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Table 1. Some physical and chemical characteristics of the soil used in pot experiment.
Soil texture Field capacity pHe ECe TNV Zn Fe K P
(Yow/w) (dS m™) (%)
Available concentration (mg kg'!)
Sandy loam 23 7.9 0.65 15 0.93 5.4 330 17
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Fig. 1. Assessing the growth ability of the studied bacteria on nutrient agar culture medium including polyethylene glycol 6000 (A)

and without it (B) after 36 hours; Bacteria were cultured in three replications in the row.
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Table 2. Auxin production and ACC deaminase activity of the studied bacteria; Means within a column with at least one similar
letter are not significantly different at the probability level of 5% based on Duncan test.

Bacteria

Auxin production
(mg L' 3days™)

ACC deaminase activity
(umol co-ketobotyrate 36h™)

B1: B. simplex 31-2 32.2a 0.79¢
B2: B. simplex 56-1 7.2¢ 1.22ab
B3: B. simplex 42-3 15.4b 0.9bc
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Fig. 2. The effect of bacterial inoculation on the biological yield of barley; C1 and C2 represent the Dasht and Kavir barley cultivars,
respectively, W0 and W1 express moisture stress levels of 80 and 50% of field capacity, respectively, C shows treatment without
bacterial inoculation, B1: B. simplex 31-2, B2: B. simplex 56-1 and B3: B. simplex 42-3; Means with at least one similar letter are not
significantly different based on Duncan test at the probability level of 5%.
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Fig. 3. The effect of bacterial inoculation on barley root characteristics; C1 and C2 represent the Dasht and Kavir barley cultivars,
respectively, W0 and W1 express moisture stress levels of 80 and 50% of field capacity, respectively, C shows treatment without
bacterial inoculation, B1: B. simplex 31-2, B2: B. simplex 56-1 and B3: B. simplex 42-3; Means with at least one similar letter

are not significantly different based on Duncan test at the probability level of 5%.
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Fig. 4. The effect of bacterial inoculation on barley root moisture content and tissue density; C1 and C2 represent the Dasht and
Kavir barley cultivars, respectively, W0 and W1 express moisture stress levels of 80 and 50% of field capacity, respectively, C shows
treatment without bacterial inoculation, B1: B. simplex 31-2, B2: B. simplex 56-1 and B3: B. simplex 42-3; Means with at least one

similar letter are not significantly different based on Duncan test at the probability level of 5%.
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Fig. 5. The effect of bacterial inoculation on barley root volume; C1 and C2 represent the Dasht and Kavir barley cultivars,
respectively, W0 and W1 express moisture stress levels of 80 and 50% of field capacity, respectively, C shows treatment without
bacterial inoculation, B1: B. simplex 31-2, B2: B. simplex 56-1 and B3: B. simplex 42-3; Means with at least one similar letter are not
significantly different based on Duncan test at the probability level of 5%.
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Fig. 6. Regression relationships between barley biological yield and root characteristics including root dry weight (A), root fresh

weight (B), root volume (C), root surface (D), root water content (E), root length (F), root surface density (G), root diameter (H) and

v

root tissue density (L); All regression models are significant at the probability level of 5%.



Q')&A.A}w._us \Fo QMU/CJAAJM/VAA}:JJL«/o\.:f}sf\".hﬂ})

ranle OLalS ol ) sl slas e gl sy S A3l 5L s S S a plaas slaud 53 OaLS L
Ld LS s el glag SLLeds ol L Sianbe a5l aliadl Bl 4 Ol 4l 6l

Ot Ol Joalad ol p3Y il dee g Lags S,

SIS S5 s LS S5

ot Sl oo (558 Sl Al cp S Ml 6350l 3 (s g (sl 53 LT i S
S plail s ol oKl Sbt (550sm 5 ibols s iy as) lame sl ax 5 L ol esdle 50

g e Sy S5 Al il ($35 b Slas 30 Ll by s SIS slaibe3]

P 2,40 C:L.c

1. Abrishamchi, P., Ganjeali, A., Sakeni, H., 2013. Evaluation of morphological traits, proline content and antioxidant
enzymes activity in chickpea genotypes (Cicer arietinum L.) under drought stress. Iranian Journal of Pulses Research
3(2): 17-30. (in Persian with English abstract)

2. Akhavan, S., Shabanpour, M., Isfahani, M., 2012. The effect of soil density and texture on the growth of roots and
shoots of wheat. Journal of Water and Soil (Agricultural Science and Technology) 26 (3): 735-727. (in Persian with
English abstract)

3. Amerian, M.R., Yousefsani, M.S., Koocheki, A., 2014. Effects inoculation of mycorhizae species and irrigation
levels impacts on growth criteria, yield and water use efficiency of corn (Zea Mays L.). Agroecology 6(1): 152—161. (in
Persian with English abstract)

4. Askary, M., Mostajeran, A., Amooaghaei, R., Mostajeran, M., 2009. Influence of the coinoculation Azospiriilum
brasilense and Rhizobium meliloti plus 2, 4-d on grain yield and NPK content of Triticum aestivum (cv. Baccros and
Mahdavi). Pakistan Journal of Biological Sciences 5: 296-307.

5. Bauhus, J., Messier, C., 1999. Evaluation of fine root length and diameter measurements obtained using RHIZO
image analysis. Agronomy Journal 91: 142—147.

6. Begum, N., Hu, Z., Cai, Q., Lou, L., 2019. Influence of PGPB inoculation on HSP70 and HMA3 gene expression in
switch grass under cadmium stress. Plants 8: 504-8018.

7. Bent, E., Tuzan, S., Chanway, C.P., Enebak, S., 2000. Alteration in plant growth and in root hormone levels of
lodgeplepines inoculated with rhizobacteria. Canadian Journal of Microbiology 47: 793-800.

8. Bodner, G.S., Robles, M.D., 2017. Enduring a decade of drought: Patterns and drivers of vegetation change in a
semi-arid grassland. Journal of Arid Environments 136: 1-14.

9. Dimkpa, C., Weinand, T., Asch, F., 2009. Plant-rhizobacteria interactions alleviate abiotic stress conditions. Plant
Cell and Environment 32: 1682—1694.

10. Ganjeali, A., Kafi, M., Bagheri, A., 2007. Approaches from root studies on chickpea (Cicer arietinum L). Journal of
Agricultural Sciences 13(1): 179-189. (in Persian with English abstract)

11. Garnett, T., Conn, V., Kaiser, B.N., 2009. Root based approaches to improving nitrogen use efficiency in plants.
Plant, Cell and Environment 32(9): 1272—1283.

12.Karimi, E., Aliasgharzad, N., Neyshabouri, M.R., Esfandyari, E., 2019. Isolation, molecular identification and
assessing plant growth promoting activities of biofilm forming bacteria from gramineae rhizosphere in north west of
Iran. Journal of Soil Applied Research 7(2): 14-28. (in Persian with English abstract)

13.Khan, L.A., Lee, 1.J., 2016. Indol acetic acid and ACC deaminase from endophytic bacteria improves the growth of
Solanum lycopersicum. Electronic Journal of Biotechnology 21: 58—64.

14.Kim, Y.C., Glick, B., Bashan, Y., Ryu, C.M., 2013. Enhancement of plant drought tolerance by microbes. In: Aroca,
R. (Ed.), Plant Responses to Drought Stress. Springer—Verlag, Berlin, pp. 383—413.

15.Kroon, H., Visser, E.J.W., 2003. Root Ecology. Springer—Verlag, Berlin, 397 p.

16. Kumar, J.C., Saraf, M., 2015. Plant growth promoting rhizobacteria (PGPR): A review. Journal of Agricultural
Research and Development 5: 0108-0119.

17. Lambers, H., Atkin, O.K., Millenaar, F.F., 2002. Respiratory patterns in roots in relation to their functioning. In:
Waisel, Y., Eshel, A., Kafkaki, K. (Eds.), Plant Roots. The Hidden Half. Marcel Dekker, New York, pp. 521-552.

18. Lozano, Y.M., Aguilar-Trigueros, C.A., Flaig, I.C., Rillig, M.C., 2020. Root trait responses to drought are more
heterogeneous than leaf trait responses. Functional Ecology 34: 2224-2235.

19. Musters, P.A.D., Bouten, W., 2000. A method for identifying optimum strategies of measuring soil water contents

VA



e SN0 S Shs 93 Shes  Ad) S e sla L ST UK 5 om S

for calibrating a root mater uptake model. Journal of Hydrology 227: 273-286.

20. Naseri, R., Barari, M., Zarea, M.J., Khavazi, K., Tahmasebi, Z., 2016. Studying morphological characteristics of
seminal and adventitious root systems of durum and bread wheat cultivars. Journal of Crop Ecophysiology 10(2): 477—
492 (in Persian with English abstract)

21.Pakneghad, F., Fatemirika, Z., Ilkaydehno, M.N., 2017. Investigation end season drought effect on yield and yield
components of ten barley (Hordeum vulgare L.) cultivars in Karaj region. Environmental Stress in Crop Science 10(3):
391-401. (in Persian with English abstract)

22.Rahimzadeh, S., Sohrabi, Y., Heidari, G.R., Eivazi, A.R., Hosseini S.M.T., 2013. Effect of biofertilizers on macro
and micro nutrients uptake and essential oil content in Dracocephalum Moldavica L. Iranian Journal of Field Crops
Research 11(1): 179-190. (in Persian with English abstract)

23.Reich, P.B., 2014. The world-wide ‘fast—slow’ plant economics spectrum: A traits manifesto. Journal of Ecology
102: 275-301.

24.Robin, A.H.K., Uddin, M.J., Afrin, S., Paul, P.R., 2014. Genotypic variation in root traits of wheat varieties at
phytomer level. Journal of Bangladesh Agricultural University 12(1): 45-54.

25. Schwartz, A.R., Ortiz, 1., Maymon, M., Herbold, C.W., Fujishige, N.A., Vijanderan, J.A., Villella, W., Hanamoto,
K., Diener, A., Sanders, E.R., DeMason, D.A., Hirsch, A.M., 2013. Bacillus simplex—a little known PGPB with anti-
fungal activity—alters pea legume root architecture and nodule morphology when coinoculated with Rhizobium
leguminosarum bv. viciae. Agronomy 3: 595-620.

26. Shaban, M., Mansourifar, S., Ghobadi, M., Ashrafi Parchin, R., 2012. Effect of drought stress and starter nitrogen
fertilizer on root characteristics and seed yield of four chickpea (Cicer Arietinum L.) genotypes. Seed and Plant
Production Journal 27-2(4): 451-470. (in Persian with English abstract)

27.Shaharoona, B., Arshad, M., Zahir, Z.A., Khalid, A., 2006. Performance of Pseudomonas spp. containing ACC
deaminase for improving growth and yield of maize (Zea mays L.) in the presence of nitrogenous fertilizer. Soil Biology
and Biochemistry 38(9): 2971-2975.

28. Shaharoona, B., Naveed, M., Arshad, M., Zahir, Z.A., 2008. Fertilizer-dependent efficiency of Pseudomonas for
improving growth, yield and nutrient use efficiency of wheat (Triticum aestivum L.). Microbial Biotechnology 79: 147—
155.

29. Shakir, M.A., Asghari, B., Arshad, M., 2012. Rhizosphere bacteria containing ACC deaminase conferred drought
tolerance in wheat grown under semi-arid climate. Journal of Soil Environment 31: 108—112.

30. Sharma, P., Khanna, V., Kumar, P., 2013. Efficacy of aminocyclopropane-1-carboxylic acid (ACC)-deaminase-
producing rhizobacteria in ameliorating water stress in chickpea under axenic conditions. Afiican Journal of
Microbiological Research 7: 5749-5757.

31. Singh, G., Sekhon, H.S., Kolar, J.S., 2005. Pulses. Agrotech Publishing Academy. Udaipur, India, 329 p.

32. Sperry, J.S., Stiller, V., Hacke, U.G., 2003. Xylem hydraulics and soil-plant-atmosphere continuum opportunities
and unresolved issues. Agronomy Journal 95: 1362—1370.

33. Verslues, P.E., Bray, E.A., 2004. LWR1 and LWR2 are required for osmoregulation and osmotic adjustment in
Arabidopsis. Plant physiology 136(1): 2831-2842.

34.Volaire, F., 2018. A unified framework of plant adaptive strategies to drought: Crossing scales and disciplines.
Global Change Biology 24: 2929-2938.

35.Xia, J., Liu, M. Y., Jia, S.F., 2005. Water security problem in north China: Research and perspective. Pedosphere
15: 563-575.

36. Zahir, Z.A., Munir, A., Asghar, H.N., Shahroona, B., Arshad, M., 2008. Effectiveness of rhizobacteria containing
ACC-deaminase for growth promotion of peas (P. sativum) under drought conditions. Journal of Microbiology and
Biotechnology 18: 958-963.

37.Zhou, G., Zhou, X., Nie, Y., Bai, S. H., Zhou, L., Shao, J, Fu, Y., 2018. Drought-induced changes in root biomass
largely result from altered root morphological traits: Evidence from a synthesis of global field trials. Plant, Cell and
Environment 41: 2589-2599.

v4



