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Abstract
Introduction

Maize (Zea mays L.) is one of the most important crops globally, for human consumption and
livestock feed as well as production of bioethanol. The intensive use of synthetic fertilizers for
increasing the yields of this crop has raised serious concerns regarding soil degradation,
environmental pollution, and sustainability of agricultural. To secure sufficient food for the
growing global population sustainable agriculture practices are increasingly required. We
investigate the application of smoke water, a cheap and ecofriendly plant growth promoter
consisting of high amounts of plant growth-promoting compounds such as karrikinolides. This
study investigates the impact of foliar-applied smoke water on the growth and agronomic
performance of maize under field conditions.

Materials and Methods

Field experiments were conducted during growing season of 2021 at the Research Farm of Razi
University, Kermanshah, Iran. Research Farm of Razi University is located in a Mediterranean
semi-arid region with mean annual rainfall of 455 mm, mean annual temperature of 13.4°C and
altitude of 1,320 m above sea level. This experiment was carried out as 3 x 3 + 1 (control)
factorial arranged in a randomized complete block design (RCBD) with three replications. Three
different concentrations of the smoke water (1:1000, 2:1000, and 3:1000 v/v) were applied to
three different stages of growth of maize (six-leaf stage, BBCH code 16; tasseling stage, BBCH
code 51; and silking stage (BBCH 61). Distilled water was applied to the control plots. Smoke
water was prepared from equal proportions of wheat straw and alfalfa residues. Foliar
applications were carried out during the early morning using a calibrated backpack sprayer. The
maize hybrid ‘Simon’ was sown on June 10, 2021. Appropriate pollination management was
implemented using maternal (PL62) and paternal (PL97) lines. Each experimental plot consisted
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of six rows, with 75 cm spacing between rows and 17-20 cm spacing between plants within
rows. Irrigation was initially provided at weekly intervals during the early stages of crop
development and was subsequently adjusted to every 10 days according to crop requirements. At
physiological maturity, representative plant samples were collected to assess yield, yield
components, grain quality, morphological characteristics, and germination-related traits.
Measurements included biological yield, grain yield, yield components, crude protein content,
harvest index, and selected morphological and seed germination characteristics.

Results and Discussion

Smoke-water application significantly influenced the majority of the measured traits compared
with the control. The application of smoke water at a concentration of 2:1000 (v/v) at the
tasseling stage (BBCH 51) resulted in the highest grain yield (7973.1 g m=2), representing a
73.6% increase over the control (4592.8 g m™2). This treatment also produced the highest values
for several yield components, including the number of seeds per cob (335.9), cob weight (120.5
g), and biological yield (3482 g m2), corresponding to increases of 81.2%, 68.4%, and 36.6%,
respectively, compared with the control. Application of smoke water at 2:1000 during the six-leaf
stage (BBCH 16) resulted in the highest cob core weight (26.14 g) and harvest index (26.08%).
In contrast, the 3:1000 concentration applied at the same growth stage produced the highest crude
protein content (11.08%) and plant height (166.6 cm). Regarding seed germination
characteristics, application of 3:1000 smoke water at the silking stage (BBCH 61) resulted in the
greatest germination rate, root length (6.65 mm), and seedling vigor index, with these parameters
increasing by approximately 3% relative to the control. Notably, all smoke-water treatments
increased the germination percentage to 100%, compared with 96.66% in the control; however,
no significant differences were observed among smoke-water concentrations, suggesting a
consistent stimulatory effect of smoke water on seed germination. The number of cobs per plant
was not significantly affected by smoke-water application, indicating that this trait may be
relatively stable and strongly influenced by genetic factors. Morphological characteristics were
also affected by smoke-water concentration and application timing. The 3:1000 concentration
applied at the six-leaf stage (BBCH 16) resulted in the greatest plant height and cob core
diameter (27.13 mm). In contrast, cob length did not differ significantly among treatments,
suggesting that this trait may be predominantly determined by genetic factors and is less
responsive to foliar smoke-water application.

Conclusion

Results indicated that foliar application of smoke water can significantly enhance various
agronomic traits as well as improve seed quality in maize. The highest values for grain and
biological yields, number of seeds per cob and cob weight were obtained with the 2:1000 (v/v)
concentration of smoke water, applied at the tasseling stage (BBCH 51). The treatment with a
3:1000 concentration of smoke water at silking improved several germination-related traits of
maize, including root length and seedling vigor. Overall, smoke water shows potential as an
inexpensive and eco-friendly biostimulant for improving maize productivity and seed quality
under semi-arid conditions. Further studies are needed to optimize its concentration and
application timing under different environmental conditions.
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Table 1. Physical and chemical properties of soil at a depth of 0 to 30 cm

Soil Total Organic Auvailable Available
EC(dSm?1) pH Nitrogen matter Phosphorus Potassium
texture I
% mg kg
0.86 7.75 clay 0.12 1.16 20.6 440




Fre
w3, Ses 5 OTags b shus 510,80 5 o

Precipitation (mm)

Months of the year

oliile " Gliw! Slale (k- <D
Figure 1. Monthly precipitation in Kermanshah province

@ 35
>
s 30
S 25
o 20
% 15
o 10
o
£ 5
5 0
[a)) .
I s ‘bﬁ QQ \% C} 6& Q’} 6& @& '6 '@5 C\;Q
5 WP N FTFFHFF ST &S
3 TS TS S
» v N Rl I S
S N SR
S & 0\“ & QQ& & <°
O 3
Months offhe year

oLk 57 Q! 4k (Sbod fawgino -T IS
Figure 2. Average monthly temperature of Kermanshah province
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Table 2. Chemical properties of plant-derived smoke-water (Akbarzade Sharafi et al., 2024b)

Characteristic S 3s  Value Characteristic S s Value
Phosphorus ~ &é 110 mg I Fructose 35S 5P 25mg It
Potassium et 200 mg It Glucose S 71 mgI?
Calcium = 24mglt Tartaric acid LB, ! 720 mg I
Magnesium 5= 0.53mgI? Nitrate O 2.96 mg I
Manganese %= 0.03mg I* Sulfate H - 309.8 mg It
Zinc s 0.52mg It Ammonium ezl 6135 mg I
Boron b#  651mgl? pH - 4.6
Fluorine J$s6 852mglt EC SO sl 2.17mS cm't
Chlorine A 121mglt  Free amino acids 31T bl el 0.392 pumol ml*
Total phenols  JS Js% 1471 mg I Soluble carbohydrates Jsews slaclydn s S5 1.98%

Sucrose 8L 42mglt Ethylene ol 1.7 mole C,Hs ml* SW
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Table 3. Analysis of variance for the yield and yield components of maize under different levels of smoke-water and growth stages

YA

Mean squares

Sl o Sils
S.0vV df
. Number of Cob Numbgr of Cob wood 100- Seed Biological Protein I Harvest
Seed yield . . cobsina . . . Protein yield .

seedsinacob  weight plant weight weight yield percentage index

Block 2 6690 203.45™ 7.30™ 0.00 " 0.99 " 0.53" 117820.6 ™ 0.05"m 1.13™ 0.40 "s
Treatment 9 353732 6136.78 74536 ™" 0.00 ™ 1.70™ 2.20m 2335827 ™ 8.01™ 325.73™ 19.85 ™
Factoral us. y 17AZ105 1166043 168000  2.26™ 236" 635 667997257 15037 27676  64.06™
Smoke 2 5789.2™ 13404.54™ 214057 0.00 " 1.22"™ 277" 124697.8™ 737 207.36 ™ 34.94™
Growth Stage 2 623128.6™ 7358.69™  218.09 ™ 0.00 " 4.84™ 3.44 " 14222538 ™  12.65™ 512.71 ™ 9.47™
Smo"gt’;g%m"‘”h 4 546098  511.02° 7774  000™ 0.20™ 0227 5074201  426™ 30366~ 568"

Error 18 14214 136.66 3.29 0.00 " 0.42 1.27 17801.1 0.07 3.56 0.27

CV% 1.79 4.81 1.95 5.57 2.70 3.86 1.37 2.10 4.17 2.32

Growth Stage : sz, d> - SMoKe :0.Ts 55 Factorial vs. Control st b aw s 53 J, 56 (Treatment : jls Block w57,k

.Cmg)\:@md)\:ﬁ-\ns‘g)b@muszc;‘)&c\e.angT,._J;A{e}%}eH:-
** and * significant at 1% and 5% and ns, not significant respectively.
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Table 4. Mean comparison of the effects of different smoke-water levels and growth stages on the yield and yield components of maize

Smoke Growth  Seedyield Number of seeds Cob weight Cﬁegﬁ?d 100-Seed weight Biological yield Protein percentage Protein yield Harvest index
stage g m? - g g gm? % gm? %
BBCH 16 5628.6 f 216.41e 77.10¢ 25.20 ab 30ab 27558.8 d 9.60b 5431a 20.42d
1:1000 BBCH51 5717.2f 243.13d 78.72 ¢ 24.64 be 29b 29557.3 ¢ 6.41 f 33.19e 19.34 ¢
BBCH61 6794.0¢ 220 e 86.13 f 23.90¢ 30ab 30279.4 ¢ 9.22 bc 38.04 cd 22.44 ¢
BBCH 16 7270.9 cd 260.83 cd 10150 ¢ 26.14 a 30.66 ab 27871.8d 8.16d 41.25¢ 26.08 a
2:1000 BBCH51 7973.1a 335.94 a 120.50 a 24.97 abc 30ab 34824.8 a 7.68¢ 47.33b 22.90 be
BBCH 61 7391.3 hc 289.86 b 112.38 b 24.11 bc 31.66a 32196.8 b 9.35bc 52.77a 22.96 bc
BBCH 16 7171.9d 204.75 ef 93.83 ¢ 24.93 bc 30.33 ab 28075.2d 11.08 a 51.48a 25.54 a
3:1000 BBCH51 7531.9b 269.35¢ 98.06 d 24.27 be 29.66 ab 31846.3 b 9.05¢ 35.52 de 23.65b
BBCH61 7566.2b 219.27 e 100.17 cd 23.85¢C 30.66 ab 31932.2 b 9.28 bc 47.71b 23.69b
Control 4592.8 ¢ 185.34 f 71.54 h 23.73¢C 28.66 b 25486.3 e 5514 21.41f 18.02 f

Control stz BBCH 61 : s s's BBCH 51 : >t € BBCH 16: £, #

AL L s ey el Jlazs| cl:..,): Sl s oM ngl: O30T B 5l alie (o >~ olyls L;Lniniil:.e O g A 3
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the Duncan's multiple range tests.
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Table 5. Analysis of variance for morphological traits of maize under different levels of smoke-water and
growth stages

Mean squares

S0V df Sla o S
Plant height ~ Cob length ~ Cob diameter Cob core diameter

Block 2 15.63 ™ 1.73™ 0.58 ™ 0.04 ™
Treatment 9 43.72™ 0.88 ™ 2.24™ 1.78™
Factorial vs. Control 1 67.50 " 135" 6.50 ™ 797
Smoke 2 41.33" 1.44 "™ 1.57™ 0.21m
Growth stage 2 92.11™ 0.00 ™ 4.65™ 232"
Smoke x Growth stage 4 1477 127 0.31m 075"

Error 18 9.41 0.40 0.47 0.18

CV% 1.95 4.34 1.82 1.73

Growth Stage :gus, 4 - SMOKe : T 55 Factorial vs. Control :usls b aw s 55}, 556 Treatment : los Block sy,

L;'.uM)Jc‘%jiﬁ_&)bg:ﬂ;;@ﬂsjﬁss:ej)bnsg'mg})ﬁ:&\.s;w:ﬁ)\:
** and * significant at 1% and 5% and ns, not significant respectively.

D50 G Folad yg0 Dlae g Sy >0 g OTa98 Laliske ol O ST b dwlio -1 Ju
Table 6. Mean comparison of the effects of different smoke-water levels and growth stages on morphological
traits of maize

Smoke Growth stage Plant height Cob diameter Cob core diameter
cm mm
BBCH 16 158.66 b 37.84 hc 26.26 bcd
1:1000 BBCH 51 157.66 b 38.65ab 26 cde
BBCH 61 157.33 b 38.23 abc 25.87 cde
BBCH 16 166.66 a 37.87 be 26.11 cde
2:1000 BBCH 51 158.66 b 39.42a 26.88 ab
BBCH 61 158.33 b 39.57 a 25.69 de
BBCH 16 166.66 a 38.06 bc 27.13a
3:1000 BBCH 51 160.33 b 39.55a 26.64 abc
BBCH 61 158.33 b 39.50 a 25.32 ¢
Control 155.33 b 37.20 ¢ 24.50 f

Control stz BBCH 61 : x> Js's BBCH 51>t J€ BBCH 16: £ 5

I e ey sl (JLAS}‘CEM)J ol gme el STls 0903 L5 3l alie Cog > (g1l L;La;ni?l.:a O A 3
In each column, means with similar letters don’t have significantly different in probability level of 5%,
from the Duncan's multiple range tests.
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(Taylor, 2020) das s 22l 1y G54l sl
ol s b S 5 s S e o sbT Cgplie
Ol 55 ol ol iy dlo o & das e Olis Clale
CLle Wl ayls Cdo cpl  (odoes S T3 5,8
Lo S S ol A B SToss g
S Sl 1y DT85 3l eslinn] el ol 55 54l
Bayat ) a8 o ol 34l 0)55 2al 5,0 iS
(etal., 2016

Sl odasili dals b awslas 53 Ji)sSB 31 (g ls sme
et SLS 5 el Siale deoys 5 OTas s
L Yz WSS Wl (OTass 53 dmse s
5 e e S ST S
35 13 2sds (G581 S e slage 5T b 2l
s gae Ml et (Jamil et al., 2014) wis
J:S.s &1\ 4 Sl ugu s_.)TJ)J Calites glalble O
D3 (Slosgdome 53 eslinul 3590 o bile ales &S S
b asl d\.&f@)@l&@éﬁj\éswb
R Gk 3 STaps ol 0l 7 6 Ko s b
@b&m e L B @}U\ﬁ- ch&fﬁ c]a.~
ST gsles 55, (Aremu et al., 2016 ) s,0
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.@l., 2015
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Table 7. Analysis of variance for germination indices of harvested maize seeds under different levels of smoke-
water and growth stages

Mean squares

S.0v df Germination Germination  Shoot Root Seedling vigor
percentage rate length length index
Block 2 036" 0.001m™ 0.0008 "™  0.003™ 141.49 ™

Treatment 9 432" 0.11™ 3.89™ 2.50™ 123937.03 ™
Factorial vs. Control 1 2577 0.68 ™ 1427™  7.18™ 462490.20 ™
Smoke 2 1.64 "™ 0.11™ 576 ™ 0.00 " 214301.21 ™
Growth stage 2 1.64 0.00 ™ 401™ 5.53™ 89416.21™
Smoke x Growth stage 4 1.64 0.03™ 0.31™ 0.39™ 11377.10 ™

Error 18 2.84 0.006 0.002 0.001 298.83

CV% 1.69 1.10 0.88 0.73 1.64

Growth :gus, 4> . Smoke :LTs s Factorial vs. Control st b awlis 55 Jo, 56 Treatment ;)L Block e,

.;M:s,b&mgwlns,,b&mwﬁcg,&cb_.wa;.ﬁ;;wejw
** and * significant at 1% and 5% and ns, not significant respectively.
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Table 8. Mean comparison of the effects of different smoke-water levels and growth stages on germination
indices of harvested maize seeds

Germination — Seedling vigor
Smoke Growth stage percentage Germination rate Shoot length Root length index
% mm -
BBCH 16 100 a 7.25 be 4.20h 4.69 f 889.67 ¢
1:1000 BBCH 51 100 a 7.22 bc 550e 479e 1029.33 e
BBCH 61 100 a 7.00d 5.26 f 5.37¢c 1040.10 de
BBCH 16 100 a 7.15¢ 5129 450 h 963 f
2:1000 BBCH 51 100 a 7.25 bc 5.70d 4629 1032 f
BBCH 61 100 a 7.30 ab 592¢ 476 ¢ 1068.33 cd
BBCH 16 100 a 7.32 ab 553e 5.25d 1079.33 ¢
3:1000 BBCH 51 100 a 7.40 a 7.38a 6.45b 1383.67 a
BBCH 61 100 a 7.40 a 6.80 b 6.65 a 1345.33 b
Control 96.66 b 6.75¢€ 341i 3.60i 678.54 h

Control :ustz BBCH 61 : jas js's BBCH 51: ~t € BBCH 16 : £ ,#

R NN o) sl Jlaz| cb.sz Sol3 e 2D OS5 0 905T 5 3l alie (o9 > (g1l L;baaiﬂ:ﬂ Ow a3
In each column, means with similar letters don’t have significantly different in probability level of 5%,
from the Duncan's multiple range tests.
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