P el L:“ ol (gl
R i T g3k
| Jadily s do |‘;7-*-‘4°J‘:L1.L!@°~.:“:'ﬁ.|
| et | [ ooy | | 288 || ety

(V) WSRF sumaib (V) Jss

Figure (1) Classification of slow-release fertilizers (17).
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Figure (2) Effect of temperature on the release rate of polyolefin-coated NPK fertilizer in soil with neutral
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Figure (3) Schematic of the behavior of hydrogel in different pH levels (47).
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IS o3lhl iy 4l s glle uwbe ol
@) il el g glaslllinl b lae L
IS lp el 4 ndy Gl s pluibad Jbe Ol
ool 55 Colg ol e Je YT kb oyl
Sl oS Glls Sl 55 edd a3 iy

(00) sl 3,1kl pran b Gyllas

Solela, J 28 5o sl -7
stk Jalse 4 WSRF I Sl jole gilula,
Gl Shs s Jle g5 ol 5 &S 3l (Sa
TS« bl 3 A8 e i3S  slend
ol antls LASRFclj_}\ 35 aliss L;LAMKA

Tl
okl juw SRF 3 g5lula,

wps a (N) Oism olela, dass ol o
u—il LAUJJ.{:A? .5)‘3 L;:.»»J dw LSLAOJ:?L!)

\)0)_5‘_5obﬁgﬁ;euﬁdud}kq\)uaﬁd)

Al

Q\)&QA 9 ﬁ}l.f-: ol ;5 JLE» 4oy L

i e i G Bl Je S (D)
WJde O‘l\ U’"L'"‘ Be ..L?JJS S last el
6,93 L’ &Zﬁ Sl K] CJ\)J Z'Lz.d: qu—
js)b(,.:.&m.aathgb Ls.ilJ\.O pr.P 6)L.~LA) BE J:"U
A s gk bl s olula, Olge iomen
Lol b e pite 93 al b sSae D5k @ 5
i b plad Sl b caalllae ol uls 4 45
Ls)bu) uﬂ}wt{. db‘f)‘ KU 093 ¢J-Zﬁ
g bl e Jals o 55 s e U s s o
u&.ﬁls silula, O“}:ﬁ CRF 8:..» d“'l\f" L 4&( @
St RalS e el cnl Bk 51 b s
J..pL& 31 eslaza S50 4 u:'-:\fl 9 L;:\.:\i‘a pr&
Cl:.m o3Il L &héjs O{lﬁlﬁu_ ‘33_)?& &U\.&«

@35 Sl S Ly ks s mr S S



Ol e 5 (cosbw (530 | gl laog Llse 9 Mdgs (S sg; 9 i) ST had] S35 Elgil 2 ol (5590

53 5 XS e Ol el pl 4 oS N
() ol e Bl T e, glla, anl g ol
=38 S ke mhan 5L OT L il s liE obis
ST S el S i o el
(10) (0 JSK2) 1 5o

3,02 p e SWSRFI g5lula, —Y-¢F

Sos oS sk s bapten cpl s (g5lals,
S3bebay 5 TS Ohs S5 Ll el sad
6 gslala, Ol e ol 52 awiik”’fé
e ole gilula, AAM ob o .;).lfda
b ole ole o 54 e edalin 4 e iw
Lsde oluley oS Ad) dgb o pslle 4k

(FY)

% _ Gradual release

* - Fick diffusion

% _ Erosion release

6. Zero-order release

Yy

Solula,y Ol Ll o e pomiy Jsb S 0 5151
Al Glae iy 45 sk 4 S a1 055 0
Gl Llg o 5 e Ll S gilala,
IBDU s St 05555 s3lolas 5 baoomis 452

2l (sl MJJD:J).;)};\ s oo 3l J‘SJ:’ <
J"J:'r.}'.a 6\.&4{)} L sl GWSRF I g5lula,

Gk 3 e polis il das S g5 cnl o
b e pll ol il e
sba¥ o Sk b, sl g of Cder
o
IS4 plie jole Las s Il e
ez
Jsl b sl plde jole gilula, e

s dd 23 b g SWSRF I 55lela, -\

s plde Sobe gilulay cepu das Sl s
() b 28l (s (S5 aniles S
5 Soosh (S calns 4 giluls Ol
Sl Jde bl s ls o by S |-
I T Rt
Jo 1 ol ol (i b oS ates 4 S
oo ol T sans Sl A6 el Sl S e
s o el s Sl S s o s e U SIS
sy dile SN e 5 siSs gl Rag s
5 oy GAS S Esl el L s 58
338 o 6358w plad (355w £ S
R PP R L FRCIUC N RO LV Je
0o e ¢ OLiS ey sl fls g el e
b s e ol 5 s S Cuglie HLiS

L. Failure mechanism
2 _ Catastrophic release



\f&;a,k&m,,a c)l.\g“,: .\9)939«5\& 5“'.'.)'."-‘“4'.'.)"“"

H,0
w 'tf ®
‘0 ®

.)
® @ ® 9
Cg Oz >o .
SR s

(Resin coating)

]

aes N

) S
(Resin coating)

\-4,

\

0D
(Resin coating)

L

3

(V0) Sk 4 fdg 5l 5955 plde jole ;L2351 (0) S
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Figure (8) Fluidized bed reactor configuration (17)
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