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The effect of biochar and Wheat Straw on irrigation water productivity in
barley
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Abstract

Application of compounds that improve soil moisture retention capacity is one of the strategies to increase water use efficiency in agriculture
and solve the problem of water shortage. In many sources, several positive aspects of organic matter application such as biochar as soil
modifier and moisture retention capacity improvement have been noted. Biochar is a carbon-rich porous compound produced by pyrolysis of
natural organic matter. In the present study, 0% biochar (B,), 2.5% biochar (B,), 5% biochar (B;) and 7.5% biochar (B,), 2.5% wheat straw
(W) and 5% straw (W») were added to soil with clay loam (S;) texture and sandy loam soil (S,). This pot experiment was performed based
on a completely randomized design in three replications and in greenhouse. Biochar application increased water productivity in S;B4 and
S,B, treatments by 138% and 128%, respectively. Straw had a negative effect on agronomic yield and water productivity, so that biological
yield in clay loam and sandy loam soil decreased by 82% and 73%, respectively. Water productivity decreased by 41% and 25% in S;W, and
S, W, treatments. These reductions were statistically significant (P<0.01) and were exacerbated by increased straw in both soil types. The
present study showed that biochar application can be a way to improve yield and, consequently, water productivity in agriculture.

Keywords: Organic matter, Plant biomass, Soil moisture, Soil nutrients.
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Table 1. Elemental analysis of biochar (by Nano electronic lab, University of Tehran)

Element Unit
Mercury Zinc Copper Nickel Chromium Cadmium Hydrogen Oxygen Nitrogen Carbon
0.1 0.5 0.6 0.3 0.2 04 2.31 13.4 3.4 69.9 % W/W

Figure 1. Electron microscope image of biochar (by Nano electronic lab, University of Tehran)
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Table 3. Potting medium composition

T Soil Biochar or wheat straw
reatment
(gn) (g0

B, S« 7500 0

B, S« 7312.5 187.5

B; S« 7125 375

B4 S+ 6937.5 562.5

S« W, 7312.5 187.5

S« W, 7125 375

* denotes either soil texture
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Table 2. Soil texture and hydraulic properties

Soil texture O/S\E;él /(\1)\/ Y f)\i/l/tw 0/%{?/}\1)\/ Waéz;::ilt(}i/mg
0 (] 0 (% V/V)
Clay Loam (S;) 352 32 32.8 34
Sandy Loam (S,) 74.6 14.6 10.8 13
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Table 4. Physical and chemical properties of potting medium

Pv ePWP eFC SP EC Kavm vaa vaa C

Treatment — (oiem’)  aWW)  @wWw)  caww)  PH dem) pm)  pm)  (pm) (%)
B:S; 1.19 15.46 23.48 39 7.88 141 398 32.6 5.6* 1
B,S; 1.01 16.63 25.47 45 8.04 2.75 388.1 31.8 6.0 -
B;S, 0.95 16.57 25.54 43 8.14 3.63 378.1 31.0 6.4 -
B4S; 0.86 20.15 32.23 57 .37 478 368.2 30.2 6.8 -

B:S, 141 7.95 12.48 23 7.92 0.96 175 3.0 53" 0.34
B,S, 1.26 9.20 14.94 29 7.99 2.92 170.6 2.9 5.7 -
B;S, 1.16 10.45 18.29 37 8.1 4.00 166.3 2.9 6.1 -
B4S, 0.97 12.97 19.40 44 8.23 4.69 161.9 2.8 6.5 -
SiW, 0.93 14.77 20.95 50 6.66 4.43 388.1 31.8 5.5 -
SiW, 0.86 11.70 20.24 51 7.16 34 378.1 31.0 53 -
SoW, 1.09 9.05 13.41 37 6.88 3.79 170.6 2.9 5.1 -
S,W, 1.07 6.01 10.72 35 6.9 3.15 166.3 2.9 5.0 -

* Available nitrogen is in the form of ammonium, nitrate nitrogen content is negligible
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Table 6. Calculations for formation of soil water
potential points and TDR calibration

Soil texture
Parameter Clay  Sandy
Loam  Loam
Soil weight (gr) 7500 7500
Soil volume (Cm®) 6302 5319
Volumetric water content in field capacity (%) 28 18
Volumetric water content in wilting point (%) 18 11
Total available water (% V/V) 10 7
Water needed to reach field capacity (Cm®) 1575 851
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Table 9. Analysis of variance for water productivity

< glhasl oI 3l u& s (2021) Brtnicky et al. 3o
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Table 7. Analysis of variance for salinity of the potting

medium
Source of variation df SS MS F
Treatment 11 33.03 3 9.87"
Error 24 7.3 0.3
Total 35 40.33

Source of variation df SS MS F
Treatment 11 16 1.455 3347
Error 24 1.04 0.044
Total 35 17.04

**: Significant at 1% of probability level.
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*%: Significant at 1% of probability level.
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Table 8. Analysis of variance for biological yield

Source of variation df SS MS F
Treatment 11 11588.6  1053.5 131.87
Error 24 191.8 7.99
Total 35 11780.4

*%: Significant at 1% of probability level.
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Figure 2. Average soil moisture in clay loam treatments during growth period
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Figure 3. Average soil moisture in sandy loam treatments during growth period

Table 10. Mean comparison for biological yield, potting medium salinity and water productivity

Treatment Biological yield (Kg. ha™) Used water (m’. ha™) Potting medium salinity(dS.m™) Water productivity (kg.m™)

S|B, 41400 17692 3.84%¢ 2.34%
SiB, 47700° 17732 3.92% 2.69%
SB; 46600 17854 473 2.61%
SiBs 57200° 17987 5.75° 3.18°
SiW, 7270° 5307 2.93¢ 1.37¢
SIW, 3700° 4353 3.75%4 0.85°
S:B; 31100¢ 13946 436™ 2.23¢
S,B, 33200¢ 13950 481" 2.38%
S,B; 33100¢ 13966 5.14® 2.37%
S,B, 39900° 14099 5.59° 2.83%
A 8400° 5000 3.05% 1.68¢
S, W, 5300° 3926 2.88¢ 1.35¢

Table 11. Orthogonal comparison of straw treatments with biochar treatments (equal concentration) for water productivity

Source of variation Water productivity (kg.m™)
Sum of squares 8.61
Treatments 0.38
Error 0.027
F stat 197.8"
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Table 12. Biological yield (BY) and used water data in all experimental units

Treatment Replication (t.l?l?i{‘l) LE:;? \}?’;tf;r Treatment Replication (ti;{_l) U(fsf K;E;r
SB, 1 41.3 17560.8 S:By 1 34.7 13936.4
SiB, 2 42.9 17772 S:B) 2 28.5 13936.4
SiB, 3 39.9 17772 S:B) 3 30.0 13936.4
S\B, 1 52.5 17772 S:B, 1 33.1 13936.4
SiB, 2 46.6 17772 S,B, 2 342 13936.4
SiB, 3 44.1 17772 S,B, 3 322 13936.4
SB;3 1 50.0 17844.8 S>B3 1 344 13970
SiB3 2 48.3 17844.8 S,B3 2 32.8 13970
SiB3 3 41.4 17844.8 S,B3 3 322 13970
S|B4 1 60.9 17956.8 S>B4 1 41.9 14084.8
S|B4 2 57.4 17956.8 S>B4 2 43.6 14084.8
SiB4 3 53.4 17956.8 S,B4 3 344 14084.8
Siw, 1 7.3 5282.4 SoW, 1 8.8 4966
N 2 83 5282.4 SoW, 2 8.9 4966
SiW, 3 6.2 5282.4 So W, 3 7.4 4966
SiW, 1 4.8 4328 SHW, 1 5.0 3978.4
SiW, 2 2.9 4328 SHW, 2 6.3 3978.4
SiW, 3 34 4328 SHW, 3 4.7 3978.4
- & - — Ry
e ¥ S 5 doxis
1. Biochar ¢ s .
2. European biochar certificate Saer Sb Sy oS e S e L
3. Energy Dispersive X-ray Spectroscopy YT doT s .
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5. Saturation percentage 4O . St ey 50 1y 4l
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