Journal of Water and Soil

(553U @buo g pole) S g O &y i

Vol. 32, No. 1, Mar.-Apr. 2018, p. 45-57 LAy

S s hed onl o Oland gl o 0asT b gl Cislae S g ue S0
sl
“lé C)k? f;‘—ﬁ”&‘fé ﬁ‘_ \JQ'L? CA_J?

AARYARVALY CJL:)) @)U

FO-OV .o IVAY Cllgm o)l — (0,958 ) o Lol FY ol

CRVCES

Ol olym )3 (5559158 (slood gl b A5 (sl 018390y Sy lgiody hud cenl )b (SB )3 dg250 LS L yiud (1Sl Loes

2o sbond 355 5 Clind (ol 4Y (o sl b (LDH) (Y cheliae 3uSg)0m (st oo 5 3l duglio Bun b gy ol ol 2 jlas
P-) i (Mo s 99] b Z0-Al LDH L) yghaia o) 15 plol lej b 93 oSa] S Sy yis adlyp y (TSP) oy linsds
o S5 990555 3 S5 Gl b 3oL S £ B 53 (ieySil alef S e 5 55 255 i, L5 i, 4 (LDH
(59010 9 Vee Ve Fe Fe Ve DY) Gloj A fp S ol 2 jaud )5 o A0 9 Y0 VA (10L3) i0) yaud gaw jlox (TSP 3 P-LDH) jin
S 31> 5L gl 3,5 (5555051 Lntigs (EC) S0 250 calis 3 DH ooy M ) 5 s ool ol 53 ol 5 43l 55 40 3
ge 50 (pl 30 yand (ilulay Ol Wy Ll 10,5 dald Jlas b duolie 3 Luyted b6 jawd jb Jxe ioljél 4y e TSP g P-LDH »,,,l8
55 ool e ol a8 o] b il SlsEl ostaod b5 jauid loj S L TSP oMs y P-LDH (sladigas 15 .33 cglite o S |
5 P-LDH ot lus jl i atnl (glule; Jodoay Yletal yol ol 0008l sine (glol jlai 15,000 o 3 yud e des y2 )3 i
S ol 3 8 59 0915 it el b plajod 515 53 PALDH o 5 ool i1 3 ol ads &5 515 o5 i 5Ty 2ol
55,2 P EC s pH @lps o oy i ol uiomed 05,8 P-LDH (slajlos 30 SB o jiwd JB (g9, dn55 JBB ]38l 4 oo oS 05
s 0y (510 )1S 365 Sy lgiss Wl oo P-LDH & sy o jlasay ol s ssaliie i 9 (e (5 sime Soglds g 039 LSy @ite

g god dpog (o yud JB (59 ylie (139 Vb Jddes S 5 ol VL gslaw bl 33,5 jaud o) ]38

Gl oy caslas S gyun da)yuiS 565 ¢y piwd BB jauwd  Jo y Sl yyow 1 golS 5003519

posgelpge sLadsS Liile S5 13 YU ClMlo b i (sladgS
S jl oaliwl ¢y Olawd pow g Slawd posgel (63 wlond
b olowd slodsS plgs 5,5,l5 piomad g (YA 5 YY) cusll cland
s ¥V V) o g s Oluls (LS sblas ¢ Sl sladsS
Olose v (gt bS5l ealatul Sl Tua ] g5 o)Ll (FO
laojs> ;> LDHs jlasl 4y b’ dla¥ cislas clasuSsin
sl Geliin s wSs)un Cowl oid zilas et
Coliwgy 4 Slxio g (Bl Sl 5 jl (29)5
2 )b 93 958 ol 55 48 s cute )b L (Mg(OH),)
ol 00 u,—")iﬁ-a’ M9)A:.ba ‘5th9)§ 4\Lw;94\; 9 Cuid

4- Layer Double Hydroxides

doddo

L 290 Bpany (238 pals o Fake (9 | A yiud

2 yaud b 3l Jdodas (FF) 23,5 o s ol ey (HPO42'
ol ol (V) S 3 35290 Gl 5 b il sla STy
..\_Jy dl)_a o..\_ZJ.§J9.A_>m )9.~§LB &_i_; ula_»&d_» 0)19_o.b s
bl el 2l o gile oz pulyo )3 (55,588 (sl g3
d)g—0 0)19_9.% ).O_w.‘) )1 osliwl u’.sl)l_g uw‘)ﬁl )9.2.«.04; G;,Lm)lfab
)’| odlawl 4 O‘?xu" Lm)lfol) O:{] alos> )’] ] 0dg) uLo&.xn d>gf

035_ils S psls 08,5 bkl 5 bl (g 553 (59l a4 =Y 5 Y 6 )
Aplio Juga)é olKils ‘Lg)‘)gbilf
(Email: afotovat@um.ac.ir 2 gm0 g — %)

DOI: 10.22067/jsw.v3115.60983



WAV Clgmdyl - (103958 A ojlods FY uls (S g ol ayii ¥F

aS ologl 5l cul cusnl Blo 4S5l @ dvgr Lol sl 1)l
olpl 5,16 dgng S 3 LDHs (g5lasly 3)50 50 (31 cle M
45 $gd GBSl g5 4 Sl 5 ol el oyl ks
dyge SIS 53 olS i Jhai 5l > g onis S Sogll 4 pomie
3l e asdlles

Cy3 Jrily 9 SLS 50 jind (pels OMSde a2 5 L
30 0g—>g0 y,—olic v 0T gilwle, ;0 LDHs wl.S'5
245 (05 s SLSIS 40 a2 b (pizmen 5 LaileiS Lo
ais o)y pogady g SB L 1 OluS 5l 5,8 A
dioj pl 53 (2L}l (sl plol 13 el o0 )] yind
35U duglie ol adllas Bua (ol ol oy oo S5 4 (5900
olyp oy 03l Slind yygu _sslonsd 355 5 Zn-Al LDH S 5
bl o oloj Jsb 3 Sl S5 (S, i

g 9 3lge
9=l b Zn-Al LDH oS 5 cébo jolaiods imgh opl )
o951 b Zn-Al LDH S 5 Il (P-LDH) clans (gl oy
¥ b )b s 4 9 951 S L (N-LDH) 0l (glapY oy
3 03l Ly s 5 23,5 225 (Y8) Tos9) 3dgphen gy )
lind (95l L N-LDH )3 3990 &y 0] & e Jols s,
a5l 395 sl P-LDH (o 5 (i ot B 2035 cpjSole
sl o s Jo 5l w &S 0 Oy oplas N-LDH 0
<l (Yoo +NF0) posisedl Clyis g (Y50 /YD) 59y lyis
Jodore .0l 8Ll ;¥ ao V5O clale b oyl Joloxo oyl 4 ¢ jlado
e W3 05 op baslyd 10 g (wosadi a0 A gled 0 ol
g eJgdone (b 3y I gy 4035 (65l sl YA
lods g.j LoL s u_sLol Sl 7o) sl osis JuSis
09 50 g dm 3 Ve clod 3 Culpd 5D g BS o3l guind
byl b p0 jiiw Jol plod oS canl 5 4y p3Y a0 8 Sis
o3l 5l asuie @il 90)9] e Al (gl g BAD 35 ol
ol&uwd 1 eoliiwl Ly 0as aid b cuS 5 (5y6ls jlsle 8,5 I8
Unisantis XMD 300, Switzerland J.» ;U.Sil 53,5 oy
;«5; )l)B )P D)9 4>y Y. b¥ )J.l)g \(S) P9 Switzerland
08 P jslaiedy N-LDH yus aidls jl olaebl Jaas 1 e
L Slid ()79)dapisd maly Jolo L N-LDH (gjlo gloal 5l

4- Urea hydrolysis
5- Ion exchange
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2- Basal spacing
3- Absorption band
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1- FT-IR spectrometer
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Table 1- Selected physicochemical properties of soil used
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Figure 1- The XRD pattern of the Zn-Al LDH
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Figure 2- The FT-IR spectra of the P-LDH
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Table 3- Effect of source, level and time treatments on available phosphorus (mg kg™)

Had po Howd b (595) oMUled ol
Source of Level of Incubation time (day)
phosphorus phosphorus 1 5 10 20 40 70 100 150
Co 99" 9.6 97" 9.1 8.6" 95" 9.9 9.6
Cl 19.1° 187  17.6°%° ipi;z }Lf? 149 145 137¢
TSP
C2 343" 334" 297! 29.41 %Sf 245m 29 o36m
C3 644" 599" 52.6° 47.1¢ 459%  447%  440°% 421%
Co 99" 9.6 97" 9.1 8.6" 95" 99" 9.6
Cl1 140" 137" Iqi;f 17.0°P9% 1759 18,0°9 18,0 1(,8[,;]0
P-LDH

2 21 2.7 261 2770 g7 tm %Zlﬁ 27.8% 282k
C3 41.68 4449 432  4]5¢ 454%  453%  451% 460
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Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg™, respectively.
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Table 4- Effect of source, level and time treatments on soil pH

Aod pio yhad o (39) oiblgs oboj
Source of Level of Incubation time (day)
phosphorus phosphorus 1 5 10 20 40 70 100 150
Co 8.00FE g (3T g 70 g 70 g 70 g7 g o7® g 03
TSP C1 8.03%¢t g0 g.17% 803 g3 g10°¢ 783  780%
Cc2 7.93%n go7b® 810%™ 797 10 g.07°%* 780"  7.80%
C3 7.908"  8.00%" 803 797 go7*® goo¥t 777K 773K
Cco 8.00%E g (3% g o70®T g o70® g7 g 7%® g 07T g (03
P.LDH Cl 8.00%% 810™¢ 810™ 810™¢ 820" 793" 783™ 780"
C2 8.00%" 803t g0y g13% g07%% 807%™ 7908 783N
C3 8.03¢¢t g 03t g7 810 g03%r 8.03%t 770K 7.67"
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Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg, respectively.
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Table 5- Effect of source, level and time treatments on soil EC (dS m™)
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Source of Level of Incubation time (day)
phosphorus  phosphorus 1 5 10 20 40 70 100 150

Co 0408 047 047 (047 053°® (0509 053°%° 057°7
TSP Cl1 0.40¢  0.50%" 0.60* 0.60% 0.60* 0.60% 0.60 0.60**
C2 0.40¢ 0.50%" 057°%4 0.57% 0.60* 0.60* 063 067°
C3 043 050%" 0.60*™ 0.60*™ 0.60* 0.60° 0.60*° 067°
Co 040% 047 047°® 047°® 053°%€ 050% 053°® (.57
P.LDH Cl 0405 043 050% 053 060" 0.60™ 0.60" 060"
C2 0408 0.50% 0.53°% 057% 0.63® 063* 0.63® 063
C3 043% 0.53°% 0.53°% 053°%C 063 063* 060™ 0.67°
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Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg, respectively.
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Table 6- Effect of source, level and time treatments on available zinc (mg kg™)

Howd g Hawd (595) Owlled ol
Source of phosphorus Level of phosphorus Incubation time (day)

1 5 10 20 40 70 100 150

o 0.6 06 05 06 06 06% 06° 07°F

TSP Cl1 0.6 1; 0.4 1; 0.4 1; 0.5 i 0.4 1; 0.5 i 0.5 i 0.4 E

C2 0.5 0.5 0.4 0.5 0.5 0.4 0.4 0.4

C3 05% 04% 04% 04% 04% 03% 04k 04k

Co 0.6 06 05 06 06 06% 06F 07F

P.LDH Cl 287" 298" 258" 208" 164’ 1617 1737 165’
C2 5257 603°¢ 588° 4997 51.1f 4428 427% 425¢
C3 73349 85.0° 1054° 837%™ 859° 783 7729 789

b n pySolS 5 p)S e Qe 5 FO A als yid gobaw caiyidy C3 9 C2 (C1 O sl soi (P<0.05) s sine ] ghyls S yito Gy o b (sloySils
Numbers followed by the same letter are not significantly differentns (P<0.05). C0, C1, C2 and C3 are control, 18, 45 and 90 mg P
kg, respectively.
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Introduction: After nitrogen, phosphorus is the second most frequently limiting macronutrient for plant
growth. It participates in metabolic processes such as photosynthesis, energy transfer and synthesis and
breakdown of carbohydrates. H2PO4- and HPO42- are two forms of this element which are present in the soil
solution in the available form. Due to phosphorus reactions with soil components (oxy or hydroxides of Fe and
Al in acidic soils and Ca2+ and Mg2+ ions in calcareous soils), the availability of this element is a limiting
factor for production of agricultural crops in the whole world. To minimize this problem it is needed to improve
the recycling of phosphorus and develop new technologies to reduce phosphorus losses and increase its
effectiveness. In the recent decades, layered double hydroxides (LDH) have been extremely used as an effective
sorbent for organic and inorganic anions sush as phosphate. Furthermore, some studies have suggested that the
phosphate form LDH is applicable as a slow release phosphate fertilizer. Therefore, the objective of the present
study was to compare the effect of using Zn-Al LDH and triple superphosphate (TSP) as fertilizers on the
availability of phosphorus over time in a calcareous soil .

Materials and Methods: At the first, nitrate containing Zn-Al LDH (N-LDH) was synthesized by urea
hydrolysis method and then ion exchange method was used for the phosphate anions intercalation into N-LDH.
In this process, 5.0 g of the N-LDH was suspended in 1000 mL of a solution 0.05 mol/L of K2HPO4. The
suspension was kept for 12 h at room temperature (25 °C) under stirring. Afterwards, the material was filtered,
washed with distilled water and dried at 70 °C for 18 h. The LDH sample produced by the ion exchange method
was nominated as P-LDH. To compare the effects of P-LDH and TSP application on the availability of soil
phosphorus, an incubation experiment was carried out using a completely randomized factorial design with two
sources of phosphorus (P-LDH and TSP), four levels of phosphorus (0 (control), 18, 45 and 90 mg P kg-1), eight
levels of time (1, 5, 10, 20, 40, 70, 100 and 150 days) and three replications. Available phosphorus and zinc, pH
and EC of samples were measured at the end of each time period. Available phosphorus was extracted with 0.5
M sodium bicarbonate and phosphorus concentration was determined using the ascorbic acid method. Available
zinc content was determined by atomic absorption spectrometry following extraction of the sample by DTPA-
TEA method. Also, pH and EC were measured in water (soil/water ratio 1:2). Data analysis was performed by
MSTAT-C software, and the means were compared at 0=5% by Duncan test .

Results and Discussion: The results showed that the use of P-LDH and TSP significantly improved
available phosphorus compared to control treatment. However, in contrast to TSP, available phosphorus in P-
LDH treatments increased with increasing of time, up to significant difference which was observed between the
two sources after 150 days. This result is probably due to slow release of phosphorus from P-LDH and reduction
of phosphorus reactions with different soil components. Moreover, available zinc was higher for P-LDH
treatments than TSP treatments as dissolution of P-LDH may concurrently release zinc ions into the soil solution.
It seems that the application of P-LDH not only increased the availability of phosphorus but also improved
available zinc. Therefore, due to the zinc deficiency in calcareous soils, P-LDH can be used as a suitable dual
purpose fertilizer for these soils. However, the possibility of Zn toxicity risk due to higher level of LDH
application in soil is not ruled out. It is worth mentioning that the variation of pH and EC values in P-LDH
treatments showed no significant difference compared to TSP tratments. In other words, application of P-LDH
increased soil available phosphorus and zinc without any negative effect on soil pH and EC .

Conclusions: The results of this study illustrated that the P-LDH probably can be used as a slow release
phosphate fertilizer to increase the phosphorus efficiency; however, care should be taken as the high levels of
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this fertilizer may not be recommended due to the high zinc content. It should be noted that the high levels of
phosphorus are not appropriate for all phosphorus fertilizers but in the present study we used the different levels
of fertilizers because the behavior of P-LDH was not clear for us .
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