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ABSTRACT 

Introduction: A Field experiment was conducted at the experi-
mental farm, Dept. of  Field Crop (Al-Jadriya), Coll. of  Agric., Univ. 
of  Baghdad to study the effects of  brassinolide concentrations and 
spraying stages on yield and its components of  maize (Baghdad 
3 cultivar) during spring and autumn seasons in 2017. Materials 
and Methods: A randomized complete blocks design arranged in 
factorial experiment was used with three replicates. The first factor 
included three concentrations (0, 2 and 4 mg L-1) of  brassinolide, 
and the second factor included spraying stages (4, 8, 12, 4 + 8, 4 + 
12, and 8 + 12 leaves) using the same concentrations for each stage. 
Results and discussion: Results showed that the concentration 4 
mg L-1 gave the highest grain yield (6.59 and 7.15 t ha-1) for its su-
periority in 500 grain weight (102.74 and 112.26 g) and number of  
ears per plant (1.43 and 1.44 ear) for both spring and autumn sea-
sons, respectively. The spraying stage (4 + 8 leaves) recorded high-
est grain yield (6.33 and 6.77 t ha-1), and 500 grain weight (104.73 
and 119.20 g) for both spring and autumn seasons, respectively. The 
effect of  interaction for both factors was significant in most stud-
ied traits. Conclusion: Therefore, we recommend spraying Brass-
inolide in a concentration of  4 mg L-1 at the stage 4 + 8 leaves to 
increase grain yield of  maize.
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INTRODUCTION

Maize (Zea mays L.) is one of  the most important 
and strategic cereal crop in Iraq and the world, for 
its high production and multi uses (1). It is a major 
source of  food for both human and animal world-
wide.
In Iraq it ranks third after wheat and rice. Maize pro-
duction in Iraq is about 182300 ton of  grains from 
53300 hectare (2). Improving the growth and yield of  
maize relies on better crop management, and the use 
of  plant regulators is considered one of  them.

Brassinolide is recognized as a noval group of  phy-
tohormones that regulates plant growth and produc-
tivity (3, 4), influences many physiological processes 
(cells division and expansion), pollen tube devel-
opment,and enhancement of  plant defense system 
against environmental stresses (5). Applicationof  
brassinolide to maize plant influences both total 
yield and yield parameters, depending on the stage it 
was applied and concentrations used (6, 7).

Maize plants treated with 0.25 mg L-1 brassinolide 
showed significant increase in number of  ears per 
plant, grains per plant, and 100 grain weight (8). Foliar 
spraying of  brassinolide (0.1 mg L-1) improved num-
ber of  ears per plant, number of  grains per ear, num-
ber of  grains per row, 100 grain weight, and grain 
yield (9). Spraying brassinosteroids on maize plants at 
3-4 leaves stage with 100 g ha-1 caused an increase in 
grain yield about 16.66% (10). Spraying of  brassino-
lide at two different stages in a concentration of  0.35 
mg L-1 caused an increase in the number of  grains in 
ear (34%) compared to control treatment (8). Brassin-
olide foliar application at tasseling  regulated kernel 
endosperm cell division and increased the number 
of  kernel  endosperm cells by 6.2-40.4%, resulting 
in a high grain filling rate, high kernel weight, and in-
creased grain yield (2.6-16%) (11). So, this experiment  

was conducted  to determine the best concentration 
and suitable spraying stage to spray brassinolide in 
order to get high yield  of  maize under field condi-
tions. 

MATERIAL  AND  METHODS

A field experiment was conducted during spring and 
autumn seasons in 2017 at the farm of  Field Crop 
Department, College of  Agriculture, University of  
Baghdad, Iraq, located at latitude of  33°.32’ N and 
longitude of  44°. 23’ E to study the response of  
maize yield to different concentrations of  brassin-
olide spraying at different spraying stages. The lay-
out of  the experiment was Randomized Complete 
Blocks Design in factorial arrangement with three 
replications. The treatments were three brassinolide 
concentrations (0, 2, and 4 mg L-1) and six spraying 
stages (4, 8, 12, 4+8, 4+12, and 8+12 leaves). Syn-
thetic cultivar (Baghdad -3) seeds were sown on 22-
3-2017 and 29-7-2017 at a rate of  53.333 plant ha-1 
for both seasons. Plots area was 18 m2 (six rows, each 
of  four meters long, 75 cm apart, and 25 cm within 
the plants). Recommended rate of  nitrogen (696 kg 
ha-1) was applied in a form of  urea (46%N) in two 
split equal doses (at 20 days after emergence and af-
ter 15 days from first application), while, phosphorus 
was added at planting time in a form of  tri super 
phosphate (P2O5 46%) in a rate of  436 kg ha-1 (12). At 
harvest time (15-7-2017 and 18-11-2017), two cen-
tral rows in each plot were harvested to determine 
the grain yield for these two rows, and then the yield 
per hectare was calculated. Sub samples of  10 plants 
were taken from each plot to measure the number of  
ears plant-1, number of  rows ear-1, number of  grains 
per row, number of  grains per ear, and 500 grain 
weight. The least significant differences (L.S.D.) at 
the level of  0.05 probability was employed to com-
pare the differences among treatments means (13).
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RESULTS AND DISCUSSION

1- No. of  ears plant -1

Results in Table 1 indicates that the effect of  brass-
inolide spraying concentrations, spraying stages, and 
their interaction had a significant effect on the num-
ber of  ears plant-1 and the concentration 4 mg L-1 
gave the highest number of  ears (1.43 and 1.44 ear) 
for both spring and autumn seasons, respectfully. 
The increase in this trait with increasing brassinolide 
concentration might be due to its role in the induc-
tion of  vascular system differentiation by increasing 
the number and size of  the vascular system, so it 

simulates xylem differentiation and inhibits the dif-
ferentiation of  phloem, and consequently increases 
the translocation of  water and nutrients (14).

Regarding spraying stages, results in Table 1 show 
that the highest values (1.39 and 1.45 ear plant-1) 
were recorded at 4+8 leaves stage compared to 
those obtained from 4 leaves stage which produced 
1.24 and 1.30 ear plant-1 for both seasons, respec-
tively, and this could be due to the initiation and de-
velopment of  ears primordia during the 4+8 leaves 
spraying stage (1). As for the interaction, the highest 
means (1.55 and 1.58 ear plant-1) were recorded with 
the concentration of  4 mg L-1 and 4+8 leaves stage 
during both seasons, respectively.  

Table 1. Number of  ears plant-1 of  maize as affected by brassinolide concentrations, spraying stag-
es, and their interaction during spring and autumn seasons in 2017.

Autumn seasonSpring season

Spraying 
stages 
means

 Spraying stages

420420
1.30 1.37 1.32 1.21 1.24 1.30 1.27 1.16 4 leaves 
1.37 1.39 1.37 1.35 1.31 1.40 1.36 1.19 8 leaves 
1.37 1.40 1.41 1.30 1.30 1.44 1.31 1.17 12 leaves 
1.45 1.58 1.46 1.31 1.39 1.55 1.43 1.21 4+8 leaves 
1.40 1.48 1.42 1.30 1.32 1.48 1.30 1.20 4+12 leaves 
1.38 1.44 1.40 1.32 1.36 1.43 1.42 1.23 8+12 leaves 
0.04 0.07 0.05 0.10 L.S.D. 0.05% 

1.44 1.39 1.29  1.43 1.34 1.19 Concentrations
means 

0.02 0.04L.S.D. 0.05

concentrations
(mg L-1) Spraying

concentrations
(mg L-1) Spraying

Spraying 
stages 
means

2- No. of  rows ear-1

Results in Table 2 clearly show that the effect of  brassinolide concentrations, spraying stages, and their inter-
action had non-significant effect on the number of  rows ear-1 for both study seasons.
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Table 2. Number of  rows ear-1 of  maize as affected by brassinolide concentrations, spraying stages, 
and their interaction during spring and autumn seasons in 2017.

Autumn seasonSpring season

Spraying 
stages 
means

 Spraying stages

420420

concentrations
(mg L-1) Spraying

concentrations
(mg L-1) Spraying

Spraying 
stages 
means

 

4 leaves 
8 leaves  

  
4+8 leaves  
4+12 leaves  
 

 L.S.D 0.05 

  
Concentrations 

means 

L.S.D 0.05

12 leaves

8+12 leaves

15.11
15.11
15.33
15.00
15.22
14.88

15.00
15.33
15.33
14.66
15.00
14.66

N.S

14.55
14.55
14.66
14.22
14.33
14.55
N.S

15.00

15.33
15.00
15.66
15.33
15.33
15.00

15.27

15.00
15.00
15.00
15.00
15.33
15.00

15.05

14.33
14.66
14.33
14.33
14.33
15.00

14.50

14.33
14.66
14.33
14.00
14.33
14.00

14.27

N.S

N.S

15.00
14.33
15.33
14.33
14.33
14.66

14.66

N.S

N.S

3-No. of  grains row-1

Results from Table 3 show significant differences in the number of  grains row-1 due to different spraying 
concentrations and the interaction between spraying concentrations and spraying stages for both seasons. 
The concentration 2 mg L-1 gave the highest values of  grains row-1 (38.09 and 39.38 grain) compared to 
control treatment which gave lowest values (36.27 and 37.25 grain) for both spring and autumn seasons, 
respectively. This increase might be due to the role of  brassinolide in the simulation of  pollen tube growth, 
resulting in an increased fertility percentage (15). These results are in agreement with those obtained by Anjum 
et al. (9) who found an increase in the number of  grains row-1 as a result of  brassinolide spraying. 

Table 3. Number of  grains row-1 of  maize as affected by brassinolide concentrations, spraying stag-
es, and their interaction during spring and autumn seasons in 2017.

Autumn seasonSpring season

Spraying 
stages 
means

 Spraying stages

420420

concentrations
(mg L-1) Spraying

concentrations
(mg L-1) Spraying

Spraying 
stages 
means

 

4 leaves 
8 leaves  

  
4+8 leaves  
4+12 leaves  
 

 L.S.D 0.05 

  
Concentrations 

means 

L.S.D 0.05

12 leaves

8+12 leaves

 
 

  
  
  
  

  

38.22
38.46
38.27
38.65
38.56
38.77

39.00
39.00
38.66
39.00
39.00
38.33

0.55

37.40
37.36
36.99
37.44
37.54
37.15
N.S

38.83

39.66
39.00
39.00
39.33
39.33
40.00

39.38

36.00
37.40
37.16
37.62
37.36
38.00

37.25

37.00
37.66
37.33
38.00
37.66
37.33

37.49

36.00
36.33
36.66
36.00
36.66
36.00

36.27

0.95

0.39

38.40
38.10
37.00
38.33
38.32
38.66

38.09

1.06

0.43
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Regarding the spraying stages, results in Table 3 show 
that the effect on this trait was significant during au-
tumn season only. Highest mean was obtained with 
8+12 leaves stage (38.77 grain) during autumn sea-
son, which differed significantly only from 4 leaves 
stage. This might be due to the role of  brassinolide 
spraying in increasing the fertility and activity of  
pollen grains at late growth stages, resulting in an 
increase in the number of  grains row-1 (15). As shown 
in Table 3 the interaction between 2 mg L-1 and the 
treatment 8+12 leaves stage recorded highest values 
(38.66 and 40.00 grain) in comparison with control 
at 4 leaves stage which recorded lowest values (36.00 
and 36.00 grain) for both seasons, respectively.

4- Number of  grains ear-1

It is noted from Table 4 that the effect of  brassinolide 

was significant in both seasons, whereas the effect of  
spraying stages and the interaction between the two 
factors was non-significant on this trait for both sea-
sons. Maize plants sprayed with 2 mg L-1 Showed sig-
nificant increase in this trait (558.41 and 601.59 grain 
ear-1), whereas plants in control treatment recorded 
lowest means (517.85 and 560.90 grain ear-1) for both 
seasons, respectively. This increase in this trait with 
spraying 2 mg L-1 of  brassinolide could be due to the 
role of  brassinolide in improving vegetative growth 
and chlorophyll formation, delay in leaves senes-
cence, and an increase in the number of  florets, and 
consequently an increase in the final grain yield of  
the plants (16). In addition, brassinolide had a positive 
role in increasing the number of  grains row-1 (table 
3). These results are in agreement with those ob-
tained by (7, 11) who found an increase in the number 
of  grains ear-1 due to brassinolide application.

Table 4. Number of  grains ear-1 of  maize as affected by brassinolide concentrations, spraying stag-
es, and their interaction during spring and autumn seasons in 2017.

Autumn seasonSpring season

Spraying 
stages 
means

 Spraying stages

420420

concentrations
(mg L-1) Spraying

concentrations
(mg L-1) Spraying

Spraying 
stages 
means

 

4 leaves 
8 leaves  

  
4+8 leaves  
4+12 leaves  
 

 L.S.D 0.05 
Concentrations 

means 

L.S.D 0.05

12 leaves

8+12 leaves

 
 
 
 
 
 

 

541.99

540.97
N.S

530.21
552.09
534.93
544.54
539.66
559.95

543.56

515.88
532.59

504.00

517.85

579.90
545.97
567.21
549.26
549.12
558.98

558.41

N.S

15.79

577.66 585.00 607.98 540.00  
581.29 597.87 585.00 561.00 
586.93 592.65 610.74 557.40 
579.65 571.74 602.92 564.30 
586.88 585.00 602.92 572.72 

561.91 600.00 570.00  
N.S N.S 

   

11.70 

525.33
504.00
525.33

543.55
542.49
532.60
538.04

560.90 601.59 582.36

577.30
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5-500 grain weight (g)

Results in Table 5 show that there were significant 
differences in 500 grain weight regarding brassino-
lide concentrations, spraying stages, and the inter-
action between them for both spring and autumn 
seasons. The highest grain weight was recorded with 
4 mg L-1 (102.74 and 112.26 g), while the lowest val-
ues were noticed with control treatment (91.65 and 
100.22 g), for both autumn and spring seasons, re-
spectively. This might be attributed to the role of  
brassinolide in genes coding of  gibberellin and aux-
ins which affects endosperm cells division and elon-
gation, and the increase in the efficiency of  assimi-
lates translocation that finally causes an increase in 
500 grain weight (11). This result is in agreement with 
Anjum et al. (9) and Dana Hola et al. (6).

Regarding spraying stages, results in Table 5 show 

that 4+8 leaves stage recorded highest grain weight 
(104.73 and 119.20 g) in comparison with 4 leaves 
stage treatment which gave lowest values (94.37 and 
106.33 g) for both spring and autumn seasons, re-
spectively. The reason for increasing seeds weight 
when sprayed with brassinolide might be due to 
the synchronization of  the spraying time with the 
growth and expansion of  leaves, as well as its posi-
tive role in all biological processes inside the plants 
and the increase in the dry weight of  the roots and 
then the increase in the absorption of  nutrients and 
photosynthesis (3). This result is in agreement with 
the results obtained by many authors who found that 
spraying of  brassinolide caused an increase in maize 
grain weight (8, 3, 17). Regarding the interaction, the 
combination 4 mg L-1 and 4+8 leaves stage record-
ed highest means (111.98 and 119.20 g), while the 
control  with 4 leaves gave the lowest values (88.00 
and 96.00 g) for both spring and autumn seasons, 
respectively.

Table 5. 500 grain weight (g) of  maize as affected by brassinolide concentrations, spraying stages, 
and their interaction during spring and autumn seasons in 2017.

Autumn seasonSpring season

Spraying 
stages 
means

 Spraying stages

420420

concentrations
(mg L-1) Spraying

concentrations
(mg L-1) Spraying

Spraying 
stages 
means

 

4 leaves 
8 leaves  

  
4+8 leaves  
4+12 leaves  
 
L.S.D 0.05 

Concentrations 
means 

L.S.D 0.05

12 leaves

8+12 leaves

88.00
91.00

91.00

91.65

92.33
94.22
93.37

106.33
108.61
111.57
119.20
115.52
112.33

106.33
108.61
111.57
119.20
115.52
112.33
1.67

112.26

96.00
98.33
9767

108.00
100.23
96.67
2.86

99.48

1.17

99.13
97.33

103.00
111.98
104.67
100.33

102.74

94.37
95.55
97.66
104.73
99.42
96.00
1.65

96.00
99.00
100.33
102.67
101.00
102.33

100.22

104.00
107.67
108.15
116.23
113.00
108.87
2.98

109.65

1.81
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6- Grain yield (t ha-1) 

Data illustrated in Table 6 show the significant effect 
of  brassinolide, spraying stages, and their interaction 
on this trait for both seasons. Plants sprayed with 4 
mg L-1 produced highest grain yield (6.59 and 7.15 
t ha-1), while plants in the control  treatment (0 mg 
L-1) produced 5.28  and 5.86 t ha-1 for both spring 
and autumn seasons, respectively. This increase with 
4 mg L-1 might be due to the significant influence of  
brassinolide on growth parameters (leave area, chlo-
rophyll content, photosynthesis, cell division, and 
leaves senescence) which caused an increase in the 

grain yield (18, 19). These results are in accordance 
with those obtained by Dana Hola et al. (6) who 
found that brassinolide application increased grain 
yield. Spraying brassinolide at (4+8 leaves) spraying 
stage significantly recorded highest   grain yield (6.33 
and 6.77 t ha-1), and this could be attributed to the in-
crease in yield components such as, number of  ears 
plant-1 (Table 1), number of  grains row-1 (Table 3) 
and number of  grains ear-1 (Table 4). These results 
are in agreement with those obtained by Qing-yan el 
al. (20) who found an increase in the grain yield due to 
the increase in yield components. 

Table 6: Grain yield (ton ha-1) of  maize as affected by brassinolide concentrations, spraying stages, 
and their interaction during spring and autumn seasons in 2017.

Autumn seasonSpring season

Spraying 
stages 
means

 Spraying stages

420420

concentrations
(mg L-1) Spraying

concentrations
(mg L-1) Spraying

Spraying 
stages 
means

 

4 leaves 
8 leaves  

  
4+8 leaves  
4+12 leaves  
 
L.S.D 0.05 

Concentrations 
means 

L.S.D 0.05

12 leaves

8+12 leaves

5.11
5.26

5.32

5.28

5.30
5.37
5.29

5.93
6.14
6.37
6.64
6.39
6.46
0.15

6.32

0.06

 

6.43
6.36
6.60
6.96
6.59
6.63

6.59

5.82
5.92
6.09
6.33
6.09
6.14
0.09

5.61
5.80
5.87
5.94
6.01
5.95

5.86

6.30
6.31
6.56
6.90
6.36
6.57
0.12

6.50

0.05

6.89
7.11
7.04
7.47
7.25
7.17

7.15

6.26
6.41
6.49
6.77
6.63
6.56
007

Regarding the interaction, spraying of  4 mg L-1 brass-
inolide at spraying stage (4+8 leaves) recorded high-
est grain yield (6.96 and 7.47 t ha-1) in comparison 
with control treatment at spraying stage (4 leaves) 
which recorded 5.11 and 5.61 t ha-1 for both spring 
and autumn seasons, respectively. 
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