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ABSTRACT

The objective of this study to estimate the Radiation Use Efficiency under effect of three
levels of nitrogen (N; = 80 Kg N ha™, N, =120 Kg N ha®, and N3=160 Kg N ha™) for a set of
maize hybrids include (Gloria, Market, Cruze and Draxma) in two different seasons in spring
and fall of 2017 in Qlyasn-Sulaimani. The experiment was conducted using split plot design
with three replicates . The results revealed higher intensity of PAR in autumn season than
that of spring (15.672 and 10.555)MJm™d™ respectively that led to higher RUE in autumn
revealing (4.311,3.546, and 4.702)g MJ™ m™ under the effect of (N1,N,, and N3) respectively,
while the results of the autumn were higher (5.237, 4.681, and 6.019) g MJ™ m™? under the
same levels of nitrogen fertilization, the highest application of nitrogen was more effective in
autumn. The RGR and the rate of total dry matter accumulation were higher in autumn
season displaying positive performance of studied maize hybrids to the higher intercepted of
solar energy as well higher temperature.

Key words: RUE, RGR, PAR, nitrogen levels.

— 1159-1146:(6)49: 2018- &8 all 401,31 a slall Alaa
salll Cplitie Crramisa (B (g ) dpandl) (pe Al Clygie A AU il g lhal) 3,30 ¢ Ll aladi 5ol
e (ube al)
ae Lsa

Lilagdad) daala = 4o )3 aglad) 43l8 —dt8al) Jualaal) agle and

aliial)
cad (g S8 ¢ ala ¢ Lygls) Jadd 5 e (e Asganal £ lady) aladind SeUS pail Aupal) ol
N3 = 160 Kg N ha— sN2 = 120 Kg N ha-1 (N1 = 80 Kg N ha-1 o il (e cligioa 4335 il
Jlanialy Laal) oda cidis . Aglaglad) daaly —olullh Jgia 3 2017 ale Ciujhy auy b Cpilida (pauga 1)
o)) galll Jara Uiy Al galll Jale B ABLad) Balal) aSlS pai JMA e ) Se ESEg ARAL g

saill Jala H(PAR) gl glady) 5ad @il A0 cad dasiial) Adlad) sall) Jue 5l (2#(RGR)
b ABlS salll Jahe b Lwgaall LCA-4 jlga aladiuly LaadPAR  Glua ol augall adii aay 4dksa)
315.672) ) b A Al (e 4jlha Gy Al Juad SPAR e 5ad Al duall ciang sy . gall) awsa
Usa Cidl) 4 plad¥) aladiu) 3elis @ RUE gl ) aaf Al Al o) MIm-2d-1 10.555
O b ol awse b il JeN3) N2 (N1 Ll cas) g MJ-1 m -2 4.702 5 4.311.3.546)
S g Al Bendl) Clgiue udl cad) g MJ-1 m=2 6.019 (4.681 <5.237) Jlei ciy Al @il cals
JuaRGR  udl) saill Jira (o IS Jira o) ol 9 cu Al b Add ST Cuag il o ginn o)
o XS g o) pladl Bl 0B B ) el o)) S G iy Al awge B Lgliad cudd L) ABlad) Balal) a8
Al B e Byl clags cig ks

Ol albgive (PAR (RGR (RUE  :dalidall cilall)
*Received:21/1/2018, Accepted:17/5/2018

1146



Iraqgi Journal of Agricultural Sciences —2018:49(6):1146-1159

Mohammed

INTRODUCTION

Crop Productivity has often been found to be
linearly related to the photosynthetically active
radiation (PAR) intercepted and absorbed by
crops, When PAR is absorbed by cells
containing chloroplasts. The efficiency of
photosynthesis can be defined as the ratio of
energy stored in the form of carbohydrates to
the absorbed radiant energy (17). The slope of
this relationship is the radiation use efficiency
(RUE), especially in crops where growth is not
limited by water or nutrient shortage, or by
other adverse climatic conditions that may
decrease RUE ( 11, 24,25, 26, 30 ). Crop
RUE was defined as the ratio between the
TDM and the sum of intercepted PAR, a
strongly positive correlation was observed
between above ground biomass and
cumulative IPAR that was varied across the
growing season, ( 12 32 ). The value of the
RUE differs depending on whether it is
calculated as PAR absorbed (RUEa) or as
PAR intercepted (RUEI), (8). The radiation
use efficiency varies through the crop growing
season, differences in RUE ascribe to
differences in the rate of photosynthesis and
the net assimilation rate produced (24). RUE
differs between crops (4, 22, 28 ), with plant
nitrogen situation (3, 5, 27) and with growth
stages of the crop cycle, especially (pre-silking
as vegetative growth and post-silking as
reproductive growth stage), the variability of
RUE in different growth effectively during the
crop life cycle and to \variation in
photosynthetic properties of the plant canopy
(35).Canopy photosynthesis relation to the
nitrogen content (and thus photosynthetic
properties) of leaves is the distribution of solar
radiation in a canopy in relation to the light
gradient in such a way that daily canopy
photosynthesis is optimized in relation to light
(7), there is then a linear relationship between
daily canopy photosynthesis and interclepted
PAR (3, 10). The results imply that all leaves
in a canopy have constant PhRUE over one
day (daily PhRUE), independent of their
canopy position and PAR exposure (24). The
conclusion of Souza et al., (29), indicated to
the mean daily incident solar radiation which
was below 20 MJ m™ during the whole cycle,
with mean values of PAR around 8 MJ m?,
although the daily values of 12 MJ m™ were
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observed in some days, but rarely reaching
values below 6 MJ m™ day™. The interactions
between some genotypes and higher rates of
nitrogen  fertilization in a  previous
investigation showed more accumulated
radiation interception than control, having
mean values of( 815.0, 813.6, 811.8, 812.3 and
811.3) MJm™. (14) whom they found the
minimum grain yield basis radiation use
efficiency (4.41 g MJ-1) was attained by
Bhakar genotype with no nitrogen application.
The use of nitrogen fertilizers is most essential
mineral nutrient for higher grain yield in
cereals for its role in plant growth and the
physiological and biochemical processes,
production of carbohydrates and the protein
synthesis, especially the small molecular
weight proteins which associated with
tolerance to stress conditions ( 14 , 21 ), while
the higher application of nitrogen fertilization
departs as waste through different deleterious
processes, although there was an inverse
results were shown on yield losses with higher
applications of nitrogen, therefore it require to
increase its use efficiency (9 ,16 ) Climatic
factors are crucial to the high productivity of
the crops. The maize plants response to the
nitrogen fertilization showed differential
growth and distinct influences of the
assimilated partition between their structures,
RGR of Plants grown using 75% of the
recommended dose of N at sowing had a
higher relative growth rate compared to the
other doses (33). Solar radiation is a
fundamental factor to determine the plant
growth, RUE is influenced by low and high
temperature too, the photosynthetic efficiency,
increased or decreased with fluctuations
between respiration and photosynthesis under
the impact of temperature that directly affect
the net photosynthesis (2, 18, 20). The aim of
the present study was to investigate the RUE
of four maize hybrids under effect of two
different seasonal conditions using different
levels of Nitrogen fertilization.

MATERIALS AND METHODS

The efficiency of using radiation by four
maize hybrids under influence of three levels
of nitrogen fertilizer was studied in two
different climatic conditions. Two different
field experiments were conducted at the
Qlyasan Research Station\ university of
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Sulaimani (Lat. 350 34" 307"; N, Long 450 21
992"; E, 765 masl) during the spring and fall
seasons in 2017. The experiments were laid
out in a split- plot design with three
replications. Three different levels of nitrogen
were used in the main plot factor N; = 80 Kg
Nha?, N,=120Kg Nha? and N3=160 Kg
N ha), which were applied as Urea 46% at
two different growth stages, the 1% at seedling
and the 2" dose at tasseling, (1 ). Four maize
hybrids( GLORIA, MARKET\ Butik Co.
Turkey, CRUZ\Feto Co. Spain, and
DRAXMA\Cenmenta Co. SWS) as (Hi, Hy,
Hs; and Hg) respectively, cultivated in the
subplots. The phosphorous fertilization with
200 kg ha™ was applied at seeding, while all
the crop management practices were behaving
as required. The subplots were divided into 4
rows with 0.7 m spacing between the rows and
0.25 m between plants within the rows. The
date of sowing in spring season was in April
05 and Jul.04 for 2017 autumn, the duration of
the growth stages in both vegetative and
reproductive growth in both seasons was
evaluated, especially the dates of 50%
tasseling and 50% silking, and 50%
physiological maturity. Destructive sampling
were used for determining the rate of dry
matter accumulation from V5 to R3, pre and
post- silking (V4-5, V8-10, V10-12, VT, and
R3) as well as Physiological maturity (PM)
which synchronized with the dates at (May05,
May 26, Jun 20, and Jul 20) in spring season
while in autumn season the growth stages were
corresponded with (Jul 21, Aug05, Aug26, and
Sept.16). For predicting the increase or
decrease in the rate of dry matter accumulation
along the growth stages in both season, the
following equation was used for determining
the relative growth rate (RGR):
RGR (gg™d™) = InW, — InW4/ t; —ty-
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Where: InW; is the natural logarithm of the
plant weight at a later date, InW; is the natural
logarithm of the plant weight at a previous
date, t, is the time 2 or later date, and t; is the
previous date. The photosynthetically active
radiation (PAR) was measured for six leaves
in the upper part of the plant during (900 —
1200) h, for the same mentioned growth
stages (V4-5, V8-10, V10-12, VT, and R3) in
clear or partial overcast day hours, according
to the RUE over the course of the day is
constant for the canopy leaves, the intercepted
PAR was measured for the whole day,
according to (Rosati and Dejong, 2003). The
LCA-4 computerized instrument was used for
measuring the PAR in pMolm?s™ and then
converted to MJ m?, also the leaf chamber
temperature in degree Celsius, estimating of
radiation use efficiency was done according to
the following equation:

RUE (Kg MJ* m?) = Plant Dry Weight (Kg
m?) / PAR (MJ* m?)

RESULTS AND DISCUSSION

Growth and development of investigating
maize hybrids incorporated in accumulation of
dry matter were varied according to their
responses to climatic conditions of both
growing season, especially the photosynthetic
efficiency that correlated to the intensity of
photosynthetically active radiation (PAR). Fig
1, clarify the intensity of the intercepted PAR
during the different growth stages in both
season. There were lower intensity of
intercepted PAR in the spring season, which
was between (9.501-12.790) MJm™d™ with the
average of (10.555 MJm™d™), in comparison
to the higher intensity of intercepted PAR
during the autumn season with (18.545 and
19.416) MJm? d?, and with the average of
(15.672 MIm™ d™), there was declining toward
the end of the season (Fig.1).
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Fig 1. Average of daily PAR intensity in different growth stages in both seasons

The intensity of solar radiation that intercepted
on the plant leaves was directly affected the
leaf temperature of  maize hybrids, the
minimum temperature was recorded in the
leaf chamber in spring growing season was

during the vegetative period that did not
exceed 32.5°C, while the fall season started
with higher temperature more than 37°C and
continued to the end of the season.
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Fig 2. Daily average temperature °C in both growing season

Dry matter accumulation

The rate of total dry matter accumulation is
considered as an expressive parameter for the
rate of growth and development of plants, the
amount of intercepted radiation usually
influences the photosynthesis and the
efficiency of photosynthesis, the efficiency of
photosynthesis is also affected by the
temperature of the leaves and the nutrient
status especially nitrogen that impacted the net
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assimilation rate and plant total dry matter.
The effect of nitrogen levels on the rate of
accumulated dry matter of seedling stage (V4-
5) to (PM) in both seasons shows in Table 1,
there were signalize increasing in the plant dry
weight along the growing season, the
maximum dry weights were revealed in the
period post-silking for three different levels of
nitrogen with the significant superiority of the
effect of N3 at PM in both season. The relative
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growth rate (RGR g g-'d™) was significantly
varied with the effect of nitrogen levels and
growth stages in spring season, Fig.3 A
indicate to significant accumulating of plant
dry weight in the linear phase with maximum
RGR at tasseling (VT 4.06 g g*d™®) under
influence of N;, while maximum RGR which
was obtained with the impact of N, and Nj
were at post silking R3 with 4.109 and 6.501 g
g*d?, the accretion in RGR was correlated
with the effect of nitrogen level Ny, N2, and N3
with r? value of 0.89, 0.99, and 0.70
respectively. The performance of maize
hybrids significantly displayed across the
growth stages in the spring season, (Fig.4 A),
there were significant increasing in relative
growth rate with development of growth stages
from seedling (27DAS) to V8-10 (49DAS),
and from V8-10 to VT and from VT to R3 and
then declined toward the physiological
maturity(PM), the maximum relative growth
rate was shown by H4 at two different growth
stages V8-10 and PM revealing (1.071 and
2.506 g g*d™), while the hybrid Hiexceeded
others at tasseling stage (VT) performing
4.327 g g*d™, however hybrid Hs was show
distinction in reproductive stage R3 with 7.136
g g*d™. The increasing in RGR of all hybrids
was correlated with the growth stages
Table 1. Effect of Nitrogen levels on the rate

advancement from seedling to VT and to R3
and then declined in PM, exhibiting r* value of
0.98, 0.99, 0.63, and 0.64 for H;, Hy,H3, and
H, respectively. In fall season there were
considerable differences of RGR under the
effect of nitrogen levels too, Fig. 4. A,
manifest  increasing in  RGR  from
seedling(15DAS) to V8-10(30DAS), and from
V8-10 to VT, and from VT to R3 and then
from R3 started decreasing till PM. The
maximum RGR with the impact of the first
level of nitrogen was obtained at R3 which
was 5.886 g g™d*, while the effect of second
level N, was displayed in the mid season at
tasseling (VT) demonstrating 4.173 g g*d™,
but the third level N3 was not overridden in
any growth stages. The relative growth rate of
four maize hybrids in autumn season
(Fig.4,B)demonstrated significant differences
in different growth stages, the Hybrids
GLORIA(H;), and MARKET (Hz) were
shared  significant  superiority in  the
reproductive growth stage post silking at R3,
obtaining (5.006 and 5437) g g'd*
respectively, while exceeding of Cruze (Hs)
was at latest stage at PM (2.294 g g™'d?), and
the significant performance of Draxma (Hj)
was in tasseling showing maximum RGR with
4.441 g gtd™.

of Dry matter accumulation in different stages in

both seasons

DM accumulation(g) - Spring season

DM accumulation(g) - Autumn season

Nitroge
nlevels | v4.-5 V8-10 VT R3 PM V4-5 V8-10 VT R3 PM
N1 1.48 19493 104453 155741 229416 0439 16428 91729 215332  234.179
N2 1175  17.683 96.982 158.628 187 0.424  17.794 105432 163.935 206.493
N3 1.204  30.708 95.601 193.122  209.416  0.421 1484 96592 188505 251.937
L.S.D N.S 1.765 N.S 9.821 N.S N.S N.S 8.664 12183  10.613
Table 2. Dry matter accumulation of maize hybrids in different growth stages in both seasons
Maize DM accumulation(g) - Spring season DM accumulation(g) - Autumn season
Hybrids | v4-5 V8-10 VT R3 PM V4-5 V8-10 VT R3 PM
H1 1525 21602 112589  184.055  200.666 0.488 17.801 93452 19859  233.767
H2 0.992 22102 95551  156.978  207.222 0.377 15.152  85.627 199.824  241.223
H3 1.055 22486  77.056  184.098 197.444 0.345 16.166  103.035 146.174 224.174
H4 1572 24321 110852 151522  229.111 0.501 16.296  109.557 212.441 224.315

L.S.D 0.246 2.348 19.047 9.133

N.S 0.115 N.S 6.456 8.334 6.437
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Radiation use efficiency

Plant production and dry matter accumulation
of dry matter can be related to the intercepted
and absorbed light energy on the plant canopy,
the incident PAR will increase the slope
between net assimilation rate, which leads to
dry matter accumulation, the slope of this
relationship is radiation use efficiency (RUE),
( 17 ). Fig.5, demonstrate the influence of
nitrogen levels on the RUE in different growth
stages from seedling to PM. In spring season
there were linear increasing in the efficiency
of radiation using under effect of three
nitrogen levels along the different growth
stages, maximum value of RUE in spring
season was obtained with highest level of

nitrogen application in two growth stages
only, (Seedling and tasseling) revealing 0.441
and 3.492MJm™s™ in May05 and Jun20, while
the maximum RUE with the effect of the first
level of nitrogen was demonstrated in stage
pre-tasseling in May 27, and at physiological
maturity showing 1.887 and 4.311 MJm?’s™
respectively. In the autumn season there was a
linear increase of RUE from seedling to the
PM too(Fig.6), the maximum efficiency of
radiation using at the later stages of growth
was with the effectiviness of the highest
application of nitrogen(N3) on tasseling and
PM with4.022and 6.019Mjm?s™ respectively.
The RUE values in fall season were higher
than that in the spring.
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Fig 6. RUE under the effect of nitrogen levels in autumn season

Responses of maize hybrids to solar energy
under effect of three different levels of
nitrogen across different growth stages from
seedling to Physiological maturity displayed in
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Figs. 7, 8, 9, and 10. In the vegetative growth
stage V8-10(Fig.7), the RUE that measured for
the period from seedling (V4-5), indicated to
higher efficiency of solar radiation, used by



Iraqgi Journal of Agricultural Sciences —2018:49(6):1146-1159

Mohammed

most of maize hybrids was more efficient in
the autumn season than that in spring season
under the effect of the first and second levels
of nitrogen, while the efficacy of using
radiation under influence of third level was
changed to be higher in the spring for all
hybrids with significant exceeding of the Hs.
Results of RUE of maize hybrids under
influence of three levels of nitrogen at tassling
VT (Fig.8), referd to significant differences
were found between RUE of maize hybrids in

the VT stage, according to effect of levels of
nitrogen, there was surpassing of performance
of all hybrids except Hs with the effect of N;
in the spring season, whilst with the influence
of second level of nitrogen the hybrids H; and
H,4 exceeded in spring only, but the hybrids H,
and H, showed significant efficiency in using
radiation in autumn. The hybrids H; and H;
exceeded with the third level of nitrogen in
spring, but conversely the hybrids H; and Hy
overridden in fall season

RUE 1 Spring
RUE 1 Autumn

0.700

0.600 E
0.500
0.400
0.300
0.200

0.100

Radiation use EfficiencyMjm?s

0.000

N1

N2 N3

Fig 7. Radiation use efficiency of maize hybrids with the effect of nitrogen levels in
vVegetative growth stages V8-V10)

3.000 -

B RUE 2 Spring
B RUE 2 Autumn

2.500 -

2.000

1.500

1.000

0.500

Radiation use Efficiency Mjm3s

0.000

Fig 8. Radiation use efficiency of maize hybrids with the effect of nitrogen levels in vegetative
growth at tasseling( VT)

During the reproductive growth stage post-
silking (R3), there was higher RUE of all
hybrids with the effect of Ny, while the hybrids
H; and H, showed higher RUE with N, and
N3, however the hybrid H; performed better in
spring and the higher RUE of H; was with
the maximum rate of nitrogen in fall (Fig.9).
The performance of maize hybrids in the end
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of the two growing seasons at physiological
maturity (Fig.10)was indicated to higher RUE
under all the nitrogen levels N1, N2, and N3 in
autumn season except the hybrid H, with the
second level of nitrogenN,, which reveal the
seasonal  patterns and the  canopy
photosynthetic responses to the responses to
direct PAR
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Fig 10. Radiation use efficiency of maize hybrids with the effect of nitrogen levels on
reproductive growth stage at physiological maturity (PM)

To determine the effect of growth stages on
the radiation use efficiency in both seasons,
the correlation coefficient between growth
stages in both seasons were calculated (Tables
3, and 4), in order to demonstrate the
correlation between growth stages in case of
RUE values, there were no significant effect
between growth stages in spring season, while
in autumn season there was significant
correlation between the rapid growth stage

during (Aug.05) and the period around
physiological — maturity(Sept.16)  revealing
higher rate of dry matter accumulation during
rapid growth stage of autumn which indirectly
influenced the later stages as a component of
RUE. The results of Tables 3 and 4 are
considered as signalize indication to the effect
of the intensity of intercepted PAR during
each growth stage in dependently

Table 3. Correlation coefficient value for the RUE - Spring season

May.5 May.27 Jun.20 Jul.20
May.5 1
May.27 -0.217 1
Jun.20 0.510 -0.171 1
Jul.20 0.177 -0.139 0.019 1
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Table 4. Correlation coefficient value for the RUE - Outman season
Jul.21 Aug.5 Aug.26 Sept.16
Jul.21 1
Aug.5 0.242 1
Aug.26 -0.099 -0.080 1
Sept.16 -0.119 0.577" 0.250 1

:*Correlation is significant at t(0.05, 10) =2.228
Correlation is significant at t(0.01, 10) =3.169

In order to calculate the RUE of maize
hybrids, the Photosynthetically active radiation
(PAR pMol m?™t)was determined with
accumulated dry matter during the growth
stage intervals, (Fig.1) which demonstrate the
variation in PAR intensity between the two
seasons and also within the season periods ( 29
), in spring growing season the daily
intercepted PAR was between 9.792 to 12.790
MJm?s™, while in autumn season was between
10.831 to 19.416 MJm?™ revealing higher
means of intercepted PAR that caused higher
air temperature and leaf temperature of maize
hybrids (Fig.2), the higher means of
temperature in autumn, (34.57-37.83)°C, has
direct effect on physiological and biochemical
processes that indirectly influenced the growth
and development acceleration, there was
nearly 15 days (with average daily intercepted
PAR 15.672 MJm’s™) required for passing
growth stages, conversely to the same periods
in the spring season, which required 21 days or
more with 10.555 MJm%™ and leaf
temperature means (32.5°C), our results were
in line with previous studies of (2,20 ). The
influence of nitrogen levels on the dry matter
accumulation demonstrated in table 1 and 2,
that display significant surpassing of the
highest level of the nitrogen on the rate of dry
matter accumulation in the spring season in
growth stages V8-10 and R3, representing
linear growth and silking in which more
effective growth including leaf appearance and
stem elongation as well as initiation and
formation of the tassel and the ear, which
require effective source for more nutrient
supply, results of ( 12 ) indicated that corn is
more responsive to variability in plant
emergence, which variability significantly
affected dry matter accumulation, and grain
yield, as well the favorite temperature around
32.7°C for the C4-plant such as maize ( 3, 10,
14 ). Effect of nitrogen levels in autumn
season was shown in the later stages of the

1156

growth VT, R3 and PM in which N3 exceeded
significantly in PM, the improve uptake of
resources may result from increased
interception of seasonal incident radiation,(
33). The prevailing environmenal condition of
autumn may be a requirement for additional
quantities of the nitrogen to corresponding
with higher temperature means that may
expose to high rate of depletion, these results
were in agreement with those by (2, 18, 20,
24). he relative growth rate indicate to the rate
of accumulated dry matter as influenced by
nitrogen levels in different growth stages,
furthermore it  represents  the  net
photosynthesis of maize hybrids in different
growth stages which allocate as dry matter to
different parts of the plants, the RGR showed
curvilinear relation for the effect of three
levels of nitrogen dew to increasing rate from
seedling to V8-10, and from V8-10 to VT and
also from tasseling to R3 and then declined
from R3 to PM because of the end of the
season with the maturity in which the canopy
close to seasing and the growth declining (12),
the maximum RGR with second and third
levels of nitrogen in spring season were at
R3(4.109 and  6501) g  g'd*
respectively,while in autumn the maximum
RGR with 1% and 3" levels at R3(5.886 and
4.376) gg™d™, whilst maximum RGR with 2nd
level was at tasseling. The performance of
maize hybrids in performing RGR varied
significantly with obvious indication to growth
stages tasseling(VT) and silking(R3) in both
season, demonstrating maximum value of
RGR for all hybrids that in addition to the
effect of higher application of nitrogen
fertilizaer manifesting effectivity of these two
stages in RUE dew to higher demand to the
photosynthetic and source-sink relationship(
35). The high RGR of maize hybrids
Cruze(H3) and Draxma(H,) at silking stage,
revealing high efficiency of these two hybrids
that lead to higher yields,(Table, 3). Those
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previous results also documented by (5, 19,
27).Effect of nitrogen fertilization on the
Radiation Use Efficiency in both seasons was
displayed in figs.5 and 6, demonstrating linear
effect along the growth stages in both season,
the daily moderate mean tempeatures in spring
season (32.5 °C) enabled maize plants to
perform better in the rate of dry matter
accumulation owing to positive relation
between rates of photosynthesis and
respiration and associated  biochemical
reactions too, that directly influence on
accumulation of dry matter and radiation use
efficiency  especially in  the initial
stages(10.790 and 10.140) MJm™ d™* in which
the daily intercepted radiation was higher than
later stages(9.591 and 9.790) MIm? d™* in this
season, the efficiency of photosynthesis
directly influenced with the relationship
between respiration and photosynthesis,(14,
15)  The autumn season was started with
higher intercepted PAR (Fig.3) which was
(18.545 and 19.416) MJm? d™and in the later
stages was (13.077 and 10.831) MJm? d*
which were too high than that in spring season,
the climatical condition of this season of
higher daily temperature and higher intensity
of PAR led to growth acceleration and higher
values of RUE too demonstrating (5.237,
4.681, and 6.019) g MJ™m™ higher than that
obtained in previous research, the results were
in agreement with those found by ( 6 13 31).
The high interception of solar energy caused a
direct effect on leaf temperature of maize
hybrids that raised to daily averages more than
37°C at the biginning of the season and then
declined to 34.57 °C, the physiological and
biochemical processes of C4-plants usually
are in line with this extent of temperature,
although exceeded the optimum range, (7).
The effectiveness of the third dose of nitrogen
in its influence on RUE which may relate to
the impact of abundant nutrient, especially
nitrogen in minimizing the deleterious effect
of the heat stress (3, 11). The effect of nitrogen
levels and maize hybrids on their performance
in RUE were showing significant differences
in both seasons and also within growth stages
in each season, Figs.8,9,10, and 11 manifested
variations in RUE under interactions of maize
hybrids and also the nitrogen levels with
demonstrate significant exceeding in autumn
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that may consider as an approach of the micro
environment inside a plant canopy including
intercepted radiation is differ spatialy and
temporally, owing to unstable of the radiation
angle, as well variation in the structure and
physiological capability (14, 33, 36). Radiation
Use Efficiency of the maize hybrids was
varied along the growth stages in both seasons,
the variation in the intercepted PAR intensity
in both seasons with the variation in the
patterns of radiation angles or the canopy
features in responding this pattern of radiation
within growth stages was directly influenced
the RUE of maize hybrids. The effect of the
rate of the accumulated dry matter as a
component of RUE with integration of
nitrogen levels as well daily temperature,
which was considered as the major factor in
determining the net photosynthesis that usually
fluctuated during the both growing seasons.
Although high correlation was obtained
between RGR and nitrogen application, the
maximum relative growth rate was revealed
before PM. The maximum total dry matter
was accumulated during the post-silking as
well maximum RUE was in the autumn
season, with the highest level of nitrogen for
all maize hybrids. The correlation coefficient
between growth stages in both seasons showed
signalize indication to the effect of the
intensity of intercepted PAR during each
growth stage independently.
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