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ABSTRACT

Two field experiments were carried out during the two successive seasons of
2005 and 2006 to study the effects of different concentrations of atonik ( 0, 50, 100
and 150 mg/l ) and paclobutrazol ( 0, 30 and 60 mg/l ) as well as their interaction on
growth, photosynthetic pigments, yield and its components as well as biochemical
constituents of the produced grains of two hybrids of yellow maize.

The results showed that there were significant differences between the two yellow
maize hybrids; single crosses ( S.C. 155 and S.C. 161 ) in most growth characters at
different stages of growth, photosynthetic pigments content in the leaves, yield and its
components as well as biochemical constituents of the grains. Spraying atonik with
different concentrations at all stages led to significant increases in plant height, flag
leaf area, 4™ leaf area, LAl, SLW, CGR, dry weight/plant, photosynthetic pigments
content, yield and biochemical constituents of grains. Spraying paclobutrazol up to 30
mg/l caused significant increase in most growth characters, photosynthetic pigments
content, yield and its components as well as biochemical constituents in the grains.
While spraying with 60 mg/l paclobutrazol led to significant decreases in plant height,
flag leaf area, LAI, SLW, CGR at the different stages of growth compared with the
control plants.

Spraying the two yellow maize hybrids with atonik at 150 mg/l or paclobutrazol at
30 mg/l caused the highest values in most of growth characters. Spraying with 100
and 150 mg/l atonik and paclobutrazol at 30 and 60 mg/l attained significant increases
in economic yield and its components. Application of atonik treatments in general had
positive effects on crude protein, carbohydrate and carotenoids contents in grains.
The highest values was obtained at 30 mg/l on crude protein content and 60 mg/l on
total carbohydrate and carotenoids content.

Interaction between atonik at 100 and 150 mg/l and paclobutrazol at 30 and 60
mg/l gave the highest increment in the growth characters and chlorophyll (a), (b) and
total carotenoids. Application of atonik at 150 mg/l with paclobutrazol at 60 mgl/l
increased significantly yield and its components, carotenoids content in leaves and
total carbohydrate content. Interaction between the two yellow maize hybrid and
atonik at 150 mg/l or paclobutrazol at 60 mg/l gave the highest values in most growth
characters, photosynthetic pigments content, yield components and carotenoids in
produced grains.

Keywords : Bioregulators, yellow maize, growth, grain yield, protein, carbohydrate
and carotenoids.

INTRODUCTION

Maize is one of the most important cereal crop in Egypt and all over the
world. Many traits were carried out to increase its production, either by
increasing the cultivated area, or through using the new technology of the
modern agricultural practices.

Recently, efforts are paid to increase the productivity of yellow maize
through a number of plant growth regulators. Atonik is a new type of
commercial plant stimulator supporting germination, rooting, growth and pest
resistance ( Wojday, 2004 ). Application of atonik was effective in increasing
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leaf area, number of boll set and dry weight of cotton plants (Abdel-Al, 1998).
Also, Steger and Oosterhuis ( 1997 ) and Zhao et al. ( 1998 ) indicated that
foliar application with atonik increased growth, yield and its components of
cotton plants.

The highest growth, economic yield were obtained by spraying atonik
solution ( Daping et al., 2004 ). Moreover, Cerny et al. ( 2002 ) reported that
atonik is a growth stimulator with positive effect on biochemical and
physiological processes in sugar beet plants. Furthermore, Farahat (2002)
and Amin (2003) noticed significant increases in spikes number/m?, spikes
and grain weight ( g/m2) and grain yield (kg/fed) of wheat plants as a results
of spraying atonik at 22.5 mg/l compared to untreated plants. Generally, Amin
and Habba ( 2003 ) on lupine, Abdel-Wahed and Gamal EI-Din (2005) on
chamomile, concluded that spraying atonik with different concentrations led to
significant increases in growth, yield and biochemical constituents compared
to the control.

Plant growth retardants have been used in many field crops to control the
vegetative growth and reduce the risk of logging. In barley, paclobutrazol
reduced lodging by shortening the culm base when applied early ( Wheaton,
1989 and Cimen et al., 1999 ) or by decreasing the length of upper
internodes when applied at late growth stages ( Sanvicente et al., 1999 ). In
maize, paclobutrazol retarded vegetative growth, inhibited gibberellins
biosynthesis, reduced cell length, internode length, plant height, leaf area but
increased the dry matter percentage and increased angle of lateral branch
(Khalil and Rahman, 1995 and Cimen et al., 2004). Foliar application of
paclobutrazol is accepted as cultural practice for the management of
excessive vegetative growth in temperate area ( Laz and Ismail, 2005 ).
Paclobutrazol treated chrysanthemums showed anatomical changes like
smaller stomata opertures and thicker cuticle which tended to increase
drought resistance ( Smith et al., 1990, Zhou and Xi, 1997 and Abo El-Kheir,
2000 ). Davis et al. ( 1988 ) indicated that growth retardants, in general, and
triazole compounds in particular, are able to increase photosynthetic
pigments content of treated plants. However, the use of paclobutrazol
increased N, P and K content, proline and total carbohydrate in the jujube,
soybean and gladiolus plants ( Laz and Ismail, 2005, Zhang et al., 2006 and
Youssef, 2007 ), respectively.

The present work was an attempt for raising the response of two yellow
maize hybrid ( S.C. 155 and S.C. 161 ) to foliar application of atonik and
paclobutrazol at different concentrations as well as their interactions on
growth, photosynthetic pigments, yield and its component as well as
biochemical constituents of grains.

MATERIALS AND METHODS

Two field experiments were carried out at the Agricultural Experimental
Station, National Research Center at Shalakan, Kalubia Governorate , Egypt
during the two successive seasons of 2005 and 2006 to study the effect of
different concentrations of atonik and paclobutrazol as foliar application on
the growth, photosynthetic pigments, yield and its components as well as
biochemical constituents of two yellow maize hybrids single crosses (S.C.
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155 and S.C. 161). Two yellow maize hybrids were obtained from Agricultural
Research Centre, Ministry of Agriculture. The treatments consisted of three
concentrations ( 0, 50, 100 and 150 mg/l ) of atonik ( Sodium 5-nitroguaiacote
+ Sodium 1-nitrophenolate + sodium 4- nitrophenolate ) and two
concentrations ( 30 and 60 mg/l ) of paclobutrazol ( 2RS,3RS )-1- (4-
chlorophenyl)-4,4-dimethyl-2(1H-1,2,4-Triazol-1-yl) pentan-3-ol). In addition
to the control sprayed with ( distilled water ) and the interaction between
atonik and paclobutrazol treatments.

The experiments were laid in a split-plot design with six replications
where vyellow maize hybrids occupied the main plots and atonik and
paclobutrazol treatments were allocated at random in sub-plots. Grains of two
yellow maize hybrids ( S.C. 155 and S.C. 161 ) were sown on June 7" in the
two seasons 2005 and 2006, in rows 70 cm apart and the distance between
hills along the row 20 cm apart. Plot area was 10.5 m2. The plants were
sprayed twice during vegetative stage (30 and 45 days after sowing ).

After 15 days from the second spraying, photosynthetic pigment content
of leaves was determined according to the method described by (Saric et al.,
1967). Pre-sowing , 100 kg/fed of calcium super-phosphate (15.5% P20Os )
was applied to the soil, while, for nitrogen fertilizer 120 kg N/fed, as
ammonium nitrate ( 33.5 % N ) was applied in two equal doses at the 15t and
2 jrrigation. The growth characteristics were measured at elongation stage
(60 days after sowing) at silky stage ( 75 days after sowing ) and at milky
stage ( 90 days after sowing ). The determined criteria are plant height, flag
leaf area, dry weight/plant, 4" leaf area/plant ( Bremner and Taha, 1966 ),
leaf area index "LAI" (Watson, 1952), specific leaf weight "SLW" mg/cm?2/days
( Pearce et al., 1969), crop growth rate "CGR" mg/cm?/days (Abdel-Gawad et
al., 1980).

At harvest, sample of ten plants was randomly drawn to determine the
following; the yield attributes : stem diameter, ear diameter, ear length, seed
index ( weight of 100 grains) grain and straw yield (g)/plant, grain and straw
yield (ton/fed).

Chemical analysis: Grain samples were dried at 70 °C for constant weight
and ground to determine the biochemical constituents which are crude
protein (A.O.A.C., 1984), total carbohydrate (Dubois et al., 1956) and total
carotenoids (A.O.A.C., 1990).

The data were statistically analyzed for each season and then combined
analysis of two seasons was carried out ( Snedecor and Cochran, 1990 ) for
comparison between means, L.S.D. test at 5% level was calculated.

RESULTS AND DISCUSSION
A. Growth characters :-
A.1- Hybrids differences :

Data in Table (1) show clearly that the two yellow maize hybrid
significantly differed in vegetative growth parameters i.e. plant height, flag
leaf area, 4" leaf area, LAI, SLW, CGR and dry weight (g)/plant at the three
stages of growth. Single Cross 161 showed more response than Single Cross
155. The differences among the two hybrids ( S.C. 161 and S.C. 151 ) of
yellow maize may be due to differences between genotypes of these hybrids

2529



Amin, A.A.

concerning partition of dry matter. Also, the differences in photosynthetic
content ( Table 2), consequently increased plant growth ( Sadek et al., 1994
and Zaki et al, 1999). In addition, the two hybrids of yellow maize
significantly differed in dry matter accumulation as they differed in partitioning
and migration of dry matter ( Ahmed and Hassanein 2000 ).

Table (1) : Effect of atonik and paclobutrazol on growth characters of
two yellow maize hybrids at elongation, silky and milky
stages.( Combined analysis of two seasons 2005 and 2006).

Plant th

Stages Treatments h(%l%l‘)lt a'l?(l:erﬁg) arAéa I(%?rflz) LAI
?5% 18150 | 136.80 | 289.50 | 2.76

Hybrids ScC
2y | 187.60 | 14260 | 206.82 | 2.88
C [SD. at5% 0.77 573 271 | 0.10
5 00 | 17898 | 131.74 | 26952 | 2.69
= . 50 | 182.66 | 138.21 | 293.09 | 2.74
> Atonik mg/ 100 | 189.01 | 14382 | 307.11 | 2.86
u—‘i 150 197.59 148.97 321.32 | 3.21
[S.D. at5% 5.71 237 367 | 013
00 | 17247 | 12951 | 259.01 | 2.63
Paclobutrazol mg/l 30 188.81 139.66 282.26 | 2.81
60 | 18090 | 137.80 | 290.33 | 2.75
[SD. at5% 4.03 2.09 301 | 0.09
?5% 269.87 | 147.90 | 311.19 | 3.68

Hybrids ScC
2ep | 280.46 | 15626 | 34328 | 4.02
. [SD. at5% 201 1.80 786 | 0.2
& 00 | 26144 | 149.10 | 296.37 | 2.98
g . 50 | 26925 | 15237 | 309.46 | 3.39
2 Atonik mg/l 100 | 27836 | 159.06 | 352.55 | 3.64
= 150 | 286.21 | 162.01 | 366.64 | 4.00
[S.D. at5% 6.29 288 862 | 0.37
00 | 25414 | 14844 | 289.73 | 2.93
Paclobutrazol mg/l 30 276.35 156.31 312.82 | 3.48
60 | 262.67 | 144.95 | 301.90 | 3.05
[SD. at5% 5.36 201 577 | 030
?5% 279.05 | 154.60 | 361.50 | 3.92

Hybrids

y S.C
Sep | 28691 | 16176 | 38272 | 4.64
. [SD. at5% 285 1.86 544 | 031
> » 00 | 274.46 | 15420 | 21537 | 3.44
g £, 50 | 285.06 | 159.10 | 379.90 | 4.21
> § € 100 | 292.33 160.29 401.43 | 4.59
= 150 | 298550 | 167.38 | 42651 | 5.33
[S.D. at5% 7.23 239 952 | 067
85- 00 | 272.03 | 152.76 | 30620 | 3.38
eRE 30 | 28944 | 164.47 | 36439 | 4.61
= 60 | 27651 | 15956 | 33548 | 4.11
LS.D. at5% 3.04 1.69 612 | 055

LAI : Leaf Area Index

SLW : Specific Leaf Weight
CGR: Crop Growth Rate :
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A.2- Effect of atonik and paclobutrazol:

The data presented in Table (1) reveal that plant height, flag leaf area, 4t
leaf area, LAI, SLW, CGR and dry weight (g)/plant significantly responded to
different treatments of atonik especially at 150 mg/l at the three physiological
stages as compared with other treatments. Foliar spraying with atonik
treatments caused significant increases in growth characteristics as its
concentration increased from 50 to 150 mg/l. These increases might be due
to the stimulation effect of atonik for increasing N uptake and, in turn,
reflected on increasing the metabolic processes and this, in turn, on their
vegetative growth represented in dry weight of the two yellow maize hybrid.
Pulkrabek et al. ( 1999 ), Cerny et al. (2002) and Daping et al. ( 2004 )
reported parallel results on other plant species treated with atonik. In addition,
Farahat ( 2002 ), Amin ( 2003 ) and Abdel-Wahed & Gamal EI-Din ( 2005 )
reported that foliar application with atonik produced increase in vegetative
growth characters which could be attributed to stimulating plant growth in
critical stages. However, in case of paclobutrazol treatment, it is clear also
that spraying yellow maize hybrids with paclobutrazol up to 60 mg/l resulted
in significant decrease in the aforementioned growth parameters at the
different stages of growth as compared to the untreated plants. These results
could be in agreement with those obtained by Davis et al. ( 1988 ) on
sunflower, Abo El-Kheir ( 2000 ) on soybean , Laz and Ismail ( 2005 ) on
jujube and Yossef ( 2007 ) on gladiolus. The depressing effect of
paclobutrazol may be attributed to the inhibition of cell division or cell
elongation through functioning as antiauxins and antigibberellins, as
paclobutrazol is classified as growth retardant ( Hamid and Williams, 1997
and Cimen et al., 2004 ). Also, Mansour ( 1989 ) on Peperomia obtusifolia ,
Zedan (2000) on coriander and Zhang et al. ( 2006 ) on soybean observed
that paclobutrazol treatments caused significant reductions in plant height,
internodes length, leaf length and leaf area/plant, while dry weight per plant
was increased.

A.3- Effect of the interaction :

Data in Table (2) indicated that plant height, flag leaf area at the silky
and milky stages, 4™ leaf area at the silky stage, RGR ( 60-75) days from
sowing, LAI, SLW mg/cm2 and dry weight (g)/plant at silky stage had a
significant response to the interaction between paclobutrazol and atonik.
Concerning the combined effect of two yellow maize hybrids and atonik
treatment, significant increases were obtained in the some mentioned
characteristics of growth. Data in Table (3) showed that dry weight/plant at
the different stages of growth, plant height at silky and milky stages. In
addition, chlorophyll (a), (b) and carotenoids significantly responded to the
interaction between yellow maize hybrids and atonik treatments. While, flag
leaf area, LAl, 4" leaf area, SLW, CGR insignificantly responded to the
interaction between the two hybrids of yellow maize and atonik at all
physiological stages. It appears from the data presented in Table (3) found
that dry weight/plant at elongation stage, CGR at 60-75 days from sowing,
chlorophyll a, b and carotenoids significantly responded to the interaction
between yellow maize hybrids and paclobutrazol concentrations.
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Table (2) : Effect of the interaction between paclobutrazol and atonik on
growth characters at different stages of growth of two
yellow maize hybrids. ( Combined analysis of two seasons

2005 and 2006 )

th

Treatments Plant FIag(Lerﬁg)area 4ar|ee:f SLW Dry
height (cm2) LAl at mglcm? weight |CGR
Paclobutrazol|Atonik si?lt<y silky | milky at Sst';zé at silky (gt)lspillakr;t @05

mg/l mag/l stage stage | stage ?tglg% stage stage
0.0 |260.9|148.56|153.23|278.81| 2.99 6.48 | 262.49 |6.11
0.0 50 |276.26|154.48|162.64|284.27 | 3.53 7.09 | 271.67 |6.90
’ 100 |289.91|158.66(167.28|289.36 | 3.63 7.42 | 278.51 |7.32
150 |296.29|169.58|173.84|296.45| 4.03 8.56 | 281.76 |8.46
0.0 |259.3146.71|149.91|267.19| 2.89 6.29 | 266.50 |5.49
30 50 |270.3|150.96|159.40|279.20| 3.31 6.72 | 269.96 |5.89
100 |282.65|156.78|164.09|287.31| 3.52 7.28 | 273.04 |6.61
150 [290.77]165.69(169.81|289.42 | 3.77 7.69 | 278.92 |7.43
0.0 |255.6(143.90(147.58|264.53 | 2.76 5.59 | 259.21 |4.89
60 50 |265.84|148.33|155.96|273.64| 3.27 6.43 | 264.53 |5.55
100 |271.76|152.46|159.80|280.75| 3.34 6.70 | 267.69 |6.78
150 |284.92(161.70|165.71|285.86 | 3.59 7.55 | 272.78 |6.09
L.S.D.at5% 3.89 | 471 [ 588 | 203 | 0.11 0.69 6.63 |0.65

Table (3) : Effect of the interaction between two yellow maize hybrids,
atonik and paclobutrazol on growth, yield, photosynthetic,
chemical content of maize plants. (Combined analysis of
two seasons 2005 and 2006)

Treatments P_Iant helght Dry.welght /plant_ chilchi Total
Hybrids| Atonik mg/l silky milky |elongation) silky | milky (@) | (b) |carotenoids
stage |stage | stage |stage |stage
0.0 255.18 |269.06| 161.57 |256.52(290.31|0.49(0.29 0.38
S.C. 50 262.25 |278.51| 169.72 |271.87|305.83|0.58(0.32 0.44
155 100 274.36 |288.46| 175.21 |278.27|312.66|0.69(0.34 0.50
150 282.43 |294.89| 180.77 |282.40(330.45|0.80/0.36 0.54
L.S.D.at5% 2.34 3.16 2.42 5.67 | 9.55 |0.05|0.02 0.03
0.0 259.89 |272.34| 165.03 |259.86(293.80|0.57|0.31 0.43
S.C. 50 268.50 |282.42| 176.40 |279.69|310.76|0.63|0.34 0.52
161 100 279.61 |293.50| 180.92 |284.75|318.54|0.70(0.37 0.57
150 289.72 |301.98| 186.87 |290.49|337.15|0.82|0.39 0.60
L.S.D.at5% 4.01 5.12 3.77 6.66 | 8.24 [0.06(0.03 0.05
Dy | 100-
Hybrids Paclobutrazole welght_at grain . Ear CGR | Chl |Chl Total_
mg/l elongation| 2 . diameter | 60-75| (a) | (b) carotenoids
weight
stage
SC 0.0 167.29 | 40.69 4.54 5.61 | 0.46 |0.22 0.39
1'55' 30 179.21 | 42.90 4.89 7.01 | 0.53 [0.26 0.47
60 176.30 | 43.87 5.34 7.19 | 0.92 |0.38 0.52
L.S.D.at5% 211 1.22 0.30 0.26 | 0.04 |0.02 0.04
sc 0.0 170.49 | 41.09 4.60 6.78 | 0.45 (0.24 0.42
161' 30 182.58 | 43.89 5.29 7.44 | 0.63 [0.30 0.51
60 179.67 | 43.76 5.62 7.51 | 0.99 [0.39 0.59
L.S.D.at5% 221 2.61 0.44 0.39 | 0.06 |0.03 0.07
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Concerning the combined effect of the two yellow maize hybrids, atonik and
paclobutrazol treatments, it had no significant response in the most
characteristics of growth.

A.4- Photosynthetic pigments content :

Data recorded in Table (4) show clearly that the two yellow maize hybrids
(S.C. 155 and S.C. 161) significantly differed in chlorophyll (a) and
carotenoids content at 75 days from sowing (silky stage), except chlorophyll
b. However, foliar spraying with atonik treatments caused significant
increases in photosynthetic pigments content as its concentration increased
from 50 to 150 mg/l. Whereas, photosynthetic pigments content reached its
maximum values at concentration of 150 mg/l atonik. Data in Table (2) show
that spraying maize hybrids (S.C. 155 and S.C. 161) with paclobutrazol
significantly increased photosynthetic pigments at the silky stage of growth
under the higher concentration ( 60 mg/l ), paclobutrazol-treated plants
leaves contained more photosynthetic pigments than the lower ones. In this
respect, EImaoafy (1996) on Pelargonium graveolens, Abo El-Kheir (2000) on
soybean, Laz and Ismail (2005) on jujuba , reported that paclobutrazol
increased chlorophyll a, b and carotenoids comparing with the untreated
plants.

Table (4) : Effect of atonik and paclobutrazol and their interaction on
photosynthetic pigments in 4" leaf at silky stage of two
yellow maize hybrids. ( Combined analysis of two seasons
2005 and 2006 )

Treatments Chl (a) | Chl (b) Total carotenoids

Hybrids S.C. 155 0.64 0.29 0.47

S.C. 161 0.68 0.30 0.51

L.S.D.at5% 0.02 n.s. 0.02

0.0 0.59 0.25 0.44

: 50 0.62 0.29 0.49

Atonik mg/l 100 069 | 031 0.54

150 0.81 0.34 0.56

L.S.D.at5% 0.03 0.02 0.03

0.0 0.44 0.22 0.46

Paclobutrazol mg/l 30 0.63 0.30 0.55

60 0.96 0.38 0.59

L.S.D.at5% 0.01 0.03 0.05
Paclobutrazol mg/l Atonik mg/I

0.0 0.64 0.27 0.45

0.0 50 0.73 0.29 0.49

’ 100 0.77 0.32 0.52

150 0.83 0.35 0.58

0.0 0.69 0.29 0.47

30 50 0.74 0.34 0.50

100 0.78 0.37 0.55

150 0.86 0.39 0.59

0.0 0.76 0.32 0.51

60 50 0.79 0.36 0.55

100 0.82 0.39 0.59

150 0.97 0.40 0.60

L.S.D.at5% 0.04 0.02 0.03
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B- Yield and its components :
B-1- Hybrids differences :

It was clear from the data in Table (5) that there were significant
differences between two hybrids ( S.C. 155 and S.C. 161 ) in stem diameter,
ear diameter, ear length, 100-grain weight, grain and straw yield ( per plant &
per feddan ). These changes might be related with differences in the dry
weight of vegetative organs which could be considered as a criterion for
photosynthetic efficiency of the plant. It is noteworthy to mention that the
results of hybrid differences in yield and its components were in agreement
with those on maize hybrids reported by Sadek et al. ( 1994 ), Zaki et al.
(1999) and Ahmed & Hassnein (2000). In addition to the varietal differences
were reported in partition and migration of dry matter in S.C. 155 and S.C.
161 ( Abdel Gawad et al., 1987 ).

B-2- : Effect of atonik and paclobutrazol:

The data presented in Table (5) reveal that stem diameter, ear diameter,
ear length, 100-grain weight , grain yield and straw yield ( per plant & per
feddan ) significantly responded to different treatment of atonik. The highest
values were obtained with atonik at treatments 100 and 150 mg/l. These
results are in agreement with those obtained by Pulkrabek et al. (1999) on
sugar beet, Vostrel ( 2000 ) on jujuba and Farahat ( 2002 ) on wheat. Guo
and Oosterhuis ( 1995 ) indicated that atonik increased cotton crop yield
through enhanced assimilation nutrient uptake, nitrate reduction and
photosynthesis, improved flow of assimilates ( translocation and cytoplasmic
streaming ) and increased cell integrity. However, in case of paclobutrazol
treatment, it is clear that spraying yellow maize hybrids with paclobutrazol up
to 30 mg/l resulted in a significant increase in stem diameter, ear diameter,
100-grain weight, grain and straw vyields ( per plant and per fed. ) as
compared with the control.

Table (5) : Effect of atonik and paclobutrazol concentration on yield and
its components of two yellow maize hybrids. (Combined
analysis of two seasons 2005 and 2006 )

Stem Ear Ear 100-grain Grain
Treatments diameter | diameter | length | weight yields
(cm) (cm) (cm) (g)/plant | (g)/plant
Hybrids S.C. 155 2.77 4.92 23.90 41.80 267.61
S.C. 161 2.93 5.26 24.60 43.92 273.01
L.S.D.at5% 0.06 0.11 0.19 1.76 2.09
0.0 2.72 4.55 22.60 41.59 245.71
Atonik mg/l 50 2.82 4.78 23.44 43.76 272.56
100 2.87 4.98 23.76 44.84 279.28
150 291 5.01 24.51 44.96 288.27
L.S.D.at5% 0.10 0.23 0.47 2.15 4.78
Paclobutrazol 0.0 2.75 4.62 22.73 41.47 246.16
mg/l 30 2.89 5.22 23.39 43.56 283.25
60 3.01 5.09 23.02 42.93 273.34
L.S.D.at5% 0.13 0.27 0.38 1.42 2.18
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These finding are in agreement with those obtained by Elmaoafy (1996)
Abo El-Kheir (2000) and Cimen et al. (2004). Also Zhou and Xi (1997) on
rape, Zhang et al. (2006) on soybean and Youssef (2007) on gladiolus found
that paclobutrazol treatments increased yield and its components compared
with the untreated plants.

B-3- Effect of the interaction :

The combined effect of atonik and paclobutrazol treatments led to
significant increases in some criteria of yield and its components especially
paclobutrazol 60 mg/l with atonik 150 mg/I.

The data in Table (6) show that stem diameter, ear diameter, ear length,
grain and straw yields ( per plant and per fed. ), straw yield/plant and 100-
grain weight were significantly increased as a result of atonik alone or in
combination with paclobutrazol. However, atonik at 100 and 150 mg/l and
paclobutrazol at 30 and 60 mg/l were more effective in this respect. The
results in the same Table indicate that atonik and paclobutrazol had a
significant effect on 100-grain weight (g), grain and straw yield ( ton/fed. ).
This effect of atonik and paclobutrazol could be due to the increases in 100-
grain weight (g) and grain and straw yield (g)/plant over control.

So, atonik application was reported to be more effective in increasing
yield and its components of cotton and sugar beet ( Abdel Al, 1998, Cerny et
al., 2002 and Daping et al., 2004). In case of paclobutrazol treatment (Table
5) indicated that ear length, 100-grain weight, grain yield and straw yield per
plant and per feddan decreased or slight affected as paclobutrazol
concentration was increased from 30 to 60 mg/l. While , stem diameter was
significantly increased by increasing concentration of paclobutrazol. The
highest values of yield and its components were obtained at 30 mg/l.
paclobutrazol, as compared with control. Similar results had been obtained
on other plants. Zhou and Xi ( 1997 ) on rape, Cimen et al. ( 2004 ) on cotton
and Zhang et al. ( 2006 ) on soybean.

Table (6) : Effect of the interaction between paclobutrazol and atonik on
yield and its components and some biochemical contents of
maize plants.( Combined analysis of two seasons 2005 and

2006)
Treatments (mg/l) Ear G_ram S_traw 109- Grain | straw
Stem Ear yield/ | yield/ | grain - .

Paclobutrazole|Atonik |diameter|diameter length plant | plant |weight yield yield
(cm) ) ©) ©) (ton/fed)|(ton/fed)

0.0 2.78 3.68 |21.65 (263.23|372.11| 40.93 | 2.99 4.38

0.0 50 2.83 4.34 | 22.46 |276.16|380.60| 43.62 | 3.64 4.79

' 100 2.94 4.67 |23.50(281.05|391.32| 44.90 | 3.85 4.87

150 2.99 5.46 | 24.09 |286.96|397.43| 44.97 | 4.29 5.44

0.0 2.82 3.92 | 22.29|259.87(368.50| 41.73 | 2.92 4.26

30 50 2.89 4.65 |23.24|266.70|376.69| 42.89 | 3.42 4.59
100 297 4.88 |23.80|274.69|383.70| 43.67 | 3.67 4.79

150 3.01 5.56 |23.97 |281.50(392.87| 44.79 | 4.11 5.09

0.0 2.88 4.36 22.38 1260.41|371.93| 41.80 2.89 4.29

60 50.0 2.96 4.79 | 23.49|272.32|379.04| 42.78 | 3.31 4.49
100 3.09 5.26 |24.37 (276.62|384.51| 43.98 | 3.59 4.77

150 3.11 5.69 |24.61(280.14|393.62| 43.53 | 4.01 4.90

L.S.D.at5% 0.09 0.41 0.22 | 3.78 | 4.08 | 0.47 0.10 0.09
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Concerning the data in Table (3) show that 100-grain weight (g) and ear
diameter were significantly affected by the interaction between the two yellow
maize hybrid and the different concentrations of paclobutrazol.

C - Biochemical constituents of grains :
C-1- Hybrid differences :

Results of chemical compositions are presented in Table (7). Data
revealed that there were significant differences among the two yellow maize
hybrids in protein percentage, total carbohydrate and carotenoids content. In
this connection, El-Tawil (1998), Masoud (2001), Iken et al. (2002), Mohamed
(2003) and Mohamed and Abdel-Aal (2005) reported that 9.80-11.10 %
protein, total carbohydrate 79.92 and 82, carotene content 16.31-17.06 ppm
were determined in the grains of yellow maize.

Table (7) : Effect of atonik and paclobutrazol concentration and their
interaction on biochemical constituents in produced grains
of two yellow maize hybrids. ( Combined analysis of two
seasons 2005 and 2006 )

Treatments Crude Total Total carotenoids

protein %| carbohydrate % (ppm)

Hybrids S.C. 155 9.76 79.09 16.33

S.C. 161 10.90 80.32 18.49

L.S.D.at5% 0.36 1.33 1.62

0.0 8.46 77.06 16.35

Atonik mg/l 50 9.86 79.70 17.86

100 10.49 81.46 18.87

150 11.04 80.99 19.01

L.S.D. at5% 1.40 1.57 2.08

0.0 8.25 76.68 16.62

Paclobutrazol mgl/l 30 10.44 79.69 18.76

60 9.92 80.97 19.92

L.S.D. at5% 1.64 1.67 2.29
Paclobutrazol mg/l | Atonik mg/I

0.0 7.42 78.70 17.09

0.0 50 11.09 79.56 17.86

' 100 8.97 80.09 18.49

150 9.86 81.62 19.36

0.0 7.76 77.48 16.93

30 50 10.63 78.90 18.39

100 9.76 79.68 17.87

150 9.43 80.21 19.77

0.0 7.89 76.93 17.30

60 50 9.68 79.81 17.66

100 10.66 79.94 18.73

150 9.56 80.50 19.86

L.S.D.at5% 0.33 0.87 0.12
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C-2- Effect of atonik and paclobutrazol:

Data given in Table (7) indicated that the protein, total carbohydrate and
carotenoid contents in produced maize grains were significantly increased at
all applied levels of atonik especially at 150 mg/l. These results showed that
bioregulators play an important role on protein and carbohydrate metabolism
in plant. Whereas, Farahat (2002) found that increasing atonik concentration
from 0.75 to 2.25 mg/l caused the highest increase in grain nitrogen
percentage and nitrogen uptake of wheat plants. These results might be
attributed to favorable effect of atonik for encouraging and increasing nitrogen
uptake, carbohydrate and carotenoids content. These findings are in
agreement with those obtained by Pulkrabek et al. (1999), Vostrel (2000),
Amin and Habba (2003) and Abdel-Wahed and Gamal EI-Din (2005).

The data reveal also that spraying two yellow maize hybrids with
paclobutrazol significantly increased protein, carbohydrate and carotenoid
content in the maize grains as compared to the untreated ones. The
increment was directly proportional to the concentration used of
paclobutrazol. Furthermore, foliar application with paclobutrazol treatment
caused significant increase in chemical constituents of maize grains when its
concentration increased from 30 to 60 mg/l. The increase in these chemical
contents by paclobutrazol treatment could be attributed to higher
photosynthetic activity and accumulation of dry matter and in turn reflected on
the increasing in translocation and accumulation of certain nutrient elements
in plant organs and this, in turn, on their biochemical constituents in maize
grains ( Smith et al., 1990, Khalil and Rahman 1995, Hamid and Williams,
1997 and Laz and Ismail 2005 ).

C-3- Effect of the interaction :

Concerning the interaction effect between atonik and paclobutrazol
concentration, it was statistically significant for crude protein, total
carbohydrate and carotenoids. However, interaction between atonik at 50 or
100 mg/l and paclobutrazol at 30 or 60 mg/l gave the highest values in crude
protein, total carbohydrate and carotenoid contents.

From the above mentioned results, it can be concluded that the
application of different concentrations of atonik and paclobutrazol, led to in
pronounced increases in growth characters, yield components and some
biochemical constituents of the grains (crude protein, total carbohydrate and
carotenoids contents ). However, most of the previous characteristics were
increased by increasing atonik treatment from 50 to 150 mg/l and
paclobutrazol treatment up to 30 mg/I.
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