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Background and Objectives: Contamination of agricultural soils with
heavy metals is one of the major challenges worldwide. Heavy metal stress
can affect soil living community and, consequently, different soil
processes. The aim of this study was to evaluate the effect of chitosan
application levels and soil contamination with Pb on soil biological
activity.

Materials and Methods: In order to investigate the effects of different
levels of Pb (non-contaminated (Pb0), 250 (Pb250) and 500 (Pb500)
mg kg™t of soil) and chitosan application (without chitosan (ChO),
0.6% (Ch0.6) and 1.2% (Ch1.2)) on the available Pb (DTPA-extractable
Pb) and some biological properties in soil, a factorial experiment was
conducted in a completely randomized design. Different levels of lead and
chitosan were added in pots containing 400 g of soil in three replications
and soil moisture was maintained at 70% field capacity for 45 days. At the
end of the incubation period, DTPA-extractable Pb and the population of
microbial groups including heterotrophic bacteria, fungi, spore-forming
bacteria and actinomycetes were determined. Moreover, microbial biomass
of C (MBC) and N (MBN), basal respiration (BR) and substrate-induced
respiration (SIR) were measured and some ecophysiological characteristics
including microbial metabolic quotient (qCO;), microbial respiration
quotient (QR) and MBC: MBN ratio were evaluated.

Results: The results showed that Pb250 treatment did not show a
significant effect on the population of the studied microbial groups
compared to the control. Application of Pb500 treatment significantly
reduced the population of spore-forming bacteria and actinomycetes but
did not lead to a significant change in the faungi/bacteria ratio (P<0.05).
BR, SIR, MBC and MBN were significantly reduced in Pb500 treatment.
Under Pb500 treatment, qCO,, QR and MBC:MBN ratio increased.
Application of chitosan at both levels decreased the available Pb
concentration of lead in the soil so that application of 1.2% chitosan
reduced DTPA-extractable Pb by 42% in Pb250 treatment and by 12% in
Pb500 treatment. Application of chitosan increased BR, especially under
Pb500 treatment, and caused a decrease in qCO, (P<0.05).

Conclusion: It can be stated that the use of chitosan at low levels of soil
pollution was more effective in reducing the Pb bioavailability. It also
seems that the positive effects of the application of this biopolymer on
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the biological properties of the soil have been partly due to its
biodegradation in the studied soil. In general, the results indicate the
importance of chitosan application as a biodegradable adsorbent to
reduce available Pb in soil and its potential to enhance biological activity
in Pb-contaminated soil.
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3- Soil basal respiration
4- Substrate induced respiration

A

3 alams il a3 Sbcsw 1) sl
Jie Olpe o S (S5 S sla il
e (GC02) 'S 5 (25,5 03535
Sl el sl 5 QR s S ks
.(\Y)MW&SL}WJM%M
oy dle St Ly S slacdls s i
208 4 s Gl SIple 5 iS
Sl et Slllas 3 S el K glals
shle S s Ko ensny (V8 AY) ol el
5 e ol ot T sl g o e
lasls chle il 4 s cl e ST gluk
33 295 e35n) el Ll S s K
S b VU ke 4 el slass
S 53 5B b ge mhau ol o)l glass
Sl S IE BT e el Se
B Seps A e bl Sl s S
(10) s Ol el 3 ol
Carsy Lo S wsm) (Sl
35 ol S e oSxia 1y O 5 e 5l
2 sSe gadld (oS 035 Lol e
SV 5 0t 813, S Cnlin S5 6
(ol (V) Was g Seslul Ll S g5 Shas
L Sk oblilbr gy, Sdpbe slacdls Ol
35 e e ld M5 COz (g, Sesll b Ol
Loodomn Slaoiey et 5o LSt oy
e el by Al A K sl ) e
B redae Sl el S etd W)y COp
ol S Sl K sl (S5
RS S Sl S 23S e (W)
o2 S Ul a Mk S S
o gl ST Lyl gl slexsl LG
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4- Plate count method
5- Colony forming units
6- Potato Dextrose Agar
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Table 1. Analysis of variance (F values) on the effects of Pb, chitosan, and their interactions on the studied
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. c

K=

- } 5 43

2 .S ] 3 = £

Wg o 3, 3 L2 £ c ~& L8

a & 2% BT 9, > X E x5 E g 8 S 5 »s
18 8% g i 8 25 35 {); E aa 3 2
S e JE8 94 8 kg g 18 g 18 & =8

}‘E 3 E = 8 S 48 285 22 T2 S g 132 32

12 95 b 40 3% 98 3% g% 9 ¢; v: 4%

53 'IiE ra % %4 12 g % v g g Ly g
=S " : vs %S £ -
- J z -G

) N 5 o <
3 ? 5 £
R o

F J.lgLLa

F values

9.24™ 655" 363" 2284™ 044" 652" 437 11122 10827 6847 207107 3568117 Pb

2703 17.14™ 404" 0.08® 716" 048"® 2082  6395™ 835™ 1782 76357 7070  Chitosan

081™ 180° 230® 1.70% 316" 490™ 830" 706" 130° 183° 2390 774" CT‘S?“

b |

180 -
% 160
ﬁ’ 140 A
E}f 120 A
=
g @ o~
E—BIN) 100
7w
?is
<
=i
A A
i
a
0

80
60
40 -
20 -

ik wE % NS

Aab e o/re) 5 0/0) /v0 lecla“):)b\_;u))l:w)&awaduj%/&u’* Cd
"8 % xx kkx indicate non-significant and significant at 0.05, 0.01, 0.001 probability levels respectively

¢Pb250 e Pb500

be

=

et

 Pb500 4 Pb250 5
5 -
a b a
]
L 2 30 - ¢
23
Y ] cf
s 2 25
=
d ¢ & 1’ 20
i o~ 1
I op— O\U
f |
5 15 1
, 10
Cho Ch0.6% Ch1.2% Cho
Chitosanlevels

Ch0.6%
Chitosan levels

Ch1.2%

Ol S 38 sl mshu 53 (B) S s o i) w8l 5 (A) DTPA L gl il J6 o pm clils ) K3
A S s BlgS WIW) LY 5 TN G lS Opd pale skasdli o5 & Ch1.2% 5 Ch0.6% (ChO

Gl a0l sl S oSS 5o o S ke 00 5 Y00 b edd o33 e 31 45,ke i 5 4 PS00 5 PH250

(PS40 (il (glawlstiz 8 g031) Asl o ,ls inn Sl Ky 4l b Y By > sl o (SE) 5,15kl

Figure 1. DTPA-extractable Pb concentration (A) and bioavailability of Pb in soil (B) at different levels of
chitosan application. Ch0, Ch0.6% and Ch1.2% represent 0, 0.6 and 1.2% chitosan (w/w), respectively. Pb250
and Pb500 represent contaminated soils with 250 and 500 mg Pb kg™ soil, respectively. The error bars
represent the standard error (SE). Different letters indicate significant differences according to the Duncan's
multiple range test (P<0.05).
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Table 2. Effect of chitosan and Pb application on basal respiration, substrate induced respiration and
microbial biomass C and N in soil.

sl Sl s )
o s ‘C 4l i o SIS 93585 S SIS 0355 055
e Ol 28 A Substrate induced e .
Pb levels o Basal respiration (BR) respiration (SIR) Microbial biomass C Microbial biomass N
Chitosan CO,-C gt ht S mg kg * mg kg *
levels (ugC0-C g~ h™) (UgCO,-C g* h'h) (mgkg ™) (mg kg ™)
Cho 096+0.11% 6.42+0.82% 129.69 +3.17°¢ 1476 +1.54 ™
PbO Ch0.6 1.13+0.09 6.38+2.02%® 160.62 +17.41"™ 18.88+3.1%®
Ch1.2 1.31+0.092 8.70+1.982 179.93 +13.04 2 17.72 +2.43%¢
Cho 1.02+0.14 ™ 522+1.69° 13254 +8.14°¢ 16.93 + 3.14 ¢
Pbh250 Cho.6 119+0.11%® 573+1.22° 166.33 +14.65® 16.64 + 1.66 **
Chi1.2 117+0.10%® 752+138% 159.22 +3.00° 20.33+3.222
Cho 044+0.15° 1.18+0.22°¢ 4875+ 7.77°¢ 3.82+0.63°
Pb500 Ch0.6 0.58+0.07° 1.99+0.24° 100.73+8.29¢ 10.09 +2.71¢
Chi1.2 0.85+0.08 ¢ 214+031° 13413 +7.73°¢ 13.95+1.81“
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St oSS 53 o p S ke 000 5 YON Lo o3l 5 (S50 05) dals sles 5l 5 ke s 5« PD500 5 P250 PhO

Values labeled with different letters are significantly different (p < 0.05) according to the Duncan's multiple range test.
Ch0, Ch0.6% and Ch1.2% represent 0, 0.6 and 1.2% chitosan (w/w), respectively.
PbO, Pb250 and Pb500 represent control (non-contaminated) and contaminated soils with 250, and 500 mg Pb kg™ soil,

respectively.
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Figure 2. Effect of chitosan application on MBC/MBN (A), qCO, (B), QR (C), fungi/bacteria ratio (D), number
of spore forming bacteria (E) and actinomycetes (F) in soil contaminated with Pb. Ch0, Ch0.6% and Ch1.2%
represent 0, 0.6 and 1.2% chitosan (w/w), respectively. Pb0, Pb250 and Pb500 represent non-contaminated and
contaminated soils with 250, and 500 mg Pb kg™ soil, respectively. The error bars represent the standard error
(SE). Different letters indicate significant differences according to the Duncan's multiple range test (P<0.05).
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