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Table 1. Some characteristics of soil and wheat straw (WSB) and apricot firewood (AFB) biochar

Characteristics Soil WSB AFB

Sand (%) 57 - -

Silt (%) 30 - -

Clay (%) 13 - -

Calcium carbonate (%) 135 - -

Bulk density (g cm®) 1.3 0.15 0.66

Particle density (g cm™) 25 1.099 1.115

pH 7.85 9.22 8.12

Electrical conductivity (dS m™) 1.65 2.15 0.18

Ash (%) - 15.6 5.2

Moisture (%) - 1.16 157

Organic carbon (mg g?) 0.517 489 516

Total nitrogen (mg g ) 0.011 6.3 7.1

Hydrogen (mg g?) - 31.9 35.4

CIN - 77.6 72.7
oo ile 5 kg DS e Bl 4y i gl g Gy g gl
30 pAS g o Buins pl o bl K S oL oslicil b5 T
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Table 2: Analysis of variance of the studied treatments in a randomized complete block design

Source of Jf PAW SR RDW Y WUE
variation (cmicm®) (sec cm?) (Kg ha?) (Kg ha) (Kg m?)
Mean square
Blocks 2 0.00709 0.00001 69.071 56974 0.00506
T 18 0.00204™ 0.00451™ 349.628™ 920713 0.088™
Error 36 0.0001 0.00007 42.391 61821 0.00607
CV - 1.52 10.39 17.24 6.81 6.9

C“')‘"‘"" u.\)..a CV ‘( P<001) Z\ JLQ.:D‘ @a..; 5 )b@.v.n o el ‘Lch)Lot,J T ‘&5"‘")”‘ a0 df
df: Degrees of freedom, T:treatment, **: significant at 5% probability level (P<0.05), C.V: Coefficient of variation.

{RDW) iy y s (439 {SR) 51439, cenglio (PAW) ol solisiw! BB o go s (las yo (paKileo) il ylg a3 325 —¥ Jou

(WUE) o & pao (2Tl 5 () o ,5Los
Table 3. Analysis of variance (mean of square) for plant available water (PAW), stomatal resistance (SR), root
dry weight (RDW), yield (Y) and water use efficiency (WUE).

PAW SR RDW Y WUE
Source of df (cm3cm®) (sec cm™) (kg ha®) (kg ha'l) (kg m3)
variation
Mean square

Block 2 0.006945ns 1.27E-06ns 10.30ns 90648ns 0.009ns
BT 2 0.000004ns 0.0013 668.16* 403587* 0.037*
BR 2 0.000148* 7.49E-04* 231.32* 1581057* 0.150*
BS 2 0.003423* 0.00366* 37.38ns 35493ns 0.003ns
BTxBR 4 0.000117* 0.00392* 724.16* 1427993* 0.134*
BTxBS 4 0.000965* 0.01058* 491.71* 606039* 0.057*
BRxBS 4 0.000183* 0.00141* 235.02* 975147* 0.095*
BTxBRxBS 8 0.000999* 0.00636* 346.9* 1196204* 0.115*
Error 34 0.000004419 0.0000569 17.26 60174 0.00579

{P<0.05) 78 Lol gelans ;5 I3 gime 1 ¢ )l Sl,5 05031 BS )l i BR ()l g g5 : BT o sl5T a o df
df: Degrees of freedom, BT: Biochar type, BR: Biochar rate, BS: Biochar particle size, *: significant at 5% probability level (P<0.05).

axdllao 5)90 LS 329 sz om €55 3 Tl 2 53 Hlzam ©Iyd o3Il g slargm Hlade Jilie ST (23 (5 -F Jgux
Table 4. biochar amount and biochar particle size interaction in each biochar type level on studied properties

PAW SR RDW Y WUE
Biochar type df (cm3cm?®)  (sec cm?) (Kg ha) (Kgha') (Kgm?®)
Mean square
Wheat straw biochar 8 0.00044**  0.0042** 159.65**  1593347**  0.152**
Apricot firewood biochar 8 0.00131**  0.0043** 502.46**  404974**  (0.039**

S(P<0.01) 7\ Jloxsl grlaw 5o Jls sime i NS ¢ (P<O.01) 7V Lozl rbas ;5 jlo gine st
**: significant at 1% probability level (P<0.01), ns: Non significant at 1% probability level (P<0.01).
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Fiqure 1. Effect of biochar particle size change in different amounts of Wheat Straw Biochar (WSB) and

Apricot Firewood Biochar (AFB) on Plant avialable water (PAW), Stomatal resitance (SR), Root dry wight
(RDW), Yield () and Water use efficiency (WUE)
.3%:R3¢1.5% :R2 0.5 % :R1 «1-2 mm :S3 «0.5-1 mm :S2 «0-0.5 mm :S1
Gy, = (P<0.05) cils (5031 b sl b bl nuSileo o sime pué glas NS «(P<0.05) cils (yg031 b anlis b Lo las il lo sine glis o
(P<0.05) LSD (35051 L Jlzsmr p2 50 ojlos oSl (e 5l chme Sglis 0929 pae (LS,
%: Significant difference with control by Danet test (P <0.05), ns: Non-significant difference with control by Danet test (P <0.05),
Same letters are not Significantly difference between mean of treatments in each biochar type acording LSD test(P <0.05).
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Table 5. Mean comparison of Plant avialable water (PAW), Stomatal resitance (SR), Root dry wight (RDW),

Yield (Y), Water use efficiency (WUE)

BT BR BS PAW SR RDW Y WUE
(cm3cm3) (sec cm?) (Kg ha'l) (Kg ha't) (Kg m3)
S1 2003 008870  40.34C 2914.8" 0.90%
RL  S2 19543  00678F  40297C 3910780 1 2]38COE
S3 20733  0.0220K  36517%°  3617.20EF  11pQDEFG
Wheat S1 21327 01302°  47.3878  37626C°E  1.163CVEF
Straw R2  S2 208170  0.04816H  2017EF6  2659.8! 0.820%
Biochar S3 18007  00742F  3295°EF 350065 1.0877H
S1  10603%"  0.1236° 324630  4147.8%C 1.2808¢
g2 2o oo sLeToT 520040 1.607%
S3  19357"  0.0416" 223776  3796.68COE 1 .1738CDEF
S1 22.00° 0.1039¢  30.32°EF  3807.0BCOE 1 {77BCDEF
RL  S2  22097® 005867  52657°  3085.5M 0.957"
s3 17.983 0.145%  47.983%  3550.40FF 1.100EFG
Aprico S1  10917°¢  005328H  28.11F 4170.4° 1.298
Firewood ~R2  S2 20307 01211°  35.247%F  34g66FCH  1077FCH
Biochar S3 18833 00352K 333770 3132.70H 0.967H0
S1  23017°  00508SH 532178 32933%CH  10176HY
R3  S2  2104© 005486  31.367°EF  3489.6EFSH  10g0FCH
S3  16683¢  0.1015C  64.417A 3956950  1.2278CD

- Means with same capitals are not significantly different acording to LSD test (P <0.05).
S1:0-0.5 mm ¢S2 :0.5-1 mm «S3 :1-2 mm «R1:0.5 % <R2:1.5 % <R3 : 3 %.
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Biochar amount and Particle Sizes Effects on Plant Available Water,
Stomatal Resistance, Root Dry Weight and Water Use Efficiency of
Wheat
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Abstract

Biochar contributes to sustainable production by improving soil and plant characteristics. In previous
studies, less attention has been paid to the effect of particle size and amount of biochar on soil
hydraulic properties and plant water use efficiency. The aim of this field study was to investigate the
effect of different amounts of biochar with different particle sizes on plant available water (PAW)
and stomatal resistance, root dry weight, yield and Wheat water use efficiency (WUE). Factorial
experiment with a randomized complete block design was performed with three factors of type,
amount and particle size of biochar. Wheat straw and apricot firewood biochar, in the sizes of 0- 0.5
(S1), 0.5-1 (S2) and 1-2 (S3) mm with amount of 0.5 (R1), 1.5 (R2) and 3 (R3) percent were added
to the loamy sand soil. Wheat straw biochar with S2 particle size in R3 amount and apricot firewood
biochar with S1 particle size in R3 amount further increased PAW. The lowest stomatal resistance
in S3 particle size of wheat straw and apricot firewood biochar was observed in R1 and R2 amounts
of these biochars, respectively. Wheat root dry weight was less affected by the amount and particle
size of those biochars. A significant increase in wheat yield compared to the control was observed in
wheat straw biochar with S2 particle size at amount of R3. In some treatments, the yield was
significantly lower than the control. The results of this study showed the greater effectiveness of
wheat straw biochar in particle size of S2 and amount of R3 on WUE increase. The effect of a change
in the particle size of biochar on studying properties varied depending on the amount of biochar that
added to the soil and the characteristics of raw materials for biochar production. The results of this
study showed that the effect of biochar on soil properties is not the same.
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