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Extended abstract

Introduction

Water is one of the most important needs of plants and drought stress is one of the most important
stresses for plant growth. Given the global water shortage, provide solutions to save water consumption
in agriculture, such as choosing the appropriate irrigation method, irrigation time management,
providing methods to reduce and control the negative effects of water shortage on plants and the use of
more resistant varieties to water shortage and The use of different techniques to reduce the effects of
water scarcity is important and should be a priority for research. Paclobutrazole is a group of plant
growth regulators of triazole that prevents the production of a wide range of gibberellic acid and has
many applications in agriculture. Paclobutrazole reduces the negative effects of abiotic stress on plant
growth by regulating the levels of hormones, enzymatic and non-enzymatic antioxidants and osmolytes.
A group of beneficial soil bacteria that increase plant growth are called plant growth promoting bacteria
and are among the most important types of biofertilizers. PGPRs by lat out of volatile organic
compounds (VOC) increase biomass, plant tolerance to abiotic stresses and disease resistance.

Materials and Methods

This research was conducted as a factorial split plot in the form of a randomized complete block design
with three replications in Qom and Hamedan regions (Hamedan is a cold and mountainous region with
mild summer and Qom is a dry and desert region with hot and dry summers). Experimental factors
include irrigation regime with three levels 1- (irrigation at 40% of available plant moisture discharge
during the growing season (optimal irrigation), 2- optimal irrigation up to pollination stage and
irrigation at 60% of available plant moisture discharge until the end of the growing season 3- Irrigation
in 40% of available plant moisture discharge up to pollination stage and cessation of irrigation until the
end of growing season), foliar application of paclobutrazole at three levels (zero, 50 and 100 ppm in two
stages of stem and spike) and invoice The third included five levels of growth-promoting bacteria (non-
consumption, Mycobacterium, Azotobacter, Azospirillium, and a combination of three bacteria).
Irrigation regimen factors and paclobutrazol in the main plots and growth-promoting bacteria in the
subplots. The traits evaluated in this experiment included parameters related to leaf chlorophyll
fluorescence and Rubisco activity.
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Results and Discussion

The results showed that the interaction effect of irrigation regime on paclobutrazol was significant for
biological yield and grain yield, so that at the third irrigation level, the use of paclobutrazol at a
concentration of 100 ppm increased grain yield and biological yield. Also, according to the analysis of
variance table, the interaction effect of irrigation regime in bacteria for biological yield and grain yield
was significant, so that in the third level of irrigation regime, two levels of combination of three bacteria
and Azotobacter with 19.05 and 17.95 tons, respectively. Hectares had the highest biological yield.

Conclusions

In general, the results showed that in more difficult conditions of irrigation regime, the use of
paclobutrazol can cause less decline and improve grain yield and biological yield. It can also be inferred
that the use of growth-promoting bacteria increases grain yield and biological yield and improves
morphological traits, and the combination treatment of Mycobacterium, Azotobacter and Azospirillium
had the highest yield.

Keywords: Growth-promoting bacteria, Irrigation regime, Paclobutrazol, Yield and yield components
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Average relative humidity (%)
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Table 2. Some meteorological indicators in 2018-19 (Hamedan region)
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Table 3. Analysis table of variance of performance-related traits and performance components

Characteristics Olao
039 30 Qs olaxy
I Lls o Shas o i &5 )38 039
o gl 00! Grain N3 o gpike  Number of seeds 1000 seeds
S.0.vV (d.f) yield Biological yield  weight per spike weight
Place adlbuw 1 50.41™ 289.74™ 4.75™ 1475.93™ 113.33
Block (place) (adliw) S gls 4 0.91 0.98 0.03 5.02 23.86
Irrigation regime(@) ,bl w3, 2 657.14™ 2568.19™ 32.41™ 4330.99™ 1903.1™
Paclobutrazole(b) Jsjlyigelsl, 2 114.66" 371.12™ 5.14" 562.09" 909.45"
a*b 4 26.68™ 76.04™ 1.01™ 144.21™ 366.14"
place*a 2 0.15™ 1.41m 0.01m 2.92" 15.2™
place*b 2 2.56™ 2.25™ 0.10™ 13.93™ 15.98™
place*a*b 4 0.36™ 2.02m 0.03" 5.08" 63.06™
Block (place*a*b) 32 0.31 10.70 0.02 5.85 30.81
Bacteria (c) st 4 88.77™ 414.42™ 4.5™ 575.35™ 249.56"
place*c 4 1.92m 15.43™ 0.09 11.56" 41.18™
a*c 8 3.42™ 48.73™ 0.16™ 33.71" 90.11"™
place*a*c 8 0.11ns 6.07"™ 0.02 6.46" 47.23™
b*c 8 0.35" 26.65™ 0.08™ 15.74" 104.32"
place*b*c 8 0.09™ 9.58™ 0.02" 3.14m 41.05™
a*b*c 16 1.24 16.46"™ 0.03" 4.85™ 89.63"™
place*a*b*c 16 0.308™ 5.31"™ 0.03" 7.02" 36.51™
Total error ISl 144 0.38 11.77 0.03 5.70 26.95
CV % - 7.27 15.56 6.66 5.77 15.90
Table 3. Continued alol.Y Jous
a0 Characteristics wlew
e @ol3! i Jgb Gy gl penSadsh maSpess

S.0.V (d.f.) Spike length  Plant height  Flag leaf length  Flag leaf width
place aibio 1 68.47" 9538.57" 126.62™ 0.37"
block (place) (adluin) S ol 4 1.39 156.34 2.68 0.004
Irrigation regime(@) Ll w23, 2 2.86" 14854.7 263.46™ 0.22™
Paclobutrazole(®) Jg3!,5g2el5G 2 0.81" 2027.68" 49.3™ 0.02m
a*b 4 0.58™ 309.59" 4.65M™ 0.002m
place*a 2 0.53™ 185.67™ 0.62m 0.0006"
place*b 2 2.25™ 58.01" 0.11m 0.005™
place*a*b 4 0.38™ 97.63™ 2.78™ 0.018™
Block (place*a*b) 32 2.05 256.68 4.55 0.009
Bacteria(c) st 4 5.64" 1590.22™ 43.95" 0.12m
place*c 4 2.04" 91.08"™ 6.18"™ 0.02

a*c 8 6.39™ 203.62" 7.89"™ 0.029m
place*a*c 8 2.6™ 120.65™ 5.7 0.013™
b*c 8 1.98™ 406.77" 2.43™ 0.011™
place*b*c 8 0.7m 92.79" 1.42™ 0.006™
a*b*c 16 1.07m 262.5™ 4.64™ 0.006™
place*a*b*c 16 0.89™ 229.78™ 3.16M™ 0.011™
Total error I sles 144 1.28 209.18 3.62 0.01

CV % - 14.20 14.01 11.27 19.03

Slogme pae NS 0o )0 S g i Jloiol o (o ls S ol 4

*and ™" Significant at the 5% and 1% probability levels, respectively. ns: Non-significant.
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Table 4. Comparison table of the average of the main effects related to performance and performance components

Characteristics Olao

Treatment b .Q)S‘.LM &”‘9& Q)S.JM d;;k:” :*u’ran‘b):rz:s;: tgof)‘)s:e:;f

o Grainyield Biological yield weight per spike weight

that g - 9

region adilaio
Qom s 8.09° 21.00° 8.09° 1216.38° 39.03°
Hamedan Ol 8.95% 23.072 8.95% 1345.852 43.702
Irrigation regime okl w5
1 1 11.182 27.65% 11.182 1711.612 48.60°
2 2 8.60° 21.46° 8.60° 1240.82° 40.73°
3 3 5.78° 17.01° 5.78¢ 890.93° 34.77°
Paclobutrazole Jaslyerglsl
Control bl 7.48° 20.20¢ 7.48° 1134.10° 38.96°
50 ppm &+ ppm 8.35° 21.70° 8.35° 1236.59% 41.18°
100 ppm Y+« ppm 9.728 24.22? 9.722 1472.662 43.952
Bacteria &L
Control S o pus 6.70¢ 18.44° 6.70¢ 1000.49¢ 36.57¢
Mycobacterium P SLeG L 8.35°¢ 21.27° 8.35°¢ 1236.67" 41.43°
Aztobacter Jriiigy 9.30° 23.06° 9.30° 1364.82° 43.462
Azospirillium Pols yrwg 3 8.14°¢ 21.41° 8.14°¢ 1187.56°¢ 40.25°
Compilation G S aw il 10.09? 26.00? 10.09? 1616.062 45,112
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Table 4. Continued ¥ Jgus anlol
Characteristics wlao
alcuw Jsb 2 S Jeb
Treatment Spike “gr gl Flag leaf w2 S e
Slesd length Plant height length Flag leaf width
cm

region adilie

Qom s 32.002 7.46° 97.27° 16.20°

Hamedan Ol 33.292 8.472 109.16% 17.572

Irrigation regime Gkl w235

1 1 36.292 8.15% 117.08? 18.75%

2 2 34.162 7.792 100.85° 16.53°

3 3 27.48° 7.972 91.71°¢ 15.38°

Paclobutrazole Joilyssdsl

Control anlis 30.06° 7.96% 99.23° 16.29¢

50 ppm &+ ppm 31.68° 7.882 101.95° 16.66°

100 ppm Ve ppm 36.192 8.072 108.472 17.722

Bacteria 3l

Control b pao pus 28.94° 7.94% 96.29° 15.74°

Mycobacterium — pgs xiSbaSslo 32.892 7.59P 106.518 16.93%¢

Aztobacter FSbe 3 34.228 8.407 108.312 17.922

Azospirillium PN TowSy | 33.122 7.75® 98.49° 16.27"

Compilation 625k aw Guili  34.052 8.16% 106.482 17.57%
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Irrigation regime 1: irrigation at 40% of available plant moisture discharge during the growing season (optimal irrigation),
Irrigation regime 2: optimal irrigation up to pollination stage and irrigation at 60% of available plant moisture discharge until
the end of the growing season, Irrigation regime 3: Irrigation in 40% of available plant moisture discharge up to pollination

stage and cessation of irrigation until the end of growing season. Means with similar letters in each column, show non-
significant difference according to Duncan tests at 5% level
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Table 5. Comparison of the mean interactions of irrigation regimen x paclobutrazol

Gkl w3,

aloww 5o ailo ol

o Joilisslih  dbbo,Sles Sujglem o, Slas alw 039
Irrigation L . . . . . Number of seeds per

: Paclobutrazole  Grain yield Biological yield Spike weight -

regime spike

t.hatl g

1 0 11.152 27.572 3.422 48.612
1 50ppm 11.142 27.377 3.412 48.15%
1 100ppm 11.262 28.028 3.502 49.052
2 0 7.25¢ 18.95°¢ 2.51°¢ 37.07¢
2 50ppm 8.32° 20.67° 2.74° 39.78°
2 100ppm 10.242 24772 3.162 45.36%
3 0 4.06° 14.09° 1.86° 31.22°¢
3 50ppm 5.59° 17.08° 2.320 35.63°
3 100ppm 7.692 19.872 2.562 37.46%
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aoys O ozl s 13 5S35 ge3T olol 1 iyt s 90 S yikie gy (sl sl eSilhe gy oy90 bl b (ol alad 5 iLed)

5l (gl pre LS

Irrigation regime 1: irrigation at 40% of available plant moisture discharge during the growing season (optimal
irrigation), Irrigation regime 2: optimal irrigation up to pollination stage and irrigation at 60% of available plant moisture
discharge until the end of the growing season, Irrigation regime 3: Irrigation in 40% of available plant moisture discharge
up to pollination stage and cessation of irrigation until the end of growing season. Means with similar letters in each
column, show non-significant difference according to Duncan tests at 5% level
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Table 6. Comparison of the mean interactions of irrigation regimen x bacteria

‘IS’ ! ?’3 ’ WlooSlas Syjglem oySlas aliws (i T\Il"mb’ > 43‘: °|':5
rrigation . 45, Grainyield  Biological yield ~ Spike weight umBber of seeds
regime Bacteria o per spike

that g -
1 Control EJUEPIPRVS 9.16° 21.77¢ 2.95¢ 41.89¢
1 Mycobacterium P SLesh b 10.42¢ 25.62° 3.33¢ 47.89°
1 Aztobacter SSLeyyl 12,140 28.97° 3.68° 51.30°
1 Azospirillium pols pewgsl  10.99° 27.96° 3.37¢ 48.18°
1 Compilation b aw gl 13218 33.932 3.902 53.752
2 Control Bpao pas  6.44° 18.41¢ 2.40¢ 36.28¢
2 Mycobacterium peSLgssl  8.90° 21.31° 2.86° 41.03°
2 Aztobacter FSLei3) 9.39° 22.33° 2.93° 42.66°
2 Azospirillium ool g3 8.16¢ 20.23%¢ 2.67¢ 38.72°
2 Compilation S5k aw Guall 10.12° 25.04? 3.178 44,982
3 Control B oo pis 4.50¢ 15.16° 1.92¢ 31.56°
3 Mycobacterium ey ypSlestle  5.76° 16.90° 2.30° 35.38%®
3 Aztobacter 8L 3! 6.38° 17.91° 2432 36.442
3 Azospirillium pols pawg3l 5,300 16.04° 2.11¢ 33.87°
3 Compilation 6L aw Gy 6.972 19.052 2.462 36.612

e 30 Gilal g (SLadlos 5 U Jloy 65l ¥ 6kl w23y ((Jlo ) by 0590 plod 13 (s B taghy dnlds wus o Fe 58 6bT ) (6 kT w235
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Irrigation regime 1: irrigation at 40% of available plant moisture discharge during the growing season (optimal irrigation),
Irrigation regime 2: optimal irrigation up to pollination stage and irrigation at 60% of available plant moisture discharge until the
end of the growing season, Irrigation regime 3: Irrigation in 40% of available plant moisture discharge up to pollination stage and
cessation of irrigation until the end of growing season. Means with similar letters in each column, show non-significant
difference according to Duncan tests at 5% level
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Table 7. Comparison of the mean interactions of paclobutrazol x bacteria
- slooySles sl
Jailysslsly - Number of seeds .
5L Grain yield Plant height
Paclobutrazole Bacteria Sk y per spike g
that - cm
0 Control B o pos 5.69° 33.75¢ 89.35°
0 Mycobacterium P ySbeS o 7.48° 39.02° 100.36?
0 Aztobacter FSLei 8.20P 41.112 102.56?
0 Azospirillium ooy g 31 7.21¢ 38.50P 100.718
0 Compilation SrSL aw ol 8.872 42.462 103.182
50ppm Control B o s 6.47¢ 36.66¢ 93.58¢
50ppm Mycobacterium Py sSbeshlo 8.17¢ 42.20P 111.442
50ppm Aztobacter S bei 3 9.06° 42.68%® 105.40%®
50ppm Azospirillium pols g T 7.97° 40.46° 96.26
50ppm Compilation GrSL aw oy 10.082 43.932 103.13°
100ppm Control S o s 7.95¢ 39.32¢ 105.95°
100ppm Mycobacterium ey S Lesolo 9.43¢ 43.08° 107.74°
100ppm Aztobacter Jrigegy 10.64° 46.61° 116.99°
100ppm Azospirillium ooy g 3T 9.27¢ 41.81° 98.51°¢
100ppm Compilation SrSL A Guils 11.342 48.95¢ 113.16%®
5105 (6510 (Sro BB wo ;0 B Jlis! o jo S5l 09‘°5T ol 9 gw p2 40 S pieo Bg e 6yl s (Kl
Means with similar letters in each column, show non-significant difference according to Duncan
tests at 5% level
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