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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

Ady) > 23 adyy b 2y lab sy s
YD a3 YO iy e YO+ Ges  SimoSE Sjg oo Sin b @5y b s s &g, Sl
cm- o b o b Spedy Spghe Spody Spghe B3] Sy S5 o%r)

Root Root diameter Root stomata stomata stomata stomata Sy Stomatal fr_equency Genotype

volume at a at a depth diameter at width width length length Stomatal Adaxial

depth of 0- greater than 25 a depth of Abaxial Adaxial Abaxial Adaxial frequenc
25¢cm cm 0-25cm Abaxial
35.00 0.29 0.28 24.58 27.50 45.83 53.75 38.81 59.79 1
43.00 0.37 0.35 22.92 26.67 44.58 43.75 61.88 98.59 2
35.00 0.35 0.29 27.92 22.08 48.33 49.58 55.59 76.57 3
25.33 0.41 0.29 30.00 26.67 48.75 51.67 49.30 71.32 4
37.00 0.31 0.30 24.58 21.67 47.50 47.08 47.20 76.57 5
31.00 0.42 0.34 25.42 25.00 50.42 53.75 47.20 76.57 6
30.00 0.37 0.21 30.83 26.67 52.08 42.50 53.49 76.57 7
26.33 0.39 0.33 29.17 24.17 60.83 54.58 44.05 68.18 8
31.00 0.28 0.23 25.42 25.00 42.08 53.33 50.35 71.32 9
27.67 0.30 0.25 24.58 26.25 45.83 50.42 61.88 74.47 10
29.00 0.32 0.23 27.50 25.42 45.00 43.33 52.44 74.47 11
30.33 0.34 0.32 29.58 26.25 55.83 56.67 39.86 50.35 12
22.00 0.35 0.32 27.08 24.58 45.00 44.58 57.69 76.57 13
33.00 0.31 0.25 27.92 24.58 45.00 47.50 45.10 66.08 14
25.33 0.36 0.32 25.83 25.00 47.08 41.67 60.83 73.42 15
34.33 0.45 0.23 28.75 21.67 45.00 47.08 65.03 98.59 16
14.67 041 0.29 26.67 25.00 45.00 47.92 46.15 77.62 17
18.67 0.28 0.25 25.42 24.17 52.08 47.08 50.35 71.32 18
18.00 0.34 0.32 27.08 24.17 51.25 50.00 45.10 71.32 19
39.00 0.43 0.33 32.08 23.33 55.83 56.67 41.96 58.74 20
23.33 0.35 0.33 24.58 20.42 44.17 44.58 55.59 79.71 21
29.00 0.34 0.30 25.42 23.75 50.83 48.33 52.44 75.52 22
18.67 0.37 0.23 22.92 21.25 45.83 47.92 54.54 76.57 23
27.00 0.31 0.28 27.50 19.58 54.17 53.75 50.35 76.57 24
17.69 0.11 0.07 4.59 411 8.44 10.02 16.73 23.21 LSD 1%
13.25 0.08 0.05 3.43 3.08 6.32 7.50 12.53 17.38 LSD 5%
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Continued Table 2. Comparison of mean with LSD method for stomatal, root and grain yield traits in bread wheat

genotypes under rainfed conditions

2 iy gdaw ady) gaw

Py Job o ady) ok

il )] 2 dday o>

Jpde Bes YO Bes 3l iy Ges Ges 07 M SIS g Get padey e ges
3,Slos cm Yo cm - cm Yo cm Yo—- CMYO | yidiy (os cm~—\’£§ cmmm e

; R rf R Dr . =
o ata tdzlyj)thag? surfaggtat a |;1hemr(§ta Ier? Ot?]tat weight of ryoots ata  Dryweight  Rootvolume Genotype
yield of roots at a at a depth
more than 25 depth of 0- epth adepth depth greater than p
cm 25 cm greater than of 0-25 0-25 cm depth of 0- greater than
25 cm cm 25cm 25¢cm

18.70 8532.94 5690.80 1952.61 814.14 7.18 7.32 32.33 1
26.62 7145.38 4867.50 1212.45 438.71 8.87 9.16 36.00 2
14.65 12685.40 4731.21 2990.02 510.25 11.16 6.60 49.00 3
14.27 9874.78 3390.97 1808.77 368.82 9.30 4.65 48.00 4
2421 10820.62 4912.13 2244.07 519.89 9.25 9.13 42.67 5
10.16 8270.10 3676.50 1423.62 347.83 10.16 5.63 42.67 6
13.34 8035.89 5842.97 1544.80 933.97 10.82 7.83 36.33 7
23.45 8595.90 3197.98 1513.62 316.67 10.63 5.10 40.33 8
13.61 14529.91 5837.04 3424.64 897.84 9.52 6.35 53.00 9
15.59 22937.34 4484.82 7197.39 586.84 15.52 7.23 73.33 10
14.53 19021.15 5157.25 4359.59 730.45 13.61 6.50 71.00 11
11.14 13299.70 3812.81 2766.25 381.64 13.38 7.46 55.00 12
15.46 10540.03 2741.54 2085.29 273.42 12.49 4.50 45.33 13
11.16 10705.67 5344.42 2425.32 695.81 7.46 7.06 42.00 14
10.19 7165.02 3070.70 1317.39 299.44 6.55 5.43 33.33 15
2241 8561.52 6022.42 1366.35 842.33 10.69 9.01 45.33 16
11.59 8261.16 2022.64 1359.97 222.16 12.19 3.45 41.67 17
16.71 14209.76 3145.12 3668.50 427.49 10.78 4.57 46.33 18
14.75 12612.91 2268.02 2404.36 227.58 12.47 3.98 54.00 19
10.50 11916.64 4820.29 2009.85 476.28 14.99 9.52 63.33 20
15.11 11185.15 2671.99 2102.90 255.47 10.44 6.07 48.33 21
11.29 7394.18 3865.30 1211.09 410.38 9.13 6.50 40.00 22
8.59 10310.67 3248.81 1800.21 450.94 13.18 5.42 48.00 23
10.62 8842.84 3727.67 1888.39 411.36 7.37 4.99 33.67 24
6.87 7394.4 2707.5 3225.2 474,12 4,59 3.78 25.47 LSD 1%
5.14 5539 2028.20 2416 355.17 3.43 2.83 19.08 LSD 5%
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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 A441* 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 -ATT* 0.38 0.35 0.22 11
1.00 ALT* .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 AT78* -0.12 -.439* 0.35 0.33 0.18 13
1.00 .B57** 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%* T37+* .B17** .651** 15
1.00 0.36 A434* .536** 0.04 T67** 0.14 -0.03 0.24 0.05 0.19 -0.11 -0.21 0.09 0.06 -0.01 16
.966** 445* A497* .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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1-yield 2- Stomatal frequency Adaxial, 3- Stomatal frequency Abaxial, 4- stomata length Adaxial, 5- stomata length Abaxial, 6- stomata width Adaxial, 7- stomata width Abaxial, 8- Root diameter at a depth of 0-25 cm, 9- Root diameter at a depth greater than 25 cm, 10- Root

volume at a depth of 0-25 cm, 11- Root volume at a depth greater than 25 cm, 12- Dry weight of roots at a depth of 0-25 cm, 13- Dry weight of roots at a depth greater than 0-25 cm, 14- Root length at a depth of 0-25 cm, 15- Root surface at a depth of 0-25 cm,16- The root
length at a depth greater than 25 cm, 17- Root surface at a depth of more than 25 cm

Ko (e 867 e € |59 (8o ) i) oy < (9 6 RF00S v 97 00 ey o

7 oe® g oards [ ey 6 g (5 o 6o 6 A9 (e



21y Mg 5 (2linsg) oo ¢ 515 1y 8 do Ml (psiie J3B Bolo (s

VEY /Y o loss /r‘,ma):Lu Jw /L;c\))‘ oLlS #Mol dol yings

w2 byl cou (b paS glacaisy o a5 Sles g (slady cslee, Slao gl gme Sy 435 —F Jgd
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
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Figure 2. Dendrogram resulting from the cluster analysis %f- investigated traits in bread wheat genotypes under rainfed
conditions
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Table 7. The average of each group and the total average in the cluster experiment of bread wheat genotypes under

rainfed conditions
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Continued Table 7. The average of each group and the total average in the cluster experiment of bread wheat
genotypes under rainfed conditions
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