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Table 1. The chemical properties of water (Karun River) used at the research site (Khuzestan, 2019)

EC pH N P K Mn Fe Zn Cu class
uS cmt - mg I ug I
2500 71 21 0.035 - 0.24 22 453 106 C4 52
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Table 2. Some soil chemical properties atthe research site (Khuzestan, 2019)

depth EC pH ocC TNV P K Fe Mn Zn Cu
(cm) @mt () (%) (%) mg kg
0-30 7.8 7.6 0.62 45 7.9 244 8 6.3 0.94 16

* Dataare reported ona biennial average.
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Table 3. Description of the studied treatments

Growth stimulant treatments

Wheat growth stages according to Zadoks growth scale

Second irrigation (Z12)

Tillering (Z225) Booting (240)

Control -
Amino acid -
Seaweed

Seed treatment
Humic acid -
Fulvic acid

Combination including amino
acid, seaweed, seed treatment,
humic acid and fulvic acid

5Kg ha't

5Kg ha't

5in 1000 (Liter)
5in 1000 (Liter)

5in 1000 (Liter)
5in 1000 (Liter)

5 Kg hat -
5in 1000 (Liter) 5in 1000 (Liter)
5in 1000 (amino
acid or seaweed)

5 Kg ha* (humic acid)
5in 1000 (amino acid
and seaweed)
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Table 4. Results of biennial combined variance analysis of the growth stimulant effects on yield and yield
components of wheat Barat cultivar

Variation Degree Grain vyield Biological 1000 grain Number of Number of

source of weight grains per tillers per
freedom spikelet square meter

Year 1 7932377.4 **  56657494.4 77 4734 ™ 22004 ** 398093.4 **

Block 4 853119.05 ns 3955069.1 ns 591 ns 7.83 M 92293 ns

Growth 6 1767019 * 3601944 * 91~ 63.1 " 3522 *

stimulant

Error 24 742677 2231396 4.76 20.1 11311

Coefficient 16.4 5.8 12.3 6.62

of variation

", *and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 5. Compare means of the growth stimulant effect on the yield of wheat Barat cultivar in Khuzestan
province under salinity stress

Growth stimulant Grain yield Total yield 1000 grain Number of Number of
(kg ha'l) (kg ha'l) weight (g) grains per tillers per
spikelet square meter
Control 4550 ¢ 12160 ab 36.5 ab 32b 491 ¢
Amino acid 5645 ab 13340 a 38.7 ab 31b 536 ab
Seaweed 5925 a 13180 a 37.8 ab 31b 500 bc
Seed treatment 5300 b 12250 ab 36.5 ab 37a 544 a
Humic acid 5710 ab 12470 ab 39.0 a 33 ab 479 ¢
Fulvic acid 4642 ¢ 11920 ab 358 b 34 ab 494 bc
Combined 4965 bc 11050 b 36.5 ab 33 ab 513 abc

Means with the similar letters in each column arenot significantly different using Duncan’s multiple range test at 5% probability level.
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Table 6. Variance analysis results of the growth stimulant effects on macro nutrient concentration of wheat leaf
(Barat cultivar) in the tillering and stemelongation stages in 2018-2019

Variation source Degree Tillering (Z16) Stem elongation (Z25)

of N P K N P K

freedom

Block 2 0.0031"s  0.0005 "s  0.002 s 0.075"¢  0.0005 "s  0.024 "s
Growth stimulant 6 0.003 ns 0.001"s 0.004" 0.036"s  0.0006" 0.014 ns
Error 12 0.003 0.001 0.002 0.096 0.0004 0.012
Coefficient of 2.48 13.4 9.8 7.15 3.87 7.1
variation

", *and**: Not-significant and significant at 5% and 1% probability levels, respectively

alsl -# 9o
Table 6. Continued

Variation source Degree Heading (Z60) physiological maturing (Z89)

of N P K N P K
freedom

Block 2 0.0005"s  0.0005"s  0.105" 0.159ns 0.004ns 0.317"s

Growth stimulant 6 0.043 " 0.0006"s  0.059" 0.057" 0.001"s 0.053 s

Error 12 0.029 0.0004 0.074 0.023 0.001 0.036

Coefficient of - 8.73 11.67 16.1 11.3 16.4 12.8

variation

", *and**: Not-significant and significant at 5% and 1% probability levels, respectively
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Figure 1. Compare means of the growth stimulant effects on the nitrogen, phosphorus and potassium

concentrations of wheat leaf (Barat cultivar) in four plant growth stages (tillering (Z16), stemelongation (Z25),

heading (Z40) and physiological maturing (Z89)).
The different letters (on columns of nitrogen concentration in Z89 and potassium concentration in Z16) indicate a significant
difference between treatments using Duncan’s multiple range test at 5% probability level.
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Table 7. Variance analysis results of the growth stimulant effects on micro nutrient concentration of wheat leaf

(Barat cultivar) in the first and end of plant growth season (tillering and physiological maturing stages)in 2018-

2019.
Variation Degree Tillering (Z16) Physiological maturing (Z89)
source of Fe Zn Mn Cu Fe Zn Mn Cu
freedom
block 2 849 16.5 1122 1.32 303 155 1322 115
growth 6 363 275" 326" 0.49m 982ns 6.5"  39.6" 2.6"
stimulant
Error 12 190.7 335 39.3 0.71 208.8 85 57.3 15
Coefficient of - 16.15 14.6 14.6 131 14.15 149 1485 145
variation

", *and**: Not-significant and significant at 5% and 1% probability levels, respectively
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Table 8. Compare means of the growth stimulant effect on some soil properties in thetillering and physiological
maturing stages in 2018-2019

Growth Tillering (Z16) Physiological maturing (Z89)
stimulant EC pH SAR EC pH SAR
s mt) () (ds m) ()

Control 41 a 750 a 463 a 71 a 7.30 a 6.10 a
Amino acid 43 a 783 a 493 a 73a 740 a 6.30 a
Seaweed 45 a 783 a 6.0 a 98 a 740 a 915 a
Seed treatment 46 a 7.70 a 473 a 7.0 a 750 a 5.60 a
Humic acid 6.8 a 773 a 747 a 9.8 a 740 a 8.47 a
Fulvic acid 6.1a 783 a 6.63 a 72 a 750 a 5.63 a
Combined 44 a 777 a 497 a 10.2 a 7.30 a 7.67 a

Meanswith the similar letters in each column arenot significantly different using Duncan’s multiple range test at 5% probability level.
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Table 9. Economic evaluation of application in compared to control treatment on wheat yield undersalinity

stress
Growth Yield Revenue from Increased costin Benefit to
stimulant enhancement yield growth stimulant costratio
compared to enhancement treatment compared
control (Rials) to control (Rials)
(kg ha'l)
Amino acid 329 13160000 4000000 3.29
Humic acid 668.7 26746667 2000000 13.38
Fulvic acid 418.3 16733333 10000000 1.68
Seaweed 348.7 13946667 14000000 0.98
Seed treatment 283 11320000 2500000 453
Combined 522.7 20906667 30000000 0.7
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Effect of Plant Growth Stimulants on Yield, Nutrient Concentration of
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Abstract

The most soils of Khuzestan province are calcareous with different degrees of salinity, however, they
play a significant role in the country agricultural production. One of the new methods to deal with
environmental stresses is the use of plant growth stimulants. The aim of this study was to investigate the
effect of application of growth stimulants on wheat yield components in saline soil, environmental and
climatic conditions of Khuzestan province. Experiment was performed in three replications as
randomized complete block design with soil salinity of 8 dS m* and water salinity of 3-4 dS m under
seven different treatments consisting of control, free amino acid, seaweed, seed treatment, humic acid,
fulvic acid and combination in 2018 for two years. The use of seaweed, humic acid and amino acid
caused a significant increase 30, 25 and 24 % of grain yield as compared to control treatment (p <0.05).
The results of economic analysis showed a significant advantage of the humic acid application in
increasing wheatyield (profit to cost ratio = 13.38). Application of plant growth stimulants on the macro
and micro nutrients concentration in wheat leaves was not significant in almost all stages of plant growth
compared to the control (p <0.05). In addition, the application of growth stimulants in calcareous soils
of Khuzestan due to high soil buffering capacity did not have a significant effect on soil salinity, pH and
sodium uptake ratio. Therefore, it is recommended that in wheat fields of Khuzestan province with saline
and calcareous soils, in addition to basic fertilizers, humic acid be used as foliar application in two
growth stages of tillering and booting to increase stress plant resistance and improve crop yield.
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