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Abstract The N nutrition index (NNI, defined as the
actual shoot N concentration relative to a reference
critical value, N, is a valuable tool to analyze the N
nutrition status of crops. We present empirical evidence
obtained for a range of forage grass species and
environmental conditions with the aim to contribute
to verify the NNI as a tool to diagnose N deficiency and
to examine responses to N fertilization. Ten N fertil-
ization experiments were conducted in the SE of the
Pampa region (Argentina) and included (1) perennial
(Festuca arundinacea Schreb. Thinoppyron ponticum
(Podp.) Barkworth and Dewey) and annual (Lolium
multiflorum Lam., Avena sativa L. Bromus catharticus
H.B.K.) grasses, (2) autumn, winter and spring re-
growths, and (3) good and poor quality soils. Experi-
ments comprised four to six N fertilization rates, each
including five to seven sequential harvest dates. Plots
were replicated in three or four complete randomized
blocks. All experiments were rainfed and adequately
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provided with phosphorus. The critical N concentration
(N;) -that is the minimum plant N concentration
required to reach maximal accumulated shoot biomass-
was determined for each harvest date. Observed N,
were then compared to values predicted by the general
reference curve (N,.r) proposed elsewhere. In six of the
ten experiments measured N, agreed with predicted
N,.t. Thus, the present study extends to marginal soils,
to species adapted to such environment, and to winter
growth conditions the empirical support for the use of
Nt in the quantification of pasture N deficiency. But
N, was lower than N, in four experiments in which
growth conditions were not adequate for reaching
potential growth rates. Therefore, it is suggested that
when factors other than N are expected to limit pasture
growth, an N, lower than N, should be considered. In
all experiments, a direct relationship between accumu-
lated shoot biomass and NNI was found, radiation use
efficiency (RUE) being more negatively affected than
photosinthetically active radiation interception (PARi)
by N deficiency. Reductions in the latter were relevant
only from moderate to severe N deficiency. Notably,
the NNI achieved at initial stages of regrowth (150-
200°C day after the fertilization date) was highly
associated with the N nutritional status along the
regrowth and, therefore, confirming NNI as a promising
tool for diagnostic purposes.
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Introduction

Excessive levels of N fertilization have often been
used in Europe and other areas of the world to achieve
pasture potential yield. Conversely, the livestock
production scheme in the Argentinean Pampas has
been characterized by extensive agronomic manage-
ment and sub-optimal pasture production levels.
However, land use intensification in the last decade
as a result of the expansion of cash crops and the
displacement of cattle production to less fertile soils
entails severe threats to soil fertility and pastures
productivity persistence. Agricultural expansion, a
global phenomenon, requires for practices to reason-
ably match productive as well as sustainability goals
through the efficient management of N in the agro-
ecosystems.

Regardless of the N source (fertilizer, biological
fixation, OM mineralization), a reasonable correspon-
dence between N supply and crop N demand is
required in order to ensure a high use efficiency of N.
The crop N demand refers to an optimum N status of
the crop that can be quantified by the critical N
concentration, that is, the minimum N concentration
in the accumulated shoot biomass that is required to
attain the maximum instantaneous growth rate. The
critical N concentration was not widely accepted as a
general concept until the generalized non linear
decline between critical N concentration and shoot
biomass accumulation was revealed as a general
phenomenon for vegetative crops among a wide range
of species (Lemaire and Salette 1984; Greenwood
et al. 1986; Greenwood et al. 1991). At present there is
a strong theoretical and experimental basis to support
the critical N concentration as a fundamental refer-
ence to determine the actual N nutrition status during
crop growth, independently of the other environmen-
tal conditions and of genetical characteristics, when
growth is not restricted by the soil N supply (e.g.
Lemaire and Gastal 1997; Gastal and Lemaire 2002).
It is worth noting, however, that some authors have
suggested the existence of some genetic (Bélanger
et al. 2001) as well as aging induced changes in tiller
population structure of pastures (Bélanger and Ziadi
2008) that could affect the critical N curve. The
critical N concept has provided the basis to define a N
nutrition index, assessed as the ratio between the
actual and the critical N concentration in the plant,
which has been demonstrated to vary proportionally to
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the crop growth rate (Lemaire and Gastal 1997; Plénet
and Cruz 1997; Marino et al. 2004) and, hence, to the
intensity of the N deficiency experienced by the crop
(Gastal and Lemaire 2002).

In the present paper we present results from a series
of experiments carried out during several years, in
both annual and perennial forage grasses growing
under a wide range of edaphic and climatic conditions
in the SE of the Argentinean Pampas with the aim to
confirm the relevance of NNI on other species and
other agroecological conditions, as proposed by
Lemaire and Gastal (1997), as a tool to examine
responses to N fertilization. For this purpose, we first
check the generality of the proposed reference dilu-
tion curve of N concentration (onwards Nf) by
comparing the critical N concentration determined
with the statistical approach proposed by Justes et al.
(1994) (onwards N,) with the corresponding value
estimated according to the empirical relationship
proposed by Lemaire and Salette (1984). Second,
we examine the association between plant N status, as
quantified by its NNI, and the accumulated shoot
biomass and its determinants, photosynthetically
active radiation interception (PARi) and radiation
use efficiency (RUE). Finally, we analyze the use of
NNI as a tool for the prediction of responses to N
fertilization at early stages of the regrowth.

Materials and methods

Ten experiments were conducted on perennial
(Festuca arundinacea Schreb. and Thinoppyron
ponticum (Podp.) Barkworth and Dewey) and annual
(Lolium multiflorum Lam., Avena sativa L. and
Bromus catharticus H.B.K.) species established in
pastures in the southeast of Buenos Aires Province,
Argentina (Balcarce, 37°45'S 58°18'W, and Tandil,
37°14'S 59°15'W). Soil and climatic characteristics
and management conditions for each experiment are
summarized in Tables 1 and 2, for perennial and
annual pastures, respectively. Phosphorus Bray 1
values were higher than the minimum critical thresh-
old of 12-15 mg P kg~' soil below which pastures
respond to P fertilization in this region (Echeverria and
Garcia 1998; Marino and Berardo 2000). It is worth
mentioning that under natural field conditions low
availability of P (Garcia 2001, 2003) and non limiting
K availability (Moscatelli et al. 2009) are common
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Table 1 General characteristics and management conditions for perennial species experiments

Experiment TF MK96* and TF EP96" TW99a and TW99lw
Species Festuca arundinacea Thinopyrum ponticum
Cultivar Maris Kasba® El vizcachero

El Palenqueb

Year of establishment 1982
Pasture condition Excellent
Location Balcarce
Soil classification®
Initial soil P content (mg kg™', Bray I) na

Soil pH (water) 7.0

Typic Natraquoll

Excellent
Balcarce

Typic Natraquoll
31.2

9.4

Autumn (TW99a) Late winter (TW99lw)

Experimental period 20 May 1996-24 Set 1996

Rainfall (mm) 218.2

Mean temperature (°C) 8.9

N fertilization dates 20 May

N Applied (kg ha™") 0, 50, 100, 150, 200
P fertilization dates 25 Apr

P Applied (kg ha™") 30

30 Mar 1999-17 Jun 1999 20 Sep 1999-16 Nov 1999

98.4 107.5

11.3 13.6

30 Mar 20 Sep

0, 90, 180, 270 0, 150, 300
30 Mar 20 Sep

30 30

Soil P content and pH correspond to the 0-100 mm depth layer
na data not available

¢ Soil characteristics are described in Buol et al. (1989)

characteristics of the soil types where the experiments
were carried out.

Experimental management

The corresponding rates of N and P fertilizer
(Tables 1 and 2), applied as urea and triple super-
phosphate, were surface-broadcasted following an
initial cut to 50 mm cutting height. Subsequently, 4-6
harvests (depending on the experiment) to 50 mm
height were carried out every 7-10 days on indepen-
dent plots of 5.5 m? using a motor mower. The
duration of the regrowths were in the range of 539-
556°C day for the temperate tall fescue and for tall
wheatgrass, 620°C day for the Mediterranean tall
fescue and 598-676°C day for the annual grasses
(base temperatures of 4°C for the mediterranean tall
fescue—estimated from Lattanzi 1998, 4.5°C for the
temperate tall fescue and tall wheatgrass—estimated
from Lattanzi 1998 and Borrajo 1998, respectively,
and 0°C for the annual grasses were considered). The
durations roughly coincide with the expected leaf life
spans of the studied species (Lemaire and Agnusdei
2000; Agnusdei et al. 2001) and, accordingly, non

significant losses through senescence were supposed
to occur during the experimental periods.

Determinations

The material harvested on each plot was weighed (fresh
weight) and one sub-sample (300-500 g fresh weight)
was oven dried at 60°C for 48 h to determine the dry
matter content in order to estimate shoot biomass
accumulation (Mg DM ha™"). The sub-samples corre-
sponding to the three replicates (blocks) of the same
treatment and harvest date were pooled and ground
(1 mm mesh) to determine total N concentration in
shoot biomass (N,,) according to Nelson and Sommers
(1973, Method A without salicylic acid modification).

Radiation measurements were made at midday
every 10 days from the initial cut using a tube
solarimeter type TSL (Delta-T Devices Ltd., Burwell,
Cambridge, UK). The proportion of radiation inter-
cepted by the canopy (%IR) was estimated as follows:

%IR = 100[(1 — IRb) /IRa]
where IRb denotes the average of three below canopy

measurements of non intercepted global radiation and
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Table 2 General characteristics and management conditions for perennial species experiments

Experiment

AR9%4

AR95* and 095°

AR97

ARO03

PG97

Species

Cultivar

Sowing date

Crop condition

Location

Previous crop

Soil classification®

OM (g kg™

Initial soil P content
(mg kg™, Bray I)

Soil pH (water)

Experimental period

Rainfall (mm)

Mean temperature
°O)

N fertilization dates

N Applied (kg ha™")

P fertilization dates
P Applied (kg ha™")

Lolium multiflorum

Grasslands Tama
3 Mach 1994
Excellent

Tandil

Perennial pasture
Typic Argiudoll
55

18.0

na

11 Aug 1994-11
Oct 1994

67.5
10

11 Aug 1994

0, 50, 100, 150,
200,250

11 Aug 1994
50

Lolium multiflorum®
Avena sativa®
Grasslands Tama
14 March 1995
Excellent

Balcarce

Perennial pasture
Typic Argiudoll

57

13.3

na

8 Jul 1995-9
Oct 1995

69.2 4 140.0 irrigation

9.7

8 Jul 1995

0, 50, 100, 150,
200,250

8 Jul 1995
50

2Lolium multiflorum Lolium multiflorum Bromus catharticus

Grasslands Tama
4 March 1997
Excellent
Balcarce
Perennial pasture
Typic Argiudoll
53

19.8

na

9 Aug 1997-9
Oct 1997

126.0
10.8

9 Aug 1997

0, 50, 100,
150, 250

9 Aug 1997
30

Grasslands Tama
5 March 2003
Excellent
Balcarce
Perennial pasture
Typic Argiudoll
77

21.5

6.4

6 May 2003-2
Jul 2003

68.5

104

6 May 2003

0, 40, 120

6 May 2003

30

Martin Fierro

4 March 1997
Excellent
Balcarce
Perennial pasture
Typic Argiudoll
53

19.8

na

9 Aug 1997-9
Oct 1997

126.0
10.8

9 Aug 1997

0, 50, 100, 150,
200,250

9 Aug 1997
30

Soil P content and pH correspond to the 0-100 mm depth layer
na data not available

¢ Soil characteristics are described in Buol et al. (1989)

IRa the global incident radiation. Daily %IR was
estimated by interpolation using a linear regression
between the registered %IR and the number of days
between two successive measurements. Photosynthet-
ically active radiation (PAR) was calculated by
multiplying the daily global incident radiation
(MJ m~2 day~") by 0.48 (Gosse et al. 1986). In turn,
daily intercepted PAR (PARi) was obtained by
multiplying daily PAR by the corresponding %IR.

The radiation use efficiency (RUE, g DM MJ™")
was estimated as the slope of the linear regression,
forced through the origin, between cumulative shoot
biomass and cumulative PARi (Gosse et al. 1986).
Intercepted PAR and RUE were not determined in
experiments AR94 and TW99lw.

For each experiment the procedure proposed by
Justes et al. (1994) was used as a statistical tool to
estimate critical N values (N, = a SB™°, where SB
indicates shoot biomass, Mg DM haz). In order to do
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this, for each sampling date, data of shoot biomass
under the different N levels were analyzed by
ANOVA. The minimum shoot biomass value not
significantly different (P = 0.10) from the maximum
was identified. The average maximum shoot biomass
between not significantly different data points was
then calculated. The critical N concentration corre-
sponded to the ordinate of the intersection point of the
oblique line of joined increases in shoot biomass and
N concentration and the vertical line corresponding to
the average maximum shoot biomass value. Finally,
only estimated shoot biomass values equal or higher
than 1 Mg DM ha™' were considered since non
significant changes in N concentration of aerial parts
are expected below this level of accumulated DM.
The NNI was calculated as the ratio between N,
and N, Relative shoot biomass (Shoot:Shoot,,,,),
relative PAR; (PARi:PARi,,.) and relative RUE
(RUE:RUE,,,,) were calculated as the ratio between
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the value of the variable for each N treatment and the
corresponding maximum value. Relative variables
were plotted vs. weighted NNI (NNI,). The NNIw
was calculated as the time-weighed average of the
instantaneous NNI (i.e. NNI estimated at each sam-
pling date) (Lemaire and Gastal 1997). For this
purpose, the average instantaneous NNI correspond-
ing to each pair of successive sampling dates were
weighed by the corresponding time interval, resulting
values being then added and divided by the total
length of the regrowth period. When the critical N
dilution curve was significantly different from the
reference N dilution curve, the NNIs used for the
calculation of the NNI,, were estimated as the ratio
between N, and N,.

The critical N uptake of the pastures was calculated
according to Lemaire and Gastal (1997) as follows:

Nuptake = loa(SB)(l_b)

where 10a corresponds to the quantity of N taken up
by the sward when shoot biomass (SB) reaches
1 Mg DM ha™', and the coefficient 1-b represents
the ratio of the relative rate of N accumulation
(dN/Ndt) to the relative rate of shoot biomass
accumulation (dSB/SBdt).

Experimental design and statistical analysis

The experimental design was a split-plot with
three randomized complete blocks. Harvest dates
were main plots and N treatments were subplots
(1.0 m x 5.5 m). Data analyses were performed using
the SAS system for Windows version 9.0 (SAS
Institute, Cary, NC, USA). Shoot biomass data were
tested by LSD (P = 0.10) after ANOVA using the
GLM procedure. Critical N curves were fitted using
non linear regression models (NLIN procedure). In
order to statistically compare the N, curves of each
experiment with the N,.r curve (Lemaire and Salette
1984, N, = 4.8 SB™%%), linear regressions were
adjusted to the log-transformed shoot biomass values
estimated for each sampling date using Justes’ proce-
dure (see explanation above) and the resultant log-
transformed shoot biomass N concentration estimated
from both curves. Slopes were statistically analyzed
using the program (S)MATR (http://www.bio.mq.edu.
au/ecology/SMATR), version 2.0 (Falster et al. 2006).

Results
Critical N concentration

In six out of the ten experiments, non significant
differences (P > 0.05) between the slopes of the log-
transformed critical and reference N dilution curves
were detected. Accordingly, critical N concentration
values (N,,), determined from our data according to
the procedure proposed by Justes et al. (1994), agreed
with those predicted by the reference curve (Nief)
4.8 W32 proposed by Lemaire and Salette (1984)
(Fig. 1a). The agreement was particularly close for
values higher than 3.2%, corresponding to shoot
biomass lesser than 3.2 Mg ha™'. In the other four
experiments  significant differences (P < 0.05)
between the corresponding slopes were detected and
N did not match the expected N concentration
according to the reference curve above (Table 3) and
were around 1 percentage unit lower than N
(Fig. 1b). Therefore, as it will be addressed later, in
these specific cases the N ¢ overestimated the mini-
mal concentration of N required for maximal growth.

Since there is some discussion on the estimation of
the reference critical N concentration, and suggestions
that it might depend on crop species (cf. Greenwood
et al. 1990; Lemaire and Gastal 1997; Justes et al.
1994), we compared the N determined applying
Justes et al. (1994) procedure with the corresponding
values predicted by the reference curve 5.7 SB™°°
proposed by Greenwood et al. (1990) for C3 species.
In this comparison, the deviation observed in the first
six experiments between N, and N, values lower
than 3.2% disappeared (Fig. 1c). However, the lack of
fit observed in the other four experiments still
remained. This result cannot be attributed to the
divergence between the critical N concentrations
estimated according to Lemaire and Salette (1984)
or to Greenwood et al. (1990), but to an actual feature
of the referred datasets.

Estimation of the nutritional status of crops:
the N nutrition index (NNI)

Pasture N status was quantified with the NNI,
estimated as the ratio of actual N concentration to
N,.t (Figs. 2 and 3). In the case of the four experiments
where Ncr did not match Nref (Fig. 3), the relative
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Fig. 1 Relationships between the critical N concentration
values according to: a and b Lemaire and Salette (1984),
Nper = 4.8 SB™%32 (SB = shoot biomass), or ¢ and d Green-
wood et al. (1990), 5.7 SB™*, indicated as N, and the
critical N concentration values calculated according to Justes

Table 3 Critical N curves adjusted according to Justes et al.
(1994) for the four experiments in which the critical N
concentration did not match the reference N value estimated

Ny (%)

et al. (1994) procedure (N,) for ten different fertilization field
experiments. a and ¢ Experiments were N, was similar to Ni.;
b and d experiments where N, differed form N,.r. The dotted
line in b illustrates de average departure from the 1:1 line

according to Lemaire and Salette (1984), and the correspond-
ing range of shoot biomass (SB) for which they were
determined

Experiment Adjusted critical curve Actual shoot biomass
range (Mg DM ha™")

ARY4 N = 3.5SB7%% R? = 0.90 1.04.8

095 N = 3.5SB7*4 R? = 0.54 13-3.4

TW99w Ng = 3.2SB7%%6 R? = (.84 0.4-5.0

TF EP96 Ng = 47SB7%% R? = 0.98 0.7%-3.2

 Only values above 1 Mg DM ha™' were used to adjust the critical curves (according to Lemaire and Gastal 1997)

position of the different points in relation to the N, is
indicated through a dotted line that represents the
Ne¢i:Nir ratio. Results indicate that using N..r in the
calculation of the NNI yielded a lower plant N status
estimation than using N,.
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During late-winter/early-spring, the N status of the
pastures tended to decrease during the regrowth
(Fig. 2a-d), indicating an accentuation of N deficit,
and therefore, a progressive greater departure from
the reference N uptake curve (Fig.4). On the
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Fig. 2 Evolution of the instantaneous N nutrition index (NNI) 1994) was similar to the reference N concentration

in relation to accumulated shoot biomass in six fertilization
field experiments where the critical N concentration [N,
calculated according to the procedure proposed by Justes et al.

contrary, in autumn, crop N status remained compar-
atively more stable during the regrowth, or even
tended to increase (Fig. 2e-f). In these cases, pasture
N uptake followed a trajectory more or less parallel to
the reference curve, except in the tall wheatgrass

(Nper = 4.8 SB™%32, Lemaire and Salette 1984)]. The NNI
were calculated as the ratio between actual N concentration and
Nref

experiment (TW99a) in which young leaves in plants
of high N-rate treatments died due to freezing
temperatures, this leading to a sharp decrease in
shoot N accumulation in the last two sampling dates
(Fig. 4).
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Fig. 3 Evolution of the instantaneous N nutrition index (NNI) 1994) differed from the reference N concentration

in relation to accumulated shoot biomass in four fertilization
field experiments where the critical N concentration (N,
calculated according to the procedure proposed by Justes et al.

Relationship between crop nutritional status
and crop yield components (PAR;,,, RUE)

In the experiments where Ncr matched Nref, results
confirmed the existence of a direct association
between pasture production and N nutrition: the
relative reduction in crop yield (Shoot biomass/Shoot
biomass,,,x) was closely related to the crop nutri-
tional status as measured by its weighted NNI (NNIw,
Fig. 5), (Lemaire and Gastal 1997). Most notably, the
same linear association between relative yield and
NNIw was also verified in experiments carried out
under limiting growth conditions where the observed
N, (instead of N,) was used to estimate the NNI
(Fig. 6). In both cases, the NNI was a good indicator
of the expected productive performance of the
pasture.
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(Nper = 4.8 SB™%*, Lemaire and Salette 1984). The NNI
were calculated as the ratio between the actual N concentration
and N The dotted line represents the N:N..f ratio

Radiation use efficiency (RUE) diminished under
N deficiency in both groups of experiments (Figs. 5
and 6), the reduction in RUE being roughly propor-
tional to that in NNI,,. Conversely, light to moderate
N deficiency had little effect on the amount of
intercepted PAR (PARi). But at NNIw values lower
than 0.80, a sharp decrease in PARi occurred in all
experiments (Figs. 5 and 6).

Discussion

On the generality of the reference curve
of critical N concentration

A general stable allometric relationship describing a
minimum (critical) N uptake required for maximum
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Fig. 4 Evolution of shoot N uptake in relation to shoot
biomass accumulation (SB) in six fertilization field experi-
ments where N, was similar to Ny The filled line indicates N

shoot biomass accumulation in vegetative grass
canopies implies the existence of a reference curve
that describes the minimum (critical) plant N con-
centration allowing maximum crop growth (Lemaire
and Salette 1984; Greenwood et al. 1990, 1991).
Theoretical support for this concept derived from

Shoot biomass (Mg DM ha")

uptake = 48 SB>®®, The different dotted lines indicate the
evolution of N uptake in each fertilization treatment

growth models that distinguish metabolic from
structural plant components and from N recycling
from basal, shaded, old leaves towards well-lit upper
strata of plant canopies, is given in Greenwood et al.
(1991) and Lemaire and Gastal (1997). In six out of
the ten experiments reported in the present study, N,
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Fig. 5 Relationships between the relative shoot biomass
accumulated at the last harvest date (Shoot biomass:Shoot
biomass,.x, a the relative PARi (PARi:PARi,,.y, (¢) and the
relative RUE (RUE:RUE,, ., (¢) and the N nutrition index
weighed as a function of time (NNI,,). Lines represent the
monomolecular equations [Shoot biomass:Shoot biomass,x =
1.30 (1-1.48 exp(—1.68 NNI)), PARi:PARi,,x = 1.07 (1-1.39

measured on various annual and perennial C3 grasses
growing under different soil types agreed closely with
predicted N ¢ values, thus expanding the body of data
that empirically support the idea that N could be
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exp(—2.97 NNI)), RUE:RUE,.x = 1.30 (1-0.96 exp(—1.28
NNI))] and its 95% confidence interval (according to Bélanger
and Richards 1997). The evolution of accumulated shoot
biomass (b), PARi (d) and RUE (f) with the NNIw in six
fertilization field experiments where N, was similar to N,.f are
further presented

considered a general biological characteristic of plant
canopies.

Slightly different N,.¢ curves coexist in the litera-
ture, depending mainly on the species considered (see
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Fig. 6 Relationships between the N nutrition index weighed as
a function of time (NNI,) and the relative shoot biomass
accumulated at the last harvest date (Shoot biomass:Shoot
biomass,,x), the relative PARi (PARi:PARI,,,,) and the relative
RUE (RUE:RUE,,,,) in four fertilization field experiments
where N, differred from N, Lines represent the monomolec-
ular equations [Shoot biomass:Shoot biomass,x = 0.99

review in Gastal and Lemaire 2002), but also on the
procedure used to estimate the critical N concentra-
tion (cf. Justes et al. 1994; Plénet and Cruz 1997,
Greenwood et al. 1990). In the present study, the
agreement between observed N, and predicted Nr
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(1-3.02 exp(—3.55 NNI)), PARi:PARiy, = 1.14 (1-1.34
exp(—2.43 NNI)), RUE:RUE,,x = 1.14 (1-1.09 exp(—2.05
NNI))] and its 95% confidence interval (according to Bélanger
and Richards 1997). The evolution of accumulated shoot
biomass (b), PARi (d) and RUE (f) with the NNIw in six
fertilization field experiments where N, was similar to N,.; are
further presented

improved when the Ilatter was calculated as
5.7 SBfO'SO, according to Greenwood et al. (1990),
instead of the 4.8 SB™%* proposed by Lemaire
and Salette (1984). In our view, the magnitude of
this improvement was not enough so as to ascribe it to
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an inherent difference between these N reference
curves.

In these six experiments, N availability was the
major factor controlling growth, for the availability of
other nutrients (especially phosphorus) and water
were appropriate, and temperatures were not too low
(Tables 1 and 2). Under these conditions, similar to
those in which the empirical relationship between N
concentration and shoot biomass accumulation was
derived, our results indicate that reference curves can
be used for N diagnose purposes, as proposed in
Lemaire and Gastal (1997).

However, in the other four experiments observed
N, were consistently lower than N, values (Fig. 1b),
that is, maximal shoot biomass accumulation occurred
at N concentrations lower than those predicted by N .
This discrepancy was not associated with the chosen

reference curve, as the departure from the 1:1 line was
not markedly altered when different N,.; were used
(Fig. 1b, d). Neither was it related to a lack of ability
of plants to absorb N: except for TW99a, N uptake
continued to increase with higher N fertilization rates,
but no significant increases in shoot biomass were
evident (Fig. 7).

The reason why N, was lower than N, in these four
experiments is not clear. Although in potato it has been
found that cultivars can affect N (Bélanger et al.
2001), such an effect has not been reported in forage
species (review in Greenwood et al. 1991; Lemaire and
Gastal 1997). Further, genotypic differences are an
unlikely cause in the present study: in three of the
experiments (AR94, TW99lw and TF EP96) the same
cultivar matched N in other experiments (AR9S5,
AR97, AR03, TW99a and unpublished data on tall
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Fig. 7 Evolution of shoot N uptake in relation to shoot
biomass (SB) accumulation in four fertilization field experi-
ments where N, differed from N,.t. The solid line indicates N
uptake = 48 SB”®®. The short dashed line indicates N uptake
calculated from the corresponding N,. Curve (N uptake,). The
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different dotted lines indicate the evolution of N uptake in each
fertilization treatment. a AR94 N uptake. = 37.5 SB%7,
b 095 N uptake., = 33.6 SB*7% ¢ TW99lw N uptake,, =
29.9 SB®”. d TF EP96 N uptake,, = 43.1 SB***
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fescue cv El palenque, respectively). Neither soil type
appears to be a likely reason: in the experiments carried
out in marginal soils (sodic, high pH) Ncr matched N ¢
(e.g. TW99a, TF MK96).

Notably, in three of these four experiments maximal
growth rates (calculated as the ratio between the
accumulated shoot biomass at the highest N rates and
the accumulated thermal time set at around 550°C
day ' for all the experiments—i.e. 547 + 11°C day ')
were low relative to expected ones for the species and/
or season. Thus, TF EP96 and 095 maximal growth
rates (0.60 % 0.02 and 0.47 £ 0.06 g DM °C day ")
were 20—40% lower than those achieved by companion
experiments matching the N, curve, TF MK96 and
AR95 (0.78 4 0.08 and 0.82 £0.09 g DM °C day "),
respectively. In TF EP96 winter temperatures restricted
shoot growth (low RUE and PARI, Lattanzi 1998). In
095 freezing temperatures lead to plant damage and
reduced tiller density (Marino 1996). In ARY4, the
maximal growth rate (0.66 + 0.09 ¢ DM °C day ™)
was 20-35% lower than that of the same genotype in
AR95 and AR97 (0.82 4+ 0.09 and 0.99 + 0.14 g DM
°C day "), respectively. In this case the precipitation
during the regrowth period was relatively low (Table 2;
Instituto Nacional de Tecnologia Agropecuaria 2009)
which suggests that climatic conditions could have
limited plant growth.
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Fig. 8 Comparison between N nutrition index weighed as a
function of time (NNI,,) and the instantaneous NNI estimated
at initial stages of regrowth (NNIj,;;.) observed in ten
fertilization field experiments

Opposite to the three experiments referred above,
TW99lw showed relatively high maximal growth
rates (0.90 g DM °C day '), similar to those
observed in the late winter regrowths where N,
matched the N,s (e.g. AR95, AR97 and TF MK96).
This experiment is particular in the fact that an
increase of 150 kg N ha™' did not induce changes in
shoot N concentration (Table 3). The fact that the
discrepancy occurred in late winter but not in autumn
might indicate an effect of season, although it would
have to be an effect restricted to this species, as it was
not observed in other winter regrowths.

The present study shows discrepancies between N,
and N,.¢ under conditions limiting growth. Yet it is not
the first that questions whether limiting growing
factors other than N, such as water or nutrient deficits,
could affect the relationship between N, and shoot
biomass (e.g. Duru et al. 1997). Some available dataset
concur with our results in suggesting that they would.
For example, under low phosphorus (Duru and
Ducrocq 1996) and under water deficit (Lemaire and
Denoix 1987; Bélanger et al. 2001), maximal accu-
mulation of shoot biomass occurred at N concentration
lower than N . A corollary of these results is that when
growth is limited by factors other than N, the use of N¢
in the estimation of NNI might lead to an overestima-
tion of the actual magnitude of N deficiency.

To elucidate this would require further research to
analyze the existence of interactions between N
nutrition and other growth factors (e.g. water deficit,
phosphorus nutrition) on the stability of the N,.¢ curve.
Since in most grasslands the existence of multiple
restrictions to growth is the rule rather than the
exception, and these might often be not identifiable or
not susceptible to be removed through management
(e.g. waterlogging, irremovable soil constraints, water
deficits where irrigation is not an option, nutrient
deficiencies whose correction is not economical), such
studies leading to a more robust basis for the
estimation of NNI would be extremely valuable.

Use of the NNI for the analysis of N fertilization
results

In all ten experiments, there was a direct relationship
between relative accumulated shoot biomass and N
nutritional status of the pasture as quantified by the
NNI. Noteworthy, some data fall below the 1:1 line
suggesting that in some sub-optimal N conditions
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additional factors could have also co-limited pasture
yield (e.g. differences in sward structure associated to
differences in pasture age, as conjectured by Bélanger
and Ziadi 2008).

The analysis of N deficiency effects on two ecophys-
iological determinants of plant growth—the amount of
PAR intercepted and the efficiency with which PAR was
used to produce shoot biomass (RUE)—reveals that the
effect of N deficiency upon RUE played a predominant
role in explaining reduction in shoot biomass when
considering the whole regrowth period. Reductions in
PARi were relevant only from moderate to severe N
deficiency. It should be noticed, however, that in earlier
stages of regrowth intercepted PAR is more dependant
on LAI, and in that case an important effect of LAI and
intercepted PAR on biomass accumulation could be
expected. Our results seem to contradict the relatively
lesser effect that N deficiency exerts on gross and net
photosynthetic carbon assimilation, both in cut (Gastal
et al. 1992) and continuously grazed swards (Mazzanti
et al. 1994. However, RUE comprises not only carbon
capture but also its allocation between shoot and roots.
Therefore, the observed effect of N deficiency upon
RUE suggests a major effect of N deficiency on the
partitioning of assimilates in all tested species, soil
types, and seasons. This agrees with the conclusions of a
study of effects of N deficiency on the components of
RUE in tall fescue swards (Bélanger et al. 1992;
Bélanger and Richards 1997).

Some practical implications
Early quantification of N deficiency

One of the major practical issues concerning the
utilization of the NNI for pasture management is the
possibility to perform an early diagnosis of the extent
of N deficiency. Two key aspects to be considered are
the sensitivity of the index to detect N deficiencies at
the initial stages of pasture regrowth and how such
initial N status is associated with pasture performance
throughout the whole regrowth period. The relatively
close correspondence observed between the initial
NNI and NNI,, in the whole set of experiments
(Fig. 8) suggests the initial NNI has a promising
potential for early diagnosis of N deficiency and
fertilization decision making. Moreover, considering
NNI could eventually be estimated directly by remote
sensing, thus by-passing the need for time consuming
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determinations of shoot biomass and N content
(Lemaire et al. 2008), early diagnosis would help
minimize two problems associated with remote sens-
ing: the decreasing accuracy of the estimation of shoot
biomass as values increases, and the wider difference
in N concentration (and thus greenness) for a given
NNI at low relative to high shoot biomass values.

Autumn vs late-winter/early-spring N dressing

In the late winter regrowths optimal N status was
achieved at N dressings of 200-250 kg ha™"' (Fig. 2a-
d). These fertilization levels, which correspond to the
N fertilization rate required to attain potential shoot
biomass yield, were around 70% higher than those
reported for temperate forage grasses (cf. Lemaire and
Gastal 1997; Bélanger et al. 2008). The reasons of this
difference might be associated, at least in part, to
edaphic aspects related to a higher proportion of the
added N being immobilized by soil microorganisms in
our soils (Kuzyakov et al. 2000). From an agronom-
ical and environmental perspective, it is worth noting
that reasonable shoot biomass yields were obtained in
the late winter regrowths with N rates similar those
quoted in the literature for reaching potential growth
(around 100-150 kg N ha™").

Another possible explanation to the generally high
N rates required to attain maximum shoot biomass
yields is the existence of high losses of applied N.
Both the climatic conditions following fertilizer
applications (mild temperatures, moderate rainfall
events) and soil characteristics (slow drainage, high
OM and CIC) indicate that important N looses were
unlikely in both tall fescue experiments (TF EP96 and
TF MK96). This was confirmed in a complementary
experiment where low levels of N volatilization
(<15% at the highest rates) and invariable nitrate
concentration along the soil profile were observed (De
Prado et al. 2001). Nonetheless, volatilization may
have played a role in the tall wheatgrass experiment
during autumn (TW99a), in which high soil temper-
ature and pH lead to the loss of up to 35% of the
applied N (Barbieri et al. 2006).

Conclusions

The present study extends to marginal soils, to species
adapted to such environment (e.g. tall wheatgrass),
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and to winter growth conditions (freezing tempera-
tures) the empirical support for the use of N in the
quantification of the degree of N limitation to pasture
growth. Obtained results encourage the use of the
NNI, calculated as the ratio of actual N concentration
to Nif, as a valid index to orientate on the requirement
of N fertilizer supply when the environmental as well
as the pasture conditions are adequate for eventually
reaching potential growth.

However, it also shows that the relationship
between the critical N concentration and shoot biomass
varied depending on growth conditions. Thus, when
factors other than N are expected to limit pasture
growth (e.g. water stress, deficiencies of another
nutrient), an N, lower than N, should be used. This
is a central point to take into account for diagnose
purposes, particularly when economical as well as
environmental outcomes are considered. Early diag-
nosis of N deficiency through the use of initial NNI—
corresponding to the ratio between the actual N
concentration and the N, at the initial stages of
regrowth (around 150 to 200°C day)—could be a
promising tool to predict both the productive capacity
of the pasture as well as to estimate N fertilization rates.

Acknowledgments The authors would like to thank two
anonymous reviewers for comments that greatly improved
this manuscript. We received financial and technical support
from the Instituto Nacional de Tecnologia Agropecuaria
(INTA) and the Universidad Nacional de Mar del Plata.

References

Agnusdei MG, Colabelli ME, Fernandez Grecco RC (2001)
Crecimiento estacional de forraje de pasturas y pastizales
naturales para el sudeste bonaerense. Boletin Técnico
N°152. CERBAS, INTA EEA Balcarce, 16 p

Barbieri PA, Echeverria HE, Sainz Rozas HR, Picone L (2006)
Nitrogen use efficiency from urea applied to a tall
wheatgrass (Elytrigia elongata) praire in a sodic soil. Aust
J Exp Agr 46:535-543

Bélanger G, Richards JR (1997) Growth analysis of timothy
grown with varying N nutrition. Can J Plant Sci 77:373-380

Bélanger G, Ziadi N (2008) Phosphorus and nitrogen rela-
tionships during spring growth of an aging Timothy
Sward. Agron J 100:1757-1762

Bélanger G, Gastal F, Lemaire G (1992) Growth analysis of a
tall fescue sward fertilized with different rates of nitrogen.
Crop Sci 32:1371-1376

Bélanger G, Walsh JR, Richards JE, Milburn PH, Ziadi N
(2001) Critical nitrogen curve and nitrogen nutrition index
for potato in Eastern Canada. Amer J Pot Res 78:355-364

Bélanger G, Tremblay GF, Mongrain D (2008) Yield and
nutritive value of the spring growth of an ageing Thim-
othy Sward. Can J Plant Sci 88:457-464

Borrajo CI (1998) Generacion y expansion de los organos fo-
liares de agropiro alargado en funcion del material gené-
tico y la disponibilidad de nitrégeno. Thesis M Sc,
Universidad Nacional de Mar del Plata

Buol SW, Hole FD, McCracken RJ (1989) Soil genesis and
classification, 3rd edn. lowa University Press, Ames, p 446

de Prado MR, Echeverria HE, Lattanzi FA, San Marin NF
(2001) Evolucion otofio invernal del nitrégeno mineral en
un natracuol tipico bajo festucas con diferente habito de
crecimiento Ciencia del Suelo. 19:39-46

Duru M, Ducrocq H (1996) A nitrogen and phosphorus herbage
nutrient index as a tool for assessing the effect of N and P
supply on the dry matter yield of permanent pastures. Nutr
Cycl Agroecosyst 47:59-69

Duru M, Lemaire G, Cruz P (1997) The nitrogen requirements
of grasslands. In: Lemaire G (ed) Diagnosis on nitrogen
status in crops. Springer, Berlin, p 59

Echeverria HE, Garcia FO (1998) Guia para la fertilizacion
fosfatada de trigo, maiz, girasol y soja. Boletin técnico 149.
Estacion Experimental Agropecuaria INTA Balcarce, 18 p

Falster DS, Warton DI, Wright IJ (2006) SMATR: Standard-
ised major axis tests and routines, ver 2.0. http://www.
bio.mq.edu.au/ecology/SMATR/. Cited 9 Oct 2009

Garcia FO (2001) Balance de fosforo en los suelos de la region
pampeana. INPOFOS Cono Sur. Informaciones Agron-
6micas del Cono Sur 9:1-3

Garcia FO (2003) Introduccion. Simposio “El fosforo en la
agricultura argentina”. INPOFOS Cono Sur, Instituto de
la Potasa y el Fosforo, Potash & Phosphate Institute,
Canada, pp 2-3

Gastal F, Lemaire G (2002) N uptake and distribution in crops:
an agronomical and ecophysiological perspective. J Exp
Bot 53:789-799

Gastal F, Bélanger G, Lemaire G (1992) A model of the leaf
extension rate of tall fescue in response to nitrogen and
temperature. Ann Bot 70:437-442

Gosse G, Varlet-Grancher C, Bonhomme R, Chartier M, Al-
lirand JM, Lemaire G (1986) Production maximale de
matiére séche et rayonnement solaire intercepté par un
couvert végétal. Agronomie 6:47-56

Greenwood DJ, Neeteson JJ, Draycott A (1986) Quantitative
relationships for the dependence of growth rate of arable
crops to their nitrogen content, dry weight and aerial
environment. Plant Soil 91:281-301

Greenwood DJ, Lemaire G, Gosse G, Cruz P, Draycott A,
Neeteson JJ (1990) Decline in percentage N of C3 and C4
crops with increasing plant mass. Ann Bot 66:425-436

Greenwood DJ, Gastal F, Lemaire G, Draycott A, Millard P,
Neeteson JJ (1991) Growth rate and %N of field grown
crops: theory and experiments. Ann Bot 67:181-190

Instituto Nacional de Tecnologia Agropecuaria (2009) Infor-
macion agrometeoroldgica, datos de la EEA Balcarce.
http://www.inta.gov.ar/balcarce/info/meteor.htm. Cited 9
Oct 2009

Justes E, Mary B, Meynard J-M, Machet J-M, Thelier-Huche L
(1994) Determination of a critical nitrogen dilution curve
for winter wheat crops. Ann Bot 74:397-407

@ Springer


http://www.bio.mq.edu.au/ecology/SMATR/
http://www.bio.mq.edu.au/ecology/SMATR/
http://www.inta.gov.ar/balcarce/info/meteor.htm

230

Nutr Cycl Agroecosyst (2010) 88:215-230

Kuzyakov Y, Friedel JK, Stahr K (2000) Review of mecha-
nisms and quantification of priming effects. Soil Biol
Biochem 32:1485-1498

Lattanzi FA (1998) Efecto de la fertilizacion nitrogenada sobre
el crecimiento de festucas de tipo templado y mediterra-
neo. Thesis M Sc, Universidad Nacional de Mar del Plata

Lemaire G, Agnusdei MG (2000) Leaf tissue turn-over and
efficiency of herbage utilization. in: Lemaire G, Hodgson,
J, de Moraes A, Nabinger C, Carvalho PC de F (eds)
Grassland Ecophysiology and Grazing Ecology. CABI,
Oxon, p 265

Lemaire G, Denoix A (1987) Croissance estivale en matiere
seche de peuplements de fétuque élevée (Festuca arun-
dinacea Schreb.) et de dactyle (Dactylis glomerata L.)
dans I’ouest de la France. II. Interaction entre les niveaux
d’alimentation hydrique et de nutrition azotée. Agronomie
7:381-389

Lemaire G, Gastal F (1997) N uptake and distribution in plant
canopies. In: Lemaire G (ed) Diagnosis on nitrogen status
in crops. Springer, Berlin, p 3

Lemaire G, Salette J (1984) Relation entre dynamique de
croissance et dynamique de prélévement d’azote pour un
peuplement de graminées fourrageres. [I—Etude de 1’effet
du milieu. Agronomie 4:423-430

Lemaire G, Jeuffroy M-H, Gastal F (2008) Diagnosis tool for
plant and crop N status in vegetative stage: theory and
practices for crop N management. Eur J Agron 28:614-624

@ Springer

Marino MA (1996) Efecto de la fertilizacion nitrogenada sobre
el crecimiento inverno primaveral, la composicion quimica
y calidad del forraje de Avena sativa 'y Lolium multiflorum
Lam. Thesis M Sc, Universidad Nacional de Mar del Plata

Marino MA, Berardo A (2000) Fertilizacion fosfatada de
pasturas en el sudeste bonaerense. II—Efecto de la ap-
licacion de nitrégeno sobre la respuesta a fosforo. Rev
Arg Prod Anim 20:113-121

Marino MA, Mazzanti A, Assuero SG, Gastal F, Echeverria
HE, Andrade F (2004) Nitrogen dilution curves and
nitrogen use efficiency during winter-spring growth of
annual ryegrass. Agron J 96:601-607

Mazzanti A, Lemaire G, Gastal F (1994) The effect of nitrogen
fertilization upon the herbage production of tall fescue
swards continuously grazed by sheep. 1. Herbage growth
dynamics. Grass Forage Sci 49:111-120

Moscatelli G, Luters JA, Gémez LA (2009) Niveles de dis-
ponibilidad y reservas de potasio en Argentina. Interna-
tional Potash Institute. http://www.ipipotash.org/udocs/
Sesion%201.pdf. Cited 9 Oct 2009

Nelson DW, Sommers LE (1973) Determination of total
nitrogen in plant material. Agron J 65:109-112

Plénet D, Cruz P (1997) The nitrogen requirement of major
agricultural crops: maize and sorghum. In: Lemaire G (ed)
Diagnosis on nitrogen status in crops. Springer, Berlin, p 93


http://www.ipipotash.org/udocs/Sesion%20l.pdf
http://www.ipipotash.org/udocs/Sesion%20l.pdf

	Critical N concentration can vary with growth conditions in forage grasses: implications for plant N status assessment and N deficiency diagnosis
	Abstract
	Introduction
	Materials and methods
	Experimental management
	Determinations
	Experimental design and statistical analysis

	Results
	Critical N concentration
	Estimation of the nutritional status of crops: the N nutrition index (NNI)
	Relationship between crop nutritional status and crop yield components (PARint, RUE)

	Discussion
	On the generality of the reference curve of critical N concentration
	Use of the NNI for the analysis of N fertilization results
	Some practical implications
	Early quantification of N deficiency
	Autumn vs late-winter/early-spring N dressing


	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


