PHOTOSYNTHETICA 40 (2): 289-292, 2002

The use of a portable non-destructive type nitrogen meter
for leaves of woody plants in field studies
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Abstract

The practicality of the portable, non-destructive type nitrogen meter (Agriexpert PPW-3000) was tested on ten forest
species. Also investigated was the potential relationship between leaf nitrogen and chlorophyll (Chl) contents and the
readings taken with the PPW-3000 and a Chl meter (SPAD-502). There was a significantly positive correlation between
the readings of PPW-3000 and N content in the same leaves, whereas the correlation between leaf Chl content and the
PPW-3000 values was less positive. Similarly there was a significant positive correlation between actual Chl content and
the SPAD-502 readings and the less positive correlation between actual N-content and the SPAD-502 readings. Thus us-
ing both the PPW-3000 and SPAD-502 enables to determine leaf N and Chl contents simply and non-destructively in the

field.
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Introduction

In natural ecosystems, nitrogen is a major nutrient that
regulates plant growth (e.g. Field and Mooney 1986,
Lambers et al. 1998). Its content is positively correlated
with photosynthetic capacity, productivity, and conse-
quently plant biomass (e.g. Field and Mooney 1986, Sage
and Pearcy 1987, Evans 1989, Korner 1989, Reich et al.
1991, 1992, Gower et al. 1993, Pons et al. 1994,
Hikosaka and Hirose 2000). Moreover, leaf N content
changes with leaf expansion (Gastal et al. 1992), leaf
ageing (Hodatiova 1985, Sestik 1985, Kutik et al. 2001),
and leaf life span (Reich et al. 1992, 1995). Thus, if leaf
N content can be measured easily and non-destructively
for various plant species and individual trees in the field,
its determination will undoubtedly be useful for better
understanding the growth conditions and allocation
strategies during plant life.

Although there have been many methods established
for N analysis (e.g. Horwitz 2000), these methods suffer
from two apparent limitations: they are destructive and
particularly time-consuming, especially in ecophysio-
logical studies in which a large number of samples is
handled. In recent years, leaf chlorophyll (Chl) content is
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often correlated with leaf N content, using a portable,
non-destructive Chl meter, the SPAD-502 (e.g. Ishida
et al. 1996, Manetas et al. 1998). However, few studies
have measured leaf N directly in the field. Instead, meth-
ods involving calculation of leaf N content indirectly
from substitute sources such as the readings from a Chl
meter and a leaf colour chart have been used (eg.
Balasubramanian et al. 1999, Madakadze et al. 1999,
Sandoval-Villa et al. 1999, Carreres et al. 2000,
Rodriguez and Miller 2000). The recently introduced,
portable nitrogen meter (Agriexpert PPW-3000), devel-
oped for rice plants, provides an excellent means of
quickly and non-destructively assessing N content in
leaves in the field. Because rice plants have a unique leaf
blade structure (Esau 1965, Hara 1981, Chonan 1983),
the question of how useful a N meter is when measuring
content for several tree species, particularly in relation to
optical structure of their leaves, has to be answered.

This study examined the usefulness of the PPW-3000
for woody plants and also discussed the correlation be-
tween leaf N and Chl readings measured by the PPW-
3000 and the SPAD-501, respectively.
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Materials and methods

Ten forest species used for the investigation grow in
Japanese temperate and Malaysian tropical rain forests
with a great species diversity and, as a result, various
types of leaves. Our study included: four deciduous
broad-leaved trees from the arboretum of the Forestry and
Forest Products Research Institute, Sapporo, Japan
(42°58’ N, 14124’E) and Mount Chokai, Japan
(39°05° N, 140°04’ E), three temperate evergreen broad-
leaved trees from the Mount Matsuyama Castle, Japan
(33°50’ N, 132°46’E), and three tropical evergreen
broad-leaved trees from Lambir Hills National Park,
Sarawak, Malaysia (4°20° N, 113°50° E) (Table 1). For
each species, more than fifteen leaves of various green
colour including leaves from trees of shaded and open
sites were collected by three individuals and were
wrapped in air tight plastic bags with moistened filter
paper. Once collected, they were transferred immedi-
ately to the lab.

From all leaves two leaf discs (0.5 cm? per disc) were
collected. One disc was used for N analysis, the other for
Chl analysis. Then readings for all discs were taken with
an Agriexpert PPW-3000 (Satake Corp.) portable N me-
ter and an SPAD-502 (Minolta) portable Chl meter. Ag-
riexpert PPW-3000 measures leaf transmittance at four
wavelengths by light-emitting diodes (LED), ie. at
560 nm where is the peak of leaf reflection and permea-
tion, and absorption of carotenoids and anthocyanin, at
660 nm where Chl absorbs (Sestak 1985, Lei et al. 1996),
at 900 nm where some proteins with methyl group absorb
(Osborne and Fearn 1986), and at 950 nm which is re-
lated with water absorption for base line, respectively.
However, the measurement of SPAD-502 was based on
the comparison of leaf transmittance at two wavelengths,
i.e. at 650 and 940 nm (Manetas et al. 1998).

Actual N content was analysed by the N.C. analyser
(SUMIGRAPH NC-900). Chl was extracted with dime-
thylsulfoxide (Barnes et al. 1992, Shinano et al. 1996).
For the Chl analysis, absorbances at 664.9 and 648.2 nm
were determined by a Shimazu UV-1400 spectropho-
tometer. The significance levels for correlation between
N and Chl contents and the readings with PPW-3000 and
SPAD-502 were calculated by multiple regression (inde-
pendent variable readings of each meter at 560, 660, 880,
950 nm, respectively, 650 and 950 nm, subordination
variable: N and Chl contents analysed by standard
methods) using a Statistica 5.1 statistical software
package.
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standard analysis and by Agriexpert PPW-3000. LED1: 950 nm, LED2: 660 nm, LED3: 900 nm, LED4:

p<0.001. D - deciduous , E — evergreen. n — number of leaves taken from three individuals. SLA - specific

Y
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gnificant (p>0.05), "p<0.05, **p<0.01,
], means + S.D. The range of N contents [%] was calculated from values measured by the N.C. analyser.

Table 1. Relationship between nitrogen contents measured b
leaf area [m® kg™

560 nm. NS - not si

Approximate expression

N contents »

SLA

Leaftype n

Family

Species

y
y
y

L11Y

15.244.6
24.249.2

19
17
16
15

0.28 + 19.48 LED1 + 1.72 LED2 - 29.38 LED3 + 5.31 LED4
4.79-215.70 LEDI1 + 2.76 LED2 +212.16 LED3 ~ 14.49 LED4
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£

1.67-3.00 0.762
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y
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y
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Results and discussion

For all tree species, the values of leaf N content estimated
using the PPW-3000 showed a positive and significant
correlation with actual values determined by a standard
method (Table 1). Thus PPW-3000 is useful not only for
rice plants, but also for woody species. However, some
fow correlations were found due to low transmittance in
plant species such as Shorea beccariana. Therefore, we
need a prior check whether PPW-3000 can be used for a
given species. N and Chl distribution in leaves is not uni-

form, but varies with leaf development and location in
plant canopy (Sesték 1985). Therefore, one has to be
careful when using the PPW-3000 and consider the sam-
pling location of the leaves, which live at different irradi-
ances, and also select the types and periods of leaf emer-
gence such as flush type, continuous type, or heterophyl-
lous type. All the above considerations, as well as making
sure to respect various N contents, improve the precision
of determination.

Table 2. The correlation coefficients (R) of leaf nitrogen and total chloroghyll (Chl) between readings of Agriexpert PPW-3000 and

SPAD-502, and standard analyses. NS — not significant (p>0.05), *p<0.05, "p<0.01, *p<0.001.
Species Nitrogen Chl
Agriexpert SPAD Agriexpert SPAD

Fr. mandshurica  0.796 0779 T 0745 0809 U
A. mono 0.762 0.460 NS 0.960 0884 T
Q. mongolica 0.846 ' 0494 NS 0679 "0813 7
F. crenata 0.779 ' 0693 ™ 0979 0906
0. glauca 0.842 07 T 0746 : 0850
I latifolia 0.852 0757 T 0.809 0751 ¢
I integra 0.911 * 0505 NS 0798 *o0948 T
Dr. aromatica 0.808 0568 Tt 0.926 0940 77
D. tempehes 0.994 Y0949 T 0864 ' 0920
S. beccariana 0.594 NS 0469 NS 0.847 "t 0899 ™

The correlation of real leaf N content with the read-
ings of PPW-3000 was significantly more positive than
with readings from the SPA4D-502 (Table 2). However, the

“correlation of leaf Chl content with the SPAD-502 read-
ings was significantly more positive than its correlation
- with the PPW-3000 readings. Although SPAD-502 meas-
ures at 650 nm where Chl absorbs radiation, PPW-3000
measures at other two wavelengths related with leaf N.
When calculating leaf N content from SPAD-502, one
must consider that the relationship between the reading
and the actual leaf N content varies with growth stage
(Carreres et al. 2000). The species, for which the correla-
tion was not significant, when recorded with the SPAD-
502, were Acer mono, Qercus mongolica, and Ilex inte-

gra, all of which showed a significant correlation when
using PPW-3000. The readings at each wavelengths for
the PPW-3000 were not in significant correlation with
leaf N content, which generally showed a significant cor-
relation with the PPW-3000 readings (Table 3). Thus the
PPW-3000 is useful especially for the species lacking
correlation between Chl absorptance and leaf N. Our re-
sults indicate that using together the PPW-3000 and the
SPAD-502 enables to measure both leaf N and Chl con-
tents simply, rapidly, and non-destructively in the field.
Non-destructive methods are optimal for field studies
such as N distribution in the crown, acclimation to shade
(i.e. ChI/N), and seasonal changes of leaf N content at
species, population, or community level.

Table 3. Significant differences of correlation between readings of four wavelengths (LED) of Agriexpert PPW-3000 and SPAD-502,

and nitrogen contents measured by the N.C. analyser. NS — not significant (p>0.05), *p<0.05, “p<0.01,

x

'p<0.001.

Fr. mandshurica A. mono

Q. mongolica F. crenata Q. glauca I latifolia

I integra Dr. aromatica D. tempehes

Agrixepert k%% E 23 E 21 *
LED1 NS ** NS NS
LED2  ** ‘NS NS *
LED3 NS o NS NS
LED4 NS NS NS NS
SPAD ~ **x NS NS **

*k ** % *kk *kk
NS NS * NS *
*% *% NS *k T
NS NS NS NS *

* NS NS NS *kk
*k * NS Kok *k
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