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Table 1. Treatments used in the experiment
L e a=ly o g5 @9,
o Amount Unit Treatment Row
1 ) ) sl S Jl.s 1
Planting soil
2 1 T S0
Percentage volume @ Egy 2
3 05 (T Joyd Rice husk
Percentage volume
4 2 (SW M)Q
Percentage volume
5 1 o7 oy T By oo 3
Percentage volume Rice husk biochar
6 05 T 22
Percentage volume
7 1.25 oI 2 )
Percentage volume S8 o5 4
8 075 (o> Joyd Cow manure
Percentage volume
mg/kg ey Sldlges g poigel
. . Triple super phosphate chemical 5
10 18.75-18.75-25 a4 ’l; * /Ii; e fertilizer, ammonium sulfate and
g/kg potassium sulfate
11 1.25-1 T 0T o S
Percentage volume- Percentage volume . B
Qo) — Qo ) e 6
e e T Cow manure and Rice husk
12 0.75-0.5 Percentage volume- Percentage
volume
ST Moy (o7 Mo )0
13 1.25-1 Percentage volume- Percentage
volume T gy Jlram 5 695 055 7
(ST Mo )d = (e Juoyd Cow manure and Rice husk biochar
14 0.75-0.5 Percentage volume- Percentage
volume
J S e = oz slind Lo &
15  37.5375-50-1.25 PRI A Ak e 2 st st 5 S5
mg/kg- Percentage volume ol Silgan g poigel lilgun
Cow fertilizers and chemical )
PSS 2 pS e — oo 2o fertilizers of triple superphosphate,
16 18.75-18.75-250.75 mg/kg- Percentage volume ammonium sulfate, and potassium
sulfate
s S g Ol g ¢ o 5 Slawd Lo
17 37.5-37.550-1 o7 e, S 2 ke shchancalansied
Percentage volume- mg/kg T &gy 3 oy Sliges g pgsigal
e ¢ Chemical fertilizer triple super 9
18 18.75-18.75-25-0.5 P ' TP ﬁ;flﬁs % ﬁ;ﬁ: phosphate, ammonium sulfate and
ercentage volume-mgikg potassium sulfate and rice husk
poigal Clilgus o 5iilind 5es oliord 055
_ _ B gy e 5 peally Slilgs
19 37.5-37.5-50-1 (o> 22,20 TS 2 5 ks Triple super phosphate chemical 10

Percentage volume- mg/kg

fertilizer, ammonium sulfate and
potassium sulfate and rice husk
biochar
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Table 2. Characteristics of biochar, rice husk and cow manure used in the research
X LU
N Ty et e
Sl esle ;\) S S5 59 2 o)
(o,3) O(M)a? ( ) ") (o) (32y3) #( e Fat sl Sl g3
Organic c;?gg:f Potassi Phosphorus ~ Nitrogen Electrical pH treatment
matter (%) (%) o(assr,Tl]t)Jm (%) (%) conductivity
PP (ds/m)
Ty g o
7.47 431 0.93 0.51 0.55 1.188 8.5 Rice husk
biochar
35.91 20.87 0.58 0.67 3.2 1.815 5.79 @ S
Rice husk
3 o5
17.53 10.19 1.19 0.86 1.1 3.535 7.19
Cow manure
u] Y S YD @) \S_\ J51.7LA )l o_\..ﬁks);o)l..a.c B
CllS s S aland 9 (So5d Slasin -V Joox
Table 3. Physical and chemical characteristics of planting soil
i i JB ity B ind oSl Cylan
T Lo T . i ~ > ‘ ity s sl
y IS Slos s i B iy g S Slge
o S (32,) (%oy) - - . (22,%)
. . oSk peSde (22,0 (e Sk -
(o) (22 Organic Organic g _ Nitrogen . Soil Neutralizing
Clay(%) Silt(%) matter  carbon (g 91‘5 (eSS 0/9 Electrical idi substances
(%) (%)  Potassium Phosphorus (%) conductivity ~ acidity (%)
(mg/kg)  (mg/kg) (ds/m)
31 32 2.23 1.29 268 13.1 0.1 0.34 7.66 10
T Ky e &5 8525 =Y Jouxr
Table 4. How to prepare rice husk biochar
OgelgiST a8 Ogeliinn,S ol
Activation process Carbonization process
el ) sl et ol el VD Sl ot Ol
1 hours Slope time of the 1.5 hours Slope time of the
process process
el ) aulyd s ol el ) anlyd s ol
1 hours Linear time process 1 hours Linear time process
Sl dzps AoV S sl a0 0 oo diciin

700-800 degrees
Celsius

Steam temperature 500 Degrees

Maximum temperature

a0 00 alold 4 glaly
A step at a distance of 50
degrees

Sl e
Thermal gradient
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Figure 1. Chromatogram of the rice husk biochar elements
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Table 5. Effect of investigated treatments on salinity of drainage water in five stages

(o 2 o) 2l (5 )90

Water salinity (ds/m) o el QUGN
ooy Al e PRESE1E pows Al 1o pgd Al> 1o Joldl> e Treatment Level Treatments
Phase5 Phase4 Phase3 Phase2 Phasel
0.6610.035 1.3310.11 0.5410.014 0.660.028 0.958+0.008 _ S s Sl
ab a d e d Planting soil
0.67£0.015 0.660.034 0.53+0.009 0.97+0.057 0.99+0.079 05
ab ab d bcde d ’
0.68+0.042 0.830.031 0.63+0.014 0.850.011 1.347+0.004 1 Tp L Jlgm
ab ab bed bede bed Rice husk biochar
0.750.023 0.83+0.004 0.72+0.028 0.68+0.012 1.415+0.006 2
ab ab bcd e bcd
0.660.015 0.32+0.022 0.55+0.005 0.630.011 1.27+0.024 05
ab b cd e Cd ) Ty &gy
0.9+0.051 0.9+0.057 0.640.01 0.77+0.0059 1.7£0.012 1 Rice husk
ab ab bed de abed
0.960.019 0.8910.021 0.73+0.016 0.83+0.005 2.09+0.002 \ s
ab ab bed cde ahc Level 1 o 055
1.31+0.032 1.13+0.016 1.21+0.055 1.78+0.0033 2.5+0.012 Y b Chemical fertilizer
ab a abc a a Level 2
0.83+0.014 0.69+0.02 1.12+0.048 155+0.012 1.61+0.097 075
ab ab abcd abc abed ) &9 o8
0.99+0.019 0.69+0.012 0.95+0.022 1.59+0.084 2.22+0.025 1.25 Cow manure
ab ab abcd abc ab )
0.59+0.005 0.68+0.036 0.5510.002 0.7520.0064 1.147+0.016 QLRI
b ab d de d Biochar 0.5 \ s
1.02+0.034 1+0.051 1.690.08 1.63£0.06 2.27+0.021 VD of o5 gl Sleors o8
ab ab a ab ab Cow0.75 Chem Il_%?/Iefleitlllzer
1.04+0.035 0.76+0.032 0.65+0.0024 0.64+0.002 1.42+0.064 10 g8y &gy
ab ab bed e bed Rice husk 0.5
0.7620.015 0.91+0.029 0.7610.016 1.01+0.028 1.04+0.041 \ g
ab ab bed abcde d Biochar 1 '
104+0.035  121+0075 1240065 1.24+0.051 1.35+0.012 VD S 58 ¥z (slbeert 255
ab a ab abcde bed Cow0.75 Chemll_%zilleflegtlllzer
0.75+0.03 0.77+0.044 0.66+0.018 0.79+0.01 1.65+0.01 V@ Aoy
ab ab bed de abced Rice husk 1
0.79+0.034 0.68+0.027 0.6+0.007 1.02+0.027 1.16+0.065 QIS S
ab ab bed abcde cd Biochar 0.5 VO oS 555
0.76:0.058 0.96:0.013 0.92+0.022 1.36+0.025 1.6640.011 10 g5y Ky Cow manure 0.75
ab ab abcd abcd bed Rice husk 0.5
0.86+0.02 0.86+0.015 0.72+0.026 0.98+0.02 1.18+0.039 Ve
ab ab bed abcde cd Biochar 1 VYO oS 555
1.3740.005 1.3740.024 1.01+0.021 1.23+0.037 2.37+0.011 \ @ &gy Cow manure 1.25
a a abcd abcde a Rice husk 1
2.392" 1.972° 5.361" 7.02™ 7.69™ F_B’}‘"
Statistics F

o, A Jleil mhaw jo o s s o )0 A0 Jleis! mhaw jo o Jxet
ol Lo Sl pire B 095 ko LSS Y By,

«Significant at the 95% probability level, **Significant at the 99% probability level
The same Latin letters indicate the absence of significant differences between treatments.
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Table 6. The effect of the investigated treatments on the pH of drainage water in five stages

Ad!
pH )L°-‘-' CJ“-‘ )LM-' &9—'
PESTRIESN PP 1ESS Py Al 1o pyo Al> o Jol > e Level Treatments
Phase5 Phase4 Phase3 Phase2 Phasel
7.57+0.011 7.97+0.014 7.94+0.012 8.27+0.014 7.55+0.012 B clls s S
b a a a c Planting soil
7.45+0.0038 8.03+0.008 7.63+0.004 7.91+0.033 7.98+0.035 05
b a ab abc abc '
7.45+0.0025 7.65+0.012 7.5+0.019 7.78+0.003 7.67+0.023 1 Tp iy jes
b a abc bc bc Rice husk biochar
7.57+0.024 7.78+0.051 7.51+0.016 7.64+0.012 7.71+0.011
b a ab c bc 2
7.55+0.025 8.02+0.007 7.66+0.015 8.15+0.1 7.66+0.013 05
b a ab ab bc ' Tp g
7.53+0.009 8.2+0.017 7.76:0.01 8.15+0.015 7.59+0.044 1 Rice husk
b a ab ab c
7.62+0.011 8+0.025 7.57+£0.004 7.98+0.023 7.87+0.005 \
b a ab abc bc Level 1 srboods 395
7.58+0.011 8.13+0.005 7.46+0.008 7.67+0.008 7.77+0 Y Chemical fertilizer
b a be c c Level 2
7.63+0.005 7.93+0.025 7.52+0.007 7.88+0.012 7.78+0.002 075
ab a ab abc bc ) TR
7.55+0.01 8.13+0.013 7.54+0.001 7.91+0.006 8.03+0.001 195 Cow manure
b a ab abc abc ’
7.89+0.016 8.19+0.055 7.62+0.004 7.74+0.034 8.44+0.058 QR ESW
a a ab be a Biochar 0.5 \
7.59+0.007 7.96+0.014 7.31+0.03 7.67+0.005 7.76+0.008 IV 5ol 555 gl il 055
ab a be c be Cow 0.75 Chemllieuefleitlllzer
7.64+0.009 8.04+0.015 7.56+0.0038 7.8+0.017 7.94+0.025 1D gy Ay
ab a ab bc abc Rice husk 0.5
7.6+0.012 7.97+0.046 7.65+0.0034 7.63+0.039 8.15+0.01 Ve
ab a ab c ab Biochar 1 )
7.65£0.015 7.80.02 7.0740.056 7.8+0.014 7.84+0.01 VYD oS 055 ¥ gk bt 055
ab a ¢ be be Cow 1.25 Chemll_cezijeflegtlllzer
7.7£0.01 7.86+0.07 7.59+0.011 8.02+0.007 7.81+0.016 \ @ g
ab a ab abc bc Rice husk 1
7.47+0.01 8.12+0.0068 7.63+0.013 7.95+0.008 7.93+0.02 QINEIEW
b a ab bc abc Biochar 0.5 _
7.490.0075 7.77+0.039 7.46+0.021 7.72+0.008 7.68+0.033 IO g gy VO ol 25
b a be abc be Rice husk 0.5 Cow manure 0.75
7.5+0.008 8.11+0.004 7.49+0.017 7.93+0.01 8.01+0.022 Ve
b a abc abc abe Biochar 1 VYD (g5l 595
7.52+0.007 8.02+0.012 7.55+0.003 7.92+0.009 7.72+0.003 \ Ep gy Cow manure 1.25
b a ab abc bc Rice husk 1
3211" 1214 4.085" 5.01" 4,021 F )Ll
Statistics F

** Significant at the 99% probability level, ns of non-significance

005 )l sixe NS s ;0 A9 Jlei| mhans o jlo pne s
ol Lo Sl pire BB 095 ko LSy Y B>

The same Latin letters indicate the absence of significant differences between treatments.
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Table 7. The effect of investigated treatments on nitrate concentration of drainage water in five stages

G o5 i) (2505 o s ke

Nitrate concentration in drainage water (mg/L)

cbale 5 Ske . o
e Jos o Josi 5
oy O il ey il fpyms Al 5o pgo Al> 5o Jsl il e Level Treatments
Average nitrate Phase5 Phase4 Phase3 Phase2 Phasel
concentration of
five stages
16.72+0.65 3.6+0.079 3.47+0.137 0.58+£0.028  19.64+0.156 59.2+0.065 B Bl s S
b a abc ghi cdefgh Bedef Planting soil
13.78+2.25 2.2+0.134 0.47+0.048 0.23+0.015 16.74+0.89 19.72+0.26 05
b a c i defgh G ) P e ol
16.49+0.7 1.91+0.171 0.84+0.073 4.04+0.167 20.65+0.57 39.17+0.98 1 TR R TR
b a bc def cdefgh Fg Rice husk
12.15+0.84 2.76+0.006 0.29+0.039 3.22+0.302 13.93+0.129 42.46+1.39 2 biochar
b a c efg fgh Efg
23.35+2.21 1.89+0.056 0.73+0.086 0.19+0.005 15.39+0.53 73.64+0.802 05
ab a be i cdefgh Abcd ) S Ay
22.42+0.93 3.61+0.239 1.57+0.101 5.57+0.034 30.02+0.3 1.4372.05+ 1 Rice husk
ab a be cdef abcdef Abcde
19.8+0.26 5.22+0.298 2.3+0.161 0.45+0.03 11.01+0.438 84.1+0.44 \ v
b a abc hi h ab Maximum o 255
28.78+1.23 3.28+0.252  0.94+0.088  21.59+136  24.26+05 90.2+0.12 Y s ‘lfehﬁm'zfg'
ab a bc abc bcdefy A Minimum
23.2+2.63 3.01+0.134 4.87+0.911 39.37+0.35 31.64+0.129 58.65+1.95 0.75
al a abc a abcde Bcedef ' 98 558
23.52+1.08 3.84+0.301 0.6+0.082 19.32+0.253 46.4+0.76 62.71+0.89 195 Cow manure
ab a be abc ab Abcdef '
15.39+1.12 3.08+0.157 0.6+0.074 0.43+0.026 19.14+0.426 64.15+1.6 RINIETW
b a bc hi efgh Abcdef Biochar 0.5 loord o5
40.76+3.32 0.83+0.077 21.23+0.759  38.44+17  62.18+1.642 77.2+1.28 IV g8 555 ) g
a a a ab a Abcd Cow 0.75 Chemical
14.01+0.85 438+0.326  1.22+40.063  4.65+0.026  11.66+0.088  49.50+2.47 1O gy Ky fﬁ’et\'lglzelf
b a be cdef gh Cdefg Rice husk 0.5
18.45+1.43 097+0.055  153+0.27  8.72:0.025  38.24x17 56.37+1.77 Vlzse
b a bc bede abc Bedef Biochar 1 il 355
30.00£1.8 2110059  5.830.198  1327+0.955 34.79+163  78.41:0.88 VYO 5ol8 o8 ¥ b
ab a ab abcd abcd Abc Cow 1.25 Chemical
21.56+0.98 356:0224  2.12+0.043  149:0031 29184047  60.96+2.72 \ gy &gy fertilizer
ab a abc fgh abcdef Abcdef Rice husk 1
19.02+2.29 2.53+0.059 0.86+0.087 0.68+0.02 33.96+1.21 22.16+0.56 RINIEW _
ab a bc ghi cdefgh G Biochar 0.5 SACRETLES
s Cow manure
23.4+0.78 3.52+0.247 0.82+0.059 8.11+0.698 26.99+1.17 85.74+0.38 10 7y Ay 0.75
b a bc cdef bedef Ab Rice husk 0.5 '
17£1.65 2.69:0.155 214015  17.41:0.583  31.42t108  46.49+0.78 Ve 3
b a abc abc abcde Defg Biochar 1 JACREIURETY
22.73+0.77 26240219  149+0.167  4.49+0.377  20.61#125  81.53+0.365 V gy Ly Cowlrgasnure
ab a bc def cdefgh Ab Rice husk 1 '
3.335™ 1627 4586™ 34.47" 9.643" 12,08 F oLl
Statistics F

** Significant at the 99% probability level, ns of non-significance
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The same Latin letters indicate the absence of significant differences between treatments.
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Table 8. The effect of the investigated treatments on the amount of water and the average amount of nitrate in
drainage water in five stages

() o205 O ke
Nitrate concentration of drainage water
s Ol ke il . o
e e e G et o e 9
(1) 250 ol al> e e il ez A pewdleie il gl e Level Treatments
Mean concentrationof Phase5 Phase4 Phase3 Phase2 Phasel
nitrate in 5 stagesof
drainage water (gr)
86.51+0.071 0.48+0.03 0.15+0.03 0.58+0.07 0.15+0.03 0.2+0.08 B Bl s S
a a a a a A Planting soil
39.384+0.01 0.44£0.04 0.45+0.08 0.69+0.04 0.36+0.01 0.53+0.01 05
a a a a a A ' P e e
66.64+1.45 0.35+0.05 0.33+0.04  0.84+0.017 0.15+0.05  0.24+0.04 1 TR Tst T
a a a a a A Ru_:e husk
62.68+1.72 0.440.02 0.15+0.02 0.67+0.03 0.06+0.02 0.39+0.08 2 biochar
a a a a a A
99.77+0.68 0.36+0.02 0.56+0.12 0.75+0.08 0.26+0.01 0.38+0.04 05
a a a a a A ’ Tp ey
87.95+1.46 0.36£0.05 03002  056£0.09 0.14+0.01  0.06+0.01 L Rice husk
a a a a a A
204.306+3.77 0.38+0.06 0.48+0.05 0.8+0.08 0.28+0.05 0.4+0.07 \
a a a a a A Maximum lesd _°9S
70.43+2.26 056£0.007  0.31:0.01  094:001 0.15:0.02  0.33£0.07 Y b ?::m'zfr'
a a a a a A Minimum
140.02+1.39 0.63+0.007 0.4+0.06 0.68+0.06 0.11+0.05 0.25+0.07 075
a a a a a A . 6ol 558
108.710.85 0.31#0.04  0.65:0.06  0.48+0.07 0.33+0.05 0.62+0.01 195 Cow manure
a a a a a A ’
135.4+1.53 0.6x0 0.56+0.05 0.93+0.02 0.310 0.14+0.03 RNIETW
a a a a a A Biochar 0.5 ghe gl 355
94.61+2.91 0.6+0.01 0.25+0.03 0.63+0.007 0.16£0.03 0.41+0.08 YO 595 068 )
a a a a a A Cow 0.75 Che_m_ical
138.94+1.84 0.5+0.02 06£006  062:0.06 0.24:0.04 0413002 -/ gy &g fﬁg‘/‘éﬁr
a a a a a A Rice husk 0.5
58.64+0.96 0.38+0.01 0.53+0.06 0.68+0.07 0.28+0.01 0.36+0.08 Vg
a a a a A a Biochar 1 Tl iloet 355
123.8+0.56 0.6+0.02 0.33+0.1 0.5+0.04 0.11+0.02 0.13+0.04 VIYD (595 068 v
a a a a a A Cow 1.25 Che_m_ical
132.6+1.48 0.31+0.07 0.38+0.08  0.59+0.07 0.18+0.04 0.45+0.014 V gy Ky fﬁg\'/'e'lz;r
a a a a a A Rice husk 1
100.007+2.32 0.58+0.02 0.58+0.07 0.6+0.05 0.43+0.05 0.1+0.03 10 g _
a a a a a A Biochar 0.5 VO sl 258
111.66+1.61 0.38+0.04 0.34£008  0.72¢+0.1  0.12+0.03  0.18+0.08 <10 gy Ay C"WO”;g”“re
a a a a a A Rice husk 0.5 '
92.66+1.365 0.48+0.04 0.38+0.05 0.55+0.03 0.36+0.01 0.4+0.08 Vg _
a a a a a A Biochar 1 REEC AR
111.85+1.354 0.35+0.05 0.41+0.06  0.860.03  0.25:0.02  0.36:0.05 V g Ky C"""l”;g”“re
a a a a a A Rice husk 1 '
F s Ll
1417 1.49™ 0.87" 0.87" 151%™ 116 b
Statistics F

ns of non-significance
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The same Latin letters indicate the absence of significant differences between treatments.
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Abstract

Introduction: Nitrate (NO-3) is an important compound in plant nutrition. However, the leaching of
large amounts of it can reduce soil fertility and endanger environmental health and quality of life.
Material and Methods: This study was conducted to investigate the effect of rice husk biochar and
different types of pure and mixed fertilizers on nitrate leaching from the soil of one-year-old potted
saplings of Acer cappadocicum Gled (with an average collar diameter of 17.3 mm and a height of 19.72
cm). This research was conducted in Lajim nursery, north of Iran, using 19 treatments with three
replications in a completely randomized design. The treatments included rice husk at 0.5% and 1% by
volume, biochar of rice husk at 0.5%, 1%, and 2% by volume, cow manure at 0.75% and 1.25% by
volume, and chemical fertilizer at two levels: 1) triple superphosphate 25, ammonium sulfate 18.75, and
potassium sulfate 18.75 mg per kilogram of soil and 2) triple superphosphate 50, ammonium sulfate
37.5, and potassium sulfate 37.5 mg per kilogram of soil. The soil treatment of the planting bed (control)
and the combination of treatments were also included. To collect drainage water for measuring the
amount of nitrate leaching, potted seedlings were irrigated 20% more than the normal irrigation amount,
and samples were taken in five stages (from April to September, once before adding ammonium nitrate
fertilizer and four times after its addition). In the laboratory, nitrate concentration was measured by the
spectrophotometric method. Statistical analysis was performed using R software, and a comparison of
means was performed using Duncan's test.

Results: According to the results, in the first stage of sampling, the highest concentration of nitrate in
drainage water was observed in the chemical fertilizer level 2. In the second and fourth stages, it was
observed in the combination of chemical fertilizer level 1 and 0.75% cow manure by volume, and in the
third stage, it was observed in the treatment with 0.75% cow manure by volume. The highest pH value of
the drainage water in the first stage of sampling was observed in the combination of chemical fertilizer
level 1 and 0.5% biochar. In the second and third sampling stages, the control showed the highest pH
value. In the fifth stage, the result was the same as the first stage. Also, the combination of chemical
fertilizer level 1 and 0.75 percent cow manure caused an increase of 204, and 0.5% biochar caused a total
decrease of 39.4 mg/liter of nitrate leaching.

Conclusion: The results of this research showed that the application of biochar causes a decrease in
electrical conductivity and nitrate concentration and an increase in the pH of drainage water. Therefore,
considering the beneficial effect of biochar in reducing nitrate leaching and soil salinity, which will
definitely bring positive environmental effects, it is recommended to use rice husk biochar to produce
seedlings in forest nurseries.
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