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Abstract: A field study was conducted to estimate the effect of salicylic acid (1, 2 and 3 mM), sitosterol as well
as putrescine concentrations (0.05, 0.10 and 0.15 mM) on vegetative growth characters, yield and its
components and grain biochemical constituents of yellow maize (Zea mays L.) at elongation and milky stages.
The application of bioregulators led to significant increases of vegetative growth characters such as plant
height, leaf area, leaf area index, dry weight/plant, specific leaf weight, crop growth rate and net assimilation rate
except plant height, which sigmificantly reduced with increasing salicylic acid concentration. Increasing
vegetative character values were obtained at salicylic acid (3 mM), sitosterol or putrescine (0.15 mM) at
elongation and milky stages of yellow maize plants. Yield and its components, 1.e. ear length, ear diameter, grain
yield/plant, grain yield/feddan, crop index and 100-grain weight of yellow maize were sigmficantly mereased at
certain level of applied bioregulators application. Salicylic acid (3 mad), sitosterol (0.15 mM) and putrescine
(0.15 mM) gave the hughest values of the previous yield components. Bioregulators varied of their effect on
grain biochemical constituents of yellow maize plant. Sitosterol (0.15 mM) was more effective on crude protein
and total carotenoids while putrescine (0.15 mM) was also more effective on total sugars and oil content of
grains. Grain yield/feddan showed highly significant and positive correlation with the majority of growth

parameters under sitosterol and putrescine application but not with salicylic acid treatments.
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INTRODUCTION

Salicylic acid is an endogenous growth regulator of
phenolic nature, which participates in the regulation of
physiological processes in plant, such as stomatal
closure, ion uptake, inhibition of ethylene biosynthesis,
transpiration and stress tolerance [1, 2]. The effect of
salicylic acid on the physiological processes is
variable, promoting some processes and inhibiting
others depending on its concentration, plant species,
developmental stages and environmental conditions [3].
Low salicylic acid doses enhanced growth of wheat and
maize [2, 4].

The diamine putrescine occurred widely in the higher
plants. Tt was suggested to be involved in a variety of
growth and developmental processes such as cell division
[5], fruit set and growth [6] and senescence [7]. The
interaction of polyamines with the macromolecules
was responsible for physiological effects on plant
growth and development [&]. Polyamines were

effective on mhibiting RNase and protease activities [9].

Also, Serafini-Fracassini [10] found that polyamms are
activators of protein process that was related to genes
encoding [11].

Sitosterol is the major constituent of steroids in plant
that plays a critical role in membrane function [12]. Sterols
have a main role in plant development. Brassinosteroids
have been found to evoke both cell elongation and cell
division resulting in elongation, swelling, curvature and
splitting of the mtemode [13]. Physiological functions
proposed for Brassinosteroids mcluded cell elongation,
cell division, leaf bending, vascular differentiation, proton
pump-mediated membrane polarization,
regulation, responses [14]. In addition, brassinosteroids
caused changes mn enzymatic activities, membrane
potential, DNA, RNA, protein synthesis, photosynthetic
activity and changes in the balance of endogenous
phytohoromones [15]. Particular interest in sterols was
elicited by enhanced growth characters and yield of
maize and soybean plant [16, 17]. Recently, these studies
provided strong evidence that sterols could be essential

sink/source

for normal plant growth and development [18].
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The aim of present work was to study the effect of
the three bioregulators (Salicylic acid, sitosterol and
putrescine) on growth, yield and some biochemical
constituents of yellow maize plants.

MATERIALS AND METHODS

Grains of yellow maize cultivar (Three Way Hybrids
TW-3062 pioneer) sown on 15 and 18 May 2004 and 2005,
respectively at the experimental station of National
Research Centre at Shalakan, Kalubia Governorate. The
plot area was 10.5m* (3.5 x 3 m) in rows 60 cm apart and
20 cm apart between hill along the row. The experiments
were arranged as a complete randomized block design
with six replicates. The plants were sprayed at elongation
stage (45 days after sowing) with the following
bioregulators: salicylic acid (C;H,05) (1,2 and 3 mM),
sitosterol (stigmasta-5-en-3pB-ol: (24 R)-24 ethylcholest-5-
en-3ol) and putrescine (NH,(CH,),NH,) (0.05, 0.10 and
0.15 mM). Control treatment sprayed with distilled water
at the same period. Pre-sowing at rate of 100 kg/fed.
Calcium superphosphate (15.5 % P,0.) was applied to the
so1l. Nitrogen fertilizer as ammomum mtrate (33.5 % N)
was added at a rate of 120 kg. N/feddan in two equal
doses the 1st half at 21 and the 2nd at 36 days after
sOwing.

Growth characteristics: The following growth characters
were measured at elongation stage (60 days after sowing)
and milky stage (90 days after sowmg). The vegetative
growth were plant height, number of
leaves/plant, stem diameter, dry weight/plant, Leaf
area/ cm’ according to Bremner and Taha [19], leaf area

characters

mndex [20], specific leaf weight [21], crop growth rate [22]
and net assimilation rate [23].

Yield and its components characteristics: Yield and its
components such as ear length, ear diameter, number of
row/ear, number of grains/row, gramn weight/plant, grain
vield/fed, crop index, 100-grain weight and shelling
percentage were determined at maturity stage.

Chemical analysis of grains: Grain samples were dried
at 70°C for constant weight and ground to determine the
chemical constituents such as crude protein [24], total
sugars [25], o1l percentage [26] and total carotenoids [27].

Statistical analysis: The data were statistically analysed
in randomized complete block design according to
and Cochran [28]
as well as siunple correlation coefficients

Snedecor and then combined

analysis
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between growth characters and yield attributes were
according to Gomez and Gomez [29]. The
treatments means were compared using LSD test at
5% of significant.

dene

RESULTS AND DISCUSSION

Growth characters: Data presented in Table 1 show that
vegetative growth characters of yellow maize such as
plant height, leaf area/plant, stem diameter, leaf area
mdex, dry weight/plant, specific leaf weight, net
assimilation rate and crop growth rate significantly
mcreased at elongation or milky stages as a result to
foliar application of salicylic acid, sitosterol and
putrescine However, of
leaves/plant was insignificantly affected by bioregulators

bioregulators. number
application. Plant height significantly decreased with
mcreasing salicylic concentration up to 3 mM. This
mean that salicylic acid might be cause an miubitory
effect plant elongation, while, sitosterol and putrescine
bioregulators were more effective on all vegetative
growth characters.
characters were obtained by the concentration (3 mM)

The maximum values of these

of all bioregulators at elongation and milky stages. Tt
appeared from the results that sitosterol was more
effective substance on yellow maize growth than the
others. This effect could be attributed to bioregulators
effect on physiological processes in plant such as,
ion uptake, cell elongation, cell division, sink/source
regulation, enzymatic activities, protein synthesis and
photosynthetic  activity. Our results are in agreement
with Shehata et al [4] they revealed that low salicylic
acid doses led to significant increases in growth
characters of maize. Similar results were obtained by
Khan et af. [1] on corn and soybean and Shakirova et al.
[2] of wheat. Also, El-Mergawi and Abd El-Wahed [3]
found that the types of plants varied in their response to
salicylic acid application as a result to genotype variation.
Whereas, steroids have a role on cell elongation, cell
division, leaf bending and enzymatic activities of plant
[14, 18]. Consequently, the results of putrescine effect on
vegetative growth of yellow maize are sumnilar with those
obtamed by Abd El-Wahed [30] on maize, Abd El-Wahed
and Gamal El-Din [31] on chamomile.

Yield and its components: Data in Table 2 show that
yield and components such as ear length, ear
diameter, 100-grain weight, grain yield/plant, grain
vield/fed., crop index and shelling percentage were

its

significantly enhanced  with foliar application of
bioregulators (salicylic acid, sitosterol and putrescine)
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Table 1: Effect of some bioregulators on vegetative growth of yellow maize plant c.v. pioneer 3062 at elongation stage (60 days after sowing)
(Average of two seasons, 2004 and 2005)

Growth regulators Plant height Number of Stem diameter Dry weight Leaf area Leaf area index  Specific leaf
treatments mM (cm) leaves/plant (cm) (g/plant) (em?) (LAT) weight (mg/em?)
Control 206.15 14.60 1.72 153.80 507.34 2.96 6.49
Salicylic acid

1 mM 200.60 14.68 1.99 18246 523.41 3.44 7.04

2 mM 197.57 14.90 2.14 19527 621.41 3.80 7.65

3 mM 195.10 15.17 2.46 202.52 635.76 3.88 8.51
Sitosterol

0.05 mM 215.44 14.77 1.92 17794 585.98 3.62 7.91

0.10 mM 218.49 15.08 1.97 18928 619.13 4.02 8.04

0.15 mM 23441 15.16 2.15 20097 692.88 4.22 8.58
Pulrescine

0.05 mM 211.52 14.83 1.95 17038 576.85 3.55 7.95

0.10 mM 217.95 15.17 2.03 19539 597.78 4.03 8.38

0.15 mM 232.39 15.07 2.15 204.66 647.78 4.31 8.76
LSD at 5% 12.80 NS 0.34 12.76 2.64 0.63 0.96
Table 1: (Continue) Effect of some bioregulators on vegetative growth of yellow maize plant c.v. pioneer 3062 at milky stage (90 days after sowing)

(Average of two seasons, 2004 and 2005)
Plant Stem Dry Leaf Leafarea  Specific leaf Net assimilation  Crop growth rate

Growth regulators height Number of  diameter weight area index wei ght rate (mg/em’/day)  (mg/cm’/day)
treatments mn (cm) leaves/plant  (cm) (g/plant) (cm®) (LAT) (mg/cm®) (60-90 days) (60-90 days)
Control 270.52 14.98 2.00 216.01 591.54 372 843 3.04 4.80
Salicylic acid

1 mM 266.83 15.76 2.32 258.56 620.29 4.53 8.20 3.57 5.74

2 mM 263.39 1513 2.51 276.31 640.88 4.71 9.04 3.21 6.04

3 mM 256.57 15.38 2.65 281.21 659.70 4.94 10.02 3.79 6.35
Sitosterol

0.05 mM 273.32 1527 2.25 257.21 693.18 4.34 9.83 3.95 5.16

0.10 mM 277.78 15.59 2.40 259.83 711.54 5.05 10.19 4.07 6.19

0.15 mM 282.86 15.88 2.51 275.10 755.76 5.31 11.07 4.35 6.44
Putrescine

0.05 mM 269.09 15.60 2.07 23247 689.86 4.62 9.94 3.15 572

0.10 mM 284.12 1546 2.35 273.09 708.52 5.21 10.79 4.37 6.12

0.15 mM 289.38 1598 2.44 283.91 746.67 5.38 11.23 4.32 6.39
LSD at 5% 6.45 NS 022 17.65 76.43 0.97 131 0.57 1.03
Table 2: Effect of some bioregulators on vield and its components of yell ow maize plant c.v. pioneer 3062 (Average of two seasons, 2004 and 2005)
Growth regulators Ear length Ear diameter Number of Number of 100-grain Grain Grain yield Crop Shelling
treatments mM (cm) (cm) Tows/ear grains/row weight (g) vield/plant (g) (ton/fed.) index %
Control 20.81 3.53 12.97 41.64 39.78 207.01 312 0.45 70
Salicylic acid

1 mM 22.52 390 1375 42.58 41.16 233.58 3.37 0.47 76

2 mM 2331 4.01 1411 42.90 43.19 242.86 3.42 0.48 78

3 mM 21.43 428 1467 4331 43.46 260.37 3.92 0.48 80
Sitosterol

0.05 mM 21.63 3.66 1391 42.80 41.52 245.83 3.96 0.46 79

0.10 mM 22.63 392 1397 43.42 42.48 252.79 4.11 0.48 80

0.15 mM 24.05 4.02 1420 44.14 44.06 266.46 4.56 0.52 83
Putrescine

0.05 mM 21.33 3.74 13.86 42.76 40.91 237.36 3.87 0.50 79

0.10 mM 22.56 3.89 1401 43.27 42.33 248.15 4.26 0.48 82

0.15 mM 23.40 398 14.54 43.52 43.90 256.1 4.4 0.52 86
LSD at 5% 1.18 0.38 NS NS 2.59 28.52 0.74 0.10 36
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Table 3: Effect of some bioregulators on some biochemical constituents of vellow maize plant c.v. pioneer 3062 (Average of two seasons, 2004 and 2005)

Growth regulators Crude protein Total carbohydrate 0il Total carotenoids
treatments mn %% % %% mgg (D.W)
Control 8.30 73.52 5.52 60.23
Salicylic acid
1 mM 8.95 80.65 5.83 73.57
2 mM 9.01 81.30 6.66 76.83
3 mM 9.84 79.08 6.59 81.40
Sitosterol
0.05 mM 9.21 80.82 6.05 74.77
0.10 mM 10.55 79.75 7.60 82.59
0.15 mM 11.37 76.01 6.55 89.07
Putrescine
0.05 mM 891 83.53 6.07 77.10
0.10 mM 10.55 78.92 6.87 80.90
0.15 mM 11.26 74.90 7.79 89.00
LSD at 5% 1.65 4.90 1.01 6.73
Tabled: A simple correlation between grain vield (tonffed.) and some growth characters under putrescine application
Grain yield No. of No.of 100-grains Grain Shelling Crop
Characters (ton/fed.) Ear length  Ear diameter rows/ear graing/ear weight vield/plant %% index
Grain yield {ton/fed.) 1 0.742%% 0.798%* 0.719+* 0.563 0.535 0.937+* 0.916** 0.635*
Ear length 0.742%* 1 0.523 0.551 0.301 0.648* 0.733+* 0.568 0.575
Ear diameter 0.798** 0.523 1 0.703* 0.401 0.470 0.807+* 0.834** 0.552
No. of rows / ear 0.719%* 0.551 0.703* 1 0.154 0.413 0.740+* 0.788** 0.228
No. of graing/ear 0.563 0.301 0.401 0.154 1 0.330 0.507 0.531 0.515
100-graing weight 0.535 0.648* 0.470 0.413 0.330 1 0.434 0.498 0.225
Grain yield/plant 0.937+* 0.733*+* 0.807+* 0.740%* 0.507 0.434 1 0.897+* 0.691*
Shelling % 0.916** 0.568 0.834+* 0.788%* 0.531 0.498 0.897+* 1 0.593*
Crop index 0.635* 0.575 0.552 0.228 0.515 0.225 0.691* 0.593* 1
Table4 (Cont.): A simple correlation between grain vield (ton/fed.) and some growth characters under sitosterol application
Grain yield No. of No. of 100-grains Grain Shelling Crop
Characters (ton/fed.) Earlength  Ear diameter rows/ear grains/ear weight vield/plant % index
Grain yield {ton/fed.) 1 0.799%+ 0.656% 0.303 0.732+* 0.460 0.928+* 0.922+* 0.590*
Ear length 0.799%* 1 0.736%* 0.414 0.573 0.630* 0.734%* 0.641* 0.575
Ear diameter 0.656* 0.736** 1 0.454 0.278 0.592* 0.603* 0.569 0.767+*
No. of rows / ear 0.303 0.414 0.454 1 0.456 0.456 0.339 0.192 0.281
No. of grains/ear 0.732%* 0.573 0.278 0.456 1 0.183 0.740+* 0.623* 0.201
100-grains weight 0.460 0.630* 0.592% 0.456 0.183 1 0.314 0416 0.401
Grain yield/plant 0.928+* 0.734*+ 0.603* 0.339 0.740%* 0.314 1 0.892%* 0.576
Shelling % 0.922+* 0.641* 0.569 0.192 0.623* 0.416 0.892%* 1 0.639*
Crop index 0.590* 0.575 0.767+* 0.281 0.201 0.401 0.576 0.639* 1
Table 4 (Cont.): A simple correlation between grain yield (ton/fed.) and some growth characters under salicylic acid application
Grain yield No. of No. of 100-grains Grain Shelling Crop
Characters (ton/fed.) Earlength  Ear diameter rows/ear grains/ear weight vield/plant % index
Grain vield (ton/fed.) 1 -0.432 0.276 -0.078 -0.060 -0.156 0.109 0.007 0.211
Ear length -0.432 1 0.491 0.392 0.627% 0.469 0.541 0.521 0.072
Ear diameter 0.276 0.491 1 0.651%* 0.589* 0.468 0.819+* 0.732+* 0.339
No. of rows / ear -0.078 0.392 0.651* 1 0.046 0.677* 0.530 0.702* 0.011
No. of grains/ear -0.060 0.627* 0.589%* 0.046 1 0.083 0.626* 0.533 0.439
100-grains weight -0.156 0.469 0.468 0.677* 0.083 1 0.407 0.612* 0.061
Grain yield/plant 0.109 0.541 0.819%* 0.530 0.626* 0.407 1 0.864+* 0.536
Shelling % 0.007 0.521 0.732%* 0.702% 0.533 0.612* 0.864+* 1 0.583*
Crop index 0.211 -0.072 0.339 0.011 0.439 0.061 0.536 0.583* 1
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compared with control. However, number of rows/ear and
number of gramns/row had no sigmficant increase by all
bioregulators applications. Increasing yield and its
components was related to bioregulators concentration
up to 3 mM except ear length character. Tt appeared from
the results that salicylic acid was more effective than
sitosterol and putrescine application on ear diameter
enhancement. Ear length, 100 grains weight, grain
yield/plant and gramn yield/fed. were also more affected
by sitosterol than the other bioregulators. However,
sitosterol and putrescine treatments did not show
significant differences in their effect on crop index. The
favourable effects of bioregulators were obtained at
concentration of salicylic acid of 3 mM, sitosterol of
0.15 mM and putrescine of 0.05 mM. Tt might be due to
bioregulators stimulation of physiological processes
that were reflected on improving vegetative growth that
followed by active translocation of the photosynthesis
products from source to sink in vellow maize plant. The
previous studies confirmed the present obtained positive
responses of salicylic acid foliar application on soybean
[32]. In addition, brassinosteroids increased peanut yield
[33] as well as maize and chamomile yield after foliar or
injection application of both stigmasterol or spermidine
[16, 34]. Whereas, increasing or decreasing putrescine
flower

contenit controlled pistillate and pistillate

differentiation [35].

Chemical constituents: Data in Table 3 indicated that
foliar application of salicylic acid,
putrescine bioregulators led to sigmificant effect on some
biochemical constituents of yellow maize seed. Crude

sitosterol  and

protein, oil and total carotenoids content of yellow maize
grain tended to increase while the total sugars content
were decreased with enhancement bioregulators
concentration. The maximum values of biochemical
content in yellow maize seed were obtained by sitosterol
treatment (0.15 mM) on crude protem and total
carotenoids by putrescine (0.05 or 0.15 mM) on total
sugars and oil. It appeared from the results that both
sitosterol and putrescine are more effective on seed
biochemical contents than salicylic acid. This effect might
be due to these substances on enzymatic activity and
translocation of the metabolites to yellow maize seed.
These results are agreement with those obtamned by
Vardhini and Seeta [33] they found that the exogenous
application of brassinosteroids enhanced levels of
DNA, RNA, soluble proteins, various carbohydrate and
fat content of peanut seed. Also, Abd El-Wahed et al.

[16] and Abd El-Wahed [36] found that stigmasterol

153

or spermidine application increased the previous
mentioned contents of maize seeds. This might be due
to their conjugation with sugars and their effect on
So, putrescine or salicylic application

promoted nitrate reductase activity that was positively

¢-amylase.

correlated with total organic nitrogen of maize [37]. In
this current study mcreasing carotenoids content may
due to convert these substances to pyruvic acid that
led to increase biosynthesis of two general classes of
carotenoid pigments carotene and xanthophylls [38, 39].

Correlation study: Data in Table 4 show that grain yield
(ton/fed.) recorded highly sigmficant and positive
correlation with each of plant height, stem diameter, ear
length, grain yield/plant as well as, shelling percentage.
Significant and positive correlation of gram yield was
obtained with crop index and insignificant and positive
correlation with 100-grains weight under sitosterol and
putrescine application. On the other hand, gram yield
(ton/fed.) showed insignificant and positive correlation
with plent height, stem and ear diameter, grain yield/plant
as well as, crop index. In addition, insignificant and
negative correlation of gramn yield with ear length, number
of rows/ear, number of grains/ear and 100-grains weight
under salicylic acid application are shown in Table 4.
It appears that the improvement of growth reflected
on increasing grain yield/fed of maize that showed
high sigmficant correlation between gramn yield, stem
diameter, ear diameter, number of rows /ear and grain
yield/plant under treating Zea mays with sitosterol and
putrescine.

From the above mentioned results, it could be
concluded that foliar application of sitosterol at
0.15 mM followed by putrescine at 0.15 mM, then
salicylic acid at 3 mM to yellow maize TW 3062 pioneer
plant at elongation stages improved growth, yield and
its components as well as, some biochemical constituents
of yellow maize plants.
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