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ABSTRACT

Background and Objectives: Although wusing 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 the production costs of agricultural products and
reduces the yield of products. 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 to
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 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. In order
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 of nitrogen fertilizers based on biochar
was gradually released in water during the experiment in all biochars, but
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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 in 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: The 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°°.
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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.

Slag o S5l
Mean squares 33l a s S s e
EC oH s ALk S8 S Df cov
Bulk density Density
ATAAC i ARYALYINN /e YAV AV \ Les
Temperature
a8 evs VIVE /o oYY ¥ (L2) U
Error (temperature)
APO/AAQ™ SE/FrAree TRV PP YAVe e v Sl s
Biochar
V5 e eqN*E vy ™ e ve VYAV EE Y S x e
Temperature x Biochar
/oA JOVTY Jevaa) /e YAY SA Lo
Error
/050 Y5 +/AV0 0/ (1) & s g,
C.V. (%)

e Jfln G ™y lslins O 5V a3 a5 %0

*k

AL 558 e edalie YO IS 55 a5 5 5boks
S Sl w38 slae b 4 by s EC
O feS 5 b a3 00 oz 53 oS
535 Sy ol alp o35 sl fa by e
EC Sl g ogrhe a3 YOr s s
g a3 PO gl s oS sl e
Solsbins Hgbar o a3 YO glos & o
Grmmen 3 AL ey pren s e VOY Ol
S 6Ll Sl e 03 635 sla o SEC wi-’l**’
w52 S s S s s 4 e
s AN e e e MAY 5 VAY LS 5

(b I

*"and ": significant at p < 0.01, significant at p < 0.05 and non-significant, respectively.

by ol al oS e PH L
s PO sl 3 S0l e gLl Ll
w by O p xS 5 PHEV0) epede
g a3 YOO Gl 53 93 8 g by e
sl 3 pH o Sle (Ya [S2) 55 (PH= #/A)
Sl @ s e gand a5 PO los 53 (58
V¥ Olse 4 olsbas Ssbay g a5 YO
Sbep PH Sle izmen 5 VL 4oy
Db & Cad 5 a SLLE Sl s 55 838
VIYS 5 YIPV CS 5w t.x;ST Sl s S ey

(Ya J2) 35 SV A



VFaY b)w‘ 0,92 ‘)L\Jb .A.J,;,&Sl:- 5“'.’.)'.’."‘“4'.’.)"""’

1.8
1.6
14
1.2 b b

0.8
0.6
0.4
0.2

(g cm3) Density J&
S

Grape biochar ;<1 ¢Lli;  Walnut biochar 5 8 ..

0.6
0.5
0.4 d
0.3
0.2

(g cm™3) Density J&x

0.1

Grape biochar .51 sl Walnut biochar 55 3 -,

a m350°C m650°C

Wheat biochar oS s

a m350°C m650°C

Wheat biochar oS s

9358 Gy RN o Ll las ks aly s 10055, 6055 e S (D) o pl JE&s 5 @) JKs - S

U"ﬁ"""“ L= FO ‘9“0' ;”-“-’J“-‘-’; dhlﬁé)A r.\fu:.ls

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°C 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°C and 650°C.
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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°C and 650°C 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°C

and 650°C on the cumulative percentage of released nitrogen from the source of urea and ammonium nitrate in
water during 56 days.
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Figure 6. The cumulative percentage of released nitrogen from different biochars prepared at pyrolysis
temperatures of 350° 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°¢
and 650° in pH of acidic (pH=2), neutral (pH=6) and alkaline (pH=10).
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Figure 8. Cumulative percentage of released nitrogen from grape pruning biochar at pyrolysis temperatures of
350°C and 650°C 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° 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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