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Extended abstract

Introduction

Heavy metal contamination in soil refers to the excessive accumulation of elements called heavy metals,
which are capable of causing significant levels of biological toxicity. These metals, in concentrations
higher than of tolerable threshold of plants, often cause metabolic disorders, inhibition of growth and
physiological process and eventually lead to death of plants. Lead (Pb) and zinc (Zn), as the two common
coexisting mineral heavy metals around the world, accumulate in the soil due to mining activity and can
adversely affect the crop productivity, the agro-ecosystem components and ultimately the human and
environmental health. Biochar, as a potent soil amendment agent, is often obtained by pyrolysis of
agricultural organic wastes such as crop residues under low oxygen pressure condition. Trichoderma
harzianum, as a plant growth promoter, has capability in stimulating plant growth under varying
environmental stresses and therefore, inoculation of plant roots with this fungus could be a conceivable
approach to cope with the heavy metal stress. Hairy vetch (Vicia villosa Roth) is a winter annual forage
species that shows better growth performance than the other forage legumes such as alfalfa or clover
under the severe environmental conditions, especially winter frost and drought.phosphorus
supplementation and their interactions on the growth, physiology and P, Pb and Zn uptake by hairy
vetch in heavy metal-polluted soil.

Materials and methods

The experiment was carried out in the greenhouse of Faculty of Agriculture and Natural Resources of
Mohaghegh Ardabili University as a factorial experiment based on a completely randomized design
(CRD) in three replications. Heavy metal contaminated soil was collected from wheat fields around
Angouran village (Angouran Rural District, Angouran District, Mahneshan County, Zanjan Province,
Iran), downstream of the Zanjan's lead and zinc processing plant (Calcimin® Co.; 36°34'13.2"N
47°37'21.4"E), from a depth of about 0 to 25 cm. Two levels of biochar application (non-biochar control,
5% peanut hull-derived biochar), two levels of Trichoderma inoculation (non-inoculation control and
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inoculation with conidial suspension) and three levels of P supplementation (0P, non-supplementation;
11P, 11 mg P.kg* and 22P, 22 mg P.kg?) were applied as the three experimental factors. The feedstock of
peanut hull (PH) used in the present experiment were purchased from the local market. After thorough
washing, PHs were air-dried and then well ground with a lab-scale mill and sieved using a 100 mesh
sieve size. T. harzianum Rifai - T22 isolate acquired from the Laboratory of Plant Pathology, Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili was revived on PDA (potato
dextrose agar) medium and further incubated for at least one week at 28 °C. This experiment was
conducted in an open-air vegetation yard with mean day/night temperatures of 25/17 °C, respectively.
The experiment lasted for 50 days, in the period from May 16, 2020 (sowing the seeds) until July 5, 2020
(final sampling). In each plastic pot (25 cm in diameter x 20 c¢cm in height), pre-filled with the pot
mixture according to the treatments, 20 surface-sterilized hairy vetch (Vicia villosa Roth., Local
landrace from Ardabil, Iran) seeds were sown and irrigated with tap water (EC = 0.21 dS m-1 and pH =
7.2) t0 100% field capacity. Throughout the experiment, all the pots were re-irrigated when the soil water
content dropped to 70% of the field capacity.

Results and discussion

Application of biochar and Trichoderma fungus at not using phosphorus (Po), resulted in higher aerial
biomass. Trichoderma fungus alone or with P11 level had a better result in increasing plant height. The
concentration of chlorophyll a was in highest level by biochar combined Trichoderma, and Po
phosphorus applied, as well as the application of Trichoderma caused the highest concentration of
chlorophyll b. The changes in relative leaf water content ranged from 85.5 to 90.5% among the treatment
combinations. Phosphorus consumption at the maximum level (P22) showed the same effect in
improving leaf protein compared to the Po level. Moderate phosphorus consumption (P11) combined
with biochar and Trichoderma caused the highest soluble sugar content. The highest proline content of
leaves was obtained by using Trichoderma without applying biochar and phosphorus. The use of biochar
alone or with Trichoderma could improve the amount of phosphorus absorption as much as the use of
phosphorus fertilizer alone. Combined application of biochar and Trichoderma fungus with P11 and P22
fertilizer levels increased phosphorus absorption by 41.6% and 22.3% respectively compared to Po level.
Trichoderma fungus had no significant effect on the amount of Pb and Zn absorption in the aerial parts,
but biochar significantly reduced their absorption in the aerial parts of Hairy vetch plants.

Conclusion

Based on the results, the application of biochar alone or in combination with Trichoderma fungus
improved the vegetative traits and physiological characteristics, including increasing the concentration
of photosynthetic pigments, the relative content of leaf water and soluble sugar, the content of protein
and proline in the cluster flower vetch. Phosphorus absorption increased significantly when using
biochar and Trichoderma. It seems that biochar helps to increase photosynthesis by creating suitable
conditions in soil porosity, humidity, increasing cation exchange capacity and reducing the
concentration of heavy elements, with better absorption of elements and thus improving plant growth
and development. Trichoderma fungus with biological control increases the availability of elements
including phosphorus by increasing the transfer of sugar and amino acids and creating induction
resistance and stimulating the growth of beneficial microorganisms, and by making changes in the
physiological characteristics, it increases the resistance of the plant against the stress of heavy elements.

Keywords: Elements uptake, Hairy vetch, Peanut-hull derived biochar, Shoot biomass, Shoot height,
Soil pollution
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Table 3. Analysis of morphological charasterictics of vicia villosa in contaminated soil with heavy metals and application

of biochar, Trichoderma and phosphorus

az O o e g a3 ol e, Jsb Pl o5 gi sy §
i @b T azals o Ay ala len
&3] e number of
SOV 0 Seedling emergence leaflets shoot Root Shoot
) rate height length Biomass
o b 2 0.0001 * 19.47 093 1941° 0.008"
Replication(R )
siochar (8) 1 0.003 103.37 17.92 4.19 0.156
L")"&S‘.’.r’" Hk *k *% *k
Trichoderma () 1 0.001 59.29 16.54 1.07 0.055
Phosphorus (P) 2 0.0002 50.74 1011™ 445 0.089
ot LoyogSs 5%l g 1 0.00007 3.04 887" 115.8" 0.018™
o PodX 5z g 2 0.0001 * 74.68 ** 052 1211° 0.003
p ot o095 i 2 0.00009 0.18 12.99™  1.84 0.008
huudxlo 0950 5 5z g 2 0.0002 * 74.00 ™ 1.79 287 0.024™
BxTxP
Y 0.0004 6.95 0.83 2.04 0.002
Error
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Unsigned, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively
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Table4. mean compoarison of Biochar x Trichoderma x phosphorus interaction effects on morphophysiological traits

of vicia villosa grown in contaminated soil with heavy metal

Treatments  iglojl sl ,ga5 035 ot
Hergm Loyo950 5 owd OIS o a8y a5 2 Ol stlep el
Biochar  Trichoderma Phosphorus Seedling emergence rate Leaflet number shoot biomass
day* gr
Po 0.138+0.002 35.555 +0.39 ¢ 0.847 +0.002 ¢
To P1u 0.143+0.003 M 45,500 +0.50 ® 0.983+ 0.004
Bo P22 0.147x0.002 hf 38.111 +1.02 ¢ 0.900+ 0.003 ¢
Po 0.150+0.002 M 44500 +3.80 *° 0.920 + 0.002 ¢
T1 P1u 0.152++0.002 9N 47.111 £2.009 @ 1.170+ 0.002 bed
P22 0.152+0.004 9" 37.000 +0.67 ¢ 1.010+ 0.005 ©
Po 0.161+0.004 o 48.000 £0.00 @ 0.930+ 0.004 ¢
To P11 0.159+0.002 fon 42.178 +0.50 b° 1.193+0.001 2
B, P22 0.156+0.00 40.900 +£0.00 © 1.137+0.00 ®
T Po 0.167+0.003 b¢ 44.678 +0.67 ¥° 1.117+ 0.0030¢
P11 0.182+0.002 2 45.689 +0.02 ® 1.157+£0.002 2
P22 0.170+0.00 ® 46.667 £0.65 2 1.087+0.00 ®
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Means with at least one common letter in each column using LSD test have no significant difference at the 5% probability
level. After the sign = is the standard error.
Bo = non-use of biochar (control), Bi= use of biochar (10% of soil weight) To = non-use of Trichoderma (control), T1= use of
trichoderma, Po = non-use of phosphorous (control), P11 = use of phosphorous (11mg.kg™ soil), P22 = use of phosphorous (22
mg.kg! soil)
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Table 6. mean comparison of Biochar x Phosphorus
interaction effects on root length of vicia villosa grown in
contaminated soil with heavy metal

Treatments Liyle;l b ,gu56 ai Job
e d Root length
Biochar Phosphorus (cm)

B, Po 33.99+0.14¢
Pu 35.69+0.09 ¢
P22 355+£0.11°

B, Po 36.91+0.17 %
P1u 37.84+0.07%
P22 3450+0.17 ¢

loslaial b gt 2 50 S piie B> S Plas ghls sl e Sile
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Means with at least one common letter in each column using
LSD test have no significant difference at the 5% probability
level. After the sign + is the standard error.
Bo = non-use of biochar (control), Bi= use of biochar (10%
of soil weight) Po = non-use of phosphorous (control), P11 =
use of phosphorous (11mg.kg? soil), P22 = use of
phosphorous (22 mg.kg* soil)

52 o 057
555 5 Loysses B olrsed) Gieles] Jalse (Lol i
Cho (63 oy S Jlixl mhw o 4w o (aud
Sl 50 (V) J592) 090 1o gxe s plail cogicany

2 orem x LoyogSy y anilegd Ol P (il dmulio B Jgux
4 00glT S yo Al Wiy glabgs S5 Sblo yo digy gl

Oy ol 348
Table 5. mean comparison of Trichoderma x

Phosphorus interaction effectss on plant height of vicia
villosa in contaminated soil with heavy metals

Treatments _ivlo;l o ,g56

Qg el
e Loyogsy 5 shoot height
Biochar Trichoderma (cm)
Bo T 34.86+0.35°
B1 35.27+0.39°
Bo T 35.22+052°
B1 37.62 +0.67 @
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Means with at least one common letter in each column using
LSD test have no significant difference at the 5% probability
level. After the sign + is the standard error
Bo = non-use of biochar (control), B1= use of biochar (10%
of soil weight) To = non-use of Trichoderma (control), T1=
use of trichoderma
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Fig. 1. mean comparison of biochar x Trichoderma fungus x phosphorus interaction effects on the relative
water content of the leaves of vicia villosa seedling in the contaminated soil with heavy metals. Means with at
least one common letter in each chart using LSD test have no significant difference at the 5% probability
level. ns, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively. B=
Biochar, T= Trichoderma, P= Phosphorous; Po = non-use of phosphorous (control), P11 = use of phosphorous
(11mg.kg™! soil ), P22 = use of phosphorous (22 mg.kg™! soil)
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Table 7. Analysis of variance of physiological & biochemical characteristics of Vicia villosa L in contaminated soil with
heavy metals and application of biochar, Trichoderma and phosphorus

S L RO pp PLE cdale cdale Jolxo 03 S ooy
i gle @l SOl adude s b gl Spoian Sy Leaf proline
S.0vV d.f. RWC Chlacon. Chlbcon. Leaf protein LSC content
o IS 0.2 0.011 0.002 1262 250.9" 1287
Replication(R)
_ Ses g 701 0.495°  3.602" 798" 9728 63415™
Biochar (B)
_ kpsos 46™ 1207 0.704" 6453 7252 8244"
Trichoderma (T)
A 75 0.587" 0.002 2159 39562 6803"
Phosphorus (P)
. byosSeolzem 0.6 0.027 0.120 31.92°  767.8"  10185"
X
. Aoz 1.2 0.310%  0.291" 1.05 2043.2" 5420"
X
. Awdxbopsfy 2.7 0.691%  5371" 1976  1803.2" 3423
X
Audxlopgloilzse 35 0.315™ 0.042 1.35 8446.9" 4972
BxTxP
Error s 22 05 0.046 0.033 5.11 47.2 1221

Unsigned, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively.
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Fig. 2. mean comparison of biochar x Trichoderma fungus x phosphorus interaction effects on the chl. a
concentration of the leaves of vicia villosa seedling in the contaminated soil with heavy metals. Means with at
least one common letter in each chart using LSD test have no significant difference at the 5% probability
level. ns, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively. B=
Biochar, T= Trichoderma, P=Phosphorous; Po = non-use of phosphorous (control), P11 = use of phosphorous
(11mg.kg™! soil ), P22 = use of phosphorous (22 mg.kg™!' soil).
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Fig. 3. mean comparison of biochar x Trichoderma fungus x phosphorus interaction effects on the chl. b concentration
of the leaves of vicia villosa seedling in the contaminated soil with heavy metals. Means with at least one common letter
in each chart wusing LSD test have no significant difference at the 5%  probability
level. ns, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively. B= Biochar,
T= Trichoderma, P= Phosphorous; Py = non-use of phosphorous (control), P11 = use of phosphorous (11mg.kg™! soil ),
P22 = use of phosphorous (22 mg.kg™! soil).

Ol s g ol Cows @y 28 055 Brao (o LoyosSa i 05 a5 oy (lad Jlarge (ol Pl nSike gl

S awge ghw Gpae g LyogSe s o) 8 Gled w55 a5 p eSSk V) Sp (eBsn e (VL lase
o WI) cho Gl Gl 558 28,5 8 jand 008 WVIP) cubo ol liee (eSOl 0 )8 poe 5 (5 03
SraobilopysSo i opli a @laie 25 (5 s S e 0l amslie Wad cage |, (5 0j9 05 2 p Sk
oSl dulio olul 09 yaud 055 Sl AVl (ggime (n YL a8 ol LAS Haud 055 5 LoyasSs g8
A et hed 365 g Lop3sSy 5 gyl alide slajles BB LG5 09 e 2 Sk YA S 0nSg



\F-¥ }_:SL;‘\V ..\l?a‘sc‘))' |a9l: X lanzg,du&;;

INid

MO) cto cpl e (o yeS bl din ) (iSg  (S5ixe
pae) sl jled 4 3late 35 (5 039 25 » pS ke
(F JS8) 090 (Haud 365 g Lo,0550 5 0,8

25 -
a
20 A b B
< _L.L 15 4
oo
5 m
0 T 1
Non-biochar Biochar

Biochar levels

£ 2 eSSk VW) Sy uisn Goime (YL &S
355 0,5 e V) Bran 5 Loy 5 7 Bon 5L (5 03
qelamw)s}/lg)o)we;dfm.u]wo@,w
2 Ol T Ley0sSG 5 0,5 pac 4z g Brae oo 4

N
(6]
J

DOPaE 11P O22pP
A b

N
o
1

(mg.g FW)
S5 o

Leaf Protein

Without With Trichoderma

Trichoderma

Kb glaazals ;0 Sy ouiign 2 LydgSsy @B 9 JoSo s Jlite Ol g slzgn (ol Ol51 (Sl dummlio .F S5
LSD (59031 31 oolisw! b 4loges & 3o Sy B, g JBlaz (61518 s mSileo . opuSiow &I 3l8 4 009 TS 4o atdly wiby (glags
o V) 0,5 Py (ABLD) youd 8 1,5 oo PO ¢ pawd P (Lo y0g5G 5 T (jlogw B bl o0 87 Jlods | b jo 4l o S| w8

S 0,5l 2 piund )5 (Lo VY 0,0l Py (S 0,55l 1 yiund o5

Fig. 4. Mean comparison of the main effects of biochar and phosphorus x Trichoderma interaction effects on the leaf
protein concentration of vicia villosa seedling in the contaminated soil with heavy metals. Means with at least one
common letter in each chart using LSD test have no significant difference at the 5% probability
level. ns, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively. B= Biochar,
T= Trichoderma, P= Phosphorous; Py = non-use of phosphorous (control), P11 = use of phosphorous (11mg.kg™! soil ),

P22 = use of phosphorous (22 mg.kg™! soil).
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Fig. 5. Mean comparison of the Biochar x Trichoderma x Phosphorus interaction effects on the leaf soluble
carbohydrate of vicia villosa seedlin in the soil contaminated with heavy metals. Means with at least one
common letter in each chart using LSD test have no significant difference at the 5% probability
level. ns, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively. B=
Biochar, T= Trichoderma, P=Phosphorous; Po = non-use of phosphorous (control), P11 = use of phosphorous
(11mg.kg™! soil ), P22 = use of phosphorous (22 mg.kg™! soil).

S 5T s py sl
Jolse 36 co gyl pme jobar S dsn sy
mh 5 st el S aliz 6,5 S e
395 2 b 595 9 LoydsSs 5 )8 5w ys o Jlo
Cao ol g9y Llosine JUL{ QWA e Jlisl mhaw
s a4 G oialeyl Jelge blie &l o axal
alrgs Sl plo jhad x Lop3sSy 5 ailrgs AiSen
Jloio! o 53) LoyasSs i x g (o (oalejl Jolss
g (o0 iy Jloil gl )3) jaud x largn g (o) S
53 peed x Lay39Ss 5 x o g dlr s AiSen p (rioren
Odon Sy p e U ae s my Jleiol mha

Sl 5o Olyyl g ool s ply S Hlgieas g 0 )18
5 i byl o azil ) oLS o Jsle (glaos
Gk 3l LeyosSs 5 gy b (A1 o p (S polic
ool 5 0z Ul il asle cols ol S5l
Ale s Sl Cwglie bl Coge plals ads ) ;o ail
Nghoo I gl (Fumy J5S g A
aS Cowl 00,5 Gl samie wlidss (Lehmann, 2007)
Sy JAS L Lydee s slag B Gl slaasss
adyy 5o aselacwl 5 w8 JUl ol b (JSs)
Gilize Gla is ply o o] Caglia ol 5 lS
s 9 dedgw SIS GlaLS gai g 0d) S9age 50 (arme
(Mazhabi et al., 2011) S o olx! s



\F-¥ }_:SL;‘\V ..\l?a‘sc‘))' |a9l: X lanzg,du&;;

OYA

3p)5 pas g )l 0 )5 (55led DS 5 4 3l g Lo]
2l S5 p9bar 09y Had 095l mhaw s 58 50 LoyosSy
9 5l G Rl el i jled b awslie o LS S
F Sole slaazals Sy el )3 g soime 62
b plgs i 055 B o a5 ol ol gl s (gladigs
T8 oot adlal 5 s soiome halS sl jlrg 0 )18
28 Cdo cpl Gl cel gilend oS 5 A LoyosSe

Jgaz) wisle s slases 8 Sl sloaxals jo0 5,
Y
Giales] Jelss asilrans (iSen sy slasSile anlie
595 YA S s oiome (¥l aS ol L
Sras i boyoeSs 5 7B 0,8l 5o (5 j9 e
w55l Je ol wel s 4 largn 5 hed 058
olid o gime OS] gLl Lld 4y salls [l b (55les

B** T* p* DOP ﬁllp HZZP
BxT** BxP* TxPns BxTxP*
400 -
350 { 4 a
. |k %
< 250 |
8%
< 200 A ef
= o f f
= g 150 A
§ 100 A
50 -
0
Without With Without With
Trichoderma Trichoderma Trichoderma Trichoderma
Non-biochar Biochar

F Sl azals Sy g p ol 32 wd X Hlagn 9 LoyogSe i g5 x Hlrgm Jilie 5 (Sl i # S5
w30 09 HI0 S 9 6,l0 S pue UL i i 4 F g FF s L S Ol W e.b,ﬁ«_flé o a8l wby glades
39 510 o SMST WBB LSD (49031 5 solisiw! b jloges yo 30 S o 8y Sy JSlo (61,10 (gl yuiluo /8 9 ) (5 bl

i 0,5 Lo 1) 8,8 P11 (L) piand 3 1,15 s Py ¢ piasd 1P Lo y3950 5 1Tyl gy B il oo %5 Jlosio| pebans

SL 0 9leS 2 yhd 0,5 (o 22 0,5 P2 (S p SelS

Fig. 6. mean comparison of the biochar x Trichoderma and biochar x phosphorus interaction effects on the
leaf proline content of vicia villosa seedling in the contaminated soil with heavy metals. Means with at least
one common letter in each chart using LSD test have no significant difference at the 5% probability
level. ns, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively. B=
Biochar, T= Trichoderma, P= Phosphorous; Po = non-use of phosphorous (control), P11 = use of phosphorous
(11mg.kg™! soil ), P22 = use of phosphorous (22 mg.kg™! soil).
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Table 8. Analysis of variance of elements concentration for Vicia villosa L. in contaminated soil with heaevy
metals with application of biochar, Trichoderma and phosphorus
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Unsigned, ** and * indicate insignificance and significance at the statistical level of 1 and 5%, respectively
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Fig. 7. mean comparison of the biochar x Trichoderma and biochar x phosphorus interaction
effects on the shoot uptake of phosphorus of vicia villosa in the contaminated soil with heavy
metals. Means with at least one common letter in each chart using LSD test have no significant difference at
the 5% probability level. ns, ** and * indicate insignificance and significance at the statistical level of 1 and
5%, respectively. B= Biochar, T= Trichoderma, P= Phosphorous; Po = non-use of phosphorous (control), P11
= use of phosphorous (11mg.kg™! soil ), P22 = use of phosphorous (22 mg.kg™! soil).
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Fig. 8. mean comparison of the biochar x Trichoderma and biochar x phosphorus interaction
effects on the shoot pb uptake of vicia villosa in the contaminated soil with heavy metals. Means
with at least one common letter in each chart using LSD test have no significant difference at the 5%
probability level. B= Biochar, T= Trichoderma, P= Phosphorous; Po = non-use of phosphorous (control), P11
= use of phosphorous (11mg.kg! soil ), P22 = use of phosphorous (22 mg.kg"! soil).
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