Journal of Water and Soil
Vol. 35, No. 4, Sep.-Dec. 2021, p. 505-517

(559U @rlo g pgle) S 9 O & 2
BB-BYY .o NFee T — yo oF o,lons ¥ uls

Sl g e Dl 5l A el S g sl Slad g sla5S S

Q)SOL:SJ&M

Fs e e T e ST-TTOL S el =l el (3
YA/ AN 2355 b

VECSRINY o b

daSe

]y ol Sleag bB (e 4y g o3 (sa2 Mo (Sal (S 3 0lS i s)50 e olie et | S lgie 4 b 3iaS

welbanl da 5 ) jaud IS oy A U Wlgs o (6)lg0 10 il o olS lawgy Ll LB e oS SB o jaud JI sy sl 035 s 0g5
25 B o Kimgy da g 3)90 Bl e Le)lS slaooly Sl (S lyis 4 (208 (ks b Saxe 5 I it 93 3l b (08 Jo am
ol g sl Kag uslise] g ogg M sl frss 20l sk el g dus (26 i 51 Cllab fine ) (sl g glate ot
iz 5 s plogl lasdS g alBiilejl cygo 4 SBBlas g (islejl 93«3 ol bawgs o Gl g e lid I guie I yhud

Slid cdleb e i o 2 LS gl S )2 e Sl i ) (2B g des S Sy o i ] cled e alSitle]]
5 i onl® b o 5l (25l g g b clam 3l I Sy m 3 pgd i 53 39 2l sk fp] 9 4 bgaye VFITA (U)
5 (dooyd +/IVD) plg pliil youd jlade oy i a8 ol i GBS (isy bt ad awyyr ) olS lawg paie cpl Gla g e ld xue
s9mi> 33 9 20l sl el b w3l Jlos 53 (S )3 28 FE1-A) olS ol Sid (59 cpyidin imad 9 )5 0l (Mo +/V-Y) 4k
e g Cly GO 5 (B ilojl 5k 93 )3 2wl ush el dige (9 5590 3l Lt @l IS sk b sl s il

Bl )5 LS gad gy dguke g ke Sy (tite 86 2B Sld slage 3l

s ol ol gl ol osilSiagS sl ipe o pog Y6 sl i : SIS (SWB31g

Aoad o JoSis Plawd Jon el |y (duoyd B+ 3935) o Cuowd
ol emlyd pie 5 Byl S5l I 5 )3 5aud lade 0 Y
dl)_: u.)stuuﬁ) JL;..).) LY u,.o_m aS ol u.cl: blﬁf ‘_5‘); u...}u
Caib do g Bb sl SB > pre paie opl oalyd il
929 Jbd do a8 039 (plend sladgS Brae B 5l (1556
leani 295 wlio (090 2900 5 S 5390 yeomen (Dlus
g b ol gy 0L slacosgise b ba oyl 1 ool
Al g e Gise (05 walp 0 S il ) S s
calos U)ﬁ)_ao 9 u_a.o.hl fbl_.aj dl)a U] U,o.m‘)ﬁ u.u;l)_‘)‘ 9 )M»B
s 3lg o hlails gy (S s &S 0ol L calisee sla jimg

5- Inositol phosphate (IP)
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1- Phytase
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Table 1- Physicochemical properties of potting soil
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Table 2- Analysis of variance (ANOVA) for the fungal phytase activity
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Figure 1- Comparison of means in activity of three Aspergillus fungal phytases
A.ni: Aspergillus niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus
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Table 3- Analysis of variance (ANOVA) P concentration in shoot and root and dry weight of maize
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Figure 2- Comparison of means of P concentration in maize shoot a) sodium phytate b) fungal phytase. A.ni: Aspergillus

niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —-P0 and P50: Two levels of zero and 50 mg/kg sodium phytate,
respectively
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Figure 3- Interaction of fungal phytase enzyme and sodium phytate on P concentration in maize shoot. A.ni: Aspergillus
niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: f zero and 50 mg/kg sodium phytate respectively
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Figure 4- Comparison of means of P concentration in maize root a) sodium phytate b) fungal phytase. A.ni: Aspergillus niger,
A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: zero and 50 mg/kg sodium phytate respectively
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Figure 5- Interaction of fungal phytase enzyme and sodium phytate on P concentration in maize root. A.ni: Aspergillus niger,
A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: zero and 50 mg / kg sodium phytate, respectively
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Figure 6- Comparison of means of shoot dry weight of maize per pot a) sodium phytate b) fungal phytase. A.ni: Aspergillus
niger, A.fu: Aspergillus fumigatus and A.fl: Aspergillus flavus —P0 and P50: zero and 50 mg/kg sodium phytate respectively
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Introduction: The deficiency of phosphorus has attracted a lot of attention as one of the most important
nutrients for agricultural plants especially in calcareous soils. However, in some soils, organic phosphorous
containing 80 percent of total phosphorus in some soils but in most cases, that form of phosphorus is not
available for plant uptake. The availability of phosphorus from both organic and inorganic sources by phosphate-
solubilizing microorganisms (PSMs) as bio-inoculants are promising substitutes for chemical fertilizer and other
agrochemicals amendments. Both arbuscular mycorrhizal fungi (AMF) and phosphate solubilizing bacteria
(PSB) play a key role in providing phosphorus for agricultural plants. Among several phosphate-solubilizing
fungal isolates, Aspergillus sp. is able to solubilize calcium phosphates by secreting various organic acids, e.g.,
oxalic and formic acids, and producing phytase enzyme. The present study aimed to evaluate the ability of
different strains of Aspergillus for phytase production. The second aim of this study was the purification and
application of purified phytase and its efficiency in the phosphorus availability from hexaphosphorylated
inositols.

Materials and Methods: Two separate experiments were carried out in two different stages. In the first one
phytase was isolated from three strains of Aspergillus (Aspergillus niger provided by the department of plant
protection, Agricultural college, Ferdowsi University of Mashhad), Aspergillus flavus, and Aspergillus fumigatus
strains were collected from the Iranian biological resources center, Tehran). All Isolates were recultured on PDA
(potato dextrose Agar) medium for 5 days at 30 °C in an incubator. Quality evaluation of phytase production by
three strains of Aspergillus tested using hydrolysis of phytate sodium on PSM (phytase screen medium) medium.
Solubility index was calculated for all three strains (Solubility index = (Colony diameter + Hallow diameter)/
Colony diameter). Phytase production was carried out on fermentation media (Shieh and Ware 1968) but starch
was substituted by dextrin. Fermentation media inoculated by fungal strains for 14 days at 30 °C. Fermentation
media was centrifuged (10,000 g) for 30 minutes and supernatant was collected. Purification of phytases was
done against Tris-HCI 25mM, pH=7.2 for 12 hours. Phytase activities were evaluated in a completely
randomized design with three replications. Then purified phytase from three Aspergillus strains was applied in a
pot experiment using a completely randomized design with the factorial arrangement and three replications. The
experimental factors included two levels of hexaphosphorylated inositols (and 50 mg/kg) and four types of
phytase (Control, phytase isolated from Aspergillus niger, Aspergillus flavus, and Aspergillus fumigatus. In the
greenhouse experiment, the effects of different phytase types on phosphorus availability from sodium phytate
(hexaphosphorylated inositols) and phosphorus uptake by maize plant was evaluated. Corn plants (Zea maize
704 single cross) were grown in 5 kg pots at 70 % of water holding capacity for 60 days. Plant height, root dry
weight, shoot dry weight, phosphorus concentration in shoot and root were evaluated.

Results and Discussion: The results showed that Aspergillus niger and Aspergillus flavus had the highest
(4.96) and the lowest (1.23) solubility index among the tested strains, respectively. The results from the
laboratory experiment showed that phytase isolated from Aspergillus niger had the maximum amount of phytase
activity (16.48 pumol/ min.ml) and phytase isolated from Aspergillus flavus had the minimum phytase activity
(4.67 pmol/ min.ml). Aspergillus niger phytase was more effective compared to Aspergillus flavus and
Aspergillus fumigatus phytases. The results of the greenhouse experiment represented that the highest amount of
phosphorous in the shoot (0.125 percent), root (0.0102 percent), and shoot dry weight (46.08 g/pot) belonged to
the maize plants treated by phytase isolated from Aspergillus niger in the presence of 50 mg/kg of sodium
phytate. Generally, the results showed that Aspergillus niger strain was more effective than the other two strains
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in both laboratory and greenhouse experiments. Phytase enzymes isolated from strains had positive effects on
phosphorous concentration in a different parts of maize plant and growth characteristics of maize. Phosphatase
and phytase generally improve the availability of phosphorus from different phosphorus sources. It should be
kept in mind that phytase also increases the bioavailability of other essential minerals such as Ca?*, Mg?*, P,
Zn%*, Fe%*, which are bound to phytic acid. Since the phytase production by fungi has been attained by different
cultivation methods (solid-state, semisolid, and submerged fermentation) it seems that different cultivation
methods can affect the phytase efficiency. Therefore, we suggested that phytates from different cultivation
methods can be tested for phosphorus bioavailability from different sources.
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