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Abstract

Introduction: The recovery of phosphorus as struvite from treatment plants has attracted
researchers' attention due to its potential as a phosphorus fertilizer. Struvite is a white crystalline
substance consisting of magnesium, ammonium and phosphorus in equal molar concentrations
(MgNH4P04.6H,0). The low water solubility of struvite is thought to limit its agronomic utility
as a phosphorus (P) fertilizer compared with highly soluble P fertilizers (triple superphosphate).
limited studies have been done regarding to the effect of struvite on the availability of
phosphorus in calcareous soils. Therefore, this study examines the effect of struvite replacement
with triple superphosphate fertilizer on phosphorus availability in wheat plants in calcareous soils
deficient in phosphorus.

Methods and Materials: Soil with phosphorus deficiency was collected from 0-30 ¢cm depth
under arable lands of Hajjiabad-e Seyyedeh located in Ghorveh Township, Kurdistan Province,
Iran. The soil was air-dried and ground to pass through a 2-mm sieve, followed by laboratory
analysis to determine its physico-chemical properties. Struvite used in this research was obtained
by optimizing the three main factors of sulfuric acid concentration, solid-to-liquid ratio, and time
for the leaching process, and the three key factors of Mg/P ratio, N/P ratio and pH for the
precipitation process by Response Surface Methodology. The factorial experiment was carried
out in the form of a completely randomized design in 3 replications. The factors include the
application of different proportions of struvite replaced with triple superphosphate in 6 levels
(S0:P0O, S0:P100, S25:P75, S50:P50, S75:P25 and S100:P0) and 3 levels of phosphorus (50, 100
and 150 kg/ha) and a total of 54 pots. The application rate for struvite was calculated based on
total phosphorus (P20s) of triple superphosphate. Then 10 wheat seeds were planted in each pot
at 2-cm depth which after plant emerging and greening declined to 4 plants in each pot. The pots
were randomly moved twice a week during the growth period to eliminate environmental effects.
Irrigation and weeding operations were done by hand. Plants (shoots and roots) were harvested
60 days after planting (beginning of flowering), washed with distilled water and dry with tissue
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paper. The samples were air-dried and then oven dried at 70°C to a constant weight in a forced
air-driven oven. Phosphorus concentrations in plant extracts by the molybdenum vanadate
method and Nitrogen concentration in plant was measured by the Kjeldahl method. After
harvesting the plants, the soil was immediately air-dried and passed through a 2mm sieve. Then,
the amount of phosphorus was determined by Olsen method. The statistical results of the data
were analyzed using SAS software and LSD test (at 5% level) was used for comparing the mean
values.

Results and Discussion: Based on the obtained results, all of the investigated treatments and
their interactions were significant at the probability level of one percent (P < 0.01). The
comparison of the average effects of different struvite treatments showed that by replacing
struvite instead of triple super phosphate fertilizer in all three levels of fertilizer, the highest shoot
fresh weight (with an average of 7.79 gr/pot), shoot dry weight (with an average of 1.13 gr/pot).
Shoot Nitrogen concentration (with an average of 4.82%) and its uptake (with an average of 5.44
gr/pot) were obtained from the application of S75:P25 150 kg/h superphosphate fertilizer. Also,
the results showed that the highest amount of phosphorus concentration and uptake, respectively,
with an average of 0.174% and 0.197 gr/pot, was obtained from the application of the S75:P25
treatment with 150 kg TSP/ha, which is compared to the application of the S75:P25 treatment of
50 and 100 kg TSP/ha had an increase equivalent to 26.43, 59.89, 11.49 and 43.14% respectively.
The results also showed that the highest amount of soil phosphorus after harvesting the plant with
an average of 18.95 mg/kg was obtained from the S100:PO0 treatment with 150 kg TSP/ha, which
compared to the S100:P0O treatment with 100 and 50 kg TSP/ha with an average of 13.29 and
12.56 mg/kg had an increase equivalent to 29.86 and 33.72%, respectively.

Conclusions: In spite of its low solubility, struvite is as effective as highly soluble phosphorus
fertilizers for plants. There is still a lack of clarity regarding the mechanisms of struvite
dissolution as well as the reasons behind this apparent dichotomy. Therefore, more accurate
measurements of pH and EC in substrates, analysis of soil properties and fractionation of
phosphorus in soil will enhance our understanding of the use of struvite. Therefore, it is
recommended to optimize the timing and application rate of struvite in relation to the demand for
different agricultural and garden crops.
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Table(1) Some physico-chemical properties of soil tested before planting
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Ju s Dld o S99 sl ST Jos Dlacd 5 pm o g9 sl ST
TSP Struvite Parameters TSP Struvite Parameters
Ca(H2P04)2.2H20 : ; Ca(H2P04)2.2H0 : ;
(HPORZHO  \humposstipo  wtdrp  CAPORZNO hopo.6H20 et d
ST ol »d i
<50 109 i >39 1246 P12 dofe et
As (mgL?) Water soluble P20s (%)
<25 028 i . 1525 e e S
Cd(mgL? Citrate-soluble P-Os (%)
<50 3 o ) 995 S 93 Jgloe 2 jid
Pb (mg L% Citrate-soluble P20s (%)
- 1250 46 29.97 0
Fe (mgLY) Total P20s (%)
) 605 33 i 16.40 (i LS (Ao )
Zn (mgL?) MgO (%)
(Asy3) LS
- 114 o - 119 el
Cu(mgL? Ca0 (%)
E. (A2 13) oo LS
- 310 e - 080 s
Mn (mg L?) Naz0 (%)
J (4o 33) il LSl
- 55 S5 - 0.10 PR
Ni (mg L) K20 (%)
(4 3) p gin T S|
- 43 =d 0.99 ALO3 (%)

Cr(mgL?)




Y.v

\?"ﬂj:ilg_ d"a)w\‘\/ J.l’- (6})_".«’};&5.«19 41’93) kf‘)) kfﬂw

(S5 Dlud 5 gus) (SR Joud 39579 (1o w0 P9wigel Dlud) o (2l 3k Sy 99 siusl (1) S
Figure (1) Recovered struvite (magnesium ammonium phosphate) and commercial phosphorus
fertilizer (triple superphosphate)
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Table (3) Analysis of variance of the effect of different levels of Struvite on fresh and dry weight of
shoots and root in wheat

Sl e o Sibee
Mean Square
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Root dry weight Root fresh weight Shoot dry weight Shoot fresh T Source of variance
weight
df
0.061** 7.13** 0.335** 9.39** 2 355 7ok
Fertilizer levels
0.037** 2.51** 0.110** 10.35** 5 655 o
Fertilizer treatments
0.004** 0.456** 0.022** 0.778* 10 355 g 3 s
Fertilizer level«
treatments
0.0003 0.075 0.0009 0.358 36 s
Error
6.76 12.16 11.23 Ol il g
C.V (%)

.A.i.\fsaM):ch_.jii;_JLQ:>|CE.~):L5)1>@M)LSJ\:3”]:&%;q%yrcmns

ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively
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Figure(2) Comparison of shoots and root of wheat plant a) struvite b) Blank (without P fertilizer)
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Table (4) Means comparison of the effect of different levels of Struvite on fresh and dry weight of
shoots and root in wheat

eSS biy 3 pS) akeyeiblss gl plll $Kas 05 05 lsn gl 03U 05

(OINE 550 5) (I8 (0148 530 5) (GIRTEEN ol g
Root dry weight  Root fresh weight shoot dry weight shoot fresh weight treatments resource
(g pot™) (g pot™) (g pot™) (g pot?)
"
0.413a 3.09a 0.498k 3.259 -
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Slaws 3V
0.311c 3.05ab 0.529K deg SRS
S0:P100
Olaws INO + S g9 2l YO
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SR gl ol
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L
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Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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Table (5) Analysis of variance of the effect of different levels of Struvite on N concentration and
uptake of shoots and root of wheat

Sl r Kk
Mean Square

il il 055 s e Ay O hle

wlsm el 055 55 ke

alyy 059 58 odr 35T a3 Ol juis GL’.»
Shoot N uptake Root N Shoot N concentration .
Root N uptake . df Source of variance
concentration
0.030%* 14.02%* 1.268%* 4.08%* 2 $255 T
Fertilizer levels
&35S s
0.068** 5.59** 1.141%* 2.75%* 5 Fertilizer
treatments
355 lag 3 ¢ slaw
0.0008** 1.411** 0.189** 0.469** 10 Fertilizer level s
treatments
s
0.0014 0.014 0.0006 0.0019 36
Error
Sk
7.57 1.41 1.38 1.27 e
C.V (%)

il oSG Jlezs! Tl 03 ola e 5 Sols e 5w e 5 NS

ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively
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Table (6) Means comparison of the effect of different levels of Struvite on N concentration and
uptake of shoot and root of wheat plant
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Means followed with the same letters in each column are not significant at p<0.05 by LSD Test
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Table (7) Analysis of variance of the effect of different levels of Struvite on Phosphors availability in
soil and wheat plant

Sla o 5ol
Mean Square

slsn el s ke s

. ) b o Ion plil jaud Ol aly aud chl
Sl pudgl jind = e : - B Ol s ailie
. Root P uptake  shoot P uptake Root P Shoot P @35 ¢
P Olsen soil . concentration Source of variance
concentration
62.56%* 0.0003** 0.0159** 0.0034** 0.0029%* 2 $255 g
Fertilizer levels
€355 Jled
106.09** 0.00004** 0.007** 0.0021** 0.0043%* 5 Fertilizer
treatments
355 lag ¢ s
5.28** 0.00003** 0.001** 0.0002** 0.00020** 10 Fertilizer level s
treatments
s
0.288 0.00000 0.00002 0.00001 0.00001 36
Error
O i s
4.20 8.04 4.90 3.22 2.86 e
C.V (%)

il ¢SS Jlezs| Tl 03 ol3 e 5 Sols e b S ke 5 NS

ns and ** are non-significant and significant P<0.01, respectively
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Table (8) Means comparison of the effect of different levels of Struvite on Phosphors availability in

soil and wheat plant
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(5 5hS e Sk (OIS 53¢ 5) (O 53 09) Root P (4w 33) b les i
P Olsen soil Root P uptake  Shoot P uptake concentration Shoot P treatments resource
(mg/kg) (gr pot?) (gr pot?) (%) concentration (%)
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Means followed with the same letters in each column are not significant at p<0.05 by LSD Test
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