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Table 1. Selected properties and sampling location of studied soils.

Sal L pagdm 5l e Sl
Calcareous Saline-Highly Sodic Saline-Sodic Acidic
pH 8.6 114 12.0 4.4
EC (dS m™) 2.61 7.51 36.65 0.55
OC (%) 0.67 0.54 0.21 4.37
CCE (%) 52.5 229 333 0.0
SAR 7.7 285.2 20.1 3.1
CEC (cmol(+) kg™!) 11.0 7.3 22.7 68.9
Sk sl s e s 08 e e
Soil texture Sandy loam Silty clay loam Clay loam Clay loam
Sols gl O Zoal 35S Zeal 35S Koal 3355 OleaY
Location Kabodar-Ahang Kabodar-Ahang Kabodar-Ahang  Lahijan

358 o5 S «CEC (e 2 e SAR (olre S L S CCE ‘JT oS 0C (Sl oLl EC

EC: Electrical conductivity; OC: Organic carbon; CCE: Calcium carbonate equivalent; SAR: Sodium adsorption ratio; CEC: Cation exchange
capacity.
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Table 2. Selected properties of date kernel’s biochar, nano-biochar and nanoparticles.

DK Bio 400 Bio 800 NBio 400 Nbio 800 NP

pH 7.58 7.69 8.10 7.86 8.24 7.62

EC (dS m™) 3.51 4.48 5.77 4.26 6.67 3.59
OC (%) 3.57 4.30 4.57 5.76 6.28 5.17

S S 0C (S Sl ealds culls BC

EC: Electrical conductivity;
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2. Bath usltrasound

OC: Organic carbon
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Table 3. Analysis of variance of the effect of soil type, biochars and rhizosphere on the measured enzymes.

Sl 3l el 5 90 sand

Bl 5 g pand

s S S S8-
Acidic Alkaline Protease B-glucosidase
Phosphomonoesterase Phosphomonoesterase
df MS df MS df MS MS
Soil 3 10433 3 19672 3 126917 4788™
Bio 6 5340™ 6 5848 6 3498 1981™
Rh 1 9691 1 6960 1 7406 3427
Soil x Bio 17 440™ 16 581" 15 370™ 124™
Soil x Rh 3 1331 3 294" 3 813™ 13™
Rh x Bio 6 97 6 47" 6 58" 13™
Soil x Bio x Rh 17 129™ 16 25™ 15 97 6"
Res 108 4 104 6 100 5 3

Sl e ke MS (3151 43 DF wlileil Res s 9555 b= g3y RE el oslaia] gla e Bio (S & :Soil

Soil: Soil type; Bio: Applied treatments; Rh: Rhizosphere/Non-rhizosphere; Res: Residuals; Df: Degree of freedom; MS: Mean squares.
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Table 4. Mean comparisons of the effect of application of date kernel’s biochar, nano-biochar and nanoparticles in different soils on
acidic phosphomonoesterase activity (ug pnp g' h'!).

NP Nbio 800  NBio 400 Bio 800 Bio 400 DK Blank Soils las=
Rhizosphere ,iw 3,
) Lol
55.00 ehi 63.00 85334 7433 ¢ 93.00 © 121.00® 147.00 @ S
Acidic
46.00 im 32.00 47.67 im 46.00 im 50.33 ik 63.67 " 74.67 ¢ S
Calcareous
. ~ . .)w.ﬂ_ 5
4500  41.67 ™ 60.33 f 55.33 chi 64.33° 72.33°¢ 88.33 o e
Saline-Sodic
. . L Lo— be
35.00 ™t 36.00 at 46.33 im y 38.33 0% 43.00 50.00 ik SR
Saline-Highly Sodic
Non-rhizosphere i3 5 &
. Ll
4433k0 4033 56.33 ¢ 44.67 62.67° 74.00 © 9133¢ S
Acidic
) i
29.33 w 40.00 ™ 33.00 v 35.67 44.00 k© 55.67 ¢hi 64331 S
Calcareous
. .. Jo— 5
32.00 t 36.00 ot 48.67 4433 ko 51.00 hi 60.33 7533 ¢ e
Saline-Sodic
. L Lo— be
20.67 ¥ 25.00 W 38.00 Pt . 27.67 W 35674 47.00Fm ST

Saline-Highly Sodic

NBi0400 ¢ o gk a5 Aoe 1 40 Bi0 800 ¢ yw souds a5 )5 Foo 1 50 Bio 400 (Lo = ates y55 DK cdals S+ Blank 348 Jgd 55
ol 0,3 56 NP 5 o gends 4 53 Aee b 50 66 INBi0 800 ¢ v sk a3 oo Sl 50 50

Al s e M| Ao s ) L;)LJCJM); SSs Oge3l bl s S mie g lyls oS e Sl Jsd IS 50
Blank: Blank soil; DK: Date kernel; Bio 400: Biochar 400 °C; Bio 800: Biochar 800 °C; NBio 400: Nano-biochar 400 °C; Nbio 800: Nano-biochar

800 °C; NP: Nano-particle.
In table, numbers with similar letters are not significantly different (Duncan, p <0.01).
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Table 5. Mean comparisons of the effect of application of date kernel’s biochar, nano-biochar and nanoparticles in different soils on
alkaline phosphomonoesterase activity (ug pnp g h'!).

NP Nbio 800 NBio 400 Bio 800 Bio 400 DK Blank Soils las=
Rhizosphere iy,
Sl
26.33 W 31.33w 4333 28.00 ¥ 3333w 4133 % 53.67 ™4 S
Acidic
. i
47.00 9 47339 59.67 mn 52.00 P 66.67 & 79.00 ¢ 86.00 ¢ S
Calcareous
.. . ~ .)w.ﬂ_ 5
4333 52.33 909 67.67 ik 84.00 °f 71.00 hi 83.00 f 96.67 ¢ e
Saline-Sodic
. LA Jo— b
57.00 Mo - 84.33¢f - 93.674 119.67® 145.00 @ A
Saline-Highly Sodic
Non-rhizosphere ,iw 5 ;5 &
Jl
15.67Y 22.67% 34.00 W 14.00 ¥ 23.67 % 34.67W 43.00 ™ S
Acidic
. i
38.67w 32.67% 40.33 par 42,67 55.33 nop 63.00 kim 73.33 ehi S
Calcareous
34.00 ™ 41.67% 52.33 004 73.33 ghi 63.67 4 73.67 ¢hi 79.33 e
Saline-Sodic
Jo s oo 5
44.00 ™t - 61.67Km - 76.00 ¢ 94.00 ¢ 109.00 © ST

Saline-Highly Sodic

NBi0400 ¢ o gk a5 Aoe 1 40 Bi0 800 ¢ yw souds a5 )5 Foo 1 50 Bio 400 (Lo = ates y55 DK cdals S+ Blank 348 Jgd 55
ol 0,3 56 NP 5 o gends 4 53 Aee [l 50 66 INBi0 800 ¢ v sk a3 oo Sl 50 50

Al s e M| Ao s ) L;)LJCJM); SSs Oge3l bl s S mie g lyls oS e Sl Jsd IS 50
Blank: Blank soil; DK: Date kernel; Bio 400: Biochar 400 °C; Bio 800: Biochar 800 °C; NBio 400: Nano-biochar 400 °C; Nbio 800: Nano-biochar
800 °C; NP: Nano-particle.
In table, numbers with similar letters are not significantly different (Duncan, p <0.01).
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Table 6. Mean comparisons of the effect of application of date kernel’s biochar, nano-biochar and nanoparticles in different soils on
Protease activity (ug tyr g h'h).

NP Nbio 800 NBio 400 Bio 800 Bio 400 DK Blank Soils lasSx
Rhizosphere ,iw 3,
) Lol
46.00 % 51.00 & 5433 Fi 61.67¢% 64.339 77.33b 86.00° S
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. . . . i
4933 +m 52.00 & 65.004 52.67 57.67 ¢ 62.00 9 79.33b S
Calcareous
. . Lo— be
44,67 mn 4933 +m 53.67F 44.00 ™ 49,674 58.00°¢f 64.004 S
Saline-Sodic
L Lo— be
19.67% - - - 33.679 39.00°° 43.67 ™m0 SR
Saline-Highly Sodic
Non-rhizosphere i3 5 &
. . Ll
35.6704 4133 46.33kn 52.00 ¢ 54.00 62.67 4 71.33¢ S
Acidic
_ _ <al
39.00°p 4533 mn 56.00 Fm 47.677m 4933 im 55.33fch 66.009 <
Calcareous
. Lo— be
32.009 41.00™ 46.00" 33.674 42.00 ™ 51.00 &% 55.00 i o
Saline-Sodic
LA Jeom g
9.33t - - - 2433" 30.679 32.009 ST

Saline-Highly Sodic

NBi0400 ¢ o gk a5 Aoe 1 40 Bi0 800 ¢ yw souds a5 )5 Foo 1 50 Bio 400 (Lo = ates y55 DK cdals S+ Blank 348 Jgd 55
ol 0,3 56 NP 5 o gends 4 53 Aee b 50 66 NBi0 800 ¢ v sods a3 oo Sl 50 5L

Al s e M| Ao s ) L;)LJCJM); SSs Oge3l bl s S mie g lyls oS e Sl Jsd IS 50
Blank: Blank soil; DK: Date kernel; Bio 400: Biochar 400 °C; Bio 800: Biochar 800 °C; NBio 400: Nano-biochar 400 °C; Nbio 800: Nano-biochar
800 °C; NP: Nano-particle.
In table, numbers with similar letters are not significantly different (Duncan, p <0.01).
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Table 7. Mean comparisons of the effect of application of date kernel’s biochar, nano-biochar and nanoparticles in different soils on
B-glucosidase activity (ug saligen g h'!).

NP Nbio 800 NBio 400 Bio 800 Bio 400 DK Blank Soils lasS=
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49.33im 45,33 1mn 56.33 hi 54.67hi 63.671f 76.00°¢ 82.00 d e
Saline-Sodic
u\.’u\.\i’ .)v./J_ W
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Saline-Highly Sodic
Non-rhizosphere ,iw 5 ;5 &
. . B
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Acidic
) _ i
37.67 904 4333 mo 54.00hi 40.67 mop 47.00kn 51.00 ! 64.67° S
Calcareous
.. Jo— 5
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Qo o 5
12.00t - - - 24.67° 28.67" 3233 ST

Saline-Highly Sodic

NBi0400 ¢ o gk a5 Aoe 1 40 Bi0 800 ¢ yw souds a5 )5 Foo 1 50 Bio 400 (Lo = ates y55 DK cdals S+ Blank 348 Jgd 55
ol 0,3 56 NP 5 o gends 4 53 Aee b 50 66 INBi0 800 ¢ v sk a3 oo Sl 50 50

Al s e M| Ao s ) L;)LJCJM); SSls Oge3l bl s S mie g yls oS Lla Sl Jpi IS 5o
Blank: Blank soil; DK: Date kernel; Bio 400: Biochar 400 °C; Bio 800: Biochar 800 °C; NBio 400: Nano-biochar 400 °C; Nbio 800: Nano-biochar

800 °C; NP: Nano-particle.
In table, numbers with similar letters are not significantly different (Duncan, p <0.01).

St el 5 aS (ol s Of 3 5me 53 O 31
53 M S I il b (s e o 350
03 L 3 S E A Sl e S A
g 5ol S oS Ad) e S edem )5 S
3 AR S 33 e Gl e D bl ) ans
AV Jder) Aisoles (S s 5
S gmoty e oS o s 6l s sl g 5 08
L ol el 53 04 L Yo als el (ols s
il s el S Il S et SUs s Sl S8

Aoo 6\-4::[_:6[_&)[?:%);[;))[?:}:; JJJ‘)SM (EE obj.i.:

b s s Ll sl il 035 5 a5 sl 5
e azm s Moo (Glos s el A 5 ol s Sl s sl
ol s rals el Sk s 0F 5 S Ll sy 5 oL
W e
Sl gl S o sl nSibs anglio (V) ot
5 A SLa i 53 S SISl T el
3o slasles s il G (6 hu s 8
L ol b o S e e e DL ) Sl U
S 3 0 el 50 S 5 ol S s 51555418

PSRRI P Y W EVEFING W VY RN VN W WP R P



63k S5 5 Ol

Vfoo Hlasl/ o2 o ylads / r.&.:)'b.: Jle/ aL_S} S Jaa.bJ

g > LS aS s S 5,158 () 0L 5 sl5T ol
OF) 0L 5 58 5l SLs e sl el )
—Ln slan T e (ls e Sl e sl 0L
) e o8 sl Bl 5 5ling el ) Gl S IS
) Sl OAS 0338 pde bl 5 cled Ll eas
S S s e () OLes 5 Kl s Ol se Lam-ﬂ
Foi s MK Sb s 53 1 Sl g s BT sl 5SS
S 3sS IE-L l S ST slae 33T o Jlas
oo M sl ) 5 3Bl el GLaS T Gl skl
S 3 38 -l o Jled s ragsy cal 55 s S
P = RSUE-MS ISR RUS At
A 0303 o ool 35 50 WOT (4] 2 s
el b ol S e slag 5T s
O U5 e SUs ol gz eyl el sl g5 b
Al aals Ll () dsds) Sk cpl adsl JT S lie
3l L Laa 5Tl (33 OA) 0LSea 5 s,
S ;s GlasSlt &S Sy s S 518 T sl
Sl L syl an a5 L kil 6508 Sl JT 0 S
el Il 3550 S 3 Sl U s Sl
Laiasim 5l ol Ll il 2l ol (6 8051l sla
S o sl Kl oo S 5 b s 55,5 48 Wlesls OLES
s 53 ol (S dipd St slag BT dlas il
TS s Lol a5 (oolge (lassy nl 5o el eslinal
Al L OT S ardls 3 a5 e il el
sld Sl a5l Gl 5100 S i g el S gl
L as 55T 51 S0 4 sk 00 slae 3T ol sl
ool 81 ls (Ko das o [ES0m g D3 s
Leoee LU aibsll 5 Sldes (it 0o 3T Jlas
ey sl sl Bl b 2058l s AST
() Cob sl malS cols ol o 0l s sdns

I s 03538 L b 5T 51 ol lass Sl ol

1. Immobilization

30 e Camd St Aals Sel ek 4o
o5 4= |, pa)j Sl 5 Ad e geads az s oo b 50 5L
50lS bl Jals (ol me D)ot (SR S 0
SoalS St b s el il slasss s Lae 3 5t
5> sl slya 3 5lS 3 s 3l S WS-y 5T el
Sl SL s JalS Cul ol 5555 sdallin eSS
i alS Cel up i 04 L 5 atdls g5 A ol
Y Jsd) A 5l 8 8-ty o i

o=l e [2alS (Ghags cal slaasl L wlis
3 POl 5 Ao g Sl 58 L Sk 05
OLSan 5 e sl s 55055 (V0) O 5 oy
Yo s 1Y o) Cidis lacus 5,5)LS a5 Wsls oLz (10)
000 53 el 5y ,m) b Blw Sl sm JLSs e SHAS
S gl il b alS el (ks 4
el A SVl 5 IS 8-l slag 5T ales
S5 5SS Ly 5T dlad S sls 0L 55 (P) O1Sen
393 23k rals Hlar e 5 w3 Vs pls s
el 5 3 eslial 48 Wsls 0L 55 (Fo) OLKan
55 Ah et e SISl T c s tals
L s sS58-Le pajj Cd SRl s (TA) OlSes
L3S IS Dl g Sl eslizl

St il o lad g A sl Fslite il Ul
SUT s il 0lzs (8) 0K 5 o ool 0dd 5,158
DT 5 ol 8 SB g 4 S eyl e e
i3l (YQ) O 5 50 550 el dxl s Lol Sas
e I N g [BE KV P ColETp RO P
b el dlad (I3 Vs 5 din S 518 5 e el
O S Sl cmlen 5 5l g b 5 e S (el Sl
SLs a0l (g dtad men 5 O plu buy
Rl 5 O0S o ol 3 LB 5 e St bl
g by s Koo e 5L 51 i el Ol



e EBS B 3 e 5l Cdld b s bl g 3,8 S

@b S 5 Dl

Loy AT S e Jsay Ll o 48 ols | Sl 808
5 s 5 e glaSLE s um-ﬂ Ll sl Sl ol
RS L asder S 5 5 il (6 S ol SSal
L 5 380 el Sl e st lag 35T C e
3ok s Lo s s 535 5,8l sdaline 5l SIS
Sl el el LasSle Sl plaSonn s Ll s 5
23 5 Lo 035553 Sl 3z sl 5 55 L Bl s
Sl Bl s bl 5380 Sbt w036 T o S o5 4
- e ol ialS o asld (il el (6,801l
3ol 03 e iSa gl e DS 5 S p sy A
SlapmslSa Gk 51 G5 Glan 5T 6 LS ol Lol s it
g QS S o 5 0SS L 5 Cder wile ilise
el iasn cpl 5 b sl clie Sl 5 el
35 Ay oo Sl Al eslial Ll el 0l S L
Lasless 10 ol ol iSL o 5 6558 K O30
PRI e U AN PPN S
o 5 Sos sl Ly plas s alis gla la s,

255 pldl 5 58 025

oS s oo oS 5 an i ;05055 5ol
Cdld el b 4 b ol (S8 5 (S50
53 e B e 5 S 3 e sl (YA) daas e OLES
Log S bl 5 boyS dadadl s S dean! Sl O
e T it e 03 e lule SbE 011 5
i ol s &S s dil azils Sbe Ol 5
gl i Syl glacp Soodm asle slacsS 5
Slac—S 5 plw s Jo S cadlle b5 15kl
Sl o Sae IS S a5 4 a8 o AeS e S
5 b SLs JUT Ghls (st o3yl Syl g G b

0) ail 2 oBas

S S 4o
235 2l 53 il g e b s cnl 5
arpsAee g ¥ee glas oo ps el ale Sl e 5 ats
S 5 dle g a0 03350 5 LOT b s 5 5 e gl
Ao pE 3 Jeais Sla it 55 il gl Shs b
2 e Gl S s 2l 0L IS elS

—L 5 3L el Sl i g sind gl 55T ol

ealaiul 2,40 c‘...o

1. Aleksieva, P., Spasova, D., Radoerska, S., 2003. Acid phosphatase distribution and localization in the fungus
humicola lutea. Zeitschrift fur Naturforschung C 58(3): 239-243.
2. Aliasgharzad, N., 2010. Methods in Soil Biology. Tabriz University Press. (Translated in Persian)

3. Aseri, G.K., Neelam J., Tarafdar, J.C., 2009. Hydrolysis of organic phosphate forms by phosphatases and phytase
producing fungi of arid and semi-arid soils of India. American-Eurasian Journal of Agricultural and Environmental
Science 5(4): 564-570.

4. Awad, Y.M., Blagodatskaya, E., Ok, Y.S., Kuzyakov, Y., 2012. Effects of polyacrylamide, biopolymer and biochar
on decomposition of soil organic matter and plant residues as determined by '“C and enzyme activities. European
Journal of Soil Biology 48: 1-10.

5. Azimzadeh, Y., Najafi, N., 2017. Effects of biochar on soil physical, chemical, and biological properties. Journal of
Land Management 4(2): 161-173. (in Persian with English abstract)

6. Bailey, V.L., Fansler, S.J., Smith, J.L., Bolton, H., 2011. Reconciling apparent variability in effects of biochar
amendment on soil enzyme activities by assay optimization. Soil Biology and Biochemistry 43: 296-301

7. Balik J., Pavlikova D., Van€k V., 2007. The influence of long-term sewage sludge application on the activity of
phosphatases in the rhizosphere of plants. Plant, Soil and Environment 53: 375-381.

8. Bamminger, C., Marschner, B., Juschke, E., 2014. An incubation study on the stability and biological effects of
pyrogenic and hydrothermal biochar in two soils. European Journal of Soil Science 65: 72—-82.

9. Burns, R.G., DeForest, J.L., Marxsen, J., Sinsabaugh, R.L., Stromberger, M.E., Wallenstein, M.D., Weintraub,
M.N., Zoppini, A., 2013. Soil enzymes in a changing environment: current knowledge and future directions. Soil
Biology and Biochemistry 58: 216-234.

¥



@IS 5 Olbmls Voo Olusli / pgs ojlad / wa33055 Jlu / oS 5 S Ll

10. Chen, H., 2003. Phosphatase activity and P fractions in soils of an 18-year-old Chinese fir (Cunninghamia
lanceolata) plantation. Forest Ecology and Management 178: 301-310.

11. Dick, R.P., Sandor, J.A., Eash, N.S., 1994. Soil enzyme activities after 1500 years of terrace agriculture in the colca
Vally, Peru. Agriculture, Ecosystems & Environment 50: 123—-131.

12. Fereidooni, M., Raiesi, F., Falah, S., 2011. The trend of CO, production and alteration of microbial biomass carbon
in soils treated with urea fertilizer and broiler litter. Journal of Water and Soil Science 14(54): 97-110. (in Persian with
English abstract)

13. Galvez, A., Siniccoa, T., Cayuelac, M.L., Mingoranceb, M.D., Fornasiera, F., Mondinia, C., 2012. Short term effects
of bioenergy byproducts on soil C and N dynamics, nutrient availability and biochemical properties. Agriculture,
Ecosystems & Environment 160: 3-14.

14. Gul, S., Whalen, J.K., Thomas, B.W., Sachdeva, V., Deng, H., 2015. Physicochemical properties and microbial
responses in biochar-amended soils: mechanisms and future directions. Agriculture, Ecosystems & Environment 206:
46-59.

15.Jin, Y., Liang, X., He, M., Liu, Y., Tian, G., and Shi, J., 2016. Manure biochar influence upon soil properties,
phosphorus distribution and phosphatase activities: a microcosm incubation study. Chemosphere 142: 128—135.

16. Juma, N.G., Tabatabai, M.A., 1977. Effects of trace elements on phosphatase activity in soils. Soil Science Society
of America Journal 41: 343-346.

17.Ladd, J.N., Butler, J.H.A., 1972. Short term assay of soil proteolytic enzyme activities using proteins and dipeptide
derivatives as substrates. Soil Biology and Biochemistry 4: 19-30.

18. Leirds, M.C., Trasar-Cepeda, C., Seoane, S., Gil-Sotres, F., 2000. Biochemical properties of acid soils under oak
vegetation (Atlantic oakwood) in an area of the European temperate-humid zone (Galicia, NW Spain): general
parameters. Soil Biology and Biochemistry 32: 733-745.

19. Malcolm, R.E., 1983. Assessment of phosphatase activity in soil. Soil Biology and Biochemistry 15: 403-408.
20.Masto, R.E., Kumar, S., Rout, T.K., Sarkar, P., George, J., Ram, L.C., 2013. Biochar from water hyacinth
(Eichornia crassipes) and its impact on soil biological activity. Catena 111: 64-71.

21.McGill, W.B., Cole, C.V., 1981. Comparative aspects of cycling of organic C, N, S and P through soil organic
matter. Geoderma 26: 267-286.

22. Mierzwa-Hersztek, M., Gondek, K., Baran, A., 2016. Effect of poultry litter biochar on soil enzymatic activity,
ecotoxicity and plant growth. Applied Soil Ecology 105: 144-150.

23.Momeni, A., 2010. Geographical distribution of salinity in Iran’s soil resources. The [ranian Journal of Soil
Research 24:203-216. (in Persian)

24 Nannipieri, P., Giagnoni, L., Renella, G., Puglisi, E., Ceccanti, B., Masciandaro, G., Fornasier, F., Moscatelli, M.C.,
Marinari, S., 2012. Soil enzymology: classical and molecular approaches. Biology and Fertility of Soils 48: 743—762.
25.Nuruzzaman, M., Lambers, H., Bolland, M.D.A., 2006. Distribution of carboxylates ad acid phosphatase and
depletion of different phosphorus fractions in the rhizosphere of a cereal and three grain legumes. Plant and Soil 281:
109-120.

26. Oleszczuk, P., Josko, 1., Futa, B., Pasieczna-Patkowska, S., Palys, E., Kraska, P., 2014. Effect of pesticides on
microorganisms, enzymatic activity and plant in biochar-amended soil. Geoderma 214-215: 10-18

27.Pathak, H., Rao, D.L.N., 1998. Carbon and nitrogen mineralization from added organic matter in saline and alkali
soils. Soil Biology and Biochemistry 30: 695-702.

28. Paz-Ferreiro, J., Fu, S., Mendez, A., Gasco, G., 2014. Interactive effects of biochar and the earthworm (Pontoscolex
corethrurus) on plant productivity and soil enzyme activities. Journal of Soils and Sediments 14: 483—-494.

29. Paz-Ferreiro, J., Gasco, G., Gutierrez, B., Mendez, A., 2012. Soil biochemical activities and the geometric mean of
enzyme activities after application of sewage sludge and sewage sludge biochar to soil. Biology and Fertility of Soils
48: 511-517.

30. Safari, S.A., Sharifi, Z., 2007. Changes of available phosphorus and phosphatase activity in the rhizosphere of some
field and vegetation crops in the fast growth stage. Journal of Applied Sciences and Environmental Management 11:
113-118.

31.Sohi, S.P., Krull, E., Lopez-Capel, E., Bol, R., 2010. A review of biochar and its use and function in soil. Advances
in Agronomy 105: 47-82.

32. Strobl, W., Traumuller, M., 1996. B-Glucosidase activity. In: Schinner, F., Ohlinger, R., Kandeler, E., Margesin, R.,
(Eds.), Methods in Soil Biology. Springer-Verlag, Berlin Heidelberg. pp: 198-200.

33. Tarafdar J.C., Jungk A., 1987. Phosphatase activity in the rhizosphere and its relation to the depletion of soil organic
phosphorus. Biology and Fertility of Soils 3: 199-204.

34. Thomson, B., Robson, A.D., Abbort, L.K., 1986. Effects of phosphorus on the formation of mycorrhizas by
Gigaspora and Glomus fasciculatum in relation to root carbohydrates. New Phytologist 103: 751-763.



e EBS B 3 e 5l Cdld b s bl g 3,8 S @bl s 5 Ol

35.Toloei Darab, A., 2016. Activity of urease, acidic and alkaline phosphatases enzymes in soil and biochar in pot
culture of corn under water stress. MSc Thesis, Faculty of Agriculture, University of Tabriz, Iran.

36. Turpault, MP., 2006. Sampling of rhizosphere soil for physico-chemical and mineralogical analyses by physical
separation based on dyeing and shaking. In: Luster, J., Finlay, R., (Eds.), Handbook of Methods Used in Rhizosphere
Research. Swiss Federal Research Institute WSL, pp. 196-197.

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

38. Wang, X., Song, D., Liang, G., Zhang, Q., Ai, C., Zhou, W., 2015. Maize biochar addition rate influences soil
enzyme activity and microbial community composition in a fluvio-aquic soil. Applied Soil Ecology 96: 265-272.

39. Watzinger, A., Feichtmair, S., Kitzler, B., Zehetner, F., Kloss, S., Wimmer, B., Boltenstern, S.Z., Soja, G., 2014.
Soil microbial communities responded to biochar application temperate soils and slowly metabolized '*C-labelled
biochar as revealed by '*C PLFA analysis: results from a short-term incubation and pot experiment. European Journal
of Soil Science 65: 40-51.

40. Wu, F., Jia, Z., Wang, S.S., Chang, X., Startse, A., 2013. Contrasting effects of wheat straw and its biochar on
greenhouse gas emissions and enzyme activities in a Chernozemic soil. Biology and Fertility of Soils 49: 555-565.



J. Soil and Plant Interactions, Vol. 12, No. 2, Summer 2021, Isfahan Univ. Technol., Isf., Iran.

Effect of Date Kernel Biochars on Enzymatic Activity in Rhizosphere
and Non-rhizosphere Soils of European Borage (Borago officinalis L.)

A. Abbasian' and M. Sheklabadi’

(Received: 19 March 2021; Accepted: 21 June 2021)

Abstract

The aim of this study was to investigate the effect of date kernel biochar and nano-biochar on enzymatic
activities of rhizosphere and non-rhizosphere environment of European borage. The date kernel was
converted to biochar at 400 and 800 °C pyrolysis temperatures and mixed with different soils. Four soils with
different characteristics including acidic, calcareous, saline-sodic and saline-highly sodic were selected.
Biochars were then converted to nano-size materials using the rolling ball method. Also nanoparticles were
extracted from date kernel powder by hydrothermal method. The obtained biochars were mixed with soil and
transferred to greenhouse pots. European borage was planted and harvested after 60 days. Rhizospheric and
non-rhizospheric soils were collected and the activity of acidic and alkaline-phosphomonoesterase, protease
and B-glucosidase enzymes were measured. The highest and lowest activities of acid-phosphomonoesterase,
protease and B-glucosidase enzymes were found in the acidic and saline-highly sodic soils, respectively.
However, the highest alkaline-phosphomonoesterase activity was observed in the saline-highly sodic soil.
The activity of enzymes in the rhizosphere soil was greater than in the non-rhizosphere soil. The highest
activities of enzymes were found in the control and were reduced by using biochar, nano-biochar and
nanoparticle biochars. The conversion of biochar to nano-biochar could not increase the activity of enzymes
in the soil.

Keywords: Biochar, Calcareous soil, Enzyme activity, Nano-biochar, Nano-particle, Saline-sodic soil.

Background and Objective: Soil enzymes are important for catalyzing the vital processes of soil
microorganisms, decomposition of organic residues, element cycles, organic matter formation and soil
structure. A few investigations have been performed on the effect of applying biochar or nano-biochar in
saline or sodic soils. The aim of this study was to investigate the effect of using date kernel biochar and
nano-biochar produced at two different temperatures in salt- and sodium-affected soils on the activity of
some soil enzymes in the rhizosphere of European borage species.

Methods: Four topsoils with different physical and chemical properties were collected: calcarcous soil with
agricultural use (52.5% of CCE), saline-sodic soil with agricultural use (36.65 dS m™'), saline-highly sodic
soil (taken from a bare land with EC of 7.51 dS m™!, and SAR of 229.2), and acidic soil (pH = 4.37) sampled
from a tea garden. Date kernel powder was used to produce biochar at two different temperatures (400 and
800 °C) in oxygen-free conditions. The biochar prepared at 400 and 800 °C were converted to nano-biochar
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by the ball mill method and sieved with a nano-sized mesh. In addition, nanoparticles were prepared from
date kernel powder using hydrothermal method. Soils were mixed with 5% by weight of the treatments, and
transferred to 10 kg pots with 3 replicates. For each soil, a control treatment receiving no biochar was used.
A variety of European borage (Borago officinalis L) was planted in pots and after 60 days harvested.
Rhizosphere soils were separated from non-rhizosphere soils for each pot. In both rhizosphere and non-
rhizosphere soils, the activities of B-glucosidase, acid-phosphomonoesterase, alkaline-phosphomonoesterase
and protease were measured by standard methods. The experiment was analyzed as a factorial with a
completely randomized design and three replications.

Results: The highest and lowest activities of acid-phosphomonoesterase, protease and B-glucosidase were
observed in the acidic and saline-highly sodic soils, respectively. A significant difference was observed
between the rhizosphere and non-rhizosphere environments due to the effect of root and microorganism’s
activity and their secretions. However, the activity of acid-phosphomonoesterase and B-glucosidase in the
rhizosphere of saline-highly sodic soil was not significantly increased owing to depressed plant growth and
poor root development. The activity of acid-phosphomonoesterase, protease and f-glucosidase were the
highest in the control and were significantly decreased by applying biochar and nano-biochar in both
rhizosphere and non-rhizosphere soils. Application of biochar and nano-biochar to all soils significantly
reduced the activity of B-glucosidase by 40-59% compared to the control. However, the activity of protease
enzyme in the saline-highly sodic soil decreased sharply even after receiving biochar. In the rhizosphere, the
protease activity in all soils was significantly higher than in the non-rhizosphere soils. Applying of biochars
to the acidic and saline-highly sodic soils caused significant decrease in protease activity by 50 to 75%. The
highest and lowest activities of alkaline-phosphomonoesterase were observed in the saline-highly sodic and
acidic soils. The activity of alkaline-phosphomonoesterase in acidic soil was about 30% of its activity in the
saline-highly sodic soil and 50 to 70% of its activity in the calcareous and saline-sodic soils. Due to the
alkaline nature of the enzyme, the observed results were expected. The activity of this enzyme in the
rhizosphere part of all soils was significantly higher than the non-rhizosphere soil. The application of biochar
and nano-biochar and also nano-particles caused a significant decrease in the activity of alkaline-
phosphomonoesterase in all four soils. The negative effect of soil salinity and phosphorus concentration can
be related to the activity of these enzymes in soils. Phosphatase enzyme increases soil mineral phosphorus
whereby, it reduces soil phosphatase activity (3). Bailey et al. (1) showed that the effects of biochar on soil
enzymatic activity depend on soil type, biochar type and their interactions. Many studies have shown that the
application of biochar in soil can stimulate and increase the activity of soil enzymes (2). The biochar may
contain substances that limits the activity, immobilizes or removes the enzymes from the soil.

Conclusions: Acidic soil had the highest activity of acid-phosphomonoesterase, protease and -glucosidase
enzymes, which could be attributed to high soil organic matter. Application of date kernel powder, biochar
and nano-biochar did not increase the activity of enzymes studied and despite the addition of fresh organic
carbon to the soil, no proper enzymatic response was observed. The composition of applied biochar and
nano-biochar may cause inhibition of enzymes by various mechanisms.
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