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Table 1. Some physicochemical properties of soil and biochar used in study

Organic  Available  Available Ash Biochar

EC pH Ca?* Mg?* Sand  Silt Clay Texture -
Sample Carbon K P content yield
ds m? % mg kg* meq I % (%)
Silty
Soil 0.226 8.00 0.640 221 5.4 160 110 184 490 326 Clay - -
Loam
Biochar 0.245 7.83 54.8 483 30.6 1.20 0.700 - - - - 45.2 313

Gl S sy JE; 9,5 a8 cal Jl> e 3y90 SLS Lo Sy Sy p ) JE5 b
Jgaz) ol e Zn g Fe (ol LB jausd (S pH axjlao
« sts JLE5 3L o ol ot iy 5 lUT gl

o=l abls ao s S mhaw ;o MIN g o e S

sy JU 5 53T o S 50 ous (5 a5 03Il (sl el sy il sl 3IGT - Jgur
Table 2. Variance analysis of evaluated parameters in soil under the influence of biochar

Mean Square

Source of DF EC pH OC K P Ca Mg Fe  2n Mn
Variation

Biochar rate (B) 2 0.06° 0.026™ 008" 6219° 1.23° 049" 58 0.12° 00007® 028"
Error 6 0005 0006 0005 653 047 0005 005 009 0008  0.02
Coefficient of 62 32 38 72 63 23 102 68 7.9 3.1

Variation(CV) %

o f g a0 mi oSGl )3 o e B gﬁjlﬁdfnsj*&**
=, *, ™: Significantly difference at 1, 5% probability levels and non-significant, respectively.
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Means followed by the same letter are not significantly different at 5% level.
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Table 3. Variance analysis of evaluated parameters in calendula (Calendula officinalis L.), under the influence of biochar, mycorrhizal fungi and their interaction

Mean Square

Source of Chlorophyll

0 G O e Ltam PRI S T HOY oo g
Biochar rate (B) 2 22.3" 117" 4.6 111%™  0.0003™  0.910°  1554°  0.290™ 0.030" 0.340™ 0.120°  0.040™
?/'I\/}’I‘_E)Orrhiza' Fungi 230" 0.290™ 16.0™ 3574 0.00005™  2.51 206"  0.240™ 0.016™ 0.160™ 0.110™  0.170"™
BxMF 2 333" 0.260" 22.2° 2459 0.00001" 108"  2724™ 133" 0008” 0810° 0110°  0.400™
Error 12 2.94 0.020 5.56 354 0.0002 0.130 384 0250  0.001 0140 0020  0.106
Coefficient of 4.70 3.07 8.30 3.29 14.1 12.2 15.2 169 823 141  6.80 2.99

Variation (CV) %

ns * **
.

=, %, m: Significantly difference at 1, 5% probability levels and non-significant, respectively. S g o0 i oSG e jo I e BB oS A
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Table 4. Mean comparison of interaction of biochar and mycorrhizal fungi on evaluated traits of calendula (Calendula
officinalis L.)

Chlorophyll Flower Plant Leaf

Stem  Time to Plant Dry p K
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Table 5. Variance analysis of concentration of microelements in calendula (Calendula officinalis L.), under
the influence of biochar, mycorrhizal fungi and their interaction.

Mean Square

Source of Variation Df

Fe Zn Mn
Biochar rate (B) 2 449.62™ 199.4™ 279.09
Mycorrhizal Fungi (MF) 1 261.36" 58.07™ 42.67™
BxMF 2 278.29" 175.15™ 6.22m
Error 12 67.86 24.59 34.67
Coefficient of Variation(CV) 10.2 9.9 6.6

Josine b 5 00y iy oS o ;3 o sine IS (i ™" T
™, %, m: Significantly difference at 1, 5% probability levels and non-significant, respectively.
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Figure 2. Effect of interaction of biochar and mycorrhizal fungi on Fe (a) and Zn concentration (b) of
calendula (Calendula officinalis L.)
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(B0, B1 and B2: application of 0, 2 and 4% biochar; FO and F1: non inoculation and inoculation with mycorrhizal fungi respectively)
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Means followed by the same letter are not significantly different at 5% level.
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Figure 3. Effect of different levels of biochar on Mn concentration of calendula (Calendula officinalis L.)

99 50 Dyd 0, Slee din JlEy 0 LS L as wis S
LT el b8l (s pae 5 G29) (Fasb) 23,
ol ecely cwsy JLey 0,8 as asls oLy
oly lis Gados ol bl sl ould uingid S o
4o 5N @8 g sy J5 do ) ez jle &S
YOIV o 51V Luolidl el ey as lpe Oyg 0
s ogdke o dalds A Cand yaud cdalé o guso
Py peds cale ol 4 S Jle5 005 Gl
LS A gy JLE) a0 hat ol o8l oL
LS sl J65 506 bt 4y g L
5 ey ied Jd 5l 2lde g0lie 5l (g lade o
30 g 0l Sase 58 o)lg GIT 3851 ole ol 5l cise
u.:‘ Cyioedd ..\.»....:L: o O J;ls olﬂf 6‘)‘.‘ A
s pnf jeb a4y Slaoy Jléy oS 3,15 0425 Jloi=!
—plyd s I sleaul ol SLS 5 3,k 5l
39 BoundlSe ol (S a Ty il axalis 5b jolie
Lo asls g jolie (B ol alidla i Colys
o< .(He et al., 2014) o Judg LS ‘5‘9.'1.7;4: Jd )'|
Ol e s Jlej woye oz 0,8 (ol 2
Novak zls b as ob sald 4 cows Mn g Zn clale

sl Slgen et al., 2009
JLes oo, ez 5 1,550 @)1 (lojen 0,15 jles
plail yo el cdale o sixe o8l 4y i Sl
(Zainuletal., 2017) Ko 5 Jlyj ol oS Slea

\YY

Loyl s 090 b il oo JT sloosssS Dol 5l solail
g0lS 5, Slae g 0, Liolydl cel olS 0l Jae
Oloyed zdli a5 ol lid yolo Guiss ol g
@) oyl Cesdlys (G JI85 9 259500 8
5 5 ks ol elis)l oS5 gl (S (59 Jd
B YPEETT I = WKV BV PRLAOWER J W PYN L g PV
obid Oldllas 5y 3l sl Jlo jo ams il
oauS sl S Glgre 4 sy J5 a5 cl ools
Cel ol oo plig Slas i 5l L83 sl SIS o
aslsl .(Ahmad et al., 2015; Asai et al., 2009)
robie L5l 88 GlasSLs o (g JB5 o5
Koirala &) olS o, g juwwgid iulidl el sladss
oo (Gul et al., 2013) alS ssm 5 (Jha, 2013
Zainul ) o1l 5 Jlyj a5 ol Jl> o ol ol
e 9 S o LS L as wis,S 5158 (et al., 2017
45 SPAD jladie )0 (6t gd Sy JI8) 200
odalie 3ol 4 Cuwd Cawl L8915 (slaize Sl
ohlben 9 Jly Gados ol mlas b aslin i
Sid g 5 59 4S5 Ws,S Lo (Zainul et al., 2017)
ey JLey 0, alal b Sy mhaw g ay sl
A Comnd Sy mhaw li8lh il jlo piae il
(Enrique et al., 2016) 5% (g juiwgd Jlod mhaw
oyl3S 3= (Haider et al., 2015) .)|,lSe ¢ jo>



wSleogas 5 5,650 7,8 g ,lren 23U

U o S L olas STy axsl e (Sal
CamdS oy 3 i ohys slaolSe 4o Slavd sl
&y 4 Lo 2 STy ol YU lacbale )5 ail
) 52,55 g8 Sute Sl (S adlioe S,
Ol il )lg e (ol bawgs jaud oM )
yolie Cd> i3l (Rouphael et al., 2015) wlos,S
chale pals JoJs an allyd oo yand oy 4 plde
«(Nadeem et al., 2014) L 5,50 olié yaie gl
ez g oS ddn ) oyiws )0 S poe il
(Shirmardietal., 2010) oL aiy ) 059 gelaw o8]
(Mohammad et al. 2003) ),LSoa 5 ooz il
oS LB L plalS il a s us S o)l 5
ol ialidl ) oLS el | g S_is )3 )Y eS|
J9ee g8 Lol il LS jo jeud cdale
Gloa sl L as 0g0 YL oot maly lalS 4 o
Ao, S )8 Lgﬂ e Ol Slgten Gudod oyl
e 59500 g8 sles 02,5 Lol pely clale
Ciyllas Lol guisd mli b aS wis g)lo g s
soli e Mn g Zn Fe , ole clale il
Shirmardi et ) ;| ,LSan g (6950, s b a5 045
o0 5l Hlejer 8,8 el Sleen (al., 2010
S Gl 4y i 25580 )8 5 Sy S5
Sl el ol g o sals 4 cws Zn g Fe clale
D Sy JE5 9 52,550 @B e St JiSe
F5See @8 9 ) JU5 00,5 &S a0 Sl
oS (glandsd g gy sla el )y dguy el il

D5 Hlg dduen

3 sloslawl as ol lis bl asllas glos
GLE leos agd () JU5 (rizen 5 355500
e g Sude Sl (LS50 upe il Jol>
Sz olojer 0I5 a8 ol lis uen dsllas o
a8 g oo (L350 oy bl s J6) wo)o
sloasls jlo e Gali ey ;e ) S

yYY

Jios 5o ol gl ccbile 45 Ws S 3l
ol eizen Ladl gy Jlaie 0n VL (s J&5
|y 5t oS slsioms i JUE5 3,15 45 oS
68U iy g asls endS cllale 1y Jg ools Liuliil
(Schmidt et al., 2014) -l LSen § Coneil .cilas
ol ez Galydl b gy K 45 0o, ole
Job Cas a5 wmo oo 1) Gl pl (lalS 4 S o
S dzxd (0 g oald ol S| da iy ) 59 4y ddy
Jued s e Jled (ol g ool Gialiél a4 a3l
L ol 5ol ol el il (2alidl olS (s ptansid
Ao ol 065 uego olié jolie cenld Seupe
Sowd gy JLgy L as sall olS o a5 Jb o
(ol olie gletzme g Tl Judo 4 eauis
g odd iy dngi g ddgi By (LS Geegn i
OLLS 0 Guego adgr .cdl rals olea plail aes
Al any LT JUisl g o, dame 51 olie i &
S S, (Schmidt et al., 2014) o_ib
Nguyen & ) oil g i § pameaedS commmliy
Olg—e an wlgs o diwwy Jl&; .(Marshner, 2005
Sldie g 08 2 sl (Sg Yol ploxl sl (e
319 (Chan et al., 2007) wuS” b |y lay555 5l g0k
K e 5l s olis 6,10 sl (e sk
Jlés ao,s )lgm g 90 0,8 .aib Mg?* 4 Ca?*
s ol wlie a5 cslas Mg clale 5 6,56 s
ooyl3S (Zainul et al., 2017) Ko 5 Ly lawgs
Slome gy J5 0,58 wis,S e a5 conl onlds
olid Buiod ol gl ol ioli8l 1) adle 9 4y, Mg
ol el ol )9S g B 0 p) 5 a5 0l
5 & el e ol dald 4 Cas 00l [l lalS o
aS 0ss,S 5,38 (Miransari et al. 2007) )l ISe
9 aiay @2 gl B G b Sl eSee slag )l
Sl s JB e a5 S 5 A3l (49,0 4 39k
Aja_wb L ‘) QLQL; O)S.l.a.c 9 .\.w) ‘.\.wl)u;o oL: M)
oS Gl 92 @l polis 5 ol Qi il
90 40 SLa L yaud oaory Ol .o o il
Lk a8 olm) S 3,90 53 ailn el 5



YRR Gl (¥ o)lads  Aal

S o p,l5 Slagss

Sid 6,50 g ams il 1, S 0 Mg 4 Ca
oty 4 a2 L &S sy a5 4y B Dl B
o5s 4m ol ml GlaS s o I n)S lyiome (092
oo 5,5,LS (SLiS Ao g St sblis oSS
($gkiS G Slals l Jols st JU5 cenlie
5515 A e Canyy Pl (12l5 (e s,
Sl adis 5 0, ke Sl wolals ol o)
48,0 4 (g ke 39 oo ooy Cole jo bl adlo
L ol ssSale oSl 5 sy JU65 51 onlinal (0
8 azg oy5e (ST olalllas ol JT glooss

=

Ryis

@y plal SaS (55 g aBle jlad (S 53 L3 )15
sall (pizmes g Lojlod (nl (glizme 9,05 4y o
4o 2550 7B g ey J85 0,5 0gg (pl Lol
slbapasls - lscine 5 Se SIS 5 ol
Sad oble g Jdg)lST (IS g adl b wsle sl
Jiej e a5 el )] canl Plo a3 azils
SIS B 3B T ot il 50 (dpae e
Gl Sedlyy (s J5 2o )3 ez 9 )5 g sl
Moeme joban |y oad (6 Foslal sla S
JLy aeo,0 90 0 5)LS led a5 Jl> j0 aws il

Sy JLes amoy0laz 0,0l g8 550l s

K J3 51 olS sl 65978 rolie 5| (F i Cunlys

References

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

Akbari P., Ghalavand A., and Modarres Sanavi S.A.M. 2009. Effects of Different Nutrition
Systems (Organic, Chemical and Integrated) and Biofertilizer on Yield and Other Growth Traits
of Sunflower (Helianthus annuus L.). Journal of Agriculture Science, 1: 83-93. (In Persian)

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.

Baldock J.A., and Smernik R.J. 2002. Chemical composition and bioavailability of thermally
altered Pinus resinosa (red pine) wood. Organic Geochemistry, 33: 1093-1109.

Beheshti M., Alikhani H., and Motesharezadeh B. 2014. Study of the effect of biochar and
vermicompost on soil available phosphorus. M.Sc. thesis. Soil science department. University
of Tehran. Iran, 147p.

Bolan N.S., Robson A.D., and Barrow N.J. 1987. Effect of VAM on the availability of iron
phosphates to plants. Plant Soil, 99: 401-410.

Bouyoucos C.J. 1962. Hydrometer method improved for making particle size analysis of soil.
Agronomy Journal, 54: 464-465.

Bradl H.B. 2004. Adsorption of heavy metal ions on soils and soils constituents. Journal of Colloid
and Interface Science, 277: 1-18.

Chan K.Y., Van Zwieten L., Meszaros |., Downie A., and Joseph S. 2007. Agronomic values of
greenwaste biochar as a soil amendment. Soil Research, 45: 629-634.

Cheng C.H., Lehmann J., Thies J.E., and Burton, S.D. 2008. Stability of black carbon in soils
across a climatic gradient. Journal of Geophysical Research, 113: 1-10.

Cottenie, A. 1980. Soil and Plant Testing and Analysis as a Basis of Fertilizer Recommendations
(4™ Ed.). FAO Soils Bulletin. 127p.

Divband Hafshejani L., Naseri A.A., Hooshmand A., Abbasi F., and Soltani Mohammadi
A. 2016. Effect of Sugarcane Bagasse Biochar Application on Chemical Properties a
Sandy Loam Soil. Irrigation science and engineering, 40: 63-72. (In Persian)

Douds J.R., and Millner P.D. 1999. Biodiversity of arbuscular mycorrhizal fungi in
agroecosystems. Agriculture, Ecosystems and Environment, 74: 77-93.

Dutt S., Sharma S.D., and Kumar P. 2013. Arbuscular mycorrhizas and Zn fertilization modify
growth and physiological behavior of apricot (Prunus armeniaca L.). Scientia Horticulturae,
155: 97-104.

Ehyaei M., and Behbahanizade A.A. 1991. Methods of Soil Chemical Analysis. Soil and Water
Research Institute. Tehran. Iran. 983p.

\YY



wSlaogas 5 5,650 7,6 5 5lran 0

Elzobair K.A., Stromberger M.E., Ippolito J.A., and Lentz R.D. 2016. Contrasting effects of
biochar versus manure on soil microbial communities and enzyme activities in an Aridisol.
Chemosphere, 142: 145-152.

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.

Farrell M., Kuhn T.K., Macdonald L.M., Maddern T.M., Murphy D.V., Hall P.A., Singh B.P.,
Baumann K., Krull E.S., and Baldock J.A. 2013. Microbial utilisation of biochar derived
carbon. Science of the Total Environment, 465: 288-297.

Forster P., Ramaswamy V., Artaxo P., Berntsen T., Betts R., Fahey D.W., Haywood J., Lean J.,
Lowe D.C., and Myhre G. 2007. Changes in atmospheric constituents and in radioactive
forcing. In: Solomon S., Qin D., Manning M., Chen Z., Marquis M., Averyt K. B., Tignor M.,
and Miller H. L. (Eds.), Climate Change. Cambridge University Press. pp. 129-234.

Gaskin J.W., Speir R.A., Harris K., Das K.C., Lee R.D., Morris L.A., and Fisher D.S. 2010. Effect
of peanut hull and pine chip biochar on soil nutrients, corn nutrient status, and yield. Agronomy
Journal, 102: 623-633.

Glaser B., and Birk J.J. 2012. State of the scientific knowledge on properties and genesis of
Anthropogenic Dark Earths in Central Amazonia (terra preta de indio). Geochimica et
Cosmochimica Acta, 82: 39-51.

Guarda G., Padovan S., and Delogu G. 2004. Grain yield, nitrogen-use efficiency and baking
quality of old and modern Italian bread-wheat cultivars grown at different nitrogen levels.
European Journal of Agronomy, 21: 181— 192.

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

Gupta P. 1999. Soil, plant, water and Fertilizer Analysis (2™ Ed.). AgroBotanica, Bikaner, 438p.

Haider G., Koyro H., Azam F., Steffens D., Muller 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.

Haluschak P. 2006. Laboratory Methods of Soil Analysis. Canada-Manitoba soil survey, 133p.

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.

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, 22" Colloquium
of international potassium institute, pp. 153-180

Karami N., Clemente R., Jimenez E.M., Lepp N.W., and Beesley L. 2011. Efficiency of green
waste compost and biochar soil amendments for reducing lead and copper mobility and uptake
to ryegrass. Journal of Hazardous Materials, 191: 41-48.

Koirala U., and Jha S. 2013. Macrophytes of the lowland wetlands in Morang district. Nepalese
Journal of Biosciences, 1: 131-139.

Kothari S.K., Marschner H., and Romheld V. 1991. Contribution of the VA mycorrhizal hyphae in
acquisition of phosphorus and zinc by maize grown in a calcareous soil. Plant and Soil, 131:
177-185.

Lehmann J., and Joseph S. 2009. Biochar for environmental management: Science and Technology
(3" Ed.). Earthscan. 438p.

Lehmann J., Skjemstad J.O., Sohi S., Carter J., Barson M., Falloon P., Coleman K., Woodbury P.,
and Krull E. 2008. Australian climate-carbon cycle feedback reduced by soil black carbon.
Nature Geoscience, 1: 832—835.

Lindsay W.L., and Norvell W.A. 1978. Development of a DTPA soil testor zinc, iron, manganese
and copper. Soil Science Society of America Journal, 42: 421-428.

Masto R.E., Kumar S., Rout T.K., Sarkar P., George J., and Ram L.C. 2013. Biochar from water
hyacinth (Eichornia crassipes) and its impact on soil biological activity. Catena, 111: 64-71.

YO



VYA sl ¥ o,leds c Al S o p,l5 Slagss

Miransari M., Bahrami H.A., Rejali F., Malakouti M.J., and Torabi H. 2007. Using arbuscular
mycorrhiza to reduce the stressful effects of soil compaction on corn (Zea mays L.) growth. Soil
Biology and Biochemistry, 39: 2014-2026.

Mohammad M.J., Malkawi H.I., and Shibli R. 2003. Effects of arbuscular mycorrhizal fungi and
phosphorus fertilization on growth and nutrient uptake of barley grown on soils with different
levels of salts. Journal of Plant Nutrition, 26: 125-137.

Mojtabavi K., and Darzi M.T. 2018. Effects of vermicompost and nitroxin application on flower
yield, yield components and essential oil quality of marigold (Calendula officinalis L.). Iranian
Journal of Medicinal and Aromatic Plants, 33: 1034-1036. (In Persian)

Murphy J., and Riley J.P. 1962. A modified single solution method for determination of phosphate
in natural waters. Analytica Chimica Acta. 27: 31-36.

Nadeem S.M., Ahmad M., Zahir Z.A., Javaid A., and Ashraf M. The role of mycorrhizae and plant
growth promoting rhizobacteria (PGPR) in improving crop productivity under stressful
environments. Biotechnology Advances, 32: 429-448.

Najafi ghiri M. 2015. Effect of different biochars on some soil characteristics and availability of
some nutrient elements in a calcareous soil. Journal of soil research, 29: 351-358. (In Persian)
Namgay T., Singh B., and Singh B. P. 2010. Influence of biochar application to soil on the
availability of As, Cd, Cu, Pb, and Zn to maize (Zea mays). Australian Journal of Soil

Research, 48: 638-647.

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.

Nigussie A., Endalkachew K., Mastawesha M., and Gebermedihin A. 2012. Effect of biochar
application on soil properties and nutrient uptake of Lettuces (Lactuca sativa) grown in
chromium polluted soils. American-Eurasian Journal of Agricultural and Environmental
Science, 12: 369-376.

Novak J.M., Busscher W.J., Laird D.L., Ahmedna M., Watts D.W., and Niando M.A.S. 20009.
Impact of biochar amendment on fertility of a southeastern coastal plain soil. Soil Science, 174:
105-112.

Rhodas L. H., and Gerdemann J. W. 1980. Nutrient translocation in VAM. In: C. B. Cooks, P. W.
Pappas and E. D. Rudolp (Eds), Cellular Interactions in Symbiosis and Parasitism Ohio State
University Press. pp.173-234.

Richards L.A. 1954. Diagnosis and Improvement of Saline and Alkali Soils. Agriculture Handbook
60, USDA, Washington DC. 154p.

Rouphael Y., Franken P., Schneider C., Schwarz D., Giovannetti M., Agnolucci M., De Pascale S.,
Bonini P., and Colla G. 2015. Arbuscular mycorrhizal fungi act as biostimulants in horticultural
crops. Scientia Horticulturae, 196: 91-108

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.

Sharifi M., Mohtashamian M., Riyahi H., Aghaiy A., and Alavii S.M. 2010. The Effects of the
Vesicular-Arbascular Mychorrizal (VAM) Fungus Glumos etunicatum on growth and some
physiological parameters of Basil. Journal of Medicinal Plants, 38: 85-94. (In Persian)

Shirmardi M., Savaghebi G.R., Khavazi K., Akbarzadeh A., Farahbakhsh M., Rejali F., Sadat A.
2010. Effect of microbial inoculants on uptake of nutrient elements in two cultivars of
sunflower (Helianthus annuus L.) in saline soils. Notulae Scientia Biologicae, 2: 57-66.

Sinclair K., Slavich P., van Zwieten L., and Downie A. 2008. Productivity and nutrient availability
on a Ferrosol: biochar, lime and fertiliser. In: Proceedings of 14™ Australian Agronomy
Conference, 21-25 Sep., Adelaide, South Australia, pp. 119-122.

Singh B., Singh B.P., and Cowie A.L. 2010. Characterisation and evaluation of biochars for their
application as a soil amendment. Soil Research, 48: 516-525.

Smith S.E., and Gianinazzi P. 1988. Physiological interaction between symbionts in VA-
mycorrhizal plants. Annual Review of Plant Biology, 39: 221-224.

\Y#



wSlaogas 5 5,650 7,6 5 5lran 0

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.

Stark C., Condron L.M., Stewart A., Di H.J., and Ocallaghan M. 2007. Influence of organic and
mineralamendments on microbial soil properties and processes. Applied Soil Ecology, 35: 79-93.

Tate R.L. 2000. Soil Microbiology. John Wily and Sons. New York, USA. 508p.

Vaccari F., 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: 231-238.

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

Vessey J.K. 2003. Plant growth promoting rhizobacteria as biofertilizers. Plant Soil, 255: 571-586.

Walkley A., and Black I.A. 1934. An examination of the Degtjareff method for determining soil
organic matter, and a proposed modification of the chromic acid titration method. Soil Science,
37: 29-38.

Watanabe F.S., and Olsen S.R. 1965. Test of an ascorbic acid method for determining phosphorus
in water and NaHCO3 extracts from soil. Soil Science Society of America, Proceedings, 29:
677-678.

Winsley P. 2007. Biochar and bioenergy production for climate change mitigation. New Zealand
Science Review, 64: 5-10.

Zainul A., Hans-Werner K., Bernhard H., Bilquees G., and Ajmal K.M. 2017. Impact of a Biochar
or a Compost-Biochar Mixture on Water relation, Nutrient uptake and Photosynthesis of
Phragmites karka. Pedosphere, from https://doi.org/10.1016/S1002-0160(17)60362-X.

Zhang L., Sun X.Y., Tian Y., and Gong X.Q. 2013. Effects of brown sugar and calcium
superphosphate on the secondary fermentation of green waste. Bioresource Technology, 131:
68-75.

\YY


https://doi.org/10.1016/S1002-0160(17)60362-X

VYA sl ¥ o,leds c Al S o p,l5 Slagss

Effect of Biochar and Mycorrhizal Fungi on the Growth Characteristics
and Nutrition of Calendula (Calendula Officinalis L.)
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Abstract

Application of Mycorrhizal Fungi (MF) and biochar can increase water and nutrient uptake in the
rooting zone and thus improve crop production. A factorial experiment with completely
randomized design with three replications was conducted to investigate the effects of biochar (0, 2
and 4% w/w) and MF (non-inoculation and inoculation with MF) on the morphophysiological
characteristics and concentration of elements in calendula (Calendula officinalis L.) in greenhouse
condition. The biochar was passed through a sieve of 2 mm and mixed with soil. The application of
mycorrhizal fungi was done by direct contact with the root of plant. After six months, the
morphophysiological characteristics and the concentration of some macro and micro elements in
shoot were measured. The results showed that with simultaneous application of 4% biochar and
mycorrhizal fungi increased chlorophyll, flower diameter, plant height, leaf area, stem diameter,
plant dry weight and concentration of P, K, Ca and Fe compared to control, significantly. Zn
concentration increased in 4% biochar treatment and simultaneous use of 4% biochar and
mycorrhizal fungui compared to the control significantly (13.7 and 19.5% respectively). The
application of 4% biochar caused a significant increase in Mn concentration compared to the
control (91.3 against 86.6 mg.kg™), while the application of 2% biochar has not a significant
difference with control and 4% biochar treatments. The results of the effect of adding biohar to soil
after plant growth period showed that available K, Ca, Mg and Mn increased with addition of 4%
biochar by 22.2, 18.2, 43.6 and 15.2%, respectively. However, 2% biochar treatment had no
significant effect on these soil parameters compared to control. It seems that application of these
materials can improve availability of nutrients and plant growth parameters by improving plant
growth conditions and affect crop production.
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