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1- Pyrolysis
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1- Leaf Area Meter
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Table 1. Soil and biochar characteristics used in this study.

B S SS o3l a1 s S
Biochar Soil Unit Characteristic
9.97 7.8 pH
3.21 1.7 ds. m’! EC
T .
51.62 0.54 % oS
ocC
- 32.6 % o
Clay
s
- 49 % i
Silt
- 18.4 % o
Sand
. sl
- Silty Clay Loam :
Texture
- 29.1 % o b
Field Capacity (FC)
224 0.05 % F o3
Total Nitrogen (N)
87.5 10.5 mg kg’ e JE A
Available Phosphorus (P)
ode L L
570 225 mg kg e B el
Available Potassium (K)
- \;_ ‘ -
48.4 - % AL Sl
Ash content
. <
31.3 - % S 2 Shes
Biochar yield
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Table 2. Analysis of variance of the effect of biochar treatment on morphological traits measured in safflower.

oy Sl .
RIS [
¢ z P P P _ Boad @L‘
5,:;!.3.'5@.?- 5,38 gl e S slaas S es Spdsb Sjcb—w Degree of S 0.V
Total leaves  Yellow leaves Green leaves  Leaf width Leaf length Leaf area freedom
ns ns ns ns ns )l}«)’:’f
11.1 4.75 8.08 22.2 40.71 58713.6%* 3 )
Biochar
Lo
126.2 6.08 116.2 6.4 22.1 3672.2 8
Error
11 S
Total
37 32.8 46.4 24.7 28.8 25.4 CV (%)

..Lp)é;gi}@&»AJJ&)‘J&M}&)‘)&M€JK«%J§A{ E)

™, * and ** were not significant, significant at the five and one percent level, respectively.

-y Jij. aalsl
Continue Table 2.
Sl e
L;;UT a5 2 ool
o Sols dlsls . el S 505 e el ... e
A LS Pl adyy S 055 TR0 S S gy oS 505 (df) Sources
Internodes Plant height Root dry weight Root fresh Dry weight  Fresh weight
distance & yweig weight yweig &
ns ns )l}u}’:’
1.1 265.4%* 0.73%%* 1.6 0.19%* 6.22%% 3
Biochar
o
0.9 15.7 0.01 0.66 0.02 0.17 8
Error
11 JS
Total
23.1 9.4 22.4 77.5 26.3 23.2 CV (%)

..Lp)é;gi}@&»AJJ&)‘J&M}&)‘)&M€$%J3Q E)

™, * and ** were not significant, significant at the five and one percent level, respectively.
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Table 3. Analysis of variance of the effect of biochar treatment on leaf chlorophyll traits, ion leakage
percentage, relative leaf water content and elements concentration in safflower.

Sl e SSle
0 e e @bl s L
. by CBE ol S %l o Sl oS Lasls @ s
2l ey . . N =208 Ol c 1 . PR ’
e o o D s S e D S 0855 Dearee of
Sodium/ ) ) Germination . g Sources
Potassium Potassium c. Sodium c. Phosphorus c. time from Leafrelative lon leakage Leaf freedom
(%) (%) (%) planting water content (%) chlorophyll
0.56 0.29 1.53%+* 0.0041 4.93™ 634.9 919.2 51.6 3 o
Biochar
o
0.0007 0.03 0.005 0.00009 1.26 4.66 6.54 4.8 8
Error
11 &
Total
2.78 7 2.98 4.77 13.8 3.77 4.42 4.44 CV (%)

..Lp)é;gi}@&»AJJ&)\J&M}&)‘)&M¢J&%}A{ "w‘

ns

™, * and ** were not significant, significant at the five and one percent level, respectively.
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Figure 1. Comparison of the mean effect of biochar treatment on morphological traits measured in safflower
by Duncan method. The same latin letters indicate no significant difference at the 5% level.
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Figure 2. Comparison of mean of biochar effect on physiological traits measured in safflower by Duncan
method. The same latin letters indicate no significant difference at the 5% level.

W) s elS ol bl s e cBE 515
Gl 53 sl sw Y| sl ol 7V
L omass onl oo eslinal 350 S b s b
el OF Sile gl ol 035 558 sla s,
lsr 5y el Bl e SRS L S
dald 4 Cand dogd VO 5 80 0) S olS
el CBLE ot il il ()
Sloled o Ao b sl 4 by e (YAVY)
Aoyt ) slasled pomas 5 o Vo)
355 sl bl s Gl S s e
5 A A e LB s (7 JS)
pa (NOL 5 W YEL) el chle oy 5eS

Ao

gl 53 500 s 4 5k dglis i polis
Sals Eel b gn 5,8 S sl Ol ds s 0
il oS s ) s i I me
3 YIWOL) i Zhle o 568 5 Sk &S
Vo dels slals 4 bae o sa (VVAL
e clle donn b5 Y Glasled gt
Sl e dos ) G ae Sl b oaslie s
St s Sl ge doys &5 Y lajles sl
L5 edalie oS Sy e chle kgl Sl
3 Ry ash 0> S s (Y IS
5 (Y010) OLKan 5 55T (Y9Y0) ol

Sel Slrge 28 (FWV) 0L ures



IFAR(F) ojland 3 +) sl plasly g 9SS Carpaite g i

S bl ol olS cpl b Ll il olS
53 a3 g e sy gl olie el
Jo ods e Dl gn L S aali oS 5 S
& Sk oS e obe Glgme Os Sl
S s A5 s wtly ek asws
S ol cdar w6 OLLS 55 egn A5 AL
Wil alsa el o Lol Jisl 5 s, laoms
chv 53 e S oas i K s (07)
(88) A5l e apuly Ol Wlg e S O
Vol bl (gl Jome Olgie 4 L5 sl e
L bossls 5ol sl 5 us i sl S
SIS Gl e Gl cnl Sl 5 (1) s it
aoam b da e i Al el Wb (g ols
ol S s a; s Ol HUT m
5 s Al Ll b 5l g lde Ol WLl
ol S ol oDl ol sl S 4yl
sedd gdwe 3B a0y JI 56 5 sle cpl 5l i
D Al edd s WG oS sl e 3
3 e osba Sl s oS )1 s el )
e I sl Wb s Gk
bl ol IS T st il b ot
5 role Fn cBlE L e e colg
52 ol () s 5 S (glsime il Laanls
L oS Wlosls 0lis Sl 51 =y oS ol J=
ol il il rals olS aud s 508
> JalS w55 5 sl ge 258 L S pH
Aol J¥s Sl S3 e S ien 5 i

(FE) Conl sds 5158

M

Slobes oy bl 5 Ao b glajled 4 by e
U1 A Cofaly s chle woynt 5 Y0
Voslasled sy Il dals 4 Gl Ls s
sl eyl cpl 3 gols pme Dl Ao 3 Y
ORIAl s e A g LT S 5SS
A el 4 e Sl eme 3 eelny
Bad g olS (I Sls sast 35 Cely 5 SSL
L O ol & s s Ol 0 50
Sl s b9 ) sl o g el s
Lol b 5 sl syms mll ol o3 (ool ime
ST JS8) 55 508 doss ¥ les & S
5 (P en 5 815 5 (Y210) O Ken
Glre pole il (RIS1 el lr s 38 Ol
sl e Dl ae (Y 5 V) S sl 4 s
Fobe M SRl A e sl IS e slen
b e ol estizad LS 5 eds St lis
(YY) 0bsyssS OB > e e il el
2T s @ by dy jied s n SR
2PV sl bjles 5 oy e S
0 w5 513 s Foml gl b3 Db SIS
Joles 5 e b Cde Ll csl s 4
Sl el e s e oS s W]
W) 5550 i
chle S LS g8 () oes 5 Jlus
MR VL s Dled a alee el by
S L3S Ol g8 (OF) OKen 5 Coadl 3y
OlS & Sk s jobe (glgme 2050 L Sl s
iyt nlsh pll G oS e [ OISyl

Sy Jnb mho b ol s ALl



Olyed 9 1,3k e 1525

- = ! e
S h = lh B Lh WoLh
L

=+
]

[

ks
Sodium concentration (%)
[ 2]

0 1 2 4

N
¥

(i inl) o g eyl
Biochar levels (W-W2%)

0.3 1

0.25 4 B b

0.15 1

0.1
0.05 4

Phosphorus concentration(%4)

0 1 2 4

A
}

(i g h) sl o e o
Biochar levels (W-W2%)

Z

Potassium concentration (%)

0 1 2 4

(i ) o g e e
Biochar levels (W-W%)

1.8 1 a
16 1
14 4

%
i

0.8 1
0.6 1
0.4 1

.
=

s e

0 1 2 4
(oiam A al) o g o o
Biochar levels (W-W%)

4 K oS 55 el 4 pde B G g D 5 el ke ol S (555 5 ST ile alis Y IS

RV PPN WS Foad ch.n)é I3 g g 3y pre )fa‘._u S de Y Gy Sl iy
Figure 3. Comparison of mean of the biochar effect on the concentration of sodium, potassium and phosphorus
and the ratio of sodium to potassium concentration in safflower by Duncan's method. The same latin letters

indicate no significant difference at the 5% level.

el 5 s O5s 0 Wl oS gl gus e
Sttty spe Coboaxd o 5 WL ose
il Yot )y esdle el ol oLS (sl
Olrse 28 LS cugb; S b
AE S ol el Slge (2 lE s 4 e
Slals Ol pslie Oop it 5o b cpl b
O Lay 51015 oo e Ol s 4 U 5wy
5 bl mlBl s cab s Oluls sl
Sy 4o Lo 538 S el
oslizel Ol 5 o ¢ JI 5l s 550aS 5 01l el
S sl JHesle S Olgea | Sl

DS do g

AY

S 5 o

Slrsn Bae a5 0l Ol gk ) mE

O35 S p e K3 Slio sse sl
Aol el 5 olS S 5 5 03y (S ady
Lile S5 Ppd Slhe Sl Gas iz
3 ORBL S s S Ol e sl
ol polie GBI s RIS 1 g i Ao
Rl S ls el s Gl s Rl Bl L e
O el 4 e Sl e SR
2 S pland S5 glagatld e Sl
AT @ s b Ll ass 8ol Jhass Okl
Ay B (A cpl g eslial 550 b sy
ol Cands (S s b g 3,5 L Yool &S



IFAR(F) ojland 3 +) sl plasly g 9SS Carpaite g i

1.Agegnehu, G., Bass, A.M., Nelson, P.N.,
Muirhead, B., Wright, G., and Bird, M.I.
2015. Biochar and biochar-compost as
soil amendments: effects on peanut yield,
soil properties and greenhouse gas
emissions in tropical North Queensland,
Australia. Agriculture, Ecosystems &
Environment, 213: 72-85.

2.Ahmad, N. 2015. Soil water management
systems for a drier Caribbean. CARDI
Review, 16: 34-53.

3.Akom, M., Oti-Boateng, C., Otoo, E., and
Dawoe, E. 2015. Effect of biochar and
inorganic fertilizer in Yam (Dioscorea
rotundata  Poir) production in a
forest agroecological zone. Journal of
Agricultural Science; 7: 3. 211-222.

4.Artiola, J.F., Craig R., and Robert, F.
2012. Effects of a biochar-amended
alkaline soil on the growth of Romaine
lettuce and bermudagrass. Soil Science
177: 561-570.

5.Asai, H., Samson, B.K., Stephan, H.M.,
Songyikhangsuthor, K., Homma, K.,
Kiyono, Y., Inoue, Y., Shiraiwa, T., and
Horie, T. 2009. Biochar amendment
techniques for upland rice production in
Northern Laos. 1. Soil physical
properties, leaf SPAD and grain yield.
Field Crops Research, 111: 81-84.

6.Balali, M., and Malakouti, M. 1998.
Study of exchangeable K changes in
agricultural soils of Iran. Soil and Water,
12: 3. 59-70.

7.Basso, A.S., Miguez, F.E., Laird, D.A.,,
Horton, R., and Westgate, M. 2013.
Assessing potential of biochar for
increasing water-holding capacity of sandy
soils. Gcb Bioenergy, 5: 2. 132-143.

8.Brussaard, L., and Ferrera-Cerrato, R.
1997. Soil Ecology in Sustainable
Agricultural Systems. CRC Press. 176p.

9.Carter, S., Shackley, S., Sohi, S., Suy, T.
and Haefele, S. 2013. The impact of
biochar application on soil properties and
plant growth of pot grown lettuce
(Lactuca sativa) and cabbage (Brassica
chinensis). Agronomy, 3: 2. 404-418.

10.Chan, K.Y., Van Zwieten, L., Meszaros,

I., Downie, A., and Joseph, S. 2007.
Agronomic values of greenwaste

&l

A

biochar as a soil amendment. Soil
Research, 45: 629-634.
11.De Jesus, W.C., Do Vale, F.XR,,

Coelho, R.R., and Costa, L.C. 2001.
Comparison of two methods for
estimating leaf area index on common
bean. Agronomy Journal 93: 989-991.

12.Domene, X., Mattana, S., Hanley, K.,
Enders, A., and Lehmann, J. 2014.
Medium-term effects of corn biochar
addition on soil biota activities and
functions in a temperate soil cropped to
corn. Soil Biology and Biochemistry,
72:152-162.

13.Eghball, B., Ginting, D., and Gilley, J.
E. 2004. Residual effects of manure and
compost applications on corn production
and soil properties. Agronomy Journal,
96: 442-447.

14.Enrique, G., Olmo, M., Poorter, H.,
Ubera, J.L., and Villar, R. 2016. Leaf
mass per area (LMA) and its
relationship with leaf structure and
anatomy in 34 Mediterranean woody
species along a water availability
gradient. Plos one, 2: 1-18.

15.Gamareldawla, H.D., Agbnaa, B., She
Donglia, Liu Zhipengc, Nazar A.
Elshikh, shao Guanghenga, Luis Carlos
Timm. 2017. Effect of irragation and
biochar on the growth, yeild and quality
of tomato. 245: 667-675.

16.Gebremedhin, G.H., Bereket, H., Daniel,
B., and Tesfaye, B. 2015. Effect of
biochar on yield and yield components
of wheat and post-harvest soil properties
in Tigray, Ethiopia. Journal of
Fertilizers & Pesticides, 6: 2. 2-5.

17.Gengmao, Z., Yu, H., Xing, S., Shihui,
L., Quanmei, S., and Changhai, W.
2015. Salinity stress increases secondary
metabolites and enzyme activity in
safflower.  Industrial Crops and
Products, 64: 175-181.

18.Glaser, B., Lehmann, J., and Zech, W.
2002. Ameliorating physical and
chemical properties of highly weathered
soils in the tropics with charcoal- a
review. Biology and Fertility of Soils
35:219-230.



Olyed 9 1,3k e 1525

19.Goodarzian, Sh. 2017. Effect of biochar
and superabsorbent on safflower plant
growth under drought stress. M.Sc.
thesis. ~ Shahroud  University  of
Technology. (In Persian)

20.Guiley, A., Mousavi, Q.A.A., and
Kamgar Haghighi, A.A. 2016. 'Effect of
Cattle Manure Biochar and Drought
Stress on the Growth Characteristics and
Water Use Efficiency of Spinach
under Greenhouse Conditions', Journal
of Water Research in Agriculture,
30.2: 2. 243-259.

21.Gul, B., Abideen, Z., Ansari, R., and
Khan, M.A. 2013. Halophytic biofuels
revisited. Biofuels, 4: 575-577.

22.Haider, G., Koyro, H., Azam, F.,
Steffens, D., Miiller, C., and Kammann,
C. 2015. Biochar but not humic acid
product amendment affected maize
yields via improving plant-soil moisture
relations. Plant and Soil, 395: 141-157.

23.He, Z., He, C., Zhang, Z., Zou, Z., and
Wang, H. 2007. Changes of
antioxidative  enzymes and  cell
membrane osmosis in tomato colonized
by arbuscular mycorrhizae under NaCl
stress. Colloids Surf B: Biointerfaces,
59: 128-33.

24 Hemmat, A., Aghilinategh, N., and
Sadeghi, M. 2010. Shear strength of
repacked remoulded samples of a
calcareous soil as affected by long-term
incorporation of three organic manures
in central Iran. Biosystems Engineering,
107: 3. 251-261.

25.Jalalipour, S.A., Gholam Ali Zadeh
Ahangar, A., Laxian, A., and
Ahmadzadeh, Gh.M. 2013. The effect of
biofertilizer — application on some
quantitative characteristics of sunflower
(Helianthus annuus L.) in cadmium-
contaminated soils. Second National
Conference on Modern Issues in
Agriculture, Saveh, Islamic Azad
University, Saveh Branch. (In Persian)

26.Johnson, A.E., and Goulding, K.W.
1990. The use of plant and soil analysis
to predict the potassium supplying
capacity of soil. In: Development of
K-Fertilizer Recommendation, 22nd
Colloquium of International Potassium
Institute. pp. 153-180.

A

27 Klages, K.H.W. 1942. Ecological crop

geography. Macmillan. New York.
615p.
28.Knowles, 0O.A., Robinson, B.H.,

Contangelo, A., and Clucas, L. 2011.
Biochar for the mitigation of nitrate
leaching from soil amended with

biosolids. Science of the Total
Environment, 409: 17. 3206-3210.
29.Koirala U., and Jha S. 2013.

Macrophytes of the lowland wetlands in
Morang district. Nepalese Journal of
Biosciences, 1: 131-139.

30.Lehmann, J., and Joseph, S. 2009.
Biochar for Environmental
Management: Science and Technology;
Earthscan: Sterling, VA, USA,. ISBN
978-1-84407-65-1.

31.Lehmann, J. 2007. Bio-Energy in the
Black. Frontiers in Ecology and the
Environment. 5: 7. 381-38.

32.Lehmann, J., Gaunt, J., and Rondon, M.
2006. Bio-char  sequestration  in
terrestrial ecosystems—a review.
Mitigation and Adaptation Strategies for
Global Change, 11: 2. 403-427.

33.Lutts, S.J., Kinet, M., and Bouharmont,
J. 1995. Canges in plant response to
NaCl during development of rice
varieties differing in salinity resistance.
Experimental Botany. 46: 1843-1852.

34 Ma, L., and Xu, R.K. 2010. Effects of
regulation of pH and application of
organic  material  adsorption and
desorption of phosphorus in three types
of acid soils, Journal of Ecology and
Rural Environment, 26: 596-599.

35.Ma, Q., Ruan, Y.Y., Xu, H., Shi, X.M.,
Wang, Z.X., and Hu, Y.L. 2015.
Safflower  yellow  reduces lipid
peroxidation,  neuropathology,  tau
phosphorylation and ameliorates
amyloid p-induced impairment of
learning and memory in rats.
Biomedicine &  Pharmacotherapy,
76: 153-164.

36.Major, J., Rondon, M., Molina, D., Riha,
S.J., and Lehmann, J. 2010. Maize yield
and nutrition during 4 years after
biochar application to a Colombian
savanna oxisol. Plant and soil,
333:1-2. 117-128.



IFAR(F) ojland 3 +) sl plasly g 9SS Carpaite g i

37 Mansouri Pour, Y., Qasemi, Y., and
Ronaghi, AS.A. 2015. Effect of three
biochar on chemical composition of
alfalfa in a calcareous soil contaminated
with crude oil, Second Iranian Scientific
Congress on  Development and
Promotion of Agricultural Sciences,
Natural Resources and Environment,
Tehran, Association for Development
and Promotion of Fundamental Sciences
and Technologies. (In Persian)

38.Mesa, A.C., and Spokas, K.A. 2011.
Impacts of biochar (black carbon)
additions on the sorption and efficacy of
herbicides. Herbicides and Environment,
13: 315-340

39.Mia, S., Van Groenigen, J.W., Van de
Voorde, T.F.J., Oram, N.J.,, Bezemer,
T.M., Mommer, L., and Jeffery, S. 2014.
Biochar  application rate  affects
biological nitrogen fixation in red clover
conditional on potassium availability.
Agriculture, Ecosystems & Environment.
191: 83-91.

40.Mihaela, P., Josef, R., Monica, N., and
Rudolf, Z. 2013. Perspectives of
safflower oil as biodiesel source for
South Eastern Europe (comparative
study:  Safflower, soybean  and
rapeseed). Fuel, 111: 114-119.

41.Mishra, P.C., and Patel, R.K. 2009. Use
of agricultural waste for the removal of
nitrate-nitrogen from aqueous medium.
Journal of Environmental Management,
90: 1. 519-522.

42 .Mundel, H.H., and Bergman, J.W. 2009.
Safflower. P 423-448. In: J. Vollmann,
and I. Rajcan (eds.), Handbook of Plant
Breeding 4 Oil Crops, Springer, and
New York.

43.Nevo, E., and Chen, G. 2010. Drought
and salt tolerances in wild relatives for
wheat and barley improvement. Plant,
Cell & Environment, 33: 4. 670-685.
(In Persian)

44 Nguyen, B.T., and Marschner, P. 2005.
Effect of drying and rewetting on
phosphorus  transformations in red
brown soils with different soil organic
matter content. Soil Biology and
Biochemistry. 37: 1573-1576.

q.

45 Novak, J.M., Lima, I, Xing, B.S.,
Gaskin, J.W., Steiner, C., Das, K.C.,
Ahmedna, M., Rehrah, D., Watts, D.W.,
Busscher, W.J., and Schomberg, H.
2009. Characterization of designer
biochar  produced at different
temperatures and their effects on a
loamy sand. Annals of Environmental
Science. 3: 195-206.

46.Pourmansour, S., and Rasaghi, F. 2016.
The effect of different levels of biochar
and deficit irrigation on water use
efficiency in faba bean. Second National
Congress of Irrigation Irrigation, Isfahan
University of Technology. (In Persian)

47.Rabiei, H., Davari, MR.,
Moghiminejad, S., and Armaghan, F.
2013. Biochar  (semi-combustible
biomass), soil modifier in sustainable
agriculture. National Conference on
Agricultural Science and Technology,
15: 42-34. (In Persian)

48.Rahimi, A., Abbaspour, A., Asghari,
H.R.,, and Ghorbani, H. 2016.
Adsorption kinetics of some pollutants
by two types of rice bran and leaf

biochar. M.Sc. thesis. Agriculture
College. Shahroud University of
Technology.
49.Rai, S.N., and Gaur, A.C. 1988.

Characterization ofAzotobacter spp. and
effect of Azotobacter and Azospirillum
as inoculant on the yield and N-uptake
of wheat crop. Plant and Soil,
109: 1. 131-134.

50.Rajabi, H., Safarzadeh, S., Karimian,
N.A., and Ronaghi, A.M. 2015. Effect
of biochar and fertilizer on some
physiological characteristics of spinach.
International Conference on Sustainable
Development, Strategies and Challenges
Focused on  Natural Resources,
Environment and Tourism, pp. 24-26.

51.Ritchie, S.W., Nguyen, H.T., and
Holaday, A.S. 1990. Leaf water content
and gas-exchange parameters of two
wheat genotypes differing in drought
resistance. Crop Science, 30: 1. 105-111.

52.Rousta, M.J., Golchi, A., Siadat, H., and
Saleh Rastin, N. 2002. Effect of organic
matter and mineral compounds on some
chemical properties and biological



Olyed 9 1,3k e 1525

activity of a sodic soil. Soil and Water
Sciences, 16: 1. 34-45. (In Persian)

53.Schmidt, H.P., Kammann, C., Niggli, C.,
Evangelou, M.W., Mackie, K.A., and
Abiven, S. 2014. Biochar and biochar-
compost as soil amendments to a
vineyard soil: Influences on plant
growth, nutrient uptake, plant health and
grape quality. Agriculture, Ecosystems
and Environment, 191: 117-123.

54 .Sinclair, T.R., Gilbert, R.A., Perdomo,
R.E., Shine JR, J.M., Powell, G., and
Montes, G. 2004. Sugarcane leaf area
development under field conditions in
Florida, USA. Field Crops Research,
88:171-178.

55.Singla, A., Dubey, S.K., Singh, A.,
and Inubushi, K. 2014. Effect of
biogas digested slurry-based biochar
on methane flux and methanogenic
archacal diversity in paddy soil
Agriculture, Ecosystems & Environment,
197: 278-287.

56.Smeal, D., and Zhang, H. 1994.
Chlorophyll meter evaluation for
nitrogen management in corn.

Communications in Soil Science and
Plant Analysis, 25: 9-10. 1495-1503.
57.Sohi, S.P., Krull, E., Lopez-Capel, E.,

and Bol, R. 2010. A review of biochar
and its use and function in soil
Advances in Agronomy, 105: 47-82.
58.Song, W., and Guo, M. 2012. Quality
variations of poultry litter biochar
generated at  different  pyrolysis
temperatures. Journal of Analytical and
Applied Pyrolysis, 94: 138-145.
59.Tanure, M.M.C., da Costa, L.M., Huiz,
H.A., Fernandes, R.B.A., Cecon, P.R.,
Junior, J.D.P., and da Luz, J.M.R. 2019.
Soil water retention, physiological

9

characteristics, and growth of maize
plants in response to biochar application
to soil. Soil and Tillage Research,
192: 164-173.

60.Tate, R.L. 2000. Soil Microbiology.
John Wily and Sons. New York, USA.
536p.

61.Tso, P., Caldwell, J., Lee, D., Boivin,
G.P., and DeMichele, S.J. 2012.
Comparison  of  growth, serum
biochemistries and n-6 fatty acid
metabolism in rats fed diets
supplemented with high-gamma-
linolenic acid safflower oil or borage oil
for 90 days. Food and Chemical
Toxicology, 50: 6. 1911-1919.

62.Vaccari, F.P., Baronti, S., Lugato, E.,
Genesio, L., Castaldi, S., Fornasier, F.,
and Miglietta, F. 2011. Biochar as a
strategy to sequester carbon and increase
yield in durum wheat. European Journal
of Agronomy, 34: 4. 231-238.

63.Watanabe, F.S., and Olsen, S.R. 1965.
Test of an ascorbic acid method for
determining phosphorus in water and
NaHCO; extracts from soil. Soil Science
Society of America, Proceedings,
29: 677-678.

64.Zhang, L., and Sun, X. 2014. Changes in
physical, chemical, and microbiological
properties during the two-stage co-
composting of green waste with spent
mushroom compost and biochar.
Bioresource Technology, 171: 274-284.

65.Zhang, X., Guo, J., Vogt, R.D., Mulder,
J., Wang, Y., Qian, C., Wang, J., and
Zhang, X. 2020. Soil acidification as an
additional driver to organic carbon
accumulation in  major  Chinese
croplands. Geoderma, 366: 114-234.



J. of Soil Management and Sustainable
Production, Vol. 10(3), 2020
http://ejsms.gau.ac.ir

DOI: 10.22069/ejsms.2021.17831.1937 Sorgan University of Agiutural

ciences and Natural Resources

Effect of wood residues of pistachio biochar on Growth Characteristics of Safflower

Z. Arab Bafrani', “M.J. Ghaneei-Bafghi’ and M. Shirmardi’
'M.Sc. Graduate, Dept. of Nature Engineering, Ardakan University, *Assistant Prof., Dept. of Nature
Engineering, Ardakan University, *Assistant Prof., Dept. of Horticultural Sciences, Ardakan University
Received: 03.16.2020; Accepted: 06.16.2020

Abstract

Background and Objectives: Proper management and use of agricultural waste is one of
the important strategies for sustainable development of agriculture in Iran. Given that most of
the country is covered by arid and semi-arid lands, rapid decomposition of organic matter
and its deficiency in soil is one of the problems of agriculture and natural resources, preventing
the waste from being burnt and making optimum use of it can both compensate for the lack of
soil organic matter and reduce environmental pollution. Considering the high durability of
biochar in soil, a useful strategy for organic waste management is use of biochar on agricultural
land to provide organic matter for plant growth and as a modifier to improve soil properties.
Due to the expansion of pistachio cultivation in central Iran, pruning of its branches results in
considerable amounts of waste annually, which is usually burned to prevent pest spread.
The aim of this study was to investigate the effect of pistachio waste on growth characteristics
of safflower.

Materials and Methods: In order to investigate the effect of biochar on growth characteristics
of safflower, an experiment was conducted in a completely randomized design with
three replications. Biochar treatment prepared from pistachio wood at 500 °C under low oxygen
conditions was studied at four levels of 0, 1, 2 and 4%. by weight. At the end of the growth
period, plants were collected and leaf area, leaf length and width, number of yellow, green
leaves and total, internodes distance, fresh and dry weight of shoot and root, stem height,
germination time from planting, relative leaf water content, Ion leakage percentage, leaf
chlorophyll index, sodium, potassium and phosphorus concentration and sodium to potassium
concentration ratio were measured. Data were analyzed in SAS software and mean comparisons
were made using Duncan test at 5% level.

Results: The results showed that the effect of biochar treatment on leaf area, fresh and dry
weight of plants, root dry weight, plant height, leaf chlorophyll, ion leakage percentage, leaf
relative water content, sodium, phosphorus and potassium concentration and sodium to
potassium concentration ratio were significant. However, the effect of this treatment on leaf
length and width indices, number of green and yellow leaves and their total, root fresh weight,
internodes distance and germination time was not significant. Mean comparison showed that the
highest leaf area (413.25 mm 2), root dry weight (1.17 g), fresh weight (3.79 g) and plant dry
weight (0.89 g), plant height (0.25 g). 52 cm), relative leaf water content (89.2%), potassium
concentration (2.81%) and phosphorus (0.24%) were obtained at the highest biochar level
(4% by weight). Also, the highest leaf chlorophyll index content (53.8%) was observed in one
percent biochemical treatment and the highest ion leakage (81.75%), sodium concentration
(3.35%) and sodium to potassium ratio (1.63) were observed in control treatment.
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Conclusion: This study showed that the use of biochar can improve the morphophysiological
properties and concentration of essential elements such as phosphorus and potassium in the
aerial parts of safflower and in this regard, the amount of biochar consumption is important.
According to Biochar analysis in terms of nutrients and carbon content, it seems that Biochar
application may improve the nutritional status of these elements in soil and also increase Soil
moisture storage capacity due to high content of Biochar organic carbon, it Provide a
more suitable environment for plant growth and thereby improve growth indicators. Therefore,
if the pistachio and other agricultural products waste are used properly as biochar, compensates
a part of the lack of organic matter in the soils of dry areas and environmental pollution can be
prevented.
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