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ABSTRACT 
 
The study was carried out for two years in maize in succession to the wheat using no tillage system in a distroferric 
Red Latosol (Hapludox). Methods of management nitrogen fertilizer (120 kg ha-1) with ammonium sulphate were 
studied; the fertilizer was applied in maize sowing or in maize topdressing, and N with previous application in 
wheat sowing.  In addition, leaf chlorophyll reading was used as an indicator for the need for topdressed nitrogen 
fertilizer. Nitrogen supply index (NSI) was shown to be effective at predicting need for topdressed nitrogen fertilizer 
for maize. The application of N improved the yield of the maize independent of the management system. The 
flowering stage was carried out at the appropriate time in order to estimate the nitrogen nutrition state and yield of 
maize using the relative chlorophyll level (RIC).  
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INTRODUCTION 
 
Nitrogen is one of the most important nutrients for 
the crops, since it is in the makeup of proteins, 
enzymes, vitamins, and other organic compounds 
essential for growth and production, such as the 
chlorophyll molecule.  
In no-tillage farming, nitrogen losses are mainly 
related to microbial activity, such as N 
volatilization (Lara Cabezas et al., 2004; 2005; 
2006; 2008) and immobilization (Sangoi et al., 
2007). Sangoi et al. (2007) reported that temporary 
N immobilization didn’t reduce the yield of maize 
grain when N wasn’t applied before, pre-planting 

or during maize planting in the soil with high level 
of organic material. The process of nitrogen loss 
by lixiviation can be minimized by dividing the 
application, partly during the planting and partly at 
topdressing, since it increases the efficiency of the 
N in the fertilizer. Favorable maize yield results 
were confirmed in the studies carried out by Da 
Ros et al. (2003); Aita et al. (2004); Villas Boas et 
al. (2005); Gomes et al. (2007);  Lange et al. 
(2008); Silva et al. (2009) when N was supplied in 
parts as above. 
On the other hand, in no-tillage farming, already 
stabilized and adequately fertile, organic material 
improves the efficiency of N use from ammonia 
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and its availability in nitric form. For this reason, 
the efficiency of nitrogen fertilizer can be 
different, in function of losses, time in which no-
tillage farming has been practiced, quantity of 
organic material, and crops in the rotation system, 
as well as dose and period of nitrogen application.  
One way to evaluate the need for nitrogen is to 
determine its level indirectly through leaf 
chlorophyll content (Blackmer and Schepers, 
1995; Chapman and Barreto, 1997; Graeff and 
Claupein, 2003). Using leaf chlorophyll has the 
advantage of being a viable technique that is able 
to predict N nutritional level, according to Booij et 
al. (2000), since its quantity seems positively 
correlated with the nutrient. According to Godoy 
et al. (2007) and Bueno et al. (2009), 
determination of the leaf chlorophyll is sufficiently 
sensitive to the variations in nitrogen supply in dry 
material or coming from the fertilizer, thus 
enabling quicker detection of N deficiency. 
Carvalho et al. (2003) observed good perspectives 
for preventing N deficiency in the beans with the 
aid of a chlorophyll measuring device, as well as 
the viability of adequately correcting lack of N. 
Results have indicated the need for various 
collections of samples throughout the plant’s life 
cycle in order to determine the variations in 
chlorophyll content and its relationship with leaf N 
levels (Waskon et al., 1996; Zebarth et al., 2002).  
The objectives of the present work were: a) use of 
chlorophyll meter to evaluate the level of foliar N 
through the relative indexes of chlorophyll (RIC) 
and Nitrogen Supply Index (NSI) in maize rotation 
with wheat in no-tillage system; b) evaluate the 
NSI of 0.95 as a indicative minimum index of 
need for nitrogen topdressing in maize; and, c) 
relate nitrogen fertilizer management to absorbed 
N, evaluated by the chlorophyll content and maize 
yield. 
 
 
MATERIALS AND METHODS 
 
Maize was sowed employing a no-tillage system 
using the crop rotation with a succession of wheat 
at the Experimental Farm of the Agroindustrial 
Cooperative (COAMO) in Campo Mourão, PR. 
The soil is classified as a Latossolo Vermelho 
distroférrico (Hapludox) with 600 g kg-1 of clay 
(Embrapa, 1999). The experimental area (Table 1) 
was sowed with oats, wheat and lupinis in winter 
and soy and maize in the summer using no-tillage 
system. The chemical analysis of the soil before 

implantation of the preparation, at a depth of 0 to 
0.10 m had the following chemical attributes: pH 
(H2O) 5.7;  pH (CaCl2) 5.1; MO (38.74 g dm-3); 
H+Al (4.28 cmolcdm-3); Al (0.00 cmolcdm-3); K 
(0.33 cmolcdm-3);  Ca ( 4.38 cmolcdm-3); Mg (1.66 
cmolcdm-3); CTC (10.65 cmolcdm-3); V (59.81%); 
P (18 mg dm-3); Fe (66.0 mg dm-3); Zn  
(22.62 mg dm-3); Cu (8.39 mg dm-3); and Mn 
(53.72 mg dm-3).  
At a depth of 0.10 to 0.20 m, the soil had the 
following chemical attributes: pH (H2O) 5.5; pH 
(CaCl2) 4.9; MO (35.39 g dm-3); H+Al (4.61 
cmolcdm-3); Al (0.00 cmolcdm-3); K (0.26 
cmolcdm-3); Ca (4.06 cmolcdm-3); Mg (1.61 
cmolcdm-3); CTC (10.54 cmolcdm-3); V (56.26 %); 
P (11 mg dm-3); Fe (79.43 mg dm-3); Zn  
(16.31 mg dm-3); Cu (9.33 mg dm-3); and Mn 
(53.52 mg dm-3). The methodology was carried out 
as in Embrapa (1997): extractable P and K by 
Mehlich 1; extractable exchangeable Ca and Mg 
by KCl 1 mol L-1; organic C by K2Cr2O6  
0.4 mol L-1 oxidation by methodology proposed by 
Walkley-Black; Fe, Zn, Cu and Mn, by Mehlich 1. 
In the first year, wheat (CD 104) was sowed in 
April 2003 using 300 kg ha-1 08-30-20 formula in 
all of the preparations (Table 1). The wheat plots 
were composed of 30 rows with 4.0 m long, 
spaced 0.17 m apart and 40 to 50 plants per meter 
(400.000 plants ha-1). In October 2003, the maize 
(Pioneer-30P70) was sowed, applying P and K 
during the planting (300 kg ha-1 (00-20-10). In 
November 2003, the side dressing fertilization 
with ammonium sulphate was applied at the 34th 
day. Preparations with nitrogen fertilizer  
(120 kg ha-1 ammonium sulphate) were applied 
during the sowing in topdressing or both, divided 
into two applications (Table 1). 
In the second year, the wheat (CD 104) was sowed 
in May and received 300 kg ha-1 08-30-20 (Table 
1). The sowing of maize (Garra, Syngenta) took 
place in November 2004. In December 2004, the 
side dressing fertilization with ammonium sulfate 
was applied to the maize plants at the 32nd day. 
The plot area of 40 m2 (4x10m) had five lines of 
maize 0.80m apart (40.000 to 50.000 plants ha-1).  
Randomized block experimental design was used, 
made up of six treatments and four repetitions, 
totaling 24 parcels. Preparations with the 
management of nitrogen fertilizer were applied 
during wheat sowing, maize sowing and in maize 
topdressing, as follows:  T1: 24-120-0; T2: 24-0-
120; T3: 24-40-80; T4: 24-30-90; T5 144-0-0; T6: 
0-0-0, respectively. The useful area of each parcel 
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was 32 m2, with evaluations carried out in tree 
central lines.  
The need for N fertilizer in the topdressing in the 
monitored treatment (T4) was evaluated by the 
means of chlorophyll meter readings (SPAD) and 
Nitrogen Supply Index (NSI), which was 
determined from the quotient of the relative 
chlorophyll indexes (IRC) obtained in the parcel 
studied (T4) and in the control parcel (T1), in 
which all of the nitrogen fertilizer was done during 
sowing, as follows: 
 

NSI = IRC pe / IRC pr 
 

IRC pe = average of readings from the device in 
the parcel studied; 
IRC pr = average of readings from the device in 
the control parcel. 
 

The fertilization was made when NSI <0.95. In 
other treatments was made reading using SPAD 
and RIC, but there was not monitoring the need of 
N applied at side dressing. 
The foliar chlorophyll readings were carried out 
using a SPAD-502 chlorophyll meter (Minolta, 
1989), always late in the afternoon (after 4 o’clock 
pm). Those readings provided values called as 
“Relative Chlorophyll Index” (RIC), determined in 
maize following wheat for two years (2003 and 
2004). An NSI value of 0.95 was adopted 

(Peterson et al., 1993) as a minimum indicator for 
the evaluation of need for nitrogen fertilizer, 
which was necessary whenever NSI was less than 
or equal to 0.95. 
In 2003, the first chlorophyll reading in maize was 
taken during stage V6 and the second reading was 
during flowering stage (V12). Six points were read 
in the central part of recently-mature leaves in the 
fourth leaf totally open to the top, and five plants 
per parcel. In the second year (2004), the first 
reading of maize took place during stage V4 and 
the second reading during stage V8 with the 
objective of evaluating necessity of nitrogen 
fertilizer for topdressing. The third reading was 
taken during the flowering.  
Relative chlorophyll index (RIC) read by the 
SPAD device was transformed into chlorophyll 
content which was calculated by the means of a 
regression equation found by Zotarelli et al. 
(2002), following the calibration of the chlorophyll 
meter device with the maize crop in various soils 
from Paraná. Determination of chlorophyll content 
directly provides leaf chlorophyll concentration, 
since chlorophyll reading by this device provides 
an indirect relative chlorophyll index. 
The experiment was statistically analyzed using 
the Scott-Knott Test (1974), through the program 
SISVAR (Ferreira, 2000).  

 
Table 1 - Relative chlorophyll index (RIC) and nitrogen supply index (NSI) in leaves of maize in rotation 
after wheat, with nitrogen fertilizer  

2003  
Treatments V6 V12 (flowering) 

T WS MS SD Total RIC NSI RIC NSI 
1 24 120 0 144 46.61 a 1.00 53.65 a 1.00 
2 24 0 120 144 41.94  b 0.90 53.25 a 0.99 
3 24 40 80 144 42.78  c 0.92 50.57 a 0.94 
4 24 30 90* 144 40.96  b 0.88 50.73 a 0.95 
5 144 0 0 144 43.86  c 0.94 43.23  b 0.81 
6 0 0 0 0 41.96  b 0.88 39.20  b 0.69 

 Average with nitrogen 43.23 0.93 50.29 0.94 
 CV (%) 5.64  9.78  

2004  
Treatments V 4  V8  V12 (flowering) 

 WS MS SD Total RIC NSI RIC NSI RIC NSI 
1 24 120 0 144 47.85 a 1.00 40.39  a 1.00 55.56   a 1.00 
2 24 0 120 144 33.50 b 0.70 43.79  b 1.08 55.37   a 1.00 
3 24 40 80 144 47.35 a 0.99 40.12  a 0.99 54.26   a 0.98 
4 24 30 0* 54 47.15 a 0.99 39.21  a 0.97 46.10   b 0.83 
5 144 0 0 144 33.87 b 0.71 36.65  c 0.91 51.17   b 0.92 
6 0 0 0 0 33.80 b 0.71 35.61  c 0.88 50.81   b 0.91 
 Average with nitrogen 41.94 0.88 40.03 0.99 52.49 0.95 
 CV (%) 6.73  10.22  9.43  

Averages with different characters were significant to 5% probability with the Scott Knott test 
WS = wheat sowing fertilizer; MS = maize sowing fertilizer; CO = maize topdressing fertilizer;  
*T4 = in the first year, maize topdressing fertilizer was monitored by SPAD chlorophyll meter readings; in the second year, it was read with a chlorophyll 
meter, though nitrogen fertilizer was not applied. In other treatments the fertilization at side dressing not depended of foliar chlorophyll reading. 
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RESULTS AND DISCUSSION 
 
Using Relative chlorophyll index (RIC) and 
Nitrogen Supply Index (NSI) to predict the 
need for nitrogen topdressing of maize 
following wheat 
The relative chlorophyll index (RIC) values 
obtained through the chlorophyll meter readings 
(Table 1) differed in function of the nitrogen 
management, and of the phenological stage of 
maize and the culture in rotation system, which 
supported the findings by Godoy et al. (2003); 
Argenta et al. (2001); Argenta et al. (2002) that it 
was not possible to adopt the critical RIC for a 
maize crop as an indicator of nitrogen deficiency. 
The chlorophyll indexes found were similar to 
those described by Strieder et al. (2007) in which 
higher chlorophyll levels were found when maize 
was cultivated after peas and wild turnip, 
compared to maize following oats. 
In the first year (2003), the readings during the 
stage V6 corresponded to NSI = 0.88 (Table 1) in 
the treatment monitored (T4), less than the NSI 
proposed by Peterson et al. (1993), a value of 0.95. 
This result pointed out the need for the first 
topdressing with nitrogen, which was carried out 
on the same day as the reading. In the same state 
(V6) in the other treatments, NSI values were 
lower than 0.95, which showed low N supply, 
possibly because readings were taken before 
topdressing. On the other hand, N supply of 0.98 
was proposed by Rozas and Echeverria (1998) and 
in this case, the fertilizer was necessary for NSI 
less than 0.98. 
After a reading during V8, nitrogen topdressing 
was applied, which made the NSI rise in the 
second reading (flowering). Rambo et al. (2007) 
reported the lower relative chlorophyll indexes and 
N supply indexes in maize undergoing doses from 
120  to 480 kg ha-1 N in topdressing, monitored by 
the chlorophyll meter at stages V3, V6, V10 and 
during the formation of ears. These indexes 
corresponded to elevated grain yield.  
During the flowering, the parcels in which 
nitrogen fertilizer was used in the wheat (T5) and 
to which fertilizer was not applied (T6) had low 
NSI, unlike the maize plants fertilized during the 
earlier stages, showing that N applied to wheat 
wasn’t more available to be absorbed by maize. 

In the second year (2004), NSI monitored in maize 
following wheat (T4) in the stages V4 and V8 was 
higher than the pre-established index (NSI=0.95), 
dispensing topdressing, which later diminished N 
supply index during the flowering (Table 1). 
Possibly, N in the initial stages could have been 
provided by the organic material or come from the 
sowing fertilizer, because of good distribution of 
rain (Figure 1) during the period.  
 
In the two years studied, the relative chlorophyll 
index (RIC) values in V8 justified the fertilization 
with nitrogen in topdressing in the non-monitored 
treatment, which increased the NSI during the 
flowering. Argenta et al. (2004) reported 
chlorophyll meter readings higher than 45.4; 52.1; 
55.3 and 58.0, respectively at the stages 3 to 4 
leaves, 6 to 8 leaves, 10 to 11 leaves and during 
the flowering stage. The readings were adequate 
and it was related to high yield of maize. 
According to the authors, variation in the readings 
was higher in the initial stages of the maize crop. 
Schepers and al. (1992); Piekielek et al. (1992) 
and Rambo et al. (2008) considered the 
characteristics of a plant to be efficient in 
predicting the necessity of applying N in 
topdressing, among them N accumulated in the 
plant and relative chlorophyll index (RIC), which 
varied from 40.0 to 52.8 for N dose from zero to 
300 kg ha-1 in the first year and from 36.0 to 49.5 
in the second year.  The authors identified greater 
potential for using the chlorophyll index rather 
than N accumulated in the leaves for the reason of 
practicality and availability.  
In the second year during the stage V4, only when 
maize received fertilizer during planting (T1 = 120 
kg ha-1 and T3 = 40 kg ha-1) NSI > 0.95 was 
obtained (Table 1). In the other preparations, 
plants had low N supply, which might have 
happened due to sample collection taking place 
before the topdressing (T2).  
Similarly, in stage V8, maize maintained a high 
NSI after receiving the topdressing (T2). The 
supply of the nutrient was maintained until the 
flowering stage, except in the preparation in which 
maize only received fertilizer during the sowing 
(T4). In this treatment, the monitoring didn’t point 
out the need for nitrogen topdressing, which 
diminished the leaf chlorophyll index (Table 1).  
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Figure 1 - Rainfall during the experimental period at the COAMO Research Farm, Campo 

Mourão, Paraná State, Brazil (2003 - 2005).   
 
 
Relationship between nitrogen management 
with chlorophyll content (CC) and maize yield 
The management of N fertilization caused highly 
significant differences in the chlorophyll content 
and maize yield and stages of crop development 
(Table 2). These results confirmed that there was a 
direct relationship between N absorbed and leaf 
chlorophyll content, similar to Fox et al. (2001); 
Godoy et al. (2007) and Godoy et al. (2008), who 
monitored green color index of grass leaves and 

use of green color intensity as an indicator of the 
need for the topdressing in maize. According to 
the authors, monitoring of green color index of 
leaves could help evaluate N availability to maize 
during its life cycle.  
The control of nitrogen fertilizer expressively 
influenced maize yield (Table 2), since the nutrient 
was required by the plant for important functions 
such as protein synthesis, nucleic acid and 
nitrogen base synthesis.  

 
Table 2 - Leaf chlorophyll content (g dm-2) and maize yield (kg ha-1) in succession of the wheat for two years 
related to nitrogen fertilizer management. 

Chlorophyll content of maize (1) Chlorophyll content of maize (2) Yield of maize after wheat  
V6 V12 V4 V8 V12 2003 2004 

Value F 11.38** 21.18** 127.63** 9.03** 8.99** 8.29** 37.42** 
DMS 0.6807 1.4705 0.7268 1.0441 1.5789 820.64 1073.16 

CV (%) 5.64 9.78 6.73 10.22 9.43 5.39 12.80 
Average 4.16 5.19 3.73 3.52 5.78 7281.2 3911.8 

(1) leaf chlorophyll reading for the first year of maize cultivation;(2) leaf chlorophyll reading for the second year of maize 
cultivation. 
 
 
The management of N fertilization influenced the 
yield as well as chlorophyll content in maize 
leaves (Figure 2). In the first year (2003), the 
highest chlorophyll foliar contents (CC) 
corresponded to the highest maize yield  
(Figure 2A) for the treatments using 24-120-0 
(8029 kg ha-1) and 24-0-120 (8183 kg ha-1) during 

wheat sowing, maize sowing and maize 
topdressing, respectively.  
Maize yields during the first year were higher than 
those described by Santos et al. (2007), who 
reported  the production of 7043 kg ha-1 for maize 
strain AG 1051, and 6865 kg ha-1 for AG 9010, 
when all nitrogen (120 kg ha-1) was applied during  
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the sowing. However, the maize yield found by 
Pauletti et al. (2010) varied from 7.328 to 10450 to 
maize fertilized with NP2O5K2O (30-60-60) and 90 
kg ha-1 of N at top dressing.  
In the second year just as the first, the chlorophyll 
reading (Figure 2B) followed maize yield and was 
higher in the treatments that received all N during 
the planting, 24-120-0 (4420 kg ha-1), with all N in 
topdressing, 24-0-120 (4324 kg ha-1), and when N 

was parceled during the planting and in 
topdressing, 24-40-80 (4344  kg ha-1), agreeing 
with Bertolini et al. (2008). Arf et al. (2007) and 
Duete et al. (2008) also reported better dry mass 
production and yield when nitrogen fertilizer was 
used in the sowing or parceled in the sowing and 
topdressing. According to Arf et al. (2007), maize 
that received nitrogen fertilizer during the sowing 
for two years had yields of 7719 and 6686 kg ha-1.  

 
 

 
 

 
 

Figure 2 - Chlorophyll content (mg dm-2) in column and maize yield (kg ha-1), in line, cv Pioneer 
30P70 in 2003 year (A) and Garra Syngenta, in 2004 (B), cultivated in succession of the wheat in 
no-tillage system using N management: N in wheat sowed; N in maize sowed; and N in maize 
topdressing. The different characters were significant using the Scott-Knott test to 5.0% 
probability.(1) treatment with monitoring of chlorophyll content as indication of the N fertilization 
need at side dressing. Other treatments was not monitoring to N fertilization at side dressing. 
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However, when N was applied at wheat sowing, 
the chlorophyll reading (Figure 2B) followed 
maize yield and they were higher in this 
treatments, probably because there was liberation 
of N that was absorbed during the maize 
development. This agreed with Rodrigues et al. 
(2000) who reported that 70% of the N 
accumulated into wheat plants was translocated 
from the vegetative parts of the plant to the grains 
and 30% was maintained in the wheat shoots and 
then released into the soil during the 
decomposition. 
Higher chlorophyll readings were during 
flowering, which coincided with Waskom et al. 
(1998) and Argenta et al. (2001) and Argenta et al. 
(2004), who reported  that the chlorophyll reading, 
mainly in initial stages, varied more than in later 
stages, causing errors due to the reason that there 
was lower demand for the nutrient.  
 It was noted that in the preparation monitored by 
the chlorophyll meter (T4) in which N in 
topdressing wasn’t applied at V8, for NSI=0.97, 
there was lower yield and also lower chlorophyll 
content during tasseling stage (Figure 2B), which 
showed the direct relationship between the leaf 
chlorophyll and maize yield.  
Chlorophyll content followed maize yield in the 
two years studied, corroborating Zotarelli et al. 
(2002) and Rambo et al. (2007)  who monitored 
leaf N level using relative critical leaf chlorophyll 
level to indicate when nitrogen should be applied 
in the topdressing.  
However, adjusting the SPAD readings for 
specific leaf weight improved the estimation of N 
in dry mass, up to 88% (Esfahani et al., 2008). 
SPAD readings predicted about 80% of leaf N 
concentration changes on the basis of leaf area. It 
seemed that the chlorophyll meter provided a 
simple, rapid, and non destructive method to 
estimate the leaf N concentration based on leaf 
area, and could be reliably exploited to predict the 
exact N fertilizer side dressing in rice. 
Maize yields in rotation with wheat in the first 
year (Figure 2A) were higher than in the second 

year (Figure 2B), possibly because during the first 
year, though there was less rain, it was distributed 
better, which caused reduction in N loss by 
lixiviation and better utilization of the nutrient by 
the crop. In addition, topdressing was carried out 
in November, the season in which rain was 
expected. In the second year, maize was sowed in 
November and nitrogen topdressing was carried 
out in December/January, with more rains, which 
could justify the reduced yield grain.  
 
Relationship among relative production and 
concentration of foliar N with chlorophyll 
content 
In a similar way, when chlorophyll content was 
compared to the relative maize production, a lower 
relationship was observed between them in the 
initial stages, as seen in stage V4 (Figure 3A) and 
V8 (Figure 3B), but a higher  relationship was 
found at tasseling (Figure 3C). Similarly, tasseling 
stage was the best stage to predict the 
concentration of N in the leaves in the blooming 
period (Figure 3D), corroborating with the reports 
by Rozas and Echeverria (1998) and Carvalho et 
al. (2003), in the studies with maize and bean, 
respectively. The positive relationship showed that 
when N content increased, there was an increase in 
the chlorophyll content.   
The best correlation, at tasseling stage, hindered 
the prediction regarding the productivity and leaf 
content of N through the chlorophyll reading. The 
evaluation of N content by the chlorophyll had the 
advantage of permitting correction when necessary 
in the same harvest (Rocha et al., 2005), since 
there was a good correlation with N in leaf up to 
stage V8. Besides being a non-destructive method, 
the use of chlorophyll meter presents the 
advantage of not reading the absorbed N, as a 
‘luxurious’ consumption, but reading just the 
content of N that is associated to the chlorophyll 
molecule. Thus, the measurement performed by 
the chlorophyll meter has been considered as a 
high indicative of nitrogen level in the plant than 
its own content (Blackmer and Schepers, 1995).   
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Figure 3 - Relationship among chlorophyll content and relative production of maize, in stages of 
development V4 (A), V8 (B), tasseling (C) and chlorophyll content and N 
concentration in blooming (D) in maize in succession of wheat and oat, in no tillage 
system. 

 
 
 
CONCLUSIONS 
 
The monitoring with relative index of chlorophyll 
(RIC) and Nitrogen Supply Index (NSI) was 
shown to be an efficient indicator of the need for 
nitrogen top dressing in maize. The N supply 
index (0.95) was low to indicate the need for N 
fertilization and compromised maize yield in the 
monitored treatment. The application of N 
increased the leaf chlorophyll content and 
improved maize yield, independent of fertilizer 
management. The foliar chlorophyll reading made 

during the tasseling stage related better with the 
nutritional state and maize yield and it showed an 
adequate indicative to predict this parameter. 
 
 
REFERENCES 
 
Aita, C.; Giacomini, S.J.; Hubner, A.P.; Chiapinotto, 

I.C. and Fries, M.R. (2004), Consorciação de plantas 
de cobertura antecedendo o milho em plantio direto.      
I. Dinâmica do nitrogênio no solo. R. Bras. Ci. Solo, 
28, 739-749.  



Monitoring and Evaluation of Need for Nitrogen Fertilizer  

Braz. Arch. Biol. Technol. v.54 n.4: pp. 665-674, July/Aug 2011 

673

Argenta, G; Silva, P.R.F.; Bortolini, C.G.; Forsthofer, 
E.L. and Strieder, M.L. (2001), Relação da leitura do 
clorofilômetro com os teores de clorofila extraível e 
de nitrogênio na folha de milho. . R. Bras Fisiol. 
Vegetal., 13, 158-167.  

Argenta, G; Silva, P.R.F.; Mielniczuk, J. and Bortolini, 
C.G. (2002), Parâmetros de planta como indicadores 
do nível de nitrogênio na cultura do milho. Pesq. 
Agropec. Bras., 37, 519-27.  

Argenta, G; Silva, P.R.F. and Sangoi, L. (2004), Leaf 
relative chlorophyll content as an indicator parameter 
to predict nitrogen fertilization in maize.  Ci. Rural, 
34, 1379-1387.  

Arf, O.; Fernandes, R.N.; Buzetti, S.; Rodrigues, R. 
A.F.; Sá, M.E. and Andrade, J.A.C. (2007), Manejo 
do solo e época de aplicação do nitrogênio no 
desenvolvimento e rendimento do milho. Acta Sci. 
Agronomy, 29, 211-217.  

Bertolini, C.A.G.; Salata, A.C. and Piffer, C.R. (2008), 
Antecipação da adubação de semeadura do milho em 
dois sistemas de manejo do solo. R. Bras. Ci. Solo, 
32, 2355-2366.  

Blackmer, T.M. and Shepers, J.S. Techniques for 
monitoring crop nitrogen status in corn. (1995), 
Commun. Soil Sci Plant Anal., 25, 1791-1800. 

Booij, J.R.; Valenzuela, J.L. and Aguilera, C. (2000), 
Determination of crop nitrogen status using non-
invasive methods. In: Management of nitrogen and 
water in potato production (eds) In: A.J.. Haverkort, 
and D.K.L. Mackerron.The Netherlands. Wageningen 
Pers. p.72-82. 

Bueno, L.G.; Chaves, L.J.; Oliveira, J.P.; Brasil,  E.M.; 
Reis, A.J.S.; Assunção, A.; Pereira, A.F. and Ramos, 
M.R. (2009), Controle genético do teor protéico nos 
grãos e de caracteres agronômicos em milho 
cultivado com diferentes níveis de adubação 
nitrogenada. Pesq. Agropec. Bras., 44, 590-598.  

Carvalho, M.A.C.; Furlani Junior, E.; Arf, O.; Sá, M.E.; 
Paulino, H.B. and Buzetti,  S. (2003), Doses e épocas 
de aplicação de nitrogênio e teores foliares deste 
nutriente e de clorofila em feijoeiro. R. Bras. Ci. Solo, 
27, 445-450.  

Chapman, S.C. and Barreto, H.J. (1997), Using a 
chlorophyll meter to estimate specific leaf nitrogen of 
tropical maize during vegetative growth. Agronomy 
J., 89, 557-562.  

Schepers, J.S.; Francis, D.D.; Vigil, N. and Below, F.E. 
(1992). Comparison of corn leaf nitrogen and 
clhorophyll meter readings. Commun.Soil Sci.Plant 
Anal, 23, 2173-2187.  

Da Ros, C.O.; Salet, R.L.; Porn, R.L. and Machado, 
J.N.C. (2003), Disponibilidade de nitrogênio e 
produtividade de milho e trigo com diferentes 
métodos de adubação nitrogenada no sistema plantio 
direto. Ci Rural, 33, 799-804.  

 
 

Dieckow, J.; Meurer, E.J. and Salet, R.L.  (2006), 
Nitrogen application timing and soil inorganic 
nitrogen dynamics under no-till oat/maize sequential 
cropping.  R. Bras. Ci. Solo, 30, 707-714.  

Duete, R.R.C.; Muraoka, T.; Silva, E.C.; Trivelin, 
P.C.O. and Ambrosano, E.J. (2008), Manejo da 
adubação nitrogenada e utilização do nitrogênio (15 
N) em Latossolo Vermelho. R. Bras. Ci. Solo, 32, 
161-171. 

EMBRAPA (1999), Sistema Brasileiro de 
Classificação de Solos. 1. ed. Rio de Janeiro. Centro 
Nacional de Pesquisa de Solos. 412 p. 

Esfahani, M.; Ali Abbasi, H.R.; Rabiei, B. and Kavousi, 
M. (2008). Improvement of nitrogen management in 
rice paddy fields used chlorophyll meter (SPAD). 
Paddy Water Environ., 6, 181-188. 

Ferreira, D.F. (2000), Análises estatísticas por meio do 
Sisvar para Windows versão 4.0. In: Reunião Anual 
da Região Brasileira da Sociedade Internacional de 
Biometria. 45. UFSCar. São Carlos. SP. p.255-258. 

Fox, R.H.; Piekielec, W.P. and Macneal, K.E. (2001). 
Comparison of late-season diagnostic tests for 
predicting nitrogen status of corn. Agron. J., 93, 590-
597.  

Godoy, L.J.G.; Villas Boas, R.L. and Grassi Filho, H. 
(2003), Adubação nitrogenada na cultura do milho 
baseada na medida do clorofilômetro e no índice de 
suficiência em nitrogênio (ISN). Acta Scient. 
Agronomy, 25, 373-380.  

Godoy, L.J.G.; Souto, L.S.; Fernandes, D.M. and Villas 
Boas, R.L. (2007), Use of chlorophyll meter in 
nitrogen management to corn after Braquiaria 
decumbens Pasture. Ci. Rural, 37, 38-44. 

Godoy, L.J.G.; Santos, T.S.; Villas Boas, R.L.; Leite 
Júnior, J.B. (2008), Índice relativo de clorofila e o 
estado nutricional em nitrogênio durante o ciclo do 
cafeeiro fertirrigado. R. Bras. Ci. Solo, 32,. 217-226.  

Gomes, R.F.; Silva, A.G.; Assis, R.L. and Pires, F.R. 
(2007), Efeito de doses e da época de aplicação de 
nitrogênio nos caracteres agronômicos da cultura do 
milho sob plantio direto. R. Bras. Ci. Solo, 31, 931-
938.  

Graeff, S. and Claupein, W. (2003), Quantifying 
nitrogen status of corn (Zea mays L.) in the field by 
reflectance measurements. European J. Agronomy, 
19, 611-618.  

IAPAR (1978), Cartas climáticas básicas do Estado do 
Paraná. Londrina. Instituto Agronômico do Paraná. 
38p.  

Lange, A.; Lara Cabezas, W.A.R. and Trivelin, P.C.O. 
(2008), Recuperação do nitrogênio das fontes sulfato 
e nitrato de amônio pelo milho em sistema de 
semeadura direta. Pesq. Agropec. Bras. 43, 123-130. 

 
 
 
 



Silva, M. A. G. da et al. 

Braz. Arch. Biol. Technol. v.54 n.4: pp. 665-674, July/Aug 2011 

674

Lara Cabezas, W.A.R; Alves, B.J.R.A.; Caballero, 
S.S.U. and Santana, D.G. (2004), Influência da 
cultura antecessora e da adubação nitrogenada na 
produtividade do milho em sistema plantio direto e 
solo preparado. Ci. Rural, 34, 1005-1013.  

Lara Cabezas, W.A.R.; Arruda, M.R.; Cantarella, H.; 
Pauletti, V.; Trivelini, P.C.O and Bendassoli, J.A. 
(2005), Imobilização do nitrogênio da uréia e do 
sulfato de amônio aplicado em pré-semeadura ou 
cobertura na cultura do milho no sistema plantio 
direto R. Bras. Ci. Solo, 29, 215-226. 

Lara Cabezas, W.A.R. and Couto, P.A. (2007),  
Imobilização de nitrogênio da uréia e do sulfato de 
amônio aplicado em pré-semeadura ou cobertura na 
cultura do milho no sistema plantio direto. R. Bras. 
Ci. Solo, 31, 739-752.  

Larcher, W. (2004), Ecofisiologia Vegetal. São Carlos. 
RiMa. 531p. 

MINOLTA CAMERA Co. Ltda. (1982), Manual for 
chlorophyll meter SPAD 502. Osaka. Minolta. 
Radiometric Instruments Divisions. 22 p. 

Neves, O.S.C.; Carvalho, J.G.; Martins, F.A.D.; Pádua, 
T.R.P. and Pinho, P.J. (2005), Uso do SPAD-502 na 
avaliação dos teores foliares de clorofila. nitrogênio. 
enxofre. ferro e manganês do algodoeiro herbáceo. 
Pesq. Agropec. Bras., 40, 517-21.  

Pauletti, V.; Monte Serrat, B.; Mota, A.C.V.; Favaretto, 
N. and Anjos, A. (2010). Yield response to 
fertilization strategies in no tillage soybean, corn and 
common bean crops. Braz. Arch. Biol. Technol., 53, 
563-574. 

Peterson, T.A.; Blackmer, T.M. and Shepers, J.S. 
(1993), Using a chlorophyll meter to improve N 
management. Lincoln. University of Nebraska. 
Cooperative Extension. Institute of Agricultural and 
Natural Resources. 5 p. 

Piekielek, W.P. and Fox, R.H. (1992). Use of a 
chlorophyll meter to predict sidedress nitrogen 
requirements for mayze.  Agronomy J., 84,59-65.  

Rambo, L.; Silva, P.R.F.; Strieder, M.L.; Sangoi, L.; 
Bayer, C. and Argenta, G. (2007), Monitoramento do 
nitrogênio na planta e no solo para predição da 
adubação nitrogenada em milho. Pesq. Agropec. 
Bras., 42, 407-417.  

Rambo, L.; Silva, P.R.F.; Strieder, M.L.; Delatorre, 
D.A.; Bayer, C. and Argenta, G. (2008), Adequação 
de doses de nitrogênio em milho com base em 
indicadores de solo e de planta. Pesq. Agropec. Bras., 
43, 401-409.  

Rocha, R.N.C.; Galvão, J.C.C.; Teixeira, P.C.; Miranda, 
G.V.; Agnes, E.L.; Pereira, P.R.G. and Leite, O.T. 
(2005), Relação do índice SPAD, determinado pelo 
clorofilômetro, com teor de nitrogênio na folha e 
rendimento de grãos em três genótipos de milho. R. 
Bras. Milho e Sorgo, 4, 161-171. 

Rodrigues, O.; Didonet, A.D.; Gouveia, J.A. and 
Soares, R.C. (2000). Nitrogen translocation in wheat 
inoculated with Azospirillum and fertilized with 
nitrogen. Pesqu. Agropec. Bras., 25, 1473-1481.  

Rozas, H.S. and Echeverría, H.E. (1998), Relación 
entre las lecturas del medidor de clorofila (Minolta 
Spad 502) en distintos estadios del ciclo del cultivo 
de maíz y el rendimiento en grano. R..Fac. 
Agronomia, 103, 37-44.  

Santos, M.M.; Galvão, J.C.C.; Miranda, G.V.; Ferreira, 
L.R.; Melo, A.V. and Fontanetti, A. (2007), 
Espaçamento entre fileiras e adubação nitrogenada no 
milho. Acta Scient. Agronomy, 29, 527-533.  

Sangoi, L.; Ernani, P.R. and Silva, P.R.F (2007), Maize 
response to nitrogen fertilization timing in two tillage 
system in a soil with high organic matter content.  R. 
Bras. Ci. Solo, 31, 507-517.  

Silva, M.A.G.; Porto, S.M.A.; Muniz, A.S.; Mata, 
J.D.V. and Numoto, A.Y. (2009). Manejo da 
adubação nitrogenada em relação ao crescimento da 
aveia preta e produtividade do milho em plantio 
direto. Acta Scient . Agronomy, 31, 275-281. 

Strieder, M.L.; Silva, P.R.F.; Anghinoni, A.; Meurer, 
E.J.; Rambo, L. and Endrigo, P.C. (2006), Época de 
aplicação da primeira dose de nitrogênio em 
cobertura em milho e espécies antecessoras de 
cobertura de inverno. R. Bras. Ci. Solo, 30, 879-890.  

Villas Boas, R.L.; Boaretto, A.E.; Godoy, L.J.G. and 
Fernandes, D.M. (2005), Recuperação de nitrogênio 
da mistura de uréia e sulfato de amônio por plantas de 
milho. Bragantia. 64, 263-272.  

Waskon, R.M.; Westfall, D.G.; Spellman, D.E. and 
Soltanpour, P.N. (1998), Monitoring nitrogen status 
of corn with a portable chlorophyll meter. Commun. 
Soil Sci. Plant Anal., 27, 554-560.  

Yadava, U.L. (1986). A rapid and nondestrutive method 
to determine chlorophyll in intact leaves. Hort Sci., 
21, 1449-1450.  

Zebarth, B.J.; Younie, M.; Paul, J.W. and Bittman, S. 
(2002). Evaluation of leaf chlorophyll index for 
making fertilizer nitrogen recomendations for silage 
corn in a high fertility environment. Commun. Soil 
Sci. Plant Anal., 33, 665-684. 

Zotarelli, L.; Cardoso, E.G.; Piccinin, J.L.; Urquiaga, 
S.; Boddey, R.M.; Torres, E. and Alves, B.J.R. 
(2002), Calibração do medidor de clorofila Minolta 
SPAD-502 para uso na cultura do milho. 
Comunicado Técnico no 55. EMBRAPA. 4p. 

 
 

Received: December 21, 2009; 
Revised: October 26, 2010; 
Accepted: March 22, 2011. 

 
 
 

 
 
 

 


