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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+Anthesis Sledles Sral s Ko 7610b
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Control (No foliar application) (ald) 2l shoes ps 4410j
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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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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test

Gy \V)(ML&MW&‘H‘MJJV?)
é.:&:ﬁdﬁ‘)b.u‘g‘j_i)v_;))bwbﬁk}bu
u’f)’%)T’JJ;s—:“tid}l’”ﬁ-;‘J—i“—L’fdJ—:ﬁ
J_a.u%urjba;w+ﬁ€)>&j
W}}& ;_.)TJ)J Gi\g'dkm &'sb)lfj)l.wu\.?
Sl o b 5 OTags &8ty o bia S (s

*?Ojjéjlob)jﬂb‘yw‘}k&:%{ﬂb&‘ﬂ
ot 395 oo LS slas S,I8 55 el olE
V_I‘J.}ai\)_«;)Juﬂ}-«big‘ol_;dub;)\st
Sl 1y s Olidos (gl ol (lsb ) 35S
d)jj_‘é‘)ﬁJW‘)j)J&)}&ﬁ‘j‘bbU&_ﬂ‘

AR

S 5 o

WSy gl Dlio o 505 0L ST ol ol

Sl 5l o5 4l 5, Shee 028 1 b 2t
ST353 (i glowe sLaslad SL5 Commi 3, Shes
3 Shas 0550 mly 487 sl OLiS gl AL 53l
Sl als s 4 bias OT 5508 Ll 5 )5 4l
fu,wlwwojwM,;a\;;\,\*:,\;sugﬂw
s r e S L OTass (Al 5 35 e
()Lﬁaﬁt'e)&..olussj»u‘.sj_ﬂwél}_?lj\
b sl 57 (514 8w s oS L6 s 5 Shes
Cebpsso, S JSu 4l ps Sauo p d o )

Yoo i) \SXII iy (5)‘ 3 4ls ;JgLu— 3 e


http://agrobreedjournal.ir/article-1-1335-en.html

[ Downloaded from agrobreedjournal.ir on 2026-06-30 ]

TVATE O Fr a5 35 esl) ST et el als 5 Shas gty ALE OTsps 5L e 1"

&l UK 5l (1 65 o &ils anbs e S 3Rlows
RS G Sl Sl iags 9 8sliS s slasbs Sldwy pun

References oslawl 8590 2l

Abd El-Rady, A.G. and Koubisy, Y.S.l. 2023. Evaluation of some bread wheat genotypes for grain yield and
components under water stress conditions. Egypt Journal Agricultural Research, 101(1), pp.110-118.
https://dx.doi.org/10.21608/ejar.2023.174635.1300

Aremu, O., Plackova, L. Novak, O. Strik, W.A. Dolezal, K. and VanStaden, J. 2016. Cytokinin profiles in ex
vitro acclimatized Eucomis autumnalis plants pre-treated with smoke-derived Karrikinolide. Plant Cell
Reports, 35, pp.227-238. https://doi.org/10.1007/s00299-015-1881-y

Chumpookam, J., Lin, H.L. Shiesh, C.C. and Ku, K.L. 2012. Effect of smoke-water on seed germination and
resistance to Rhizoctonia solani inciting Papaya damping-off. Hoticulture NCHU, 34 (1), pp.13-29.
https://hort.nchu.edu.tw/public/ckfinder/files/2-%E9%99%B3%E6%B9%84%E7%A6%8E
%E8%88%88%E5%A4%ATHES%ICY%I2%EB%I7%ID-37-1-2-MJIT-E4%BF%IDY%ES%85%AS8. pdf

Demir, 1., Ozuaydin, F. Yasar, J. and VanStaden, J. 2012. Effect of smoke-derived butenolide priming
treatment on pepper and salvia seeds in relation to transplant quality and catalase activity. South African
Journal of Biotechnology, 78, pp.83-87. https://doi.org/10.1016/j.sajb.2011.05.009

Farhat, W.Z.E., Khedr Rania, A. and Shaaban Shimaa, A. 2021. Response of some agronomic, physiological
and anatomical characters for some bread wheat genotypes under water deficit in north delta region.
Scientific Journal of Agricultural Sciences, 3(2), pp.145-160.

https://doi.org/10.21608/sjas.2021.97378.1156

Gholami, B., Noroozi Shahri, F. Mondani, F. Jalali Honarmand, S. and saeedi, M. 2017. Evaluation of some
growth indices and grain yield in the wheat in response to urea fertilizer and smoke-water. Journal of Crop
Improvement, 20(3), pp.609-626. [In Persian]. http://dx.doi.org/10.22059/jci.2018.250390.1929

Govindaraj, M., Masilamani, P. Alex Albert, V. and Bhaskaran, M. 2016. Plant derived smoke stimulation
for seed germination and enhancement of crop growth: A review. Agricultural Reviews, 37(2), pp.87-100.
http://dx.doi.org/10.18805/ar.v37i2.10735

Guarda, G., Padovan, S. and Delogu, G. 2004. Grain yield, nitrogen-use efficiency and baking quality of old
and modern Italian bread- wheat cultivars grown at different nitrogen levels. European Journal of Agronomy,
21, pp.181-192. https://doi.org/10.1016/j.eja.2003.08.001

Henian, M., Bakheit, B.R. Ali, M.B.M. EI-Morshidy, M.A. and Amro, A.M. 2020. Assessment of bread
wheat genotypes under normal irrigation and water stress. Assiut Journal of Agricultural Science, 51(1),
pp.26-26. https://doi.org/10.21608/ajas.2020.104146

Jain, N., Stirk, W.A. and Van Staden, J. 2008. Cytokinin-and auxin-like activity of a butenolide isolated from

Yy


https://dx.doi.org/10.21608/ejar.2023.174635.1300
https://doi.org/10.1007/s00299-015-1881-y
https://hort.nchu.edu.tw/public/ckfinder/files/2-%E9%99%B3%E6%B9%84%E7%A6%8E%20%E8%88%88%E5%A4%A7%E5%9C%92%E8%97%9D-37-1-2-MJT-E4%BF%9D%E5%85%A8.pdf
https://hort.nchu.edu.tw/public/ckfinder/files/2-%E9%99%B3%E6%B9%84%E7%A6%8E%20%E8%88%88%E5%A4%A7%E5%9C%92%E8%97%9D-37-1-2-MJT-E4%BF%9D%E5%85%A8.pdf
https://doi.org/10.1016/j.sajb.2011.05.009
https://doi.org/10.21608/sjas.2021.97378.1156
http://dx.doi.org/10.22059/jci.2018.250390.1929
http://dx.doi.org/10.18805/ar.v37i2.10735
https://doi.org/10.1016/j.eja.2003.08.001
https://doi.org/10.21608/ajas.2020.104146
http://agrobreedjournal.ir/article-1-1335-en.html

[ Downloaded from agrobreedjournal.ir on 2026-06-30 ]

VY le ) oyl ‘r&‘;}%.u?g"@\ﬁ‘ gb)rjlf— “-Lj':*""

plant-derived smoke. South African Journal of Botany, 74, pp.327-331.
https://doi.org/10.1016/j.sajb.2007.10.008

Igbal, M., Asif, S. llyas, N. Hassan, F. Raja, N.l. Hussain, M. Ejaz, M. and Saira, H. 2018. Smoke produced
from plants waste material elicits growth of wheat (Triticum aestivum L.) by improving morphological,
physiological and biochemical activity. Biotechnology Reports, 17, pp.35-44.

https://doi.org/10.1016/j.btre.2017.12.001

Jalali Honarmand, S., Rasaei, A. Saeidi, M. Ghobadi, M. and Khanizadeh, S. 2016. Impact of foliar
application of growth hormones at stages of yield components formation of two wheat cultivars under dry-
land conditions. Crop Physiology Journal, 8(29), pp.43-57. [In Persian] https://sid.ir/paper/497124/fa

Joshi, S., Choukimath, A. Isenegger, D. Panozzo, J. Spangenberg, G. and Kant, S.2019. Improved wheat
growth and yield by delayed leaf senescence using developmentally regulated expression of a cytokinin
biosynthesis gene. Frontiers in Plant Science, 10, pp.1285.https://doi.org/10.3389/fpls.2019.01285

Khatoon, A., Rehman, Sh.U. Aslam, M.M. Jamil, M. and Komatsu, S. 2020. Plant-derived smoke affects
biochemical mechanism on plant growth and seed germination. International Journal of Molecular Sciences.
21, 7760, pp.1-25. http://dx.doi.org/10.3390/ijms21207760

Mehraban, A., Tobe, A. Gholipouri, A. Amiri, E. Ghafari, A. and Rostaii, M. 2019. The effects of drought
stress on yield, yield components, and yield stability at different growth stages in bread wheat (Triticum
aestivum L.) cultivars. Polish Journal of Environmental Studies, 28(2), pp.739-746.

https://doi.org/10.15244/pjoes/85350

Moradi, J. 2018. The effect of using water vapor and nitrogen fertilizer on ecological and physiological
characteristics of irrigated wheat. M.Sc. Thesis of Agronomy. Razi University of Kermanshah. [In Persian].
https://ganj.irandoc.ac.ir/#/articles/42fch9b3ca640dd0150bfbf4754b186f

Mousavi, S.S., Abdollahi, M.R. Mazaheri Lageb, H.A. and Mehrshad, B. 2014. The effect of aqueous extract
of plant smoke on some above-ground and below-ground traits of winter wheat. Plant Production
(Agricultural Scientific Journal),37(1), pp.81-91. [In Persian]. https://plantproduction.scu.ac.ir

Nagar, S., Ramakrishnan, S. Singh, V.P. Singh, G.P. Dhakar, R. Umesh, D.K and Arora, A. 2015.
Cytokinin enhanced biomass and yield in wheat by improving N-metabolism under water limited
environment. Indian Journal of Plant Physiology, 20(1), pp.31-38.

https://www.researchgate.net/publication/276830881

Noroozi Shahri, F., Gholami, B. Jalali Honarmand, S. Mondani, F. and Saeedi, M. 2017. The effect of
smoke-water and nitrogen fertilizer on wheat (Triticum aestivum L.) ecophysiological traits. Iranian
Agricultural Research Journal, 16(2), pp.459-475. [In Persian]. https://doi.org/10.22067/gsc.v16i2.66520

Noroozi Shahri, F., Jalali Honarmand, S. Saeidi, M. and Mondani, F. 2020. Evaluation of growth

phytohormones and different concentrations of plant derived smoke applications on growth characteristics

Yy


https://doi.org/10.1016/j.sajb.2007.10.008
https://doi.org/10.1016/j.btre.2017.12.001
https://sid.ir/paper/497124/fa
https://doi.org/10.3389/fpls.2019.01285
http://dx.doi.org/10.3390/ijms21207760
https://doi.org/10.15244/pjoes/85350
https://ganj.irandoc.ac.ir/#/articles/42fcb9b3ca640dd0150bfbf4754b186f
https://plantproduction.scu.ac.ir/
https://www.researchgate.net/publication/276830881
https://doi.org/10.22067/gsc.v16i2.66520
http://agrobreedjournal.ir/article-1-1335-en.html

[ Downloaded from agrobreedjournal.ir on 2026-06-30 ]

TVATE O Fr a5 35 esl) ST et el als 5 Shas gty ALE OTsps 5L e 1"

and biological yield of medicinal plants lemon balm and basil. Journal Crop Improvement, 22(1), pp.89-102.
[In Persian]. https://doi.org/10.22059/jci.2019.280801.2211

Pepperman, A.B. and Cutler, H.G. 1991. Plant-growth-inhibiting properties of some 5- alkoxy-3-methyl
2(5h)-furanones related to strigol. ACS Symposium Series, 443, pp.278-287.

https://pubs.acs.org/doi/10.1021/bk-1991-0443.ch023

Sallam, A., Alqudah, A.M. Dawood, M.F. Baenziger, P.S. Borner, A. 2019. Drought stress tolerance in wheat
and barley: advances in physiology, breeding and genetics research. International Journal of Molecular
Sciences, 20(13). pp.3137. https://doi.org/10.3390/ijms20133137

Shehab-Eldeen, M.T. and Farhat, W.Z.E. 2020. Response of some exotic bread wheat genotypes to reduced
irrigation in north delta region of Egypt. Egyptian Journal of Plant Breeding, 24(4), pp.799-821.
https://ejpb.journals.ekb.eg/?action=export&rf=enw&rc=170588

Suneja, Y., Gupta, A.K. Sharma, A. and Bains, N.S. 2015. Differential response of wild and cultivated wheats
to water deficits during grain development: changes in soluble carbohydrates and invertases. Physiology and
Molecular Biology of Plants, 21(2), pp.169-177. https://doi.org/10.1007%2Fs12298-015-0283-5

Takei, K., Ueda, N. Aok, K. Kuromori, T. Hirayama, T. Shinozaki, K. Yamaya, T. and Sakakibara, H.
2004. AtIPT3 is a key determinant of nitrate-dependent cytokinin biosynthesis in Arabidopsis. Plant and Cell
Physiology, 45, pp.1053-1062. https://doi.org/10.1093/pcp/pch119

VanStaden, J., Jager, A.K. Light, M.E. and Burger, B.V. 2004. Isolation of the major germination cue from
plant-derived smoke. South African Journal of Botany, 70(4), pp.654-659. https://doi.org/10.1016/S0254-
6299(15)30206-4

Waters, M.T. and Smith, S.M. 2013. KAI2-and MAX2-mediated responses to karrikins and strigolactones are
largely independent of HY5 in Arabidopsis seedlings. Molecular Plant, 6, pp.63-75.

https://doi.org/10.1093/mp/sss127

Zaheer, M.S., Raza, M.A.S. Saleem, M.F. Erinle, K.O. Igbal, R. and Ahmad, S.2019. Effect of rhizobacteria
and cytokinins application on wheat growth and yield under normal vs drought conditions. Communications
in Soil Science and Plant Analysis, 50(20), pp.2521-2533.

https://www.researchgate.net/publication/336250679

Y


https://doi.org/10.22059/jci.2019.280801.2211
https://pubs.acs.org/doi/10.1021/bk-1991-0443.ch023
https://doi.org/10.3390/ijms20133137
https://ejpb.journals.ekb.eg/?action=export&rf=enw&rc=170588
https://doi.org/10.1007%2Fs12298-015-0283-5
https://doi.org/10.1093/pcp/pch119
https://doi.org/10.1016/S0254-6299\(15\)30206-4
https://doi.org/10.1016/S0254-6299\(15\)30206-4
https://doi.org/10.1093/mp/sss127
https://www.researchgate.net/publication/336250679
http://agrobreedjournal.ir/article-1-1335-en.html
http://www.tcpdf.org

