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Abstract: ITmproving N management would eventually depend on the accuracy with which the N status of plant
can be assessed. The usefulness of SPAD chlorophyll meter readings for plant N assessment 1s based on the
direct proportionality between leat chlorophyll and leaf N concentration. Field experiments were conducted
during 2005 and 2006 to determine the response of grain yield, leaf and grain nitrogen concentration and
chlorophyll content of leaf to nitrogen fertilizer application rate. Dynamics of chlorophyll was measured by
using a SPAD chlorophyll meter on the youngest fully developed leaves of a full season hybrid of maize. The
average of SPAD values were mcreased with the increasing of nitrogen fertilizer application, irrespective of the
growth stage. SPAD readings at R1 growth stage accurately predicted yield and nitrogen concentration in leaf.
Tncreasing nitrogen fertilizer up to 400 kg ha'significantly increased maize biological yield and SPAD readings,
but higher N application did not sigmficantly mcrease these parameters further. In general results showed that
using SPAD meter 1s not a good technique for early prediction of N status 1 com. Based on our results
photosynthetic maturity is the best time for prediction of N status in corn, because at this time leaf chlorophyll

reaches to its maximum.
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INTRODUCTION

Maize is an economically important crop because
of its widespread commercial production and utilization.
It 18 well know that nutrient deficiency in most
cultvated crops during the growth season causes
imbalances, leading to reduce yield. Among the
essential macronutrients, nitrogen is  described as
the most important element for crop growth [1].
Nitrogen plays a pivotal role in several physiological
processes in the plant. Tt is fundamental to establishment
of the plant’s photosynthetic capacity, it prolongs the
effective leaf area duration, delaying senescences, and
1t 1s unportant for ear and kemmel imitiation, contributing
to define maize sink capacity [2]. About half of the
110 kg ha™ annual increase in maize yields over the
last half century can be attributed to improve cultural
practices, especially N fertilizer use [3]. To maximize grain
vield, farmers often apply a higher amount of N fertilizer
than the minimum required for maximum crop growth [4].
When N application 1s not synchronized with crop
demand, N losses from the soil-plant system are large,
leading to low fertilizer efficiency [5]. The amount of N
applied to maize must be carefully managed to ensure that

N will be available throughout the growing season.
However, the application of N at rates exceeding plant
utilization, represent an unnecessary input cost to maize
producer and may harm aquatic and terrestrial
envirommments [6].

Adjusting the N mput to an economically and
ecologically compatible level would require rehable
information on the N status of maize. Information on the
N status can be obtained either from the crop side or
from the so1l side of the system. Crop-related indicators
can be classified mainly in to three groups, namely
those where the N status is monitored by (i) nitrate
concentration, (11) optical methods, or (i) total N
concentration [7]. Standard methods for N determination
involve tissue collection which is a destructive and
time-consuming procedure. Leaf N concentration of
normal plants varies from as low as 2 - 3% up te 4 - 5%
depending primarily on plant species [8].

Because of the direct relationship between N and
chlorophyll the portable chlorophyll meter has become a
popular non-destructive means for measuring leaf N
status in some crops [9,10]. The SPAD 502 chlorophyll
meter utilize two light-emitting diodes (650 nm & 990 nm)
and a photodiode detector to sequentially measure
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transmission of red and infrared light through leaves.
The obtained SPAD values are proportional to the
chlorophyll content of leaves [11, 12]. Earl and
[2] found a close correlation (R2=0.98)
between SPAD reading and maize leaf absorptance.

Tollenaar

Recent research indicates a link between chlorophyll
content, leaf N status and crop yield [13,14]. Chlorophyll
meter readings enable users to quickly and easily measure
leaf greenness, which 1s determined by leaf chlorophyll
content. However factors other than N can influence
growth, chlorophyll and N relationships and thus the
interpretation of SPAD meter reading [5]. The main
objective of this study was to test whether a SPAD
chlorophyll meter can be effectively used to predict
grain  vield, grain nitrogen concentration and leaf
nitrogen concentration of maize in field, based on simple
measurements before harvest.

MATERIALS AND METHODS

Field experiments were conducted in 2005 and 2006
growing seasons on a loamy clay soil at the experimental
field of Lorestan Umversity (48° 17' N, 33° 36' E., 1148
latitude). Annual rainfall at the region is typically 512 mm
and maximum July temperature is 47°C. The climate during
two years was close to 30 year averages. Soil preparation
included disking, chisel plowing and harrowing. Chemical
properties of the soils are shown in Table 1.

Full season hybrid of maize (3. C. 704) was sown on
Mayl&, 21, 2005 and 2006, respectively at a density of
72000 plants ha™'. Various levels of nitrogen fertilizer
were applied in two experiments. Dates of application and
amounts of fertilizer are given in Table 2.

The experimental treatments were arranged in
complete block design with four replicates. Each plot
was 6 m long and 4.5 m wide and consisted of six rows
with a 0.75 m inter-row spacing. Plots were irrigated
whenever soil water potential reached to F.C, to ensure
that no water deficit occurred during the crop growth
cycle. Crops were fully protected against weeds and
pests in the two experiments. Previous crops were
barley (Hordewm voulgaris L.) and wheat (Tirticum
aestivum L.) m 2005 and 2006, respectively. Weekly
chlorophyll meter (SPAD-502, Minolta, Ramsy) readings
were taken in all plots starting at V6.

SPAD readings were talken on the mid-point of the
youngest fully expanded leaf (before silking)and on
the ear leaf (after silking). Because insufficient sample
size does not allow for the detection of small, but real

differences between treatment means according to
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Table 1: Soil characteristic in two years of experiment

Soil P K Manure
year type pH Ec %N (mgke) (mgkg) %0OC application
1  Clayloam 7.6 1.4 0.039 27 235 0.5¢ no

2 Clayloam 7.8 1.9 0.035 18 270 048 no

Table 2: Fertilizer treatments with rates and timing of application in two

years of experiment

vear N treatment kgh™ First application at V1 Second application at V6

2005 0
100 50 50
200 100 100
300 150 150
400 200 200
500 250 250
2006 0
100 40 60
200 80 120
300 120 180
400 160 240
500 200 300

recommendation of Costa et al. [15], twenty leaves were
measured at random in the plot and a main SPAD value
was calculated for each plot.

Herbage samples were dried at 80°C for 48 h to
assess their mass and then ground through a 1 mm
screen. Total nitrogen content in the dried sample was
determined using the Kjeldahl digestion techmique.
Grain yield was calculated per hectare and adjusted to a
standard moisture of 155g kg™".

For prediction purposes, relationships between
variables were analyzed by fitting simple linear or
quadratic regressions. More complicated function such
as the logistic which may have greater biological validity
than the quadratic were used only where benefits were
worthwlile. The aims of this study was to determine
relationship between nitrogen fertilization and leaf
chlorophyll content as measured using a SPAD
chlorophyll meter and study the effect of different
levels of mnitrogen fertilization on the gram yield and
grain nmitrogen concentration of maize.

RESULTS AND DISCUSSION

Grain yield (reported as 15.5 percent moisture) was
increased with increasing N rates. (Fig. la). A highly
significant quadratic regression equation (Eq. (1)) was
obtained between grain vield and applied N. Grain yield
ranged from 5.93 to 12.85 tha depending on N rate.
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Fig. 1: Effect of nitrogen fertilizer rate on (a) grain yield, (b) %N in grain and (¢) SPAD readings at R1 growth stage.

Varvel et al. [16] demonstrated N fertilizer sigmficantly
increased both cormn grain yield and SPAD readings.
Results showed that with increasing N fertilizer
application response of yield decreased; this mdicated
that high N rates increased N loss, so nitrogen use
efficiency decreased with increasing N rates. Results of
Arreguie et al. [5] showed that the response of the wheat
yield m relation to N fertilizer application followed two
models of behavior. In most of the their trials there was a
response to the first N applications, but once the optimal
dose was reached, a maximum yield was obtained and did
not improve with additional increase of N fertilizer.

Grain Yield =-1E — 05 N+ 0.0164 N + 6.32 R*=0.91 (1)

By increasing rates of N fertilizer, %N in grain
mcreased (Fig. 1b). The SPAD readings were significantly
increased by N application up to 400 kg ha™" (Fig. 1c).
Higher correlation coefficients were observed for the
relationship between SPAD readings and N fertilization
level than for that between SPAD readings and grain
vield. Regression analyses significant
quadratic plateau equation for SPAD wvalues versus
different level of N fertilizer.

It was observed that SPAD readings rose in the
period V7 onwards to the R1 growth stage and after that
SPAD values were decreased (Fig. 2). The increase in

indicated a

SPAD reading and subsequent decrease has also reported
where SPAD readings were low at V7, maximized at R1 end
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Fig. 2. SPAD Chlorophyll meter readings over the course

of the growth

low but higher than those found for V7, at R4 growth
stage. [17]. The point at which leaf chlorophyll reaches
its maximum, has been termed “photosynthetic maturity™
and dose not necessarily correspond to maximum leaf size
[18]. The increase of SPAD readings with plant growth
has already been documented by Schepers et al. [19];
Smeal and Zhang [20]; Costa ef al. [10]. The lowest leaf
chlorophyll content was found during the early stage
of corn development and the quadratic increase in SPAD
readings after these early stages until R1 indicate that
high part of absorbed N was used to produce other plant
structure rather than chlorophyll.

The SPAD value reflecting crop N status is correlated
to com grain yield (Fig. 3a). The correlation matrix
between corn gram yield and SPAD values mn different
growth stages 1s presented m Table 3. The SPAD
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Fig. 3. Relationships between SPAD readings at R1 growth stage and (a) grain yield, (b) biological vield and (d) %N

i1 ear leaf.

Table 3: Correlation matrix between corn grain vield and SPAD readings

Parameter Y X1 X2 X3 X4 X3 X6 X7
Y 1

X1 0173 1

X2 0.289" 0.05 1

X3 0.744™ 0.245 0.281" 1

X4 0.835" 0.054 0.327" 0.808" 1

X5 0.929™ 0.131 0172 0.713" 0.773" 1

X6 0.865™ 0.082 0.184 0.715™ 0.777" 0.8%6™ 1

X7 0.816" 0.077 0231 0.742" 0.793" 0.879" 0934™ 1

Y= Com grain yield and X1, X2, X3, X4, X5, X6 and X7 are the SPAD
readings at V7, V9, V11,VT, R1, R2 and R3 respectively.

# and ** indicate significance at 5% and 1% respectively.

readings at all growth stages after V7 were positively
correlated with corn grain yield. At the early growth
stage low correlation observed, but correlation between
SPAD readings and gram yield was higher during later
stages of com development. Many studies [21, 22, 16]
using the SPAD to assess maize nitrogen status have
shown rehable mdication of N stress and relationship
to relative yield, especially with later season sensing.

To study the relationship between biological yield
and SPAD readings at R1 growth stage, we determined
the correlation coefficients for several continuous models,
the quadratic model being the one which best fitted the
data (Fig. 3b). Tncreasing N fertilizer up to 400 kg ha™
significantly increased biomass of com. However, higher
N application did not increase this parameter further.
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Regression analysis of the data showed that mtrogen
concentration in the leaves of corn is linearly correlated
with the SPAD readings (R*= 0.84). Leaf N concentration
greatly influences both the development of maize
canopies and their photosynthesis. The linear regression
of leaf N concentration and SPAD values at VT, R1 and
R2 was highly significant at each growth stage (results
not presented) and the same was true when data for all
stage were pooled (Fig. 3c). The signs of nitrogen
deficiency always appear first as yellow discoloration
and withering of the older parts of plant, whilst the
younger parts remain green longer. As a rule however,
the younger parts are also paler than usual because the
remobilized nitrogen obtained from intringic sources is
far from adequate for normal growth or optimal
chlorophyll synthesis [23]. Schepers er al [19] found
that at silking stage in maize, readings from a SPAD was
correlated well with leaf N concentration for a given
hybrid and location, but that calibration of the meter was
not practical due to umique greenness characteristics
of hybrids. Peng et al. [24] showed that the linear
relationship between leaf N concentration and SPAD
readings was differed depending on plant developmental
stage, position of the measurement on the leaf and
genotype. According to Dwyer ef al, [25] the namrow
range of chlorophyll meter readings measured at growth
stage V6 makes it difficult to separate N-deficient from
N-sufficient field areas.
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Fig. 4: Relationships between %N m grain and (a) grain yield and (b) %N m ear leaf.

Our results showed that SPAD readings at growth
stages after V7 can fairly describe the N status of corn in
the field and practically determine whether N fertilizer
application 1s needed. Varvel et af., [16] found that only
large N deficiencies could be detected using the
chlorophyll meter at the V8 stage.

Schepers et al [19] found a direct relationship
between SPAD readings and ear leaf N concentration
taken from the exact sampling sites, using leaf disks and
reported that these finding cannot be related directly to
the traditional practice, where N concentration has been
recorded on a whole-leaf basis. SPAD meter values may
level off since the nitrogen that is taken up by the crop in
excess of the amount that enables optimal growth may be
converted into chlorophyll in a progressively lower
fraction [26]. Consequently, in the lower range SPAD
meter readings are a reliable indication of nitrogen
deficiency, but in the higher range SPAD meter readings
do not distingumsh between adequate and excessive
nitrogen levels [16, 27-29].

In the lowest gram yield, gram N concentration was
1.2% and it was gradually increased till 7 t/ha. Beyond
7 t/ha, gram N% was increased with yield with greater
variation and in the highest grain vield grain N
concentration was 1.97% (Fig. 4a).

Increases n grain %N with yield are commonly
observed in individual response trials, but when
comparisons are made across locations or seasons a
more common observation for a given N supply is that
gramn %N was decreased with increasing yield [14].

There was a good relationship between %N m grain
and %N in leaves (Fig. 4b). By increasing SPAD values
and N concentration in leaf, %N 1n grain increased,
because a large proportion of the N in grain is remobilized
from leaves and stems after anthesis, rather than
being taken up from the soil. SPAD reading at the R1
growth stage accurately predicted yield and nitrogen
concentration n grain because the relationship between
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grain N concentration and SPAD reading at R1 was much
stronger than those for other stages. Lopez-Bellido ef al.
[14] concluded that the chlorophyll meter could be used
to predict the grain N concentration of wheat in
England. Results of Arregui et al. [5] showed that it
15 possible to use chlorophyll meter to distinguish
between the extreme values (those of very low grain N
concentration and those very high N concentration),
but intermediate readings did not present a good
relationship with grain N concentration.

CONCLUSIONS

Since SPAD readings are closely related to leaf
nitrogen concentration, the SPAD meter can be used
to monitor the N status of maize and thereby to adjust
the rates of N fertilization in order to increase nitrogen
use efficiency [30-32]. Analyses of data collected at
different growth stages were used to determimne how
early in the season SPAD data could be used to predict
future crop N need. The proposed method allows the
N fertilization in com to be managed dynamically,
adjusting the N recommendations to the crop N
requirements during the growing season. SPAD readings
taken at later stages offered better relationship with grain
yield and leaf N concentration than those taken at V7
growth stage, therefore assessment of the crop N status
should be done between V11 and R1, if we are willing to
fertilizer actions for grain yield. A
delayed measurement from V7 to VT generally improves
the prediction of yield. At VT it 1s still possible to affect
the grain yield through application of nitrogen fertilizer.
Only less than 20% of the total N uptake by com
occurs before V& [33]. To avoid substantial yield loss,

take corrective

in-season nitrogen fertilizer should be applied before
VT to RI growth stages [34]. In general our results
showed that using SPAD meter is not a good technique
for early prediction of N status m com. Based on our
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results photosynthetic maturity  (R1 in our
experiment) 1s the best time for prediction of N status in

corn, because at this time leaf chlorophyll reaches to

stage

1ts maximuin.

SPAD-based N fertilizer management resulted in a
higher N use efficiency and agronomic N use efficiency
than the fixed-rate treatment. However, from a practical
point of view, there are three limitations to the use of
SPAD. First, SPAD values do not indicate how much
N should be applied and only indicate the need for
additional N. Second! this method 18 quite sensitive to
sampling details and errors made at this stage could
easily mfluence the measurement values. Any thing
causing plant stress may affect amount of chlorophyll
in plants, thus affect SPAD readings [35]. Third since
plant chlorophyll is affected by many factors, it 1s
impossible to identify a universal meter reading that
mndicates sufficient N for all varieties of a specific crop,
thus the reading must be calibrated for different varieties
and environments [36]. Moreover this method is not
capable of detecting luxury N uptake since maize plants
achieve maximum chlorophyll content irrespective of the
level of over-fertilization [37].
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