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Wheat (Triticum aestivum L.) is the leading crops for human nutrition in Europe and in most temperate 
regions worldwide. This crop is demanding in nutrients, among them nitrogen (N) is absorbed in higher 
amounts and its efficiency of utilization can be increased with a plant biostimulant use. The objective of 
this work was to evaluate the influence of different N levels and ways of biostimulant application on 
genotypes growth of wheat, tall and semi dwarf. The experiment was carried out, in 2010, at greenhouse 
located in Rothamsted Research Institute, Harpenden – United Kingdom. The design was in randomized 
blocks, with four replications. The experiment was a 3x2x2 factorial arrangement consisting by three 
ways of application using a commercial biostimulant and two N levels provided by nutritive solution 
and two spring wheat genotypes (Green – tall and Red – semi dwarf). Isolated effect of biostimulant use 
was not observed on fresh matter and dry matter of aboveground part and root; however, N levels 
affected same variables, except root dry matter. A significant interaction between biostimulant and N 
was observed on dry matter of aboveground part. No significant results were found for length, surface, 
diameter and volume of root after biostimulant application and different N levels in Green and Red 
genotypes. Seed treatment and leaf spray with biostimulant did not promoted effects on N and C 
content in aboveground part and root for tall or dwarf wheat; on the other hand, significant differences 
were observed when N was applied through nutritive solution. Biostimulant application did not 
promoted increase on growth, N and C content of aboveground part, metabolites production and 
components of wheat production. Use of N promoted increase on fresh and dry matter of wheat, except 
dry matter of root, moreover, additions were observed in its content in aboveground part of wheat. 
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INTRODUCTION 
 
Wheat (Triticum aestivum L.) is the leading crops for 
human nutrition in Europe and in most temperate  regions 

worldwide (Costanzo and Bàrberi, 2014). This crop is 
demanding  in  nutrients,  among  them,  nitrogen  (N)   is  
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absorbed in higher amounts (Castro and Kluge, 1999; 
Sylvester-Bradley et al., 2001; Da Ros et al., 2003); 
moreover, it is composed of approximately 2.9% N in all 
plants and 2% in grains (Cantarella, 2007). Despite 
reports on assistance from Azospirillum genus in N 
absorption (Didonet et al., 1996; Dalla Santa et al., 2004), 
this crop needs to obtain almost all N from soil and 
fertilizers. 

During the early stages, despite that wheat N demand 
is minor, fertilization is important to promote rapid initial 
development and to define production of this crop (Da 
Ros et al., 2003), and also, N is one of the nutrients that 
can influence yield and is the most absorbed in all cycles 
of wheat crop, resulting in high yield (Megda et al., 2009). 

Growth and development of different crops are 
influenced by plant hormones, among them: auxin, 
cytokinin, gibberellin, ethylene and inhibitors. 
Combinations of these products have been evaluated 
and consequently a mixture of two or more plant 
regulators, or plant regulators with other substances 
(amino acids, nutrients and vitamins), can be called a 
plant stimulant or biostimulant, e.g., Stimulate® (Cato, 
2006). 

There are few papers explaining the wheat and the 
biostimulant Stimulate® relationship, but we know about 
plant hormone influence (auxin, gibberellin and cytokinin) 
in wheat metabolism and how much they can affect its 
growth and development (Castro and Kluge, 1999). Cato 
(2006) applied biostimulant between 3.5 and 5.0 ml kg-1 
of wheat seeds and observed increases in height, dry 
matter mass, tiller number and spike numbers per plant, 
moreover, crescent doses promoted linear growth in 
roots.  

Reports about biostimulant effects on different crops 
are variable and divergent in relation to doses, methods 
of application, crop, environment and agricultural 
practices (Castro et al., 1998), as well as, doubts about 
how this biostimulant can modify growth of crops. Few 
analysis have been realized using this product associated 
with wheat crop and, there are doubts about how 
biostimulant application can promote efficiency of N use 
by crop, and more, if can increase growth, promote grain 
quality and consequently, the productivity. 

This way, an evaluation about action of this product is 
an alternative to promote the understanding how 
biostimulant can act on wheat crop and also the 
possibility of initial growth improvement. Thus, the 
objective of this work was to evaluate the influence of 
different N levels and ways of biostimulant application on 
genotypes growth of wheat, tall and semi dwarf. 
 
 
MATERIALS AND METHODS 
 
The experiment was carried out in a greenhouse located in the 
Rothamsted Research Institute, Harpenden – United Kingdom in 
2010. The design was in randomized blocks, with four replications. 
The experiment was a 3x2x2 factorial arrangement con sisting by 
three ways of application using a  commercial  biostimulant   (CT –  
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Control (without application), ST – 250 ml ha-1 seed treatment and 
LT – 250 ml ha-1 leaf spray in floral initiation), two N levels (normal - 
10 mM and low - 1 mM) provided by nutritive solution and two 
spring wheat genotypes (Green – tall and Red – semi dwarf). 
Commercial biostimulant (Stimulate) was used containing 0.009% 
of kinetin (cytokinin), 0.005% of gibberellic acid (gibberellin), 
0.005% of indolebutyric acid (auxin) and 99.981% of inert 
ingredients (Castro, 1998). 

Seeds were treated with biostimulant according company 
recommendation (4 ml kg-1 of seeds) and placed on petri dishes 
after 30 min to promote absorption of product. CT and LT received 
same volume of destilated water. Petri dishes were placed in a dark 
place, to promote germination. After three days, the transplant of 
four seeds was realized to the pots (with capacity of 4.0 L) 
containing a wash sand + perlite mixture (50:50). 

Spraying treatment was realized during leaf initiation (primary 
leaves). A hand sprayer with biostimulant solution was used for it 
and the solution contained 250 ml ha-1 of biostimulant 
concentration. CT and ST received same content of distillate water. 

Nutritive solution was supplied two days after emergence but 
nutritive stress (low N) started after seven days. The nutritive 
solution of normal N contained, from stock solution, the following 
concentration for macronutrients: 236.15 g L-1 of Ca(NO3)2, 101.11 
g L-1 of KNO3, 85.0 g L-1 of NaNO3, 246.48 g L-1 of MgSO4x7H2O, 
136.09 g L-1 of KH2PO4 and, 18.4 g L-1  of FeEDTA, and for 
micronutrients: 38.6 mg L-1 of Cu(NO3)2.3H2O, 568.6 mg L-1  of 
H3BO3, 712.8 mg L-1 de MnCl2.4H2O, 19.7 mg L-1 of 
(NH4)6Mo7O24.4H2O, 372 mg L-1 of KCl and 202.0 mg L-1 of 
ZnCl2.7H2O. And the solution of low N contained the following 
concentration for macronutrients: 111.10 g L-1 of CaCl2, 101.90 g L-1 

of KNO3, 74.55 g L-1 of KCl, 58,40 g L-1  of NaCl, 120,30 g L-1 of 
MgSO4.7H2O, 136.10 g L-1 of KH2PO4 and, 18.35 g L-1  of FeEDTA, 
and micronutrients: 38.6 mg L-1 of CuCl2.2H2O, 568.6 mg L-1  of 
H3BO3, 712.8 mg L-1 de MnCl2.4H2O, 3.5 mg L-1 of NaMoO4.2H2O, 
372 mg L-1 of KCl and 202.0 mg L-1 of ZnCl2.7H2O. 

After spraying, water supply, or nutritive solution, was applied 
only the following day to promote better absorption and avoid 
washing away the product. Only distilled water was supplied and 
according to crop needs. During experiments, temperature in the 
glasshouse was regulated at 14 and 18°C for day and night, 
respectively.  

Day length was regulated for 16 h and started at 5 am. 
Temperature was monitored each twenty seconds and lights were 
switched off automatically. At 39 days after emergence, in the floral 
initiation, the experiment was finalized. According to Sangoi et al. 
(2007) this phase determines the mass and number of grain and 
ear size, e.g., they are related with cultural treats realized until 
flowering. Fresh matter and dry matter of above ground part, root 
system evaluation, fresh matter and dry matter of root and, N and 
carbon (C) content in aboveground part and root were realized. 

The aboveground part was collected and weighed to determine 
fresh matter mass. After was dried in an oven at 80°C for 72 h for 
dry matter mass determination (g per plant). Roots were separated 
from substrate through washing with tap sterile water on the sieve 
with a mesh of 0.5 mm. The washed material were packed in a 
universal collector containing 30% alcohol + 70% water solution, 
after were maintained in a stored room at 4°C until evaluation. Root 
evaluation was realized according to Tennant (1975) in a specific 
scanner coupled with a computer provided with WinRhyzo 
Arabdopsis 2008 software. Length (m per plant), surface (mm2 per 
plant), diameter (mm) and volume (mm3) were evaluated. After 
were dried in an oven at 80°C for 72 h for dry matter mass 
determination (g per plant). 

The material used to determine dry matter mass (aboveground 
part and root) was grounded in a ball mill (Glen Creston 
Equipments) and N and C analysis followed principles of  LECO 
Truspec Combustion Analyser (LECO Corporation) based on 
modified digestion method  of  Dumas  (AOAC,  2000).  The  results  
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Table 1. Fresh and dry matter of aboveground part and root of wheat genotypes as a function of different N levels in nutritive solution 
and biostimulant application on seeds and leaf spray. 
 

Treatment 
Fresh matter of 

aboveground part 
(g per plant) 

Dry matter of 
aboveground part 

(g per plant) 

Fresh matter of root 
(g per plant) 

Dry matter of root 
(g per plant) 

biostimulant  

Control 6.50a 1.05a 5.14a 0.22a 
ST 6.83a 1.05a 4.53a 0.18a 
LT 6.13a 0.92a 4.68a 0.22a 
     
N in solution (mM)     
1 3.62b 0.66b 3.79b 0.22a 
10 9.36a 1.36a 5.78a 0.20a 
     
Genotype      
Green 6.89a 1.13a 4.87a 0.22a 
Red 6.08a 0.89b 4.70a 0.19a 
     
Interactions     
B x N ns * ns ns 
B x G  ns ns ns ns 
G x N ns ns ns * 
B x G x N ns ns ns ns 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. ns, * and ** are not 
significant, significant at p < 0.05 and p < 0.01 by F test, respectively. Treatments were: Control (without biostimulant application), ST (seed 
treatment), LT (leaf spray treatment during floral initiation). Genotypes were Green (tall) and Red (semi dwarf). Interactions were BxN 
(biostimulant x nitrogen), GxN (genotype x nitrogen), BxGxN (biostimulant x genotype x nitrogen). 

 
 
 
were submitted to analysis of variance (ANOVA) and Tukey test 
was use to compare means at 5% of probability. 
 
 
RESULTS 
 
Isolated effect of biostimulant use was not observed on 
fresh matter and dry matter of aboveground part and root 
(Table 1). However, N levels affected same variables 
(fresh matter of aboveground part and root, except root 
dry matter), and in the normal level of N (10 mM) could 
be observed increasing from 158.6, 106.1 and 52.5% for 
fresh matter and dry matter of aboveground part and 
fresh matter of root, respectively. For different genotypes 
evaluated, only for dry matter mass of aboveground part 
were found significant results, and for semi dwarf wheat 
was found lower mean (Table 1). 

A significant interaction between biostimulant and N 
was observed on dry matter of aboveground part (Table 
1). After unfolding, higher dry matter of plants was 
observed when higher amounts of N were supplied 
(Table 2). Biostimulant treatments promoted decreasing 
on dry matter of aboveground part when normal N level 
was supplied through nutritive solution (10 mM). 

According to Table 3, there was a decreasing of 27.3% 
on dry matter of root, semi dwarf wheat, when applied 
normal N level (10 mM) and higher means were found for 

tall wheat (Green). No significant results were found for 
length, surface, diameter and volume of root after 
biostimulant application and different N levels in Green 
and Red genotypes, tall and semi dwarf, respectively; as 
well as interactions (Table 4).  

Seed treatment and leaf spray with biostimulant did not 
promoted effects on N and C content in aboveground part 
and root for tall or dwarf wheat. On the other hand, 
significant differences were observed on N content 
(above ground and root) when N was applied through 
nutritive solution, it also was observed in C content in the 
root (Table 5). The interaction genotype x N was 
significant for N content in aboveground part (Table 5), 
and, after unfolding, increasing was observed both in 
Green as in Red, tall and semi dwarf wheat, respectively, 
when applied 10 mM of N (Table 6). In the higher N level, 
Red wheat presented higher N content in the 
aboveground part.  
 
 
DISCUSSION 
 
Even if effects of biostimulant use were not observed on 
fresh and dry matter of aboveground part and root, it is 
known that wheat plants demand high amount of 
macronutrients, mainly N and potassium, and more, the 
most   studies  about  N  and  wheat  deal  only  with  one  
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Table 2. Dry matter of aboveground part of wheat genotypes as a function of different N levels in nutritive solution 
and biostimulant application on seeds and leaf spray. Mean of two genotypes. 

 

N levels 

Biostimulant 

Control ST LT 

Dry matter of aboveground part 

1 0.62aB 0.70aB 0.67aB 
10 1.49aA 1.40abA 1.19bA 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. 
Treatments were: Control (without biostimulant application), ST (seed treatment), LT (leaf spray treatment during floral 
initiation). 

 
 
 

Table 3. Dry matter of root of wheat genotypes as a function of N levels in nutritive solution. Mean of two 
genotypes. 
 

N Doses 

Genotypes 

Green Red 

Dry matter of root (g per plant) 

1 0.21aA 0.22aA 
10 0.24aA 0.16bA 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of 
probability.  

 
 
 

Table 4. Length, surface, diameter and volume of root of wheat genotypes as a function of different N levels and 
biostimulant application on seed and leaf spray.  
 

Treatment 
Root Length 
(m per plant) 

Root surface 
(mm2 per plant) 

Root diameter 
(mm) 

Root volume 
(mm3 per plant) 

Biostimulant     
Control 0.598a 644a 0.024a 54a 
ST 0.565a 627a 0.021a 54a 
LT 0.654a 706a 0.022a 59a 
     

N in solution (mM)     
1 0.602a 652a 0.021a 55a 
10 0.603a 667a 0.023a 57a 
     

Genotype     
 Green 0.590a 648a 0.022a 54a 
Red 0.616a 671a 0.022a 57a 
     

Interactions     
B x N ns ns ns ns 
B x G  ns ns ns ns 
G x N ns ns ns ns 
B x G x N ns ns ns ns 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. ns, 
* and ** are not significant, significant at p < 0.05 and p < 0.01 by F test, respectively. Treatments were: Control (without 
biostimulant application), ST (seed treatment), LT (leaf spray treatment during floral initiation). Genotypes were Green (tall) and 
Red (semi dwarf). Interactions were BxN (biostimulant x nitrogen), GxN (genotype x nitrogen), BxGxN (biostimulant x genotype 
x nitrogen). 

 
 
 
cultivar, this way is difficult to get new information about 
different genotypes, which respond in different ways 

when N is applied, because they have a different genetic 
basis (Viana and Kiehl, 2010; Sangoi et al., 2007).  
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Table 5. Nitrogen and carbon content of aboveground part and root as a function of different N levels and biostimulant 
application on seed and leaf spray treatment. 
 

Treatment 
N aboveground part 

(g/kg) 
C aboveground part 

(g/kg) 
N root 
(g/kg) 

C root 
(g/kg) 

Biostimulant  
Control 24.7a 396.1a 12.6a 400.6a 
ST 26.7a 421.5a 11.9a 399.4a 
LT 26.9a 420.3a 12.9a 398.1a 
     
N in solution (mM)     
1 13.1b 424.3a 8.8b 37.2b 
10 39.1a 401.0a 16.1a 42.7a 
     
Genotype     
Green 23.9b 405.1a 11.9a 366.9a 
Red 28.4a 4202a 13.0a 401.9a 
     
Interactions     
B x N ns ns ns ns 
B x G  ns ns ns ns 
G x N * ns ns ns 
B x G x N ns ns ns ns 

 

Means followed by same letter in the column, within each factor, do not differ significantly by Tukey test at 5% of probability. ns, * 
and ** are not significant, significant at p < 0.05 and p < 0.01 by F test, respectively. Treatments were: Control (without biostimulant 
application), ST (seed treatment), LT (leaf spray treatment during floral initiation). Genotypes were Green (tall) and Red (semi 
dwarf). Interactions were BxN (biostimulant x nitrogen), GxN (genotype x nitrogen), BxGxN (biostimulant x genotype x nitrogen). 

 
 
 
Results statistically significant were not found for other 
variables and lower means were found for Red cultivar 
(semi dwarf wheat). According to Hedden (2003) in many 
species, gibberellin concentration can restrict growth 
plant, because it has an important role on regulation of 
development processes, which are critical to agriculture. 
Data presented in this manuscript agree with Miralles et 
al. (1997), they suggest that lower values on biomass of 
aboveground part are positively correlated with root 
growth and vice versa. Waines and Ehdaie (2007) 
evaluating genotypes from Iran, China, Japan, California, 
Iraq, Pakistan and Europe (tall and semi dwarf, 
glasshouse and field experiments) observed significant 
differences among their production of root biomass and 
they associated grain production with increasing of this 
variable. The same authors reported that there are few 
studies about root system and many times they are not 
considered important despite root increase water and N 
absorption and, to reduce environmental pollution, 
consequently.  

Results about decreasing on dry matter of root, semi 
dwarf wheat, and increasing of tall wheat disagree with 
Camargo (1974) which one since 70’ observed different 
behaviour between tall and semi dwarf wheat. The same 
author observed that dwarf and semi dwarf wheat 
presented stability and the best reaction when higher N 
doses were applied (for example 150 kg ha-1) unlike tall 

wheat, that had increase in its production until 50 kg ha-1; 
he concluded that, in conditions of higher N fertilization, 
semi dwarf wheat can benefit better than tall wheat. 
Coelho et al. (1998) evaluated ‘Embrapa-22’ cultivar and 
four N doses (monocrop and intercrop with maize) and 
they observed increase on dry matter until 94 kg ha-1. 
Marschner (1995) explain that in cereals, N doses can 
increase phytohormones and compounds that can 
promote growth and development, thus, in the present 
study, the application of this nutrient may have influenced 
on metabolism of genotypes evaluated. 

No significant results for length, surface, diameter and 
volume of root after biostimulant application and different 
N levels in Green and Red genotypes, and their 
interactions, disagree with Subbiah et al. (1968), they 
reported that semi dwarf wheat presented smaller root 
system when compared with tall one, during field 
experiment. Siddique et al. (1990) reported about values 
of dry matter of root; semi dwarf wheat presented lowest 
values resulting, according to this author, in a low 
root:aboveground part ratio. Wojciechowski et al. (2009) 
reported that Rht allele effect are unclear and results in 
different growth conditions are contradictory. The same 
authors obtained inconclusive results and explain that 
can be due to different genetic antecedents were 
responsible to produce actual wheat plants; they still 
report that semi  dwarf plants   have smaller  root  system  



 
 
 
 
because can reduce investment on dry matter root 
production or different growth conditions, or all factors 
cited. In their experiment with different wheat genotypes, 
tall and semi dwarf, these authors observed no 
differences on root length among cultivars with dwarfism 
allele and control, as well as diameter root. 

Significant differences observed when N was applied 
through nutritive solution, agree with results from Teixeira 
-Filho et al. (2007), in a field experiment and sprinkler 
system, observed an increase on foliar N content when 
applied this nutrient until the dose of 77 kg ha-1. Viana 
and Kiehl (2010) did not find significant results for N 
accumulation of aboveground part when evaluated ‘IAC 
370’ cultivar during experiment carried out in a 
greenhouse and applied five doses of N. Between 
genotypes evaluated, significant differences were 
observed in the N content of aboveground part and in 
dwarf wheat was observed the highest mean and it was 
18.9% higher than that observed in tall wheat. Sylvester-
Bradley and Kindred (2009) evaluating efficiency of N use 
and harvest index of this nutrient, explain that there are 
few data available about N use in cereals different 
genetically, however it is known that since the 
introduction of semi dwarf plants, these values have been 
modified. Pearman et al. (1978) applied eight N doses in 
wheat plants, tall and semi dwarf, and observed that in 
plants with dwarfism gene, higher N doses promoted 
decrease in the variables evaluated, when compared with 
tall plants.  
 
 
Conclusion 
 
Biostimulant application did not promoted increase on 
growth, N and C content of above ground part. Use of N 
promoted increase on fresh and dry matter of wheat, 
except dry matter of root, moreover, additions were 
observed in its content in above ground part of wheat. 
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