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Table 1. Physical and chemical properties of the used soil.

Jde S Jde S
Content Property Content Property
S S colaa ellls e
0.34 A e S 23 o~
EC (dS m™) Sand (%)
14.2 SR B S 40 :
CEC (cmol(+) kg™ Silt (%)
L ,
45 Jone = 37 ol
Soluble K (mg kg™ Clay (%)
Y o Sl
246 P ety 10 Jslas pdSil 5
Exchangeable K (mg kg™ Calcium carbonate equivalent (%)
[Fegov L
351 SR ey 1 7.83 pH
Non-exchangeable K (mg kg™)
k [
0.54 £ (S 1.2 Ses
Total K (%) Organic matter (%)
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Table 2. Some properties of the used organic materials and their biochars.

oH SN ca sl el 03558 03304 oS S saes
EC (dSm™) K (%) N (%) H (%) C (%) Organic materials
C,‘_)5 oS
5.64 5.46 0.65 2.76 5.40 41.04
Corn straw
r.l}f a\S
6.08 10.08 1.50 1.52 4.93 42.69
Wheat straw
7.04 2.85 0.30 0.89 4.71 38.27 Er o
Rice bran
Doy ke i
6.55 1.17 0.20 2.53 5.76 48.73 DR )
Licorice root residue
C,‘_)5 oS _)l;:):v
10.60 6.40 2.80 1.24 2.84 68.02 )
Corn straw biochar
ER g g v
10.50 11.62 4.20 0.71 2.48 56.25 f S
Wheat straw biochar
Er o s
11.00 3.50 0.80 0.77 2.19 49.22
Rice bran biochar
Lg B a J;-
9.50 2.40 0.30 2.43 225 57.76 DR d) SR

Licorice root biochar

Lol L bl (Y . SKle) Lo g Chns (Goons!
Soke) Lol pH i Sl il o Sl 5o w0
Srsm 5,8 L S pH il Lol cde .V e/g
O 52 s LB ole cblu S 4 by
305 ams 3 S pH al5l (Fe) wib e
s (P8 Oes 5 g bws J Ll
Sl odd 515 55 (T L 5 Sbost
Ciles ALS SLlE (Y4))) 55 5 Ol (87 5 6Y)
i S LS Ol s e S LS Jlrse 4 )
Sese s odxals GWB pH udy sbajlr s
<2l 1 pH AR o St by sble ) ol
sl s 1 by ge PH cosle s Lol (88)
5 s S Ol Lol 5 b slap s s
5 LS 5ol Sl s S LS (YY) oL

Olae js /g0 A5l u_i.:J St 4y sl 58

AY

SeSns Fr 2 S bS5 ol S
Shalie s o sdBers Bl T a5 S
lad sl pH (¢ Jsd) Ll St slad 505 pH
Sbt 4 S iS5 253 6l L sl Sl
Lok sl sladses pH Ll ol Jals aals
Gollns oS Olocn e ) B 5 0 e
s 3 s oS by () JKE) sl oL Iy
aiys Wl g Wl ls 21530 1 Sl pH g
USRI B R L S S R W
PH Ol so b oeddsled St gbadd b S 5ba
e Lok Jlad S gladised & cad VG
L 035530 a3 PH a5 azils alS I
5 IS5 s Sns o Saw Sl 4
ol sls S plad 5 (Soxd s Shs
PH lyls el anllan il 55 eslizal 5,50 alS


http://www.sid.ir

g Lo jauon 9 (68 205 (G0

i Sseed A) als 2alS 1 ol Slade Oy el
Sk ot g A B e 3208 (o
PRRCISC R T SN Y P FERNUR (R
3 V0 I LSS S sd e e
Db bl sls 1z s s s e /0
Ao sba il OF 51 (6,86 Ol e ke A
bl gl el Sl 4 sl T slse i
s Lol Loes Sles glasls Sl culia
3352 fmpeinn b ¢S dS Sl B o) a2l
Sl 35 Gl ol jlrsn 4 paS WS Lus
Ol S &S0k s S sl colis e LB
esl3l e Sl 0 AL Lle bS8
SIA s WS nl s a ol U ols
A3l e b oeddsles eSS gosd SN
oS LSk KOS e el sl
s () 1S s S ahwsy b
ol (5 T0) ety 3158 (Y1) Sk
03 Dl 3008 gl S WS ol Ol Kiashn
4 aedo dlaxl 5 S (gy50 (I3 s S

2 o8 1y B cEs b slS Jlg 5 L

(14371) O,Kan 5 0L (EF) Ws S edalie |, pH
sl o I glaes 5 ass3l S Ls S 0L
Glaog S SSE 4wy Lol s gl
s b e 5 PH 8 o oSS
G SRSy Mg S0 S slaes S
adllas 5,50 St 55 (8Y) 353 0 S pH 200550
ol 03538l Jﬂ CLCS 5 4 oSy o Jhaia
PH a8 o ShuSlss M5 5 S o
L o4 bl S s ol sld Sl
PH 6565 A6 sl 5 05 pslie s S
G b 3l lails o SuSles W 5 b 5l S
Silolas o slrse 4 Sl slacs 5 Las Ko
e 3 peeelS il LB S0 558 VLl
3 obrse PH 1l w55 5 ol jlrse 2
coals dalp Jsa |y Lol b eddles glas=
(88)
3 LS gladpai S S cylia L
ssba LOT 1 ol Sl s cilsie T sl
B <a.,l;§ oS Osg58l (Y IK8) ol s (s lsle
YA L ga) LS S g es el Cel D))

4.:..1) Il ASL;L>- BEl "(J.:A r SNON )&.ﬂb o /YY E)

S S Calin bl s PH 0T 51 ol Sl g 5 (AU T 150 136 Gty 458 s ¥ dsar
Table 3. Analysis of variance of the effect of organic materials and their biochars on soil pH and EC.

Sl e Sl
Mean square 5T 4y s le"“’
S S i bt . Degree of freedom Source of variation
p
EC
Lol s T slacs 5
0.259%* 0.002%* 8 Ol s S sl 2
Organic materials and biochars
o
0.002 0.002 16 Fo
Total error
1) O ns o
327 0.55 (P s e
C.V. (%)
A3V Jlazl a3 lsbas
** Significant at 1%.
AY
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Figure 1. pH of control and soil samples treated with organic materials and their biochars.

1.20 ® Organic materials ~ ™Biochars 1.09a

1.00 §
%: 0.80 §
Z 0.60 0.54b§
5 N
Ej 0.40 0.25e 020f 0.23 0'32,:1

0.20 j 0-17¢ < N

0.00

Control Corn straw  Licorice root  Ricebran  Wheat straw

residue

Organic materials

0T 5 ol 5l g 5 AL I 550 b s jled 5 Aals S slaw god S Culdn il ke - S

Figure 2. Electrical conductivity of control and soil samples treated with organic materials and their biochars.
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Table 4. Analysis of variance of the effect of the used organic materials on different forms of K in soil.

Do (1 Sle
Mean square

63')] a3

ey o S5 b . i mbe
K forms cerec o Sources of variation
freedom
& e BB Jsloes
Total Non-exchangeable  Exchangeable Soluble
Lol b Tslaes 5
73421 5% 13140%* 295544%% 104177 8 ol s S sl
Organic materials and biochars
o
861 980 219 320 16 Fo
Total error
(1) s
2.67 7.76 2.97 2.26 j
C.V. (%)
el Ao
oloes 4 ol lyy K percentage ERESE b
Exchangeable to soluble Degree of Sources of variation
K ratio S s S Jsle freedom
Non-exchangeable  Exchangeable Soluble
Lol 5l T slaes 5
5584 602+ 161%* 167%* 8 ol s S sl
Organic materials and biochars
o
0.05 3.79 3.12 0.24 16 Fo
Total error
(1) s
6.44 3.79 4.13 324 j
C.V. (%)
o3 ) Jlazl o 3 lsbie .
** Significant at 1%.
Ao
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Table 5. Contents of K forms (mg kg™) in soil samples treated with different organic materials.

el sl S
K forms s
Jolowe &0 Jols s S s e PEN Jslons Treatment
Exchangeable to soluble ratio ~ HNOs-extractable  Non-exchangeable  Exchangeable Soluble
dals
5.5° 6428 351%™ 2468 45"
Control
Sy olS
2.5¢ 976° 490° 347° 136° >
Corn straw
Sy olS -
2.0¢ 1618° 481° 764° 372° e o
Corn straw biochar
ooy o diy i
3.3 669¢ 374% 225¢ 69 Do
Licorice root residue
5.6° 693¢ 366™ 278" 49 Sl iy Sz
Licorice root biochar
3.8° 835" 388" 353" 93¢ e
Rice bran
y (e
2.9¢ 1079 495 434 149 T oo om o
Rice bran biochar
J;f bls
2.5¢ 1271°¢ 362" 650° 258° f
Wheat straw
A8 S
1.9° 2106 326° 1176 604" f I

Wheat straw biochar

Al (A3 0 Jlazsl o) (Sl Oge3l b oSl Slslinn sl pde adimslis O g 8 55 alie Ly
Numbers followed by the same letter are not significantly different by Duncan’s test (P<0.05).
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Table 6. Contents of K released from soil minerals due to application of organic materials and their biochar.

(S5 oSk ol U2 )
K form (mg kg™) S slas s
R . . 7 . . . . Lol Db s
odd 331 el B ety S eSS el sl Sl sy ' ' IJJ iib' .
Released K Total K Organic material K Primary soil K Organic materials and biochars
Kr Kt 0.03Ko 0.97Kc
o elS
158° 976 195° 623 >
Corn straw
o3 elS -
155° 1618 840° 623 0 em oE
Corn straw biochar
oy s 4o, s
15 669 607 623 SOt S
Licorice root residue
Lg B a J;-
20° 693 90" 623 SO S0 S
Licorice root biochar
122¢ 835 90 623 Er
Rice bran
5 S~
216° 1079 240° 623 Ct o I
Rice bran biochar
b c r.l}f a\S
198 1271 450 623
Wheat straw
ER A g v
223° 2106 1260° 623 f o

Wheat straw biochar

.L»LJA (.Lp)é 0 Jlax! Cl:—w) USJJ u}ﬁ)T L Lhwi»l.:.a O )‘JL’M Q}Lﬂ.‘ ¢_L€« s kaasOLis Q}J«u BLISE] ML«w Q‘j)}
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Table 7. Potassium pools distribution (%) in soil samples treated with different organic materials.

ey gla S
K forms Sl
Dol e PRk Jphoe Treatment
Non-exchangeable Exchangeable Soluble
Jals
54.7° 38.3°f 7.0
Control
o elS
50.2° 35.6% 14.2¢ >
Corn straw
b elS s
29.74 47.3¢ 23.0° 0 em oE
Corn straw biochar
Do ke i
55.8° 33.8¢ 10.3¢ SOt S
Licorice root residue
52.8% 40.1°% 7.1° it o S
Licorice root biochar
46.4° 4244 11.2° Cr o
Rice bran
45.8° 40.4% 13.9¢ T o
Rice bran biochar
SRy
28.5¢ 51.2° 20.4¢ f
Wheat straw
A3 S =
15.5¢ 55.9° 28.7° f o

Wheat straw biochar

.L»LJA (.Lp)é 0 Jlax! Cl:—w) USJJ u}ﬁ)T L Lhwi»l.:.a O )‘JL’M Q}Lﬂ.‘ ¢_L€« s kaasOLis Q}J«u BLISE] ML«w Q‘j)}
Numbers followed by the same letter are not significantly different by Duncan’s test (P<0.05).

A


http://www.sid.ir

AT (F) 0jboud (YE) Ao S5 g ol clilis sl g3y 41 pid

JJ‘):L-;G ebu.?..:\ J)j.a L;TLSLA&_MSJS C).:ASJJSQL:J
5ol ol Sl Sbr by ol
D 4 LOT LS 5 LS 5 sl 3 poan
Sl bty e s ool 36 s s Wl 5 e 5
S slse 38 e gla 3l Jppl Lo 10K
s PH Gl WOl 5l ol g 5 aLS
5 K gble sl SO colus o LB
PH L Sl lasls shhls Ypoms o5 Sistans

g a S ol Ll dea VU (g5 5 VL

5 5t

Sse oS Sl 0L LSl Sags 5l el b

TEr s 3 3 oS A8 oS el alS S
el DlEe 3 g S B D ed e Ll e
S 5l ey Ll pmen 5 S
ol O Jol Sl Bk S s S el
el Mo Rl o Klg e 8 eaS S
S 5 Ologp el S Jl-pl b sl S

el s S ME LG O S Jels

Ol sdel Consty i @ s il S

&l

1.Agblevor, F.A., Beis, S., Kim, S.S., Tarrant, R., and Mante, N.O. 2010. Biocrude oils from the
fast pyrolysis of poultry litter and hardwood. Waste Management. 30: 2. 298-307.

2.Ahmad, M., Lee, S.S., Dou, X., Mohan, D., Sung, J.K., Yang, J.E., and Ok, Y.S. 2012. Effects
of pyrolysis temperature on soybean stover- and peanut shell-derived biochar properties and
TCE adsorption in water. Bioresource Technology. 118: 536-544.

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

4.Basak, B., and Biswas, D. 2009. Influence of potassium solubilizing microorganism
(Bacillus mucilaginosus) and waste mica on potassium uptake dynamics by sudan grass
(Sorghum vulgare Pers.) grown under two Alfisols. Plant and Soil. 317: 1-2. 235-255.

5.Bashour, LI., and Sayegh, A.H. 2007. Methods of analysis for soils of arid and semi-arid
regions. FA. Roma, 119p.

6.Gaskin, J.W., Speir, R.A., Harris, K., Das, K., 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.
Agron. J. 102: 2. 623-633.

7.Haefele, S.M., Konboon, Y., Wongboon, W., Amarante, S., Maarifat, A.A., Pfeiffer, E.M.,
and Knoblauch, C. 2011. Effects and fate of biochar from rice residues in rice-based
systems. Field Crops Research. 121: 3. 430-440.

8.Havlin, J., Beaton, J., Tisdale, S., and Nelson, W. 1999. Soil Fertility and Fertilizers. Pretince
Hall, New Jersey, 515p.

9.Haynes, R., and Mokolobate, M. 2001. Amelioration of Al toxicity and P deficiency in acid
soils by additions of organic residues: a critical review of the phenomenon and the
mechanisms involved. Nutrient cycling in agroecosystems. 59: 47-63.

10.Hossain, M.K., Strezov, V., Chan, K.Y., and Nelson, P.F. 2010. Agronomic properties of
wastewater sludge biochar and bioavailability of metals in production of cherry tomato
(Lycopersicon esculentum). Chemosphere. 78: 9. 1167-1171.

11.Hossain, M.K., Strezov, V., Chan, K.Y., Ziolkowski, A., and Nelson, P.F. 2011. Influence of
pyrolysis temperature on production and nutrient properties of wastewater sludge biochar.
J. Environ. Manage. 92: 223-228.

12.Hue, N., Craddock, G., and Adams, F. 1986. Effect of organic acids on aluminum toxicity in
subsoils. Soil Sci. Soc. Amer. J. 50: 28-34.

13.Jalali, M. 2006. Kinetics of non-exchangeable potassium release and availability in some
calcareous soils of western Iran. Geoderma. 135: 63-71.

q.


http://www.sid.ir

g Lo jauon 9 (68 205 (G0

14.Jalali, M. 2011. Comparison of potassium release of organic residues in five calcareous
soils of western Iran in laboratory incubation test. Arid Land Research and Management.
25:2.101-115.

15.Jia, J., Li, B., Chen, Z., Xie, Z., and Xiong, Z. 2012. Effects of biochar application
on vegetable production and emissions of N,O and CH,4. Soil Science and Plant Nutrition.
58: 4. 503-509.

16.Jin-Hua, Y.U.A.N., Ren-Kou, X.U., Ning, W., and Jiu-Yu, L.I. 2011. Amendment of acid
soils with crop residues and biochars. Pedosphere. 21: 3. 302-308.

17.Ladygina, N., and Rineau, F. 2013. Biochar and soil biota. CRC Press, Germany, 270p.

18.Laird, D.A., Fleming, P., Davis, D.D., Horton, R., Wang, B., and Karlen, D.L. 2010. Impact
of biochar amendments on the quality of a typical Midwestern agricultural soil. Geoderma.
158: 3. 443-449.

19.Lian, B., Wang, B., Pan, M., Liu, C., and Teng, H.H. 2008. Microbial release of potassium
from K-bearing minerals by thermophilic fungus Aspergillus fumigatus. Geochimica et
Cosmochimica Acta. 72: 1. 87-98.

20.Loppert, R.H., and Suarez, D.L. 1996. Carbonate and gypsum. P 437-474, In: D.L. Sparks,
(Ed.), Method of soil analysis. Part ITI, 3" ed. American Society of Agronomy, Madison,
Wisconsin.

21.Miremadi, P., Ezatpanah, H., Larijani, K., Azizinezhad, R., and Motaghian, P. 2011.
Comparison of different methods of obtaining glycyrrhizic acid from licorice extract powder.
J. Food Technol. Nutr. 8: 1. 1-27.

22 .Murashkina, M.A., Southard, R.J., and Pettygrove, G.S. 2007. Silt and fine sand fractions
dominate K fixation in soils derived from granitic alluvium of the San Joaquin Valley,
California. Geoderma. 141: 3. 283-293.

23.Najafi-Ghiri, M. 2015. Effect of different biochars application on some soil properties and
potassium pools distribution in a calcareous soil. Iran. J. Soil Res. 29: 351-358. (In Persian)

24 Najafi-Ghiri, M., and Abtahi, A. 2012. Factors affecting potassium fixation in calcareous
soils of southern Iran. Archives of Agronomy and Soil Science. 58: 3. 335-352.

25.Najafi-Ghiri, M., and Abtahi, A. 2013. Potassium Fixation in Soil Size Fractions of Arid
Soils. Soil and Water Research. 8: 2. 49-55.

26.Najafi-Ghiri, M., Abtahi, A., Hashemi, S.S., and Jaberian, F. 2012. Potassium release from
sand, silt and clay fractions in calcareous soils of southern Iran. Archives of Agronomy and
Soil Science. 58: 12. 1439-1454.

27 Najafi-Ghiri, M., Abtahi, A., Karimian, N., Owliaie, H., and Khormali, F. 2011. Kinetics of
non-exchangeable potassium release as a function of clay mineralogy and soil taxonomy in
calcareous soils of southern Iran. Archives of Agronomy and Soil Science. 57: 4. 343-363.

28.Najafi-Ghiri, M., Abtahi, A., Owliaie, H., Hashemi, S.S., and Koohkan, H. 2011. Factors
Affecting Potassium Pools Distribution in Calcareous Soils of Southern Iran. Arid Land
Research and Management. 25: 4. 313-327.

29.Nelson, D., and Sommers, L. 1982. Total carbon, organic carbon and organic matter.
P 539-579, In: A. Page (Ed.), Methods of soil analysis, Part 2, American Society of
Agronomy, Madison (WI).

30.0Olarieta, J.R., Padro, R., Masip, G., Rodriguez-Ochoa, R., and Tello, E. 2011. ‘Formiguers’,
a historical system of soil fertilization (and biochar production?). Agriculture, Ecosystems
and Environment. 140: 1. 27-33.

31.Rowell, D. 1994. Soil science: methods and applications. Harlow, Essex (UK), Longman
Scientific and Technical.

32.Salinity Laboratory Staff. 1954. Diagnosis and improvement of saline and alkali soils.
Handbook No. 60. United States Department of Agriculture (USDA), Washington (DC).

33.Singh, G., Biswas, D., and Marwaha, T. 2010. Mobilization of potassium from waste mica
by plant growth promoting rhizobacteria and its assimilation by maize (Zea mays) and wheat
(Triticum aestivum L.): a hydroponics study under phytotron growth chamber. J. Plant Nutr.
33: 8. 1236-1251.

9


http://www.sid.ir

AT (F) 0jboud (YE) Ao S5 g ol clilis sl g3y 41 pid

34.Soil Survey Staff. 1994. Keys to soil taxonomy. USDA NRCS, Washington (DC), USA.

35.Song, W., and Guo, M. 2012. Quality variations of poultry litter biochar generated at
different pyrolysis temperatures. J. Anal. Appl. Pyrol. 94: 138-145.

36.Sparks, D., and Huang, P. 1985. Physical chemistry of soil potassium. P 201-276,
In: R. Mounson (Ed.), Potassium in agriculture, ASA, Madison (WI).

37.Steinbeiss, S., Gleixner, G., and Antonietti, M. 2009. Effect of biochar amendment on soil
carbon balance and soil microbial activity. Soil Biology and Biochemistry. 41: 6. 1301-1310.

38.Sumner, M., Miller, W., Sparks, D., Page, A., Helmke, P., Loeppert, R., Soltanpour, P.,
Tabatabai, M., and Johnston, C. 1996. Cation exchange capacity and exchange coefficients.
P 1201-1229, In: D.L. Sparks (Ed.), Methods of soil analysis. Part 3-chemical methods.
American Society of Agronomy, Madison (WI).

39.Varadachari, C., Barman, A.K., and Ghosh, K. 1994. Weathering of silicate minerals by
organic acids II. Nature of residual products. Geoderma. 61: 3. 251-268.

40.Wang, J., Xiong, Z., and Kuzyakov, Y. 2016. Biochar stability in soil: meta-analysis of
decomposition and priming effects. Geb Bioenergy. 8: 3. 512-523.

41.Warnock, D.D., Lehmann, J., Kuyper, T.W., and Rillig, M.C. 2007. Mycorrhizal responses
to biochar in soil-concepts and mechanisms. Plant and soil. 300: 1. 9-20.

42.Yan, F., Schubert, S., and Mengel, K. 1996. Soil pH increase due to biological
decarboxylation of organic anions. Soil Biology and Biochemistry. 28: 4. 617-624.

43.Yu, L., Jiao, Y., Zhao, X., Li, G., Zhao, L., and Meng, H. 2014. Improvement to maize
growth caused by biochars derived from six feedstocks prepared at three different
temperatures. J. Integ. Agric. 13: 3. 533-540.

44 Yuan, J.H., and Xu, R.K. 2011. The amelioration effects of low temperature biochar
generated from nine crop residues on an acidic Ultisol. Soil Use and Management.
27:1.110-115.

45.Yuan, L., Huang, J., Li, X., and Christie, P. 2004. Biological mobilization of potassium
from clay minerals by ectomycorrhizal fungi and eucalypt seedling roots. Plant and Soil.
262: 1. 351-361.

46.Zolfi-Bavariani, M., Ronaghi, A., Ghasemi-Fasaei, R., and Yasrebi, J. 2016. Influence of
poultry manure—derived biochars on nutrients bioavailability and chemical properties of a
calcareous soil. Archives of Agronomy and Soil Science. 62: 11. 1578-1591.

ay


http://www.sid.ir

Gorgan University of Agricultural
Scionces and Natural Resources

J. of Water and Soil Conservation, Vol. 24(3), 2017
http://jwsc.gau.ac.ir

Effect of application of crop and licorice root residues
and their biochars on potassium status of a calcareous soil

*M. Najafi-Ghiri' and H.R. Boostani’

! Associate Prof., Dept. of Range and Watershed Management, College of Agriculture and Natural
Resources of Darab, Shiraz University, 2 Assistant Prof,, Dept. of Range and Watershed Management,
College of Agriculture and Natural Resources of Darab, Shiraz University
Received: 02/04/2017; Accepted: 09/06/2017

Abstract

Background and Objectives: Application of different organic materials in organic agriculture
may change the status of plant nutrients in deficient soils. Arid soils of Iran may have a
considerable content of potassium (K); but their K content is decreasing due to intensive
agriculture. This K deficiency may be alleviated by different organic materials application in
organic agriculture.

Materials and Methods: In the current investigation, a completely randomized experiment was
done with application of four plant residues and their produced biochars to a calcareous soil and
their effect on different forms of K. Three grams of wheat straw, corn straw, rice bran and
licorice root residue and their produced biochars was added to 100 g of a clay loam calcareous
soil and incubated for 90 days at 22+2 °C and 50 % of saturation moisture content. The soil
samples were air-dried and sieved and pH, electrical conductivity and contents of soluble,
exchangeable, non-exchangeable, HNO;-extractable K and K release rate from soil minerals
were determined.

Results: Results indicated that plant residues had no effect on soil pH, but all biochars increased
soil pH (mean of 0.07). Soil EC was increased with application of wheat and corn straws and
conversion of plant residues to biochars had more effect on soil salinity. Licorice root residue
and its biochar had no effect on the content of different K forms; but other plant residues and
their biochars increased soluble, exchangeable and HNO;-extractable K in the order of wheat
residue > corn residue > rice bran. On average, biochars had more effect than plant residues on
the content of soluble, exchangeable and HNOs-extractable K (212, 269 and 286 mg kg,
respectively). The content of HNO;-extractable K was not affected with plant residues and their
biochars (except for corn straw). Wheat and corn straws and rice bran released 286, 217 and 146
mg K kg, respectively; and their biochars released 637, 429 and 290 mg K kg, respectively
from K-bearing minerals and this may be due to the effect of organic molecules and non-organic
cations of organic materials on mineral weathering and K release.

Conclusion: It is concluded that application of plant residues and their biochars may have
significant effects on soil K status and alleviation of K deficiency and the role of biochar is
more important than primary plant residues. On the other hand, increase in soil salinity and pH
especially in calcareous soils of arid land should be take into consideration.
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