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Table 1. Some properties of the used organic manures and their biochar.

S Clds C 5 ol ;
;Lﬁbu ) L;‘ ;b.a
S (EC) (Total K)
pH | (organic materials)
(dSm™) 3
Sl S 3 S
8.08 10.9 0.85
(sheep manure)
Gl S 555 )l 5
10.21 12.6 1.50 .
(sheep manure biochar)
SFr S
8.42 6.8 0.50
(poultry manure)
Fr28S ol
10.26 8.8 0.80 .
(poultry manure biochar)
0 a5 T slessS 13 Sl p ) ey S el (sl K lutie

WS ks ol 5 S 5 S ey (sl IS s WOl blite 51 5 i) s3SI slge sb uilyly 450 —Y Jpr
Table 2. Variance analysis of the effect of organic materials, biofertilizers and their interactions on soil soluble,

exchangeable and non-exchangeable K.

Sl e (1 Sle
(Mean square)

oolsl am s Ol s dl;.»
= s " (Degreeof  ( £
ey Ul e egree 0 source 0
oS sl oS sl . P el P s Jsls ey freedom) variation)
el ol [\l
: o S Al (Non- (Exchangeable (Soluble K)
(Plant K (Plant K (HNO;—K) exchangeable K) K) u
uptake) concentration)
15l
68552%** 0.205%* 97573** 7638** 22009** 7918** 4 Sl
(Organic materials)
48307 0.145%* 1282 914 110%* 391* 2 2
(Biofertilzers)
) 355 X oﬂ slse
2724%* 0.357%* 6411** 959%* 1230** 546** 8 (Organic materials
x biofertilizers)
o
172 0.021 325 324 21.3 3.26 30 £
(Error)
Sl 2
5.32 443 3.41 8.39 1.98 221 (Coefficient of
variation)

** and * are significant at 0.01 and 0.05 probability level, respectively.
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Table 3. The content of soluble K (mg kg”) in soil samples treated with different organic materials and

biofertilizers.
oSSk p e s se S 06 s po sy sl 35 )6 el B
(Mean) (Glomus versiforme) (Funneliformis mosseae) (Control) (Treatment)
; Jals
50" 50 46' 53/
(Control)
76° 74" 77 77 FroS
(Poultry manure)
L S
1154 104 123° 116° Sk 25
(Sheep manure)
58P 64! 63 48K s s
(Poultry manure biochar)
Liw S =
11° 91 101°¢ 140° S sS 25
(Sheep manure biochar)
Sl
77¢ 82° 87" ok
(Mean)

LSl e (P</00) Hls pme SN (glols sy 5 Ot a5 S e g Lol

Numbers followed by the same letter in each row and column are not significantly different (P<0.05).
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Table 4. The content of exchangeable K (mg kg”) in soil samples treated with different organic materials and

biofertilizers.
oSSk p e s se S 06 s g sy sl 35 )6 el B
(Mean) (Glomus versiforme) (Funneliformis mosseae) (Control) (Treatment)
j i ; dals
169" 162 185' 159
(Control)
212° 204¢ 205" 206" Sad
(Poultry manure)
L S
264" 275° 253¢ 262¢ S 25
(Sheep manure)
¢ =
222¢ 2447 223¢ 198" 25 S
(Poultry manure biochar)
Ldw S [
297* 271¢ 296 324° S sS 25
(Sheep manure biochar)
Sl
2354 232°° 230" ok
(Mean)

LSl e (P<e/00) Hls pme SN (glols sy 5 Ot a5 S rie oy > Lol

Numbers followed by the same letter in each row and column are not significantly different (P<0.05).

Sob Sl e oS Ol St bS8
B ey Ol 4 I slass s Sos
o=l Bl eyl aS sl Aul58) (g 5t e 4 |
il e adglosle 4 Lo Sl 53 ely kS
S BB il cd ol S Y sk 3
L e S5k np Sk T b ol b il ltie
d.(AT SLS 4 £ s shin S 38 5,508
SlS (YWY) OLa 5 (g, i g )
3 ot e 35S Sl el & (TE) ol sl

U ey slas S 58 Ll ex g shidw S S

"y

s IS o wiles 55 S Jals e el

SR T slse 28 L (s 5 U)ol
b Bl oy SRl ke (0 Jsam) il
eSS e S ke VY B YA 51 T slhe 58
)Lsmjfsjs.:ﬁﬁﬁ_uu&l}«{w
L e N PV 5 CAIg-{ L [u| I P
osls Ol OF Slarsw 5 e 558 4l St
Bl o S Jogles oSy ool
S5 38 IS Ll la LU (gl dss

BEl v-:-\»lt:.i )‘J.E.A ol QL::\ d_}.l} )JASM}gQLmA



AT (1) 0jboud (YE) Ao S5 g ol Clilis sla g3y 41 i

Looddsled gladisad 5o o by pseslS 730
el DlEs Al o s S 58 e
G| PERCIN WG i J:Jm. gl JS:L,JJ«
OSee 5 Ll e slite Loyl 5 s i gla )l
el &JJL&;» Ja,l)w ol oslinul (slas S ol
5 oAeS e sl serse B WS
Mged 3 e (PR ey S G S
5 (Lt slasS 5 T slge 0353580 0s0) sl
O3y S S 355 Jlarsm b eddjled (sladisad

A3 S edalie s sl S 0253l

e W3l Sl el e (Sl e
B b oekdles S glaaised s bliye el
350 priss S @B 3 St s e sl
ety SlEs 3 e LB falS (0 Jsa)
Bacillus ) sy 555 5,58 51 e Jol5,8
Ol g CiS v S« (nucilaginosus
Sl (V008) g 5 SLb abewsey ol S
Gl g sssS 5 I sl (1) cl ol
(g Sbt ol el ey Jlie 3G
Slaaised 5> bl aups e siliss 2B S,k

3 oRIP e e S b Leddls S

it s 38 5 T lge b oy les S akisa 53 (p S 5 o) S35 b el 5IAs —0 ot
Table 5. The content of non-exchangeable K (mg kg™) in soil samples treated with different organic materials

and biofertilizers.

oSSk p s s S 06 s g sy sl 35 )6 el B
(Mean) (Glomus versiforme) (Funneliformis mosseae) (Control) (Treatment)
Jals
171° 173" 180" 160"
(Control)
200° 202%¢ 193¢ 205+ oS
(Poultry manure)
L S
23418 224" 239" 239" Sk 25
(Sheep manure)
¢ =
225" 218 254% 203%¢ oS
(Poultry manure biochar)
Ldw S [
243 2165 245%¢ 268 S sS 25 e
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Numbers followed by the same letter in each row and column are not significantly different (P<0.05).
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Table 6. The content of HNOs-extractable K (mg kg™) in soil samples treated with different organic materials

and biofertilizers.
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Numbers followed by the same letter in each row and column are not significantly different (P<0.05).
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Table 7. Potassium concentration in maize shoot (%) with application of different organic materials and

biofertilizers to soil.
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Numbers followed by the same letter in each row and column are not significantly different (P<0.05).
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Table 8. Content of K uptake by plant (mg pot”') with application of different organic materials and

biofertilizers to soil.
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Numbers followed by the same letter in each row and column are not significantly different (P<0.05).
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Abstract

Background and Objectives: Nowadays, application of organic and biological fertilizers in
organic agriculture has become widespread due to their considerable benefits. Recently, the
conversion of organic manures into biochar, as an alternative and stable organic fertilizer, has
been paid attention by many researchers. Potassium is an essential nutrient for crop production.
Application of various organic materials to the soil may effect on the content of potassium
chemical fractions. The purpose of the present study was to investigate the effect of
mycorrhizae fungi, animal fertilizers (sheep and chicken) and their biochar on the concentration
of potassium chemical forms and the relationship between these forms with potassium content
of maize plant in a calcareous soil.

Materials and Methods: A factorial experiment as completely randomized design with three
replication was done under greenhouse conditions. Treatments included five levels of organic
fertilizer (without addition, sheep manure, poultry manure, sheep manure biochar, poultry
manure biochar, each at 2% w/w) and fungal inoculation in three levels (without inoculation,
inoculation with Funneliformis mosseae and Glomus versiforme). Biochars were prepared under
limited oxygen conditions at 500 °C for 4 hours. Appropriate amount of surface layer of a
calcareous soil was collected and after passing through 2 mm sieve, were treated by organic
fertilizers and arbuscular mycorrhizae fungous according to the experimental design. Then,
5 corn seeds (Zea mays L. 704) were planted at 2 cm depth in plastic pots. During plant growth,
the soil moisture was maintained about 80% field capacity level by distilled water. After 10
weeks, shoots were harvested and roots were separated from soils. After air drying and passing
soil samples through 2 mm sieve, the concentration of potassium chemical forms (soluble,
exchangeable and non-exchangeable) were measured. Also, the potassium uptake by shoots was
also calculated by multiplying the potassium shoot concentration in dry matter yields.

Results: Results indicated that organic manures and their biochars increased the contents of
soluble, exchangeable and non-exchangeable K (8-65, 43-128 and 29-72 mg kg, respectively
as compared to control). Generally, sheep manure and its biochar increased all K forms more
than poultry manure and its biochar. Conversion of manures to biochar decreased soluble K and
increased exchangeable and non-exchangeable K. Application of Funneliformis mosseae
decreased soluble K and increased non-exchangeable K; while application of glomus versiforme
decreased soluble K and increased exchangeable K. The amount of K extracted by HNO; (sum
of K forms) in treated soils with organic manures was lower than treated soil with biochars.
Application of poultry manure biochar led to an increase in the effect of mycorrhiza species on
the K content in soil while, application of sheep manure biochar caused a decrease in the effect
of these fungous on three chemical forms of K. Organic materials and biofertilizers application
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significantly increased K uptake (16-217 and 14-36 mg pot’, respectively as compared to
control). Potassium concentration in shoot of maize plant had significant and positive
relationships with all forms of K in soil.

Conclusion: Applied organic manures (sheep and poultry) in increasing the soluble form of K
were more effective than their biochars while, biochars increased the content of exchangeable
and non-exchangeable forms of K more than raw materials. Also, application of each
mycorrhizae species caused a decrease in soluble form of K. Generally, it can be concluded that
organic materials and mycorrhizae fungi application may affect the K uptake or its leaching
potential due to their effects on different forms of soil K.

Keywords: Funneliformis mosseae, Glomus versiforme, Sheep manure biochar, Soluble K,
Exchangable K
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