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Background and Objectives: Although using common chemical
fertilizers such as nitrogen fertilizers improves agricultural production, at
the same time, it leads to serious environmental problems and a
considerable economic cost. The low use efficiency of nitrogen chemical
fertilizers increases agricultural products' production costs and reduces
product vyield. Environmental pollution using chemical fertilizers,
especially nitrogen fertilizers, has made the fertilizer production industry
progress towards the supply of slow-release fertilizers. Recently, in
addition to using biochar as a soil amendment, it has been used in the
production of biochar-based slow-release fertilizers. The current experiment
was conducted to evaluate the behavior of nitrogen release from urea and
ammonium nitrate fertilizers based on the biochars of walnut shell residues,
grape pruning and wheat stubble in water, different pH and soil.

Materials and Methods: To evaluate the behavior of nitrogen release from
nitrogen fertilizers based on different biochars, three experiment, completely
randomized split plot design were conducted with three replications in the
laboratory of the Soil Department of the Faculty of Agriculture of Zanjan
University, Zanjan, Iran. The experiment treatments included three types of
biochar (residues of grape pruning, walnut shell and wheat straw) at two
pyrolysis temperatures of 350 and 650 degrees and nitrogen fertilizer (20%
by weight) from two sources of urea and ammonium nitrate, which were
also added to each treatment 10% montmorillonite clay by weight. To
investigate the behavior of prepared fertilizer tablets in connection with the
release of nitrogen in water, 10 grams of the prepared fertilizer tablets after
being placed in 100 mesh nylon in a container containing 200 ml of
distilled water were allowed to let it float for 56 days at room temperature
in a container. During the experiment, samples were taken from the
solution at 1, 2, 4, 6, 8, 10, 12, 14, 28, and 56 days after the start of the
experiment, and the cumulative nitrogen concentration was measured and
its release percentage was calculated.

Results: The results showed that the effect of temperature and biochar type
on density, apparent density, pH and EC of fertilizer tablets based on
biochar was significant. Nitrogen from nitrogen fertilizers based on biochar
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was gradually released in water during the experiment in all biochars, but
its release rate was higher at the beginning of the experiment. The rate of
nitrogen release during the experiment in fertilizer tablets based on wheat
straw biochar was lower compared to walnut shell and grape pruning
biochars, so that at the end of the experiment, the percentage of nitrogen
release in wheat straw biochar was lower 8 (7) and 6.6 (5.1) % compared to
walnut shell biochar and grape pruning residues at 350 (or 650°)
pyrolysis temperature, respectively. The lowest and highest percentage of
nitrogen release occurred at pH=2 and pH=6, respectively, at both
pyrolysis temperatures of 350 and 650°. Also, the lowest and highest
percentage of nitrogen release in soil was observed in wheat stubble
biochar and grape pruning residues at both pyrolysis temperatures of 350
and 650, respectively.

Conclusion: Using a combination of nitrogen fertilizers, such as urea
and ammonium nitrate based on biochar and in granulated form, acts as a
slow-release fertilizer, which can be a proper way to promote sustainable
agriculture.
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Table 1. Some physical and chemical properties of biochars prepared from residues of grape pruning, walnut
shell and wheat straw at pyrolysis temperatures of 350°C and 650°C.
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Table 2. Variance analysis of the effect of temperature and type of biochar on density, bulk density, pH and
EC of biochar-based fertilizer.
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Figure 1. Density (a) and bulk density (b) of nitrogen fertilizer tablets based on biochars of residues of grape
pruning, walnut shell and wheat straw at pyrolysis temperatures of 350° and 650°C.
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Figure 2. pH (a) and EC (b) of nitrogen fertilizer tablets based on biochars of residues of grape pruning,
walnut shell and wheat straw at pyrolysis temperatures of 350° and 650°C.

JS2) 55 do3 VA 5 VWA AV/A 5 ATVY A4S
ls il K05 OS Shass i b b cpl Y
Gslosl3l Ol a8 Lisls OLzs (FF) oL Ken 5 2
J'I.'wJ o)j\ J‘)g )‘ &LUT 093 J}b BE UT BEl e)}\
osba Wl jled 4 e e 4l p el
S wsls ol Lol e LBl als (g lsliese
sl Dles 5> SB Dg 53 05555 sl Ol
YALEYY Slrge O slesd 4 Cnd Sl s bl
d‘)KAA 9 LSJ‘)AA.ZA (Y’Y) g:,..éL.:_ LJ‘:"QLS M)J
5ol 5s ol olaslsl Ol 45 sls OLES (Yo Y)
-\/0 ‘_)b:,a “ co)j‘ 4 ol WT c:).: ULLg )L>.'j:4
ol sl gl wels b 4 cd 4 e

5ol & Wdwy amd cpl a4 OIS ass

¥4

» 8355 el Biass leelil de s
GlassS Oisas & b ol Jelb mls ol
BN GEaRY bl b s Sl w1055 5
53 0335 3kl Ol Js 38 sslaslsl S
S 555 S S sba g St SRl gl
53 eddig Lty OS5, Loy ui.iLa)'T &
kS HS 5 538 s G s gl s
sk azm s 00 5 YOO s slales s
YAR 5 Y8 XAV 5 YO VY 5 YA L e
UL_La)'T Jol atia 95 s e UK sy Ao
s, o s g bl oS 059 % Olye
slales s (s.xfdﬂijﬁjf S sy ! o
SAVY o5 a esenda a0 5 Y0 )5



A EXE AN D)Low:} do b)ebs)‘.gkl &Jgﬁ’gdhwy.\o&w

S sk s S Wl a4 ol
PRI V| E WIS ol g 3lual sl O35, Loy
Sbobrse 4 Cond o gends a3 YO gles s
Sy S O g a3 V00 gles j3 sl 4
b3l Ll s sile 3L 035 8 A3 45 sba
Yor bes )5 w4l 5ol 4 slas S 5
Sy OSS on Ll s 53 e sads a5

Loy VY s VA AN LY ﬁﬁ&lsjjbﬁ
/4 5 VA &/A a3 00 sles 5 oS Jl>= 5 54
(i JK.:,) Jﬁ J.p)b
8 100 1
g Lﬁ ......... VRNRIRTREE e
o O
§'3 o 80 1
5]
L ER 350°C
5 5 e 60
— 0@
2 3 @
1 o= ceeadens biochar . £:
3 .g z 40 Grape biochar , <1 x5
9 ® = @ = Walnut biochar 5§ .
/,i‘ g =@ Wheat biochar .5 L.
3% 20+
T E 0 4 812162024283236404448525660

(550) b2 i 53 Ole

Sampling time (day)

(4o 33) 8 (g3l sl3T O35 25 mesd Ao

A D3 Llge Sl b boas glasss
55 558 b eslizal LIS Rl s 055 sl
) Wzl e Sal glas=
5 olasl Jgb pled s 055,35 3lslsl Ol
a3 N0 Y0 s g5 a > cJSUAJS)l;-}:;
o330S Gy Sl s 4 Cad sl
Ao Shalesl lesl 53 Ssbay s eSS
D 4 S S g 3 03555 3Ll
03 Ao 0 s VAY s A G e 4S5 s S
NELISEREYY AeS O Seeedes =53 N0 g YO0 slales

o] 100 7

Q

©

Q0

<

5 80 1

)

S °c

£e 650

g o 60

gg

g - seee¥eee Grape biochar , Sl Sl s

® 40 = =®—  Walnut biochar ;s 5 b

g —®— Wheat biochar ;18 s

=}

o

2 Wi
0 4 812162024283236404448525660

(G3) ol i 503 Ol

Sampling time (day)

SIS 5 938 gy KN o p SLl el g k513055 5 sl sS 1 eddis3lesl3T 035 S aea o ys Y S
59500 b s g a3 7N00 5 Y00 5 glabes o el s fxf

Figure 3. Cumulative percentage of nitrogen fertilizer tablets based on biochars of residues of grape pruning,
walnut shell and wheat straw at pyrolysis temperatures of 350°€ and 650°¢ during 56 days.
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Figure 4. The percentage of residual nitrogen in nitrogen fertilizer based on biochars of residues of grape
pruning, walnut shell and wheat straw at pyrolysis temperatures of 350°C and 650°C after 56 days.
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Figure 5. The effect of grape, walnut and wheat residue biochar produced at pyrolysis temperatures of 350°¢

and 650°C on the cumulative percentage of released nitrogen from the source of urea and ammonium nitrate in
water during 56 days.

£y



O1)Ko2 g dunod gl [ oo (395 51 (459 50 (Gl SU8 ) (o

30 1
% X
oo S Dereeeeneneetd
18 251 e
. “\: .-'
Le 20
. ) T
LER
5§ c pH=2
= 2 g 15
T
2 @ E
D 2 10 +e*¥++ Grape biochar ;i bx s
4 B
- g s — == Walnut biochar ;3 ,lr,.
2
S ——8— Wheat biochar ;18 ,lx .
~ <
=
0 + T T T T T )
0 4 8 12 16 20 24
(G30) Solan €505 Ol
Sampling time (day)
100 1
?
78 X ¥
O 7
{ s
. [
1§ R 60
3 ES
2 868 pH=6
D 5w
7 8840
T L =
52 **¥+++ Grape biochar ;1 x5
é 2 20 = @ — Walnut biochar ;5 >,
j? E =@ Wheat biochar ,.$ l- .
T OE 0+ T T T T T )
0 4 8 12 16 20 24
(G30) Solan €505 Ol
Sampling time (day)
2 B
o g 40 A
“
S
3 g ~ 30 1
- 350°C
- pH=10
<222
3 o=
3 .2 F
3 % ee*¥+e+ Grape biochar |l br s
% 8 10 = 4 — Walnut biochar ;55 b,
P ©
\% é ——@— Wheat biochar ;18 s,

0 - T T T T
0 4 8 12 16 20 24

(G30) Solan €505 Ola3

Sampling time (day)

40 A

o
(=)
1

pH=2

nitrogen (%)
e}
=

s++¥e*+ Grape biochar ,, 5| bx e

— == Walnut biochar 5> 8 .

(Ao y3) 0t g3k 13T 05,20 meas oy

The cumulative percentage of released

10
—@— wheat biochar p.8 b 4.
0 T T T T T )
0 4 8 12 16 20 24
(G30) Solan €505 Ol
Sampling time (day)
100 ~
el
a0 8
©
12 g
§; Y
5
)
1 2E 60
B =
283 pH=6
> 8 8
3 .8 40
a B ee*¥+e Grape biochar |l br e
13 ,
5 E 20 = @ — Walnut biochar ;55 1.
N S
:} @ =@ Wheat biochar ;18 ,lx,.
=
0+ T T T T T )
0 4 8 12 16 20 24
(G0 ol €503 0L
Sampling time (day)
60 1
. X
98 50 -
i
§; Y
. 40
T
L2 650°C
BN
2388 30 pH=10
> 8 8
3 25 +++¥+++ Grape biochar il b,
52 20
33 = @ = Walnut biochar ;55 b,
25 10 ,
3¢ =@ Wheat biochar .S ,lr,.
c 2
=
0+ T T T )

0 4 8 12 16 20 24
(G30) Solan €505 Ol

Sampling time (day)

93 g a3 5300 GO g glales s dd 4 il byl s o3 g3lsl3l 0359 25 R R W L&
(pH=\+) 5L s PH=) x5 (pH=Y) sd! spH

Figure 6. The cumulative percentage of released nitrogen from different biochars prepared at pyrolysis
temperatures of 350°C and 650°C in pH of acidic (pH=2), neutral (pH=6) and alkaline (pH=10).
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Figure 7. Cumulative percentage of released nitrogen from walnut biochar at pyrolysis temperatures of 350
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Figure 8. Cumulative percentage of released nitrogen from grape pruning biochar at pyrolysis temperatures of
350°C and 650° in pH of acidic (pH=2), neutral (pH=6) and basic (pH=10).
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Figure 9. Nitrogen release rate (sources of urea and ammonium nitrate) from wheat stubble biochar at
pyrolysis temperatures of 350°C and 650°C in pH of acidic (pH=2), neutral (pH=6) and alkaline (pH=10).
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Figure 10. The concentration of residues of nitrate and ammonium in nitrogen fertilizers based on biochar (as

source of ammonium nitrate) during incubation.
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Figure 11. Percentage of released nitrogen from nitrogenous fertilizers based on biochars during incubation.
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