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Table 1. Experimental treatments in the study.

Solal Ladle S 2 L3
Symbol Description of treatment Row
dals sld) Sl esle O S
BoMo (Aol Hlad) (o558 e3le O3 1
Non-biochar soil (control treatment)
Ols YL B W T S N A R EpW)
BiM; : 2
Biochar 1% and mixed at 3 cm above the pot
BM J!M‘_g‘}?l{ﬂ@bm);.bjlsuj'/.\ b g 3
1Mg
Biochar 1% and mixed at 8 cm above the pot
SRILY Lo 57 g
B/M, OHE 2 Bl s T b 4
Biochar 1% and mixed in whole pot
Ols YL B W E A E YA S EpW)
BoM3 ) 5
Biochar 2% and mixed at 3 cm above the pot
Ols YL Sele i s bl 5 Y Sl
BoMs : 6
Biochar 2% and mixed at 8 cm above the pot
SRILY b Joes 57 g
BoM, OHE 502 Bl 5T 7
Biochar 2% and mixed in whole pot
RiM, O (VL e il a3 bl 570 ol ole 8
raw material 1% and mixed at 3 cm above the pot
R Ms olus Lg‘% }T.od"ul.w Sl .]ajl;u 9 VAl el} osle 9
raw material 1% and mixed at 8 cm above the pot
SRILY bl 57 ol osle
RiM, S S 10
raw material 1% and mixed in whole pot
SIS VL e sl byl 5 /Y sl osle
R:M; S SFL el 2 Bl 5 T gl oo 11
raw material 2% and mixed at 3 cm above the pot
RoMs olus Lg‘% }T.od"ul.w Sl .]ajl;u 9 VAS el} osle 2
raw material 2% and mixed at 8 cm above the pot
SRILY blse 5 7Y ol osle
RoM, OIS S 02 bl ST gt o2 13

raw material 2% and mixed in whole pot
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Table 2. Some parameters of the studied soil.

Sl il A ) e o s
= v U N pH EC
Soil texture Sand (%) Silt (%) Clay (%) dS.m™
o 30 24 7.7 0.43
Clay Lom
.[)])L‘:”‘g‘p; <c e cL‘> osle ‘5‘.&‘;2‘9 ?ﬁ—\" J;J}
Table 3. Some properties of raw walnut material and its Biochar.
pH EC(dS/m)
=
8.84 Bl
Biochar
r\;— a)LA
7.10

Raw material
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Figure 1. Arrangement of the treatments.
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Figure 2. Soil moisture meter, SM150.
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Figure 3. The mean changes of soil evaporation during the experiment.
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Table 4. Analysis of variance of evaporation in treatments over the whole time period (5 months).

5T 4y

Sla e Sl
Mean squares

Degrees of freedom

Ol s &
Source of Changes

125422* :
1214624 |
35408** 2
16965 |
1523.1 )
2.37

s

2

Treatment

fﬁ’hﬁ‘ abLA

Amendment

&3P e
Distribute method

C__)).v a)>='v #* f}’\.ﬁ\ osle
Amendment* Distribute method
U
Error

et s 2
CvV

** Significant at 1% level
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Figure 4. Comparison of mean in different treatments for soil evaporation.
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Figure 7. Comparison of mean of the effect of amendment amount on evaporation.
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Table 5. Analysis of variance of soil moisture in different treatments.
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Figure 11. Comparison of mean of different treatments for soil moisture.

P
[0.2]

275
27
26.5
26 a
25.5
25
24.5

) ol

Average of soil moisture (%o)

(1) Sl e

Biochar — = o Raw material-pl= oals
el aala

Amendment
S Cagby g Olrgm g pl o3l (2ol e3le g5 1 0 Kilbe amlio Y IS

Figure 12. Comparison of mean of the amendment type (raw material and Biochar) on soil moisture.

Vo



At

(%) 25lnd (YY) sl SB 5 O Clin (gl g5y 4y i

31
F‘o‘\,
S 29
b ]
i =
;i 8 27
35
,{ = 25
J 3 23
% z
]
S o 21
75
zZ 19

e (%))

-

"

# Biochar-_\>3 M Raw material-a\a sde 2@

22 R Y (%Y)
Lol asle s s

Precentage of amendment
S Casb) gl el el Jlade 1 Kle anslie -\ S

Figure 13. Comparison of mean of the effect of amendment amount on soil moisture.

WAYS 5 S olrse ol slaoles ¢l sl
fb; osle Sl eslinul &Sl 4 a5 Lol 1) o
FeaeS Jlrgm 4 O LS 4 S 935 O
2Ol 2 SE 4 S L s 5 Lol
58 Sl by SR SIS Ol
ol esle 5l sl Ol o o3 S S s ol
Gladoys L (IS o) 25 o
Oljee oS Gaa Ll Jags nl 53 ) 53550
oslaiul 6@\4{43-)5@&;;;(._@ Dsad dnp g S
aw b b)) o be Ojsea el pl
S 2 b AL i (S GV s b
gl S g an s Ol e ol Ol S Al
PRV w\é;:ﬁbﬁu&lﬁ-é&ﬂ);\.@;}a:b
el Iy esle cpl 5l eslatal 055 Jee L 5
<=L>'- b gol ey LSS Slde Lo
YL g il ¥ s &5 A= s 8w
Ao mis sl e WY S
s S s Al eV it S YL e sl

ol s 2 e Y000 DS S IS s

"

I (5 o

Sl el Olsae 03, VU gl el sladle s

Srse il apms Blie 55 b slee 5l S
S sl LS Jash ol GLU Sy o eslina
55 O Lbrae Ao Y5 ) 3l eslad
PRSPy ,JU (Ca)s odd o, laasls)
S el il Sl e s Sl
53 Sl s Ul oesle cpl 3U e e
G S il d s wl e Sl VL sl s
Al eSS e hle SO LKlg e ae) ol 2
saara Jdsa 5o ele b YL slie Sl eslanl
W0 e 33 lea.ﬂ oo eslaal gl w5 O
OF bt ol 538 g Slram O e
2 Ao 90 5 S ke 5o (IS ) sea)
5 O 2S5 o B boolas ales
CAlES 4 el pl ol Ol S CE_N 3l
ol Eel g e S K8 58 Sy Cusb,
Sles a4 Cad bjles plad o S b Ol
Gl 55 s Slie :Sle ool ol dals

k)'i\ ASLS‘L>)J Sl J:'JLA”“ Voo (aL>- osle L5JL>



oSod 5 LS s ine ,0l

1.Abbasi, N., Rahimi, H., and Fakhr, A.
2006. Evaluation of compressibility
behavior of soils wusing hydraulic
consolidation test. J. Agric. Engin. Res.
6:25. 95-112. (In Persian)
2.Abbaspour, F., Asghari, H.R., Rezvani,
P., Abbasdokht, H., Shabahang, J., and
Baig Babaei, A. 2018. Effect of Biochar
and Chemical Fertilizers on Some
Soil Properties, Yield and Quality
Characteristics of Black Seed (Nigella
sativa) under Water Deficit. J. Water Res.
Agric. 32: 3. 441-458. (In Persian)
3.Ahmadi, K., Ebadzadeh, H., Hatami, F.,
Hossenpur, R., and AbdShahi, H. 2019.
Agricultural statistics book. Ministry of
agriculture. 159p. (In Persian)
4.Alizadeh, A. 2007. Irrigation System
Design. Emamreza Univ. Press. 450p.
(In Persian)
5.Asai, H., Samson, B., Stephan, H.,
Songyikh, K., Homma, K., and Horie, T.
2009. Biochar amendment techniques for
upland rice production in northern Laos.
Field Crops Res. 111: 1. 81-84.
6.Atkinson, C.J. 2018. How good is the
evidence that soil-applied biochar
improves water holding capacity? Soil
Use Manag. 34: 2. 177-186.
7.Azimzade, Y., and Najafi, N. 2017. Effect
of biochar on physical, chemical and
biological properties of soil. J. Land
Manage. 4: 2. 161-173.
8.Baiamonte, G., Crescimanno, G., Parrino,
F., and Pasquale, C. 2019. Effect of
biochar on the physical and structural
properties of a sandy soil. Catena.
175:294-303.
9.Behbahani, M.R. 2001. Hydrology of
Surface Water. Tehran Univ. Press. 484p.
(In Persian)
10.Bouyoucos, G.J. 1993. Effected of
organic matter on water holding
capacity and the wilting point of mineral
soils. Soil Sci. 47: 5. 377-383.

11.Benjamin, A., Felix, O., Enoch, B., and
Macarius, Y. 2010. Comparative
Growth Response of Maize on Amended
Sediment from the Odaw River and
Cultivated Soil. World J. Agric. Res.
3:4.143-147.

&l

Yy

12.Carvalho, M., Madari, B., Bastiaans, L.,
Oort, P., Leal, W., Heinemann, A.,
Silva, M., Maia, A., and Meinke, H.,
2016. Properties of a clay soil from 1.5
to 3.5 years after biochar application
and the impact on rice yield. Geoderma.
276: 7-18.

13.De Melo Carvalho, M.T., de Holanda,
A., Madari, B.E., Bastiaans, L., van
Oort, P., Heinemann, A.B., Soler da
Silva, M.A., Petter, F.A., and Meinke,
H. 2014. Biochar increases plant-
available water in a sandy loam soil
under an aerobic rice crop system. Solid
Earth. 5: 2. 939-952.

14.Elmi, Z., Bozorgi, A., Ghafari., A., and
Shibanian, A. 2016. Investigation of
Strategies to Reduce Evapotranspiration
from Soil and Plant Surface. Second
National Congress on Development of
Agricultural Sciences. Gorgan. 3116p.

15.Fekri, M., and Ashidari, D. 2003.
Effects of compost on bulk density,
porosity and sustainability of aggregate.
8th Soil Science Congress of Iran.
Gilan Univ. Pp: 967-968.

16.Glab, T., Zabinski, A., Sadowska, U.,
Gondek, K., Kopec, M., Mierzwa, M.,
and Tabor, S. 2018. Effects of co-
composted maize, sewage sludge, and
biochar mixtures on hydrological and
physical qualities of sandy soil
Geoderma. 315: 27-35.

17.Hudson, B.D. 1994. Soil organic matter
and available water Capacity. J. Soil
Water Cons. 49: 2. 189-194.

18.Ibrahim, A., Usman, A., Al-Wabel, M.,
Nadeem, M., Ok, Y., and Al-Omran, A.
2017. Effects of conocarpus biochar on
hydraulic properties of calcareous sandy
soil: influence of particle size and
application depth. Arch. Agron. Soil Sci.
63:2. 185-197.

19.Iranmanesh, M., Gharahi, N., and
Pajoohesh, M. 2019. The Effect of
Vegetation Pattern, Biochar and
Powdery Walnut Shell on Wind Erosion,
Using Wind Tunnel. Desert Manag.
13: 135-148. (In Persian)



IR (F) 05lond (TY) > S g Of cblis (gla gy 4 i

20.Kabiri, P., Motaghian, H.R., and
Hosseinpur, A.R. 2018. Phytoremediation
potential of maize (Zea mays L.) using
biochars produced from Walnut leaves
in a contaminated soil. J. Water Soil
Cons. 25: 4. 133-152. (In Persian)

21.Karhu, K., Mattila, T., Bergstrom, I.,
and Regina, K. 2011. Biochar addition
to agricultural soil increased CH4
uptake and water holding capacity.
Results from a short-term pilot
field study. Agric. Ecosys. Environ.
140: 2. 309-13.

22.Lehmann, J., and Joseph, S. 2009.
Biochar for Environmental Management.
Science and Technology. Quicksilver
Drive, Sterling. England, 404p.

23.Lima, D.L., Santos, S.M., Scherer,
H.W., Schneider, R.J., Duarte, A.C.
Santos, E.B., and Esteves, V.I. 2009.
Effects of organic and inorganic
amendments on soil organic matter
properties. Geoderma. 15: 2. 38-45.

24.Liu, Y., Liu, X., Ren, N., Feng, Y.,
Xue, L., and Yang, L. 2019. Effect
of Pyrochar and Hydrochar on
Water Evaporation in Clayey Soil
under Greenhouse Cultivation. Int. J.
Environ. Res. Public Health, 16, 2580;
doi:10.3390/ijerph16142580.

25.Madari, B.E., Silva, M., Carvalho, M.,
Maia, A., Petter, F., Santos, J., and Tsai,
S.M. 2017. Properties of a sandy clay
loam Haplic Ferralsol and soybean grain
yield in a five-year field trial as affected
by biochar amendment. Geoderma.
305: 100-112.

26.Nabizadeh, S., Sadegh-Zadeh, F., Jalili,
B., and Emadi, S.M. 2019. Adsorption
of methylene blue using biochar, soil
and treated soil with biochar from
aqueous solutions. J. Water Soil Cons.
25: 6. 281-292. (In Persian)

27 Nelson, D.W., and Sommer, L.E. 1996.
Total carbon, organic carbon, and
organic matter. American Society of
Agronomy. U.S.A. 1010p.

28.Nowruzi, M., Tabatabai, H., Noori, M.,
and Motaghian, H.R. 2017. Short-term
Effects of Biochar Produced from Date
Palm’s Leaves on Moisture Retention in
Sandy Loam Soil. J. Soil Water Resour.
Cons. 6: 2. 137-150. (In Persian)

YA

29.0bia, A., Mulder, J., Martinsen, V.,
Cornelissen, G., and Borresen, T. 2016.
In situ effects of biochar on aggregation,
water retention and porosity in light-
textured tropical soils. Soil Till. Res.
155: 35-44.

30.0uyang, L., Wang, F., Tang, J., Yu, L.,
and Zhang, R. 2013. Effects of biochar
amendment on soil aggregates and
hydraulic properties. J. Soil Sci. Plant
Nutr. 13: 4. 991-1002.

31.Rahimi, A., Ranjbar, S., and Qureshi, K.
2012. Effective Factors and Strategies to
Reduce Evapotranspiration from Soil
Surface and Plant. First National Conference
on  Politics  Towards  Sustainable
Development. Tehran. (In Persian)

32.Razzaghi, F., Obour, P.B., and Arthur, E.
(2020). Does biochar improve soil water
retention? A systematic review and
Metanalysis. Geoderma. 361: 114055.

33.Riyahi, H. 2005. Reduce Evaporation by
Using Mulch in Pistachio Gardens. 2nd

National Conference on Watershed
Management and Soil and Water
Resources ~ Management. Kerman.

Iranian Society of Irrigation and Water
Engineering. 2687p.

34.Siyavashi, M., Zarabi, M., and Mahdavi,
Sh. 2018. Phosphor absorption in acidic
soils treated with biochar. The first
international conference and the third
national conference on sustainable
management of soil and environment
resources. Kerman-September. (In Persian)

35.Sohi, S., Loez-Capel, E., krull, E., and
Bol, R. 2009. Biochars roles in Soil and
climate change: a review of research
needs. CSIRO Land and Water Sience
Report. UK. 64p.

36.Tarafdar, M., Askari, M., and
Grigoorian, K. 2016. Productivity
Promotion in Agricultural Sector of Iran
via Increasing in Irrigation Water Price
(Case Study of Kashan Region). Quar. J.
Econo. Growth Devel. Res. 6: 23.73-88.
(In Persian)

37.Thomas, G.W. 1996. Soil pH and soil
acidity. Soil Science Society of
America. Madison Press. U.S.A. 490p.



oSod 5 LS s ine ,0l

38.Uzoma, K.C., Inoue, M., Andry, H.,
Zahoor, A., and Nishihara, E. 2011.
Influence of biochar application on
sandy soil hydraulic properties and
nutrient retention. J. Food Agric.
Environ. 9: 4. 1137-1143.

39.Van Zwieten, L., Kimber, S., Morris, S.,
Chan, K., Downie, A., and Rust, S.
2010. Effects of biochar from slow
pyrolysis papermill waste on agronomic
performance and soil fertility. Plant Soil.
327: 2. 235-246.

40.Vandersypen, K., Raes, D., and Jamin,
J.Y. 2005. Tools for participatory water
management the modeling approach.
Agric. Appl. Biol. Sci. 71: 1. 319-320.

41.Villagra-Mendoza, K., and Horn, R.
2018. Effect of biochar addition on
hydraulic functions of two textural soils.
Geoderma. 326: 88-95.

42.Wang, T., Catherine, E., Ma, J., and
Zhang, X. 2017. Applicability of Five

RS

models to simulare water infiltration in
to soil with added biochar. J. Arid Land.
9:5.701-711.

43.Wang, T., Stewart, C.E., Sun, C., Wang,
Y., and Zheng, J. 2018. Effects of
biochar addition on evaporation in the
five typical loess plateau soils. Catena.
162: 29-39.

44 Xu, J., Zhang, M.Z., Niu, W.Q., and
Li, Y. 2016. Effect of biochar addition
on soil evaporation. J. Appl. Ecol
27:11.3505-3513.

45.Yuan, C., Lei, T., Mao, L., Liu, H., and
Wu, Y. 2009. Soil surface evaporation
processes under mulches of different
sized gravel. Catena. 78: 117-121.

46.Zheng, J., Stewart, C., and Cotrufo, M.
2012. Biochar and nitrogen fertilizer

alters soil nitrogen dynamics and
greenhouse gas fluxes from two
temperate soils. J. Environ. Qual.

41:5.1361-1370.



i

Sorn Vvt o et Research Full Paper
J. of Water and Soil Conservation, Vol. 27(3), 2020

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2020.17533.3303

Influence of Amount and Distribution Depth of Walnut Raw
Material and Its Biochar on Evaporation and Soil Moisture

T. Jafarikial, *A.R. Ghasemiz, M. Ghobadinia® and H.R. Motaghian4
'M.Sc. Graduate, Dept. of Water Engineering, Shahrekord University,
? Associate Prof., Dept. of Water Engineering, Shahrekord University,
3 Assistant Prof., Dept. of Water Engineering, Shahrekord University,
*Associate Prof., Dept. of Soil Science, Shahrekord University
Received: 01.04.2020; Accepted: 05.12.2020

Abstract

Background and Objectives: Because of the limited water resources in the world, especially in
arid and semi-arid regions, the study of water loss causes is necessary for optimal use of them.
The results of such research can be effective in water management and increase irrigation
efficiency especially in low water areas. Since evaporation from the uncovered soil surface as
one of the most important parts of water balance components, causes water loss, providing
solutions to reduce it seems necessary. The use of soil amendment (such as biochar) can be an
effective solution for decreasing evaporation from soil. Therefore, this study was conducted to
investigate the effect of walnut raw material (sawdust) and it’s biochar on evaporation and soil
moisture in Shahrekord university research farm, during the 5 moths form Mordad to Azar.

Materials and Methods: The experiment was conducted in a completely randomized design
with 13 treatments and 3 replications. The investigated factors include the experimental material
including walnut raw material, as sawdust, and its biochar at two levels of 1 and 2% and their
distribution depth in soil (mixed at 3 and 8 cm above the pot and mixed in 30 cm or the soil of
the whole pot). Evaluation of soil evaporation in the treatments was done by measuring the
amount of inlet and outlet water to the pots and based on the water balance equation.

Results: Comparison of the mean of different biochar and walnut raw material treatments
showed that walnut raw material treatments significantly reduced evaporation from soil surface
compared to the control treatment (soil without any amendment). The average amount of
evaporation in treatments containing walnut raw material is 1450 ml, while this amount is
higher for treatments containing biochar and 1820 ml. The average of soil moisture content in
these treatments is 27.8% that was also significantly higher than the control treatment (25%).
Regarding biochar effect on soil evaporation and moisture, the results showed that except for
2% biochar treatment and distribution in the whole pot soil in, the difference between the other
treatments and the control was not significant. The results also showed that the soil evaporation
in treatments containing raw material (1450 ml) is significantly lower than treatments
containing biochar (1820 ml). Unlike biochar, the depth of distribution of the raw material in the
soil also had a significant effect on evaporation. The evaporation values for distribution depths
of 3, 8 and also mixed in the soil of the whole pot (30 cm), were obtained 1360, 1440 and 1550
ml, respectively, which had significant difference with the control treatment (1800 ml) at 5%
significat level.

* Corresponding Author; Email: ar-ghasemi@sku.ac.ir

Y.



Conclusion: Overall, due to the decreasing and significant effect of using 1% and 2% of raw
walnut material (in the form of sawdust) compared to its biochar, on the soil evaporation and
considering the rational and economical use of 1% and 2% raw material, it can be recommended
to use this material with the mentioned percentages to reduce evaporation form the soil surface.

Keywords: Evaporation, Soil moisture, Walnut raw material, Walnut wood biochar
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