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Effect of foliar application of plant-derived smoke-water on growth and grain
yield of bread wheat (Triticum aestivum L.) cultivars under rainfed conditions
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Effect of foliar application of plant-derived smoke-water on growth and grain
yield of bread wheat (Triticum aestivum L.) cultivars under rainfed conditions

Akbarzade Sharafi, A.%, Jalali Honarmand, S.?, Chaghazardi, H.R.® and
Ghobadi, M.E.*

ABSTRACT

Akbarzade Sharafi, A., Jalali Honarmand, S., Chaghazardi, H.R. and Ghobadi, M.E. 2024. Effect of foliar application of
plant-derived smoke-water on growth and grain yield of bread wheat (Triticum aestivum L.) cultivars under rainfed conditions.
Iranian Journal of Crop Sciences. 26(1): 19-34. (In Persian).

Introduction: Grain yield of rainfed wheat is very low in Iran. Therefore, it is necessary to investigate and
develop crop management techniques for increasing of wheat yield in rainfed areas in Iran. The active
compounds in the smoke are butenolide known as Karrikin and Cyanohydrin. Karrikins are small organic
chemicals with known bioactive compounds related to the chemical 3-methyl-2H-furo [2,3-c]pyran-2-one.
Karrikins are produced through pyrolysis of simple carbohydrates such as xylose, glucose or cellulose. There is
evidence that karrikin has potential functions in mediating abiotic stress tolerance in plants. This experiment was
carried out to study the effect of foliar application of smoke water derived from plant in different growth stages
and identify the suitable time for application and its effect on some characteristics and grain yield of bread wheat
in rainfed conditions in Iran.

Materials and Methods: To evaluate the effect of foliar application of plant derived smoke water on the growth
characteristics, grain yield and its components of bread wheat a field experiment was carried out in the research
field of the agricultural and natural resources campus, Razi University of Kermanshah, Kermansha, Iran in 2019-
20 and 2020-21 cropping seasons as factorial arrangement in randomized complete block design with three
replications. Experimental treatments included; rainfed bread wheat cultivars (Azer2 and Rijaw) and foliar
application of smoke water with concentration of one milliliter per liter equivalent (1:1000 v/v) at eleven levels
including no application (control), application in the stages of double ridge, second node detectable, heading,
anthesis, double ridge + second node detectable, double ridge + heading, double ridge + anthesis, second node
detectable + heading, second node detectable + anthesis and heading + anthesis. Plant height, leaf area index,
grain yield, biological yield, number of grain.spike™, 1000 grain weight were measured and recorded.

Result: The results showed that the highest grain yield (2960 kg.ha), leaf area index (3.96), biological yield
(8060 kg.ha), harvest index (36.1%) in foliar application of smoke water at double rige + second node
detcteable stages. Foliar application of smoked water at double ridge+second node detectable stages improved
grain yield in cv. Rijaw and cv. Azar2 by 30% and 34%, respectively, compared to control.

Conclusion: The results of this experiment showed that foliar application of smokewater in the reproductive
growth stage was crop management technique to increase grain yield of bread wheat in rainfed growing areas in
Iran.
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Table 1. Meteorological information of the experiment site (2019-2020 and 2020-2021)
by Sl o Ske s Jilas Kl S

Jl Average Max. Average Min. Precipitation
Year Month ole temperature ("C) temperature (°C) (mm)
October e 30.5 11.0 15.4
November oLt 18.0 3.8 56.1
December 53T 12.2 0.5 114.8
ALY TA January ©s 11.3 -1.5 25.6
2019-2020 February Koes 9.9 -1.8 435
March NEP | 16.7 3.7 148.2
April RYESYR 18.0 45 93.3
May g 25.4 9.4 40.1
June Sls & 345 13.2 0.0
October e 29.0 9.0 8.0
November oLt 21.7 55 45.3
December 53T 11.7 2.4 131.8
Ve ovrad January ©3 12.2 -3.6 7.60
2020-2021 February Koes 134 -0.5 93.5
March NEP| 14.8 1.1 21.7
April RYESYY 225 5.60 3.8
May Cigusyl 30.2 10.6 8.0
June sls = 35.6 13.2 0.0

STl e oS5 a5 (3 sl S35 —Y sl

Table 2. Chemical and physical properties of the soil at the experiment site

S Gos STeske S A oo SO ey
oS cst Soildepth  Organic carbon  Silt Sand  Clay N K PSSl aa
Soil texture (cm) (%) (mgkg? EC(@Sm%H  pH
e g g 16 447 24 529 015 360 7.2 0.66 78
Clay-Silty
Condenser

Generator Vacuum Pump

Q4014 g1l o ojlad) T s agd os 7 b ) IS

Fig. 1. Diagram of smoke-water production device (patent number 99019)
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Table 3. Chemical properties of plant-derived smoke-water

Sl Sl BREA
Characteristic $3, Value (mg.I'Y) Characteristic S Value (mg.I") Characteristic S Value
Phosphorus s 110 Sucrose 5L 42.0 pH 4.6
Potassium el 200 Fructose 35S e 25.0 EC S S eyla 2,17 (mS.em'?)
Calcium elS” 2.4 Glucose S 71.0 Free amino acids 5T st a7 0.392 (umol.ml-t)
Magnesium JUREN 0.53 Tartaric acid b,k awl 720 Soluble carbohydrates Jolowe gyl S 1.98 (%)
Manganese 5 0.03 Nitrate o 2.96 Ethylene st 1.7 (nmole CaHa.mlt SW)
Zinc zy) 0.52 Sulfate ol 309.8
Boron o 6.51 Ammonium psssel 6135
Fluorine STL 85.2
Chlorine 'y 12.1
Total phenols  Js°J,s 1471
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Table 4. Mean comparison of plant height of wheat cultivars in interaction of year and foliar application of

smoke-water treatments

Jle Foliar application treatments bd gl b las Sy plis)
Year Growth stages A&, J-1,.  Plant height (cm)
Control (No foliar application) (als) 5L shs pie 68.6e
Double ridge g Koo 72.1bcd
2" node detectable 330 S LSes 75.9a
Heading A ) 54 72.4bcd
R Anthesis_ Slisles § 74.5ab
2019-2020 Double ridge+2™ node detectable  ¢556 & 1Ko+ 55 Sovor 76.0a
Double ridge+Heading iyt i s S 72.0bcd
Double ridge+Anthesis Slidles Tral s Koo 72.1bcd
2" node detectable+Heading di sgbtpss o § 1S5 71.4d
2" node detectable+Anthesis Sldles Srpgso § 1S5 74.3abc
Heading+Anthesis Sedles Sralin ) seb 71.6cd
Control (No foliar application) (als) 5L shs pie 47.5h
Double ridge €y Koo 49.3gh
2" node detectable 330 S LSes 49.9f-h
Heading Ao 5 44b 48.5gh
RSO Anthesis_ Slisles § 49.9f-h
2020-2021 Double ridge+2™ node detectable  ¢556 & 1S+ 55 Sovr 51.1fg
Double ridge+Heading Ay bt € 55 Soner 49.4gh
Double ridge+Anthesis Sledles S+l Ko 49.3gh
2" node detectable+Heading A sgbtpss o § 1S5 52.1f
2" node detectable+Anthesis Sldles Srpsso § 1SKus 50.599
Heading+Anthesis Sedles Sralin ) seb 49.1gh

LI ()l e DslE o )s =y Jl...::-lcla.u): s sme OO il O 30 3T bl s i &S7 2l (o g - (51l E@LAJ;JL» Ot 2 3
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 5. Mean comparison of leaf area index of wheat cultivars in interaction of cultivar and foliar

application of smoke-water treatments

REgEy Foliar application treatments T P & o e
Wheat cultivars Growth stages Ly e leaf area index
Control (No foliar application) (4als) oL slows pute 2.50i
Double ridge s Koy 3.25¢
2" node detectable 3305 S5 3.0ed
Heading Al 5eb 2.88fg
YT Anthesis Slsles § 2.94d-f
Az)arz Double ridge+2" node detectable p30 8 [+ alEgs Sowor 3.64b
Double ridge+Heading Ay bt € 55 S 2.78gh
Double ridge+Anthesis Sledles S+l Ko 3.22¢c
2" node detectable+Heading A 5 pgbrpgn o S LSis 3.0led
2" node detectable+Anthesis Sladles Srpys o § 1S5 3.03d
Heading+Anthesis Sledles Sralin ) 4eb 2.45i
Control (No foliar application) (Aalz) (oL slos pde 2.67h
Double ridge €y Koo 3.29b
2" node detectable 330, Sis 3.68b
Heading Al 5eb 3.01de
' Anthesis Slsles § 2.90e-g
R}i'f;/v Double ridge+2" node detectable a0 S Sl ys Ko 3.96a

Double ridge+Heading

AL'\:\M)}G.B‘FA;L?}J ‘_Sl‘..q-ﬂ 3.21c

Double ridge+Anthesis Sledles S+l Ko 3.74b
2" node detectable+Heading A 5 pgbrpgn o S LSis 3.18c
2" node detectable+Anthesis Sladles Srpys o § 1K 2.96d-f
Heading+Anthesis Sldles Sraliv |,y 2.92d-f

LI ()l e DslE o )s =y Jl...::-lcla.u): s sme OO il O 30 3T bl iz &S7 2l (o g - 511 d\fuilkwiﬂ.a Ot 2 )3
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test

Table 6. Mean comparison of leaf area index of wheat in year

Year Ju leaf area index
2019-2020 1¥44-1 AN 3.26a
2020-2021 VFr o144 2.94b

L, (g4l sre Dl o s ey Jlez|

33 s gtme Nl Pl 39057 bl citan 5 2tin (g (gls 457 ola o S0be O gt a3

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 8. Mean comparison of biological yield of wheat cultivars in interaction of year and foliar application of

smoke-water treatments

Jlw Foliar application treatments eibd e glasles 3 S
Year Growth stages Ly fo e Biological yield (kg.hat)

Control (No foliar application) (ald) 2l shoes ps 6270f
Double ridge s Koy 7800ab
2" node detectable 3308 1Sis 6590de
Heading Al 5eb 6640d
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Double ridge+2" node detectable  ¢556 & 1S+ 6 55  Sovor 7960a
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Control (No foliar application) (ald) 2l shoes ps 4410j
Double ridge s Koy 54009
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 9. Mean comparison of grain yield and biological yield of wheat cultivars in interaction of year and

cultivar in foliar application of smoke-water treatments

Jle S ool 415 > Shes 3 5, Sas
Year Wheat cultivars ~ Grain yield (tha?)  Biological yield (t.ha™)
yvaa-\van  Azar2 Y57 2290b 6210b
2019-2020 Rijaw sl5 3070a 8070a
VEoovraq Azar2 Y537 1600d 4360d
2020-2021 Rijaw S5 2140c 5710c
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Table 10. Mean comparison of grain yield, biological yield and harvest index of wheat cultivars in interaction of

cultivar and foliar application of smoke-water treatments

Foliar application treatments b sloee ola jles 4l 3 Shee 3 3 Shas Csls p asls
(qu £l Grain Biological Harvest
Wheat cultivars Growth stages by ol e yield (kg.ha') vyield (kg.ha)  index (%)
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2" node detectable p330 8 JSus 1750k 4680k 32.3c-f
Heading alow 5 1700KI 4880k 29.9h-g
vt Anthesis Sl $ 1570mn 43101 31.4e-i
A;arZ Double ridge+2" node detectable 3308 JSutalys Ko, 2430F 6420d-f 32.7c-f
Double ridge+Heading Ay sebt el s S, 2190gh 5570ij 33.9a-d
Double ridge+Anthesis Slisles Sy Ko, 2140hi 5750hi 32.0d-g
2" node detectable+Heading Alow sebrpsse 8 JSes 2210gh 5930gh 32.1d-g
2" node detectable+Anthesis Sldles Shesso 8 1S 1990) 5460j 31.3e-i
Heading+Anthesis Sl Sraliw b 1780K 4630k 33.0b-e
Control (No foliar application) (dals) 3L gous ot 2070i] 5980gh 29.7hi
Double ridge €y Ko, 2790b 7360b 32.6¢-f
2" node detectable p305 JSus 2620ed 6660d 33.8b-d
Heading alow b 2520ef 6530de 30.7f-i
Anthesis Susles $ 22709 6360ef 33.1b-e
Ri;;;l Double ridge+2™ node detectable 3305 JSutal s Ko, 29602 7060c 36.1a
Double ridge+Heading A s sgbralS s Koo, 2780D 8060a 29.7hi
Double ridge+Anthesis Stsles Fra€ s S ,  2740bC 7450b 31.6d-h
2" node detectable+Heading Ay gebrpss s £ JSs 2790b 7620b 31.6e-h
2" node detectable+Anthesis Slsles Shesse & 182 2640cd 6580ed 34.5a-c
Heading+Anthesis Sisles Sraliw ;545 2540ed 6190fg 35.2ab
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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