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Extended Abstract

Background: As one of the most important cereals, bread wheat is an essential part of food
security in the world, which supplies one-fifth of the total calories of the world population.
Nowadays, the yield of wheat has been affected by climate change-driven drought as one of the
most important abiotic stresses that has become an important threat to food security in the
world. Root and stomatal traits are especially important in breeding plants to withstand drought
stress. Stomata play a key role in controlling carbon dioxide uptake and water loss through
transpiration. Therefore, stomatal characteristics are used as indicators of water status and plant
growth, especially in drought stress conditions. Having a wide range of physiological and
morphological characteristics, roots play an essential role in absorbing water and nutrients.
They are also the first organ that sends signals to control the stomata in response to dryness.
Therefore, the difference in the structure of the root system can cause the difference between the
performance in different cultivars. This study was conducted to investigate stomatal
characteristics and their relationship with the root system and plant performance in 24 bread
wheat lines and cultivars.

Methods: To investigate the relationship between stomatal dimensions and density with the
root system, an experiment was conducted on 24 bread wheat genotypes in the form of a
randomized complete block design with three replications in the rainfed conditions of the
research farm at Zanjan University Faculty of Agriculture in the crop year 2018-2019. In this
experiment, PVC pipes were used to study the root system. Twelve seeds were planted in each
tube, which were thinned to seven after germination. In each experimental unit, there were two
tubes for each genotype, one of which was used to evaluate traits and final yield, and the second
tube was used for root studies. Stomatal traits, including the length and width of stomata and
number of stomata per unit area, root traits including root length, root diameter, root volume,
root surface, and root biomass, and seed yield were measured in the end. The resulting data
from the measured traits were analyzed in the form of a randomized complete block design, and
the averages were compared using the LSD method. The data were analyzed using multivariate
statistical analyses, including regression analysis, path analysis, and factor analysis, and cluster
analysis was used to group genotypes. Statistical calculations were done using SAS 9.0 and
SPSS 21 software.

Results: The results of analysis of variance and mean comparison showed high variability
among genotypes for all measured traits. The results of the mean comparison of genotypes
showed that genotypes 2, 5, 8, and 16 had the highest yield, and genotype 23 had the lowest
yield among the examined genotypes. The highest number of stomata on the upper and lower
leaf surfaces belonged to genotypes 5 and 2. In terms of root traits, the highest diameter,
volume, length, root surface, and root dry weight at a depth of 0-25 cm were recorded for
genotypes 2, 3, 18, and 5, respectively. There was a high and significant correlation between the
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yield and the number of stomata on the upper and lower leaf surfaces, the length and width of
the stomata on the upper leaf surface, diameter, volume, dry weight, and root surface at a depth
of 0-25 cm in the soil. Based on the results of stepwise regression analysis, two variables, the
number of stomata on the lower leaf surface and root dry weight at a depth of more than 25 cm
explained 91.4% of the changes in grain yield. According to the results of the causality analysis
of the number of stomata on the lower leaf surface, the most direct effect had a positive effect
on seed yield. The results of factor analysis grouped the studied traits into three factors with
82.48% variability justification. The shares of the first, second, and third factors to explaining
data changes were 48.86%, 24.62%, and 8.99%, respectively. Based on the plot obtained from
factor analysis, genotypes 2, 5, 8, and 16 had high values for the first and second factors.
According to the coefficients of the factors, it can be claimed that the genotypes located in this
area have high performance, a high number of stomata, and strong root traits, which were found
at the soil depth of 0-25 cm. For this reason, these are the genotypes that could produce high
yields by absorbing water from the surface layers of the soil by having a large number of
stomata and carrying out more photosynthesis. Moreover, the investigated genotypes were
divided into three groups from cluster analysis by the ward method and Euclidean distance.
Genotypes 2, 5, 8, and 16 were placed in the first group and had the highest mean values for
grain yield traits, number and width of stomata on the upper and lower leaf surfaces, and root
traits including diameter, volume, and dry weight at a soil depth of 0-25 ¢cm, and root diameter
at a depth greater than 25 cm. The lowest values for stomatal length were observed in both leaf
surfaces. These were the best genotypes for cultivation in dry conditions.

Conclusion: A strong superficial root system can provide the plant with water from scattered
rains that occur with low frequency at the end of the growth period. On the other hand, the
increase in the number of stomata along with their smaller size reduces leaf pores and enables a
faster response of the stomata, and the rapid response of the stomata maximizes water use
efficiency. Therefore, having a strong superficial root system along with high stomatal density
can increase seed yield in dry conditions.
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Table 2. Comparison of mean with LSD method for stomatal, root and grain yield traits in bread wheat genotypes

under rainfed conditions
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Table 3. correlation analysis for stomatal, root and grain yield traits in bread wheat genotypes under rainfed conditions
16 15 14 13 12 11 10 9 8 7 6

5 4 3 2 1
1.00 1
1.00 .850** 2
1.00 .865** .939** 3
1.00 -973** -.844** -.908** 4
1.00 .433* -0.35 -0.32 -0.38 5
1.00 -427* -.975** .950** .859** .865** 6
1.00 0.10 0.26 -0.08 0.06 -0.04 0.02 7
1.00 0.05 .958** -0.40 -.957** .949** .843** .884** 8
1.00 0.31 0.29 0.27 0.11 -0.38 422 0.36 A41* 9
1.00 0.32 .967** 0.05 .967** -0.40 -.956** .957** .901** .926** 10
1.00 .426* 0.02 .529** 0.04 .500* -0.18 - 477 0.38 0.35 0.22 11
1.00 AL1T* 879** 0.26 .839** -0.04 .851** -.500* -.866** .840** .813** .839** 12
1.00 0.36 .810** 0.37 0.13 .481* 0.13 A78* -0.12 -.439* 0.35 0.33 0.18 13
1.00 .657** 557** .613** .492* 0.13 575** -0.06 .563** -0.38 -.553** 452 0.33 0.35 14
1.00 .925%* .629** T79** .619** 781** 0.24 .829** -0.02 .822%* -.453* -.812** 737+ 617** .651** 15
1.00 0.36 434* .536** 0.04 767+ 0.14 -0.03 0.24 0.05 0.19 -0.11 -0.21 0.09 0.06 -0.01 16
.966** .445* 497 .653** 0.15 .883** 0.22 -0.02 0.33 0.09 0.30 -0.15 -0.31 0.18 0.13 0.03 17
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Table 4. Regression anlysis for stomatal, root and grain yield traits in bread wheat genotypes under rainfed conditions
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Table 5. Direct and indirect effects resulting from path analysis for stomatal, root and grain yield traits in bread wheat

under rainfed conditions
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Table 6. Factor coefficients, relative and cumulative variance of factors in bread wheat genotypes under rainfed

condition
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Figure 1. Biplot diagram based on the first and second factors in bread wheat genotypes under rainfed conditions

slcwes b ol o0)Sles (oS aijey dlaar il
oy Jdy 4 (Yo o VY & slacwiy; ask) D asl
1 0395 Sl Ol Gls 4 0B s cladin) piam

shb (Y o) C anl p ads 5 slacas;
2 Ay i Lol D39y S Gas 1> (665 (sldidy ) it
b 9 0Oy Cumd Sk u_’>da.w dbad.g.\/ 5 any) L'))“l


http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 |

[ DOI: 10.61186/cb.16.2.1]

AN

&3y Mg 5 (g Hilae 5y 1 8 oo P> pae o8 3l (el

VFY /Y o )loss /,vm):Lw Jw /Gcb)' oLLS #Mol dol yings

hls g w5 )38 Jol 09,5 2V 9 A @ &V oy
5 daw il 3 Slas Glaw lp 1WSbe lade ik
Sy Slao 9 Sy (ppj g SBe o 5 &gy oye
YD Ges ) pb Adyy S (hjg g > laB Jold
9 ol YO | jd Gae > ady) Jlab 9 SB o o
W3 Sy e 93 58 )3 dijsy Jsb ln Jlde (1S
ol el cp i 09)S cpl o a5 )8 clacuie)
SN AA Y A A & F XD clacuiss; Log adlas
Slaw il b baewgs cpl ax8,8 )18 pad 0,5 0 V)
D Ady) SIS (g g ady) > 9 Jol 095 5l S 4y,
2y adoy waw g Job g yie Ble YO I yin Ges
I culie slacwip] dawgie 3,Ses 5 Bos 9> 2
8 pgw 09)5 ;> lacuieiy plo aidg Jgl 095 (slacadss;
las gy 5She Hbe pyeS b &8 w8 S
9 Sy gdaw 93,0 &gy Jsb I w4 (laje) (63 Shes
wps 5l Jeob @i (Y Jar) o lady, clie

Dg ol a550 zols oaiS Al (oobj ue b M

¥ —

ol 0 W9y pS w5 edgr gby LA (IS Cod olS
ol 4 e olS Ol Jude (g oS > 4 o)
axg b ggamme )0 .l 0dd oS 5)Shas g jiiwgid yliee
A oI5 o a5 5 iy 5l oslitl o ols gl &
Pgder dpog w3 Fble > cutS (B L
@ S 4ol eolitel b gw)p )90 slacss)
JS2) 25,5 )5 038 4 > (sl ool ward i,
&b sl ey S Sl oy QB caa (Y
plSs0 oy iz el ab edlaiel asuis
5 Sbme paw o MY uSbg oylel Hlude oy yieS
@ gaeg)S Cono dopd 5 Sl G e (it
5 i (s og,S cpo AU el cpl )3 a8 ol s
b plxl (g pgone (sanog)S g 392 laog)S (9> SN
obyly 4550 daeg S po GBS WLl jslaieds picron
Glas gy Jolaiel Bolay MolS 75l asly 0 puusie i
Mo (35S (295 dw Sl (gl &S 0 plonil s 30
Dol Cands Fjlude cpyiiig ol jonds Lo Sy o]

15
L

]
|

Rescaled Distance Cluster Combine

Dendrogram using Ward Linkage

w - = e 2 e B . 2 e o™ M T = . B = e
¥ OB E B E B B B B B EBE B R EBE B B E B R OB

-

> balpd cod (b paiS Glaces) )5 (i 390 o 1M 4525 I Juols oS00 =Y s
Figure 2. Dendrogram resulting from the cluster analysis %f- investigated traits in bread wheat genotypes under rainfed
conditions

w blpd cov (U paS slacuis oS 4,58 5 U (560l 5 09,5 2 (Slee =V Jgi
Table 7. The average of each group and the total average in the cluster experiment of bread wheat genotypes under

rainfed conditions

Ay oaws Sis i .
s adygaw  pady) b ady b s dd SEs
Ll w o e “ w [l =) w - 3 D Ao
YO §l i YO Bes ) 5| iy Ges Bes )y Yo i Bos yd Ay G )rv»
aly 3 Sloe om cm - cm Yo cm Yo-- om cmya-- €m Y0 I iy
yield Root Root The root Root Dry Dry weight Root volume at a
surfaceat  surfaceata  lengthata  lengthata weight of of footsata  depth greater than
adepthof  depthof 0-  depth greater  depth of 0- roots at a depth of 0-25 25cm
more than 25cm than 25 cm 25cm depth greater cm
25cm than 25 cm
18.55 1303.41 668.74 232.15 71.73 1.50 1.20 6.34 ) o9)S
Group 1
15.26 1998.54 710.49 450.60 94.87 1.75 1.01 8 VoS
Group 2
13.17 1248.06 421.22 248.79 46.47 1.30 0.68 5.49 ogs
Group 3
oSoke
14.94 1558.21 586.61 327.65 70.47 151 0.91 6.67 Js
Averege
1- Wilks' Lambda 2- Chi-square


http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 |

[ DOI: 10.61186/cb.16.2.1]

230 Mg 5 2linsg) oo ¢ 5)I5 18 duo Ml (psiie J3B 3olo (sl

W w2 bl yd cod b paiS SlacnY g pBl > (slady) wias b 4559) 5515 9 Sl o iy (o) 2

> balpd ot o paiS lacs e 48 0 IS (il 5095 10 (ke V Joa 4oyl
Continued Table 7. The average of each group and the total average in the cluster experiment of bread wheat
genotypes under rainfed conditions

sy padg ks T . . Job PO,
Ges 5l s Gos ‘fj\_ ‘; iy o Wiy Ny 9y Jobo o g o 439y s
cmYe—+ g gleYa & Spedy Spghe o Sy g e Sy b
Root Root e stomata stomata Sy stomata > Stomatal
volume at diameter at a Root width width t 't length Stomatal frequency
adepthof  depth greater ~ diameterat  Abaxial Adaxial slgr%?ha Adaxial frequency Adaxial
0-25¢cm than25cm  adepth of Abaxial Abaxial
0-25cm
5.28 0.20 0.33 28.47 26.94 43.75 42.50 52.58 85.30 Vo5
Group 1
4.43 0.17 0.30 26.91 25.12 46.04 47.16 53.28 76.04 ¥ og)S
Group 2
3.13 0.16 0.24 26.62 22.20 50.25 53.45 44.47 66.18 Toss
Group 3
Ol
4.06 0.17 0.28 26.82 24.20 47.44 49.06 51.13 74.03 Js
Averege
YOl plie Ges b 595 slAds) prews & Y) 5 1A & 3 i

P& Gpwdpw md sble 0 cuis oy )b e ol
Slesl 4 a5 Lyl bl o S6,L ssy Juab glawl
doyso oy da ST W oo Sl S (o0 My D93 S
ol 1y oSles gas U ddy, b pinS d‘ﬁgdj)‘ B yo
03ll ol oty dijgy dlaws iuli8l ey J)E SL cou plB))
ol oSl 5 0ud Sy e talS cage ol g8
o i) @y Gl 9 WS (o0 @al 1) ndijo) yim peo
9 S8k Sl I cogloy Cla b (oo (glady ) phas

P9 e 3 e Sl cu (2o Gkl

LAy A DS (acy] (ol mli @ g b

Spale VD Bes 3 (598 (Slady) i (D
b oS shouiSTy o SBb j Job Ol ailye Sl
olS )] )5 1) dmd e ) 455 095 (LL 3 o5 Sl
oS 35 390 Ol (el b b ol (oo 5l i 138
Taw 93 & (69 (oL dlawi 4y &S |y 25 cladije, 08
Psl b ey cnl 4 g 5l a5 5L W) g2y Sy
ol cuS ilply S g VL o Slee g
Sl SB)k &5 i g > Bble lp bowy;
F (i) Sgd oo dnog K> ad) Jab (b oSy

References

Aminian, R., Mohammadi deh cheshme, S., Houshmand, S., Khodambashi, M., & Nozad, K. (2012).
Effect of stomatal characteristics on photosynthesis and yield of the bread wheat chromosomal
substitution lines under normal and stress conditions. Journal of Crops Improvement, 13(2), 13-25.
https://jci.ut.ac.ir/article_24410 8f614965b0f74f45624a4ced75b23178.pdf

Assmann, S. M., & Jegla, T. (2016). Guard cell sensory systems: recent insights on stomatal responses to
light, abscisic  acid, and CO(2). Curr Opin Plant Biol, 33, 157-167.
https://doi.org/10.1016/j.pbi.2016.07.003

Atta, B. M., Mahmood, T., & Trethowan, R. (2013). Relationship between root morphology and grain
yield of wheat in north-western NSW, Australia. Australian Journal of Crop Science, 7, 2108-2115.

Bertolino, L. T., Caine, R. S., & Gray, J. E. (2019). Impact of Stomatal Density and Morphology on
Water-Use  Efficienc in a Changing World. Front Plant Sci, 10, 225.
https://doi.org/10.3389/fpls.2019.00225

Bilal, M., Rashid, R., Rehman, S., Igbal, F., Ahmed, J., Abid, M., Ahmed, Z., & Hayat, A. (2015).
Evaluation of wheat genotypes for drought tolerance. J. Green Physiol. Genet. Genom, 1, 11-21.

Blum, A. (2011). Plant Breeding for Water Limited Environments. Springer New York, 2011.
https://doi.org/10.1007/978-1-4419-7491-4

de Boer, H. J., Eppinga, M. B., Wassen, M. J., & Dekker, S. C. (2012). A critical transition in leaf
evolution facilitated the Cretaceous angiosperm revolution. Nature Communications, 3(1), 1221.
https://doi.org/10.1038/ncomms2217

de Boer, H. J., Price, C. A., Wagner-Cremer, F., Dekker, S. C., Franks, P. J., & Veneklaas, E. J. (2016).
Optimal allocation of leaf epidermal area for gas exchange. New Phytol, 210(4), 1219-1228.
https://doi.org/10.1111/nph.13929

Dittberner, H., Korte, A., Mettler-Altmann, T., Weber, A. P. M., Monroe, G., & de Meaux, J. (2018).
Natural variation in stomata size contributes to the local adaptation of water-use efficiency in
Arabidopsis thaliana. Mol Ecol, 27(20), 4052-4065. https://doi.org/10.1111/mec.14838

Dunn, J., Hunt, L., Afsharinafar, M., Meselmani, M. A., Mitchell, A., Howells, R., Wallington, E.,
Fleming, A. J., & Gray, J. E. (2019). Reduced stomatal density in bread wheat leads to increased
water-use efficiencz. J Exp Bot, 70(18), 4737-4748. https://doi.org/10.1093/jxb/erz248

Ehdaie, B., Layne, A. P., & Waines, J. G. (2012). Root system plasticity to drought influences grain yield
in bread wheat. Euphytica, 186(1), 219-232. https://doi.org/10.1007/s10681-011-0585-9

Elsayed, S., Elhoweity, M., Ibrahim, H. H., Dewir, Y. H., Migdadi, H. M., & Schmidhalter, U. #2017).
Thermal imaging and passive reflectance sensing to estimate the water status and grain yield of wheat


https://jci.ut.ac.ir/article_24410_8f614965b0f74f45624a4ced75b23178.pdf
https://doi.org/10.1016/j.pbi.2016.07.003
https://doi.org/10.3389/fpls.2019.00225
https://doi.org/10.1007/978-1-4419-7491-4
https://doi.org/10.1038/ncomms2217
https://doi.org/10.1111/nph.13929
https://doi.org/10.1111/mec.14838
https://doi.org/10.1093/jxb/erz248
https://doi.org/10.1007/s10681-011-0585-9
http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 |

[ DOI: 10.61186/cb.16.2.1]

63 yo Mg g (oliwgy yilao (65185 Wy 3 oo N> pido 58 30lo (yeel,

W V¥ Y ojlass [l Jls [ ssl); ol Mol asl g},

under different irrigation regimes. Agricultural Water Management, 189, 98-110.
https://doi.org/https://dol.org/10.1016/j.agwat.2017.05.001

Enghiad, A., Ufer, D., Countryman, A., & Thilmany, D. (2017). An Overview of Global Wheat Market
Fundamentals in an Era of Climate Concerns. International Journal of Agronomy, 2017, 1-15.
https://doi.org/10.1155/2017/3931897

Fanourakis, D., Giday, H., Milla, R., Pieruschka, R., Kjaer, K. H., Bolger, M., Vasilevski, A., Nunes-
Nesi, A., Fiorani, F., & Ottosen, C. O. (2015). Pore size regulates operating stomatal conductance,
while stomatal densities drive the Bartltlonmg of conductance between leaf sides. Ann Bot, 115(4),
555-565. https://doi.org/10.1093/aob/mcu247 _

Franks, P. J., & Beerling, D. J. SZOQQ). Maximum leaf conductance driven by CO2 effects on stomatal
size and density over geologic time. Proc Natl Acad Sci U S A, 106(25), 10343-10347.
https://doi.org/10.1073/pnas.0904209106

Hirose, T., lzuta, T., Miyake, H., & Totsuka, T. (1992). Participation of Air Humidity and Water Uptake
Ability in the Appearance of Cyclic Changes in the Rates of Photosynthesis and Transpiration of
Peanut Plants. Japanese journal of crop science, 61(4), 597-602. https://doi.org/10.1626/jcs.61.597

Jager, K., Fabian, A., Eitel, G., Szab6, L., Deék, C., Barnabas, B., & Papp, |. (2014). A morpho-
physiological approach differentiates bread wheat cultivars of contrasting tolerance under cyclic water
stress. J Plant Physiol, 171(14), 1256-1266. https://doi.org/10.1016/j.jplph.2014.04.013 )

Jongrungklang, N., Toomsan, B., Vorasoot, N., Jogloy, S., Boote, K. J., Hoogenboom, G., & Patanothai,
A. (2012). Classification of root distribution patterns and their contributions to yield in peanut
genot}/pes under mid-season drought stress. Field Crops Research, 127, 181-190.

ttps: /d0|.org/httgs://dm.org/lO.1016/J.fcr.2011.11.023

Kardiman, R., & Re&bild, A. (2017). Relationship between stomatal density, size and speed of opening in
Sumatran rainforest species. Tree Physiology, 38(5), 696-705. https://doi.org/10.1093/treephys/tpx149

Kolahian Hamedanizad, E., Ramshini, H., Ghaderi, M. G., & Fazel Najafabadi, M. (2015). Studying the
relationship between root traits and seed yield in bread wheat (Triticum aestivum L.) under normal
and terminal drought stress conditions. Environmental Stresses in Crop Sciences, 8(1), 1-11. o

Koocheki, A. R., Yazdansepas, A., & Mahmadyorov, U. (2013). Evaluation of physiological traits in
winter and facultative bread wheat genotypes under terminal drought stress conditions. Iranian
Journal of Crop Sciences, 15.

Manschadi, A. M., Christopher, J., Hammer, G., & DeVoil, P. (2010). Experimental and modelling
studies of drought-adaptive root architectural traits in wheat (Triticum aestivum L.). Plant Biosystems,
144, 458-462. https://doi.org/10.1080/11263501003731805

Mohammadi, R., Armion, M., Kahrizi, D., & Amri, A. (2010). Efficiency of screening techniques for
evaluating durum wheat genotypes under mild drought conditions. International Journal of Plant
Production, 4, 27-39. ] ] o

Moshfeghi, N., Khazaei, H. R., & Kafi, M. (2014). The Study of Morphological Characteristics of Old
and New Barely Cultivars. Iranian Journal of Field Crops Research, 12(4), 641-648.
https://doi.org/10.22067/gsc.v12i4.45147

Narayanan, S., Mohan, A., Gill, K. S., & Prasad, P. V. }2014). Variability of root traits in spring wheat

ermplasm. PLoS One, 9(6), €100317. https://doi.org/10.1371/journal.pone.0100317

Roche, D. (2015). Stomatal Conductance Is Essential for Higher Yield Potential of C3 Crops. Critical
Reviews in Plant Sciences, 34(4), 429-453. https://doi.org/10.1080/07352689.2015.1023677

Saradadevi, R., Bramley, H., Palta, J. A., Edwards, E., & Siddique, K. H. M. (2015). Root biomass in the
upper layer of the soil profile is related to the stomatal response of wheat as the soil dries. Funct Plant
Biol, 43(1), 62-74. https://doi.org/10.1071/fp15216

Saxena, D. C., Sai Prasad, S. V., Chatrath, R., Mishra, S. C., Watt, M., Prashar, R., Wason, A., Gautam,
A., & Malviya, P. (2014). Evaluation of root characteristics, canopy temperature depression and stay
green trait in relation to grain yield in wheat under early and late sown conditions. Indian Journal of
Plant Physiology, 19(1), 43-47. https://doi.org/10.1007/s40502-014-0071-1

Shahinnia, F., Le Roy, J., Laborde, B., Sznajder, B., Kalambettu, P., Mahjourimajd, S., Tilbrook, J., &
Fleury, D. (2016). Genetic association of stomatal traits and yield in wheat grown in low rainfall
environments. BMC Plant Biol, 16(1), 150. https://doi.org/10.1186/s12870-016-0838-9

Wilkinson, S., Kudoyarova, G. R., Veselov, D. S., Arkhipova, T. N., & Davies, W. J. (2012). Plant
hormone interactions: innovative targets for crop breeding and management. J Exp Bot, 63(9), 3499-
3509. https://doi.org/10.1093/jxb/ers148


https://doi.org/https:/doi.org/10.1016/j.agwat.2017.05.001
https://doi.org/10.1155/2017/3931897
https://doi.org/10.1093/aob/mcu247
https://doi.org/10.1073/pnas.0904209106
https://doi.org/10.1626/jcs.61.597
https://doi.org/10.1016/j.jplph.2014.04.013
https://doi.org/https:/doi.org/10.1016/j.fcr.2011.11.023
https://doi.org/10.1093/treephys/tpx149
https://doi.org/10.1080/11263501003731805
https://doi.org/10.22067/gsc.v12i4.45147
https://doi.org/10.1371/journal.pone.0100317
https://doi.org/10.1080/07352689.2015.1023677
https://doi.org/10.1071/fp15216
https://doi.org/10.1007/s40502-014-0071-1
https://doi.org/10.1186/s12870-016-0838-9
https://doi.org/10.1093/jxb/ers148
http://dx.doi.org/10.61186/jcb.16.2.1
http://jcb.sanru.ac.ir/article-1-1479-en.html
http://www.tcpdf.org

