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Figure 1. Wheat farm.
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Table 1. Physical and chemical properties of the soil in the experiment place.
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B S T L B T e I S Sk
Soil Fe Mn Zn Cu K P oC TNV pH EC Soil depth
texture (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mgkg) (%) (%) (1:2.5) (dS/m) (cm)
S”Lty Clay 6.7 11.5 1 0.9 200 11 0.60 555 7.8 33 0-30
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Table 2. Variance analysis of the plant growth biostimulants effect on Plant height, Number of spike per m’,
Number of grain per spike, 1000-grain weight, Grain yield and Biomass of wheat.

Sl e Sle
Mean squars
ol
[GE] PSR
als slaas o sldas CLE)l @byl G
S als 3 Slas alaylim 05 . Source of variations
03 5 s . B - Df
Bi Grain 1000-grain 02 St <
l1omass yield weight Number of Number of Plant
grain per spike spike per m? height
W, s
11090230%*  1494189** 3.951* 7.24% 3837.30** 19.33* ot ana
Plant Growth Stimulus
et
1172753 128668.3 1.15 2.54 598.28 6.54 14
Error
(Mo y3) Ol s E
6.45 472 241 3.87 423 220 T

CV (%)

.)bd'o.a?.k«}_x@):@AM)J;QJL«»—\CEMJ‘;J\;&” s T

* and ** are significant at 5 and 1% probability levels and ™ not significant, respectively.
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Table 3. Means comparison of the plant growth biostimulants effect on Plant height, Number of spike per m’,
Number of grain per spike, 1000- grain weight, Grain yield and Biomass of wheat.

R £l sldas s sl . .
g sl U 855 = " € gl AL L, S e s
Biomass  Grain yield 10V(3I2i—g}rlétiln 0 et }E:liar:t Plant growth
(kg.ha™) (kg.ha™) & Number of Number of & stimulation treatment
(2 Grain per spike  Spike per m? (cm)
Aals
13663.60°  6305.32° 43.30° 39.00° 535.67° 90.67°
Control
el ool
17818.07°  7980.90° 45.84® 42.87° 588.67" 96.33% I
Amino acid
Ko o Aol
17133.60°  7803.27° 43.38° 41.33® 609.67" 94.53% IR
Humic acid
Kyl gb Aol
16131.15°  7356.26° 45.07" 39.73° 538.67¢ 95.07° ot
Fluvic acid
Lo S
16580.25°  7658.55° 44.01% 41.23® 581.33% 94.40 0P O
Seaweed extract
SU ) il ale
16170.58°  7434.18° 44.03% 40.80% 564.33% 93.67" el
Inoculation of Azotobacter
bl al 5
20010.16"  8617.71° 46.12° 43.33° 633.00° 99.00° S it

Use all treatments (except fulvic acid)

Aes ls pme B 3L STl Q}»ﬂ L as s 0 Jlex! Ch—w)) Lg)LoT,E SheS mie oy - sl L;Laai}l.:a Qg A 3
Similar letters in each column present insignificant differences by Duncan test at P<0.05.
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Figure 2. Effect of plant growth biostimulants on protein percentage of wheat grain. Similar letters in each
column present insignificant differences by Duncan test at P<0.05.
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Table 4. Variance analysis of the plant growth biostimulants effect on amounts of protein, nitrogen,
phosphorus, potassium, copper, zinc, manganese and iron of wheat grain.
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Table 5. Means comparison of the plant growth biostimulants effect on Nitrogen, Phosphorus, Potassium,

Copper, Zinc, Manganese and Iron of wheat grain.
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Abstract

Background and Objective: Despite the abundance of some nutrients in calcareous soils, the
available form of these nutrients is less than the amount required for plant growth, and the
deficiency of nutrients is one of limiting factor in the production of plants especially wheat in
these soils. The application of plant growth biostimulants may improve the availability of
nutrients in calcareous soils and consequently increase yield and grain quality of wheat.
Therefore, this study was conducted to evaluate the effect of plant growth biostimulants on
quantitative and qualitative characteristics of wheat in a calcareous soil.

Materials and Methods: This research was conducted in randomized complete design with
seven treatments and three replications at Behbahan Agricultural Research Station in one year
(2017-2018). Treatments included: control (application of chemical fertilizers according to soil
test), free amino acid (L), fulvic acid, seaweed extract, humic acid, grain inoculation with
Azotobacter and application of all studied biostimulants (except fulvic acid). Foliar application
of amino ccid, fulvic acid and seaweed extract was done at a concentration of 0.5% at two
stages, tillering and heading. Humic acid was used as fertigation at 5 kg.ha™ in the early stages
of growth (prior to tillering). During experiment: plant height, number of spikes per m”, number
of grain per spike, 1000-grain weight, grain yield, biomass, grain protein, phosphorus,
potassium, copper, zinc, manganes and iron of grain were measured. Varince analysis were
done by MSTATC statistical software and meanes were compared using Duncan’s Multiple
Range Test at the 5% prpbability level.

Results: The effect of biostimulants on grain yield was significant at the 1% prpbability level.
A significant increase in grain yield observed in plants treated with biostimulants compared
with control. The highest plant height (99 cm), number of spikes per m” (633), number of grain
per spike (43.33), 1000-grain weight (46.12 g) and grain yield (8617.71 kg.ha™) were recorded
in the combined treatment. The differences of grain yield among this treatment and other
treatments were significant. Application of biostimulants significantly increased the grain
protein percentage, the concentration of potassium, copper, zinc, manganes and iron of grain at
the 1% prpbability level. These formulations had no significant effect on grain phosphorus.
Application of combined biostimulants significantly increased the grain protein percentage,
potassium, copper, zinc, manganes and iron of grain compared with control. Among growth
biostimulants, the highest increase in the grain protein percentage and grain iron was achieved
by amino acid while the highest increase in potassium, copper, zinc and manganese of grain was
obtained by humic acid compared with control.
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Conclusion: The combined use of plant growth biostimulants produced the best grain yield and
quality in comparision to alone of these substances.Therefore, inoculation of wheat seeds with
Azotobacter, use of humic acid as fertigation at in the early stages of growth and foliar
application of amino ccid and seaweed extract at two stages of tillering and heading, are
recommended. According to the results, among growth biostimulants, application of amino acid
or humic acid is preferred.
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