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ABSTRACT

Nitrogen (N) is one of the most important essential elements that affects plant growth and has the highest concentration among mineral
elements; a shortage of N causes more adverse effects than other mineral elements. To achieve optimum N concentration in nutrient
solution through the use of a chlorophyll meter in the soilless culture of lily, four N concentrations (100, 200, 300, 400 mg L") were
applied to lily (Lilium longiflorum) cv. ‘Pink perfection’. Chlorophyll index and leaf number increased as N concentration increased. The
increase in leaf number was gradual. Higher concentrations of N in nutrient solution induced an increase in shoot length. The chlorophyll
meter is a simple way to monitor N concentration at different stages of lily growth.
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INTRODUCTION

Nitrogen (N) is the fourth most abundant element in plant
structures. Its constitutes less than 0.1% of the earth’s crust
but makes up about 80% of the atmosphere, mostly as N,
(Buchanan et al. 2000). N plays a pivotal role in the inor-
ganic nutrition of plants and hence in determining growth
(Mengel 1994; Marschner 1997). It is also an essential com-
ponent of amino acids, nucleic acids, cofactors and other
common metabolites (Buchanan et al. 2000) and is a major
component of chlorophyll (Wang et al. 2004). The charac-
teristic yellow color of N-starved plants (chlorosis) reflects
their inability to synthesis adequate amounts of green chlo-
rophyll (Chl) under N-limited conditions (Buchanan et al.
2000; Taiz and Ziger 2002). In addition, several plant hor-
mones which are required for plant growth contain N or are
derived from nitrogenous precursors (Buchanan et al. 2001).

Liquid fertilization is able to provide nutrition at ap-
propriate levels for both root and shoot growth, but the root:
shoot ratio may decrease with high fertilizer concentrations
(Catanzaro et al. 1998). Greenhouse soilless systems for lily
production have many advantages over soil production,
including providing the ideal physical structure for moisture
retention and aeration, avoidance of soil-borne pests and
diseases, and superior control over plant nutrition. However,
selection of the right media type and composition is vital to
success in lily.

The SPAD-502 Chl meter is used for simple, rapid, and
non destructive estimation of Chl contents in tomato leaves
(Guimardes et al. 1999). It shows relative content of leaf
Chl based on transmission of light from two different wave-
lengths (Aliniaeifard et al. 2007). The use of a Chl meter to
evaluate plant N status in real time is suitable for precision
agriculture and canopy greenness and might serve as a
useful diagnostic tool to assess plant N demand (Wiesler et
al. 2002).

The objective of this study was to evaluate the feasi-
bility of using the SPAD-502 Chl meter for N management
in lily plant under soilless greenhouse conditions. In ad-
dition, recommendations of optimum N concentration in

nutrient solution for lily were determined.
MATERIALS AND METHODS
Plant material and growth conditions

Bulbs of lily (Lilium longiflorum) cv. ‘Pink perfection’ produced
in the Tabriz University greenhouse were cultured in pots (5 L)
containing a mixture of perlite: sand (3: 1, v/v) for soilless culture.
For better drainage, the bottoms of pots were notched and placed
in saucers. At the beginning of experiment, bulbs were irrigated by
water and after bulb germination half-strength Hoagland’s solution
(Hoagland and Arnon 1950) was used for daily nutrition of lily
bulbs. The pots were kept in the greenhouse at 70-80% relative
humidity and 30 + 3 and 20 + 3°C in the day and at night, respec-
tively.

Experiments and treatments

Lily bulbs with the same size (average of 3 cm in diameter) were
chosen for experiment. The experiment was carried out with 100,
200, 300, 400 mg I"' N which was added to half-strength Hoag-
land’s solution. Four different N solutions were prepared in 200-L
containers and were used for daily nutrition of plants. The experi-
ment was conducted based on a completely randomized block
design and each treatment was replicates four times. Leaves were
counted, and shoot length was measured 30, 60 and 80 (in the time
of flowering) days after the culture of bulbs. The Chl index of
plant leaves was measured using a Chl meter (SPAD-502, Tokyo,
Minolta, Japan) at the same time intervals. The latter measure-
ments were assessed on 10 leaves from each plant, at the same
time, from 7:00 to 9:00 am, immediately after irrigation with nut-
rient solution.

Statistical analysis
Data was analyzed by analysis of variance (ANOVA) using SAS

8.2 software and treatment means were compared using the least
significant difference (LSD) test at P < 0.05.
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Fig. 1 Effects of different concentrations of N in nutrient solution on chlo-
rophyll index 30 (A), 60 (B) and 80 (C) days after bulb culture in soilless
culture of lily.

RESULTS

Chl index in lily leaves was significantly affected by N
concentration in nutrient solution. The highest and lowest
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Fig. 2 Correlation between N concentrations in nutrient solution and
chlorophyll index in soilless culture of lily.
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Fig. 3 Relationship between chlorophyll index and time after bulb cul-
ture in soilless culture of lily.
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Fig. 4 Effects of different concentrations of N in nutrient solution on leaf
number 30 (A), 60 (B) and 80 (C) days after bulb culture in soilless cul-
ture of lily.

Chl indices were obtained in 400 and 100 mg I'' N in nut-
rient solution, respectively (Fig. 1). As depicted in Fig. 1A-
C the Chl index was induced as N concentration increased
in nutrient solution at 30, 60 and 80 days after bulb culture,
respectively. A significant correlation between N concentra-
tion in nutrient solution and Chl index is depicted in Fig. 2.
Chl index increased from 30 to 80 days after bulb culture
(Fig. 3).

Most and fewest leaves were observed in 400 and 100
mg 1" N in nutrient solution, respectively (Fig. 4A-C). For
leaf number, there were significant differences between 100
and 200 mg I"' N with 300 and 400 mg I'' N in nutrient
solution (Fig. 4A-C). There was a significant correlation



Chlorophyll meter for nitrogen management in soilless culture of lily. Aliniaeifard and Tabatabaei

45
44
43
42
411

Leaf number

40 A
39 A

38 R? = 0.872

37 T T T T
0 100 200 300 400

Nitrogen concentrations (mg g')

500

Fig. 5 Correlation between N concentrations in nutrient solution and
leaf number in soilless culture of lily.
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Fig. 6 Relationship between leaf number and time after bulb culture
in soilless culture of lily.

between N concentration in nutrient solution and leaf num-
ber (Fig. 5). The number of leaves significantly increased
from the first to the second month after bulb culture while
at the time of flowering (80 days after bulb culture) leaf
number increased slowly (Fig. 6). The number of leaves at
the time of flowering increased 37 and 7% more than at 30
and 60 days after bulb culture, respectively.

Shoot length was significantly affected by different N
concentrations in nutrient solution. Minimum shoot length
was observed in 100 mg "' N, although, in the case of shoot
length, there were no differences between 200, 300 and 400
mg I N in nutrient solution (Fig. 7A-C). The correlation
between different N concentrations in nutrient solution and
shoot length is depicted in Fig. 8. The shoot length in-
creased from the first to the second month after bulb culture,
whereas at the time of flowering (80 days after bulb culture)
shoot growth increased very slowly (Fig. 9). At the time of
flowering, the length of lily shoots induced 59 and 6% at 30
and 60 days after bulb culture, respectively.
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Fig. 8 Trend between N concentrations in nutrient solution and shoot
length in soilless culture of lily.

65

25 4

20 A

15 4

10 -

Shoot length (cm) X>

N100 N200 N300 N400
45 -
44 -
43 1
42 -
41 |
40 1
39 |
38 |
37 |
36 A
35

w

Shoot length (cm)

N100 N200 N300 N400

(9]
o
o

ab

Shoot length (cm)

w D DM B b
® O N b O @
I I I I I I

w
»

N100 N200 N300 N400

Nitrogen concentrations (mg g'1)

Fig. 7 Effects of different concentrations of N in nutrient solution on shoot
length 30 (A), 60 (B) and 80 (C) days after bulb culture in soilless culture
of lily.

DISCUSSION

In this study, a higher N concentration induced the Chl in-
dex, leaf number and shoot length in lily. Canopy biophy-
sical parameters such as N content, above-ground biomass,
green leaf area index, net ecosystem CO, exchange (Gitel-
son et al. 2006), absorbed photosynthetic active radiation
(Vina and Gitelson 2005) and yield (Walters 2003) have
been related to canopy Chl content. Chl content has been
suggested as the community property most directly relevant
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Fig. 9 Relationship between shoot length and time after bulb culture
in soilless culture of lily.
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to the prediction of productivity (Dawson et al. 2003).
Hawkins et al. (2009) proved that SPAD-502 is an effective
tool for non-destructive estimation of total foliar Chl con-
tent across a range of plant ages, growing conditions, and
genotypes for Lindera melissifolia populations and the eco-
logically widespread congener L. benzoin. Ku and Hershey
(1996) fertigated poinsettias (Euphorbia pulcherrima) with
0, 100, 200 and 300 mg I"' N and subjected each of these
treatments to differing leaching fractions (LF): 0, 0.2, and
0.4. The poinsettias fertigated at 200 and 300 mg I N were
darker green than those fertigated at 100 mg 1™ N. N ac-
counted for major variations in tomato (Lycopersicon escu-
lentum) transplant height, leaf number and area, and stem
diameter, as N concentration increased, both root and shoot
growth increased (Melton and Dufault 1991). Ciganda et al.
(2009) found that non-destructive measurements of a single
leaf can be used to accurately estimate total Chl content in a
maize canopy. Van lersel et al. (1998) compared growth
responses of impatiens and petunia, the shoot dry weight of
petunia increased in a linear manner with increasing N rates,
the shoot dry weight of the impatiens responded in a man-
ner similar to lily in our experiment and peaked at 336 mg I
N, the next highest N rate. Thomas ef al. (1998), working
with container-grown freesias (Freesia x hybrida), found
that fertilization with N increased foliage production, parti-
cularly leaf number, plant height and fresh weight. Melton
and Dufault (1991) studied fertilizer impacts on tomato
(Lycopersicon esculentum) transplant growth. They found
that shoot dry weights increased in a linear manner with
increasing N rates. Huang et al. (2008) suggested that the
planting of a variety insensitive to high N input such as
LYP9 would lead to over-application of fertilizer-N by rice
farmers if knowledge-intensive N management technology
were not used. Campos and Reed (1993) reported enhanced
growth of Spathiphyllum and Dieffenbachia after small in-
creases in nutrient concentration. Our results were slightly
different from Whipker ez al. (1999), who studied the effect
of fertilizer concentration on the growth of double impa-
tiens (Impatiens walleriana). They found that both impati-
ens cultivars examined had a larger diameter after being
fertilized for 9 weeks with 100 mg "' N in comparison with
those plants fertilized with 50 or 200 mg "' N.

Chl meters have been used to make N fertilizer recom-
mendations in wheat to improve yield (Denuit ez al. 2002)
and quality (Lopez-Bellido ef al. 2004). It seems possible to
find better relationships between the readings of Chl meters
in advanced crop stages and the grain N concentration at
maturity (Lopez-Bellido et al. 2004). Approaches based on
N contents in leaves have been used to increase N fertilizer
use efficiency. An N management program can be attained
by suitable evaluation of the plant’s N status (Coltman
1988; Smith and Loneragan 1997) which is usually accom-
plished by quantitative analysis of the N concentration in
the plant dry matter. Alternatively, quick procedures had
been proposed such as the leaf greenness determination by a
hand-held device — Minolta SPAD-502 meter (Guimarées et
al. 1999; Sandoval-Villa et al. 1999). As several authors
have shown a relationship between Chl and N content in
plant leaves exists (Scheepers et al. 1992; Sexton and Carol
2002; Wang et al. 2004); thus, Chl content can be used as
an alternative measure of plant N status (Fontes 2001).

CONCLUSIONS

We found a significant relationship between N concentra-
tion in soilless culture of lily and growth parameters, chlo-
rophyll index and time. Meanwhile, a Chl meter can be uti-
lized for N management at different periods of lily growth.
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