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Abstract

Chlorophyll meter SPAD (Soil Plant Analysis Development) is one of the most popular tools used to monitor the N
Status of rice (Oryza Sativa L.) but its high price limits it from being widely adopted. Digital imaging analysis used to
detect nitrogen offers a promising, inexpensive substitute at canopy level. And the present study evaluated rice
canopy SPAD readings by analyzing digital images captured with a domestic digital camera. A field experiment was
conducted in 2011 using a completely randomized split-plot design, with main-plot treatments of six N fertilizer
application rates and subplot treatments of different plant densities. To remove the image backgrounds, the images
were segmented and a dark green color index (DGCI). The index, which is derived from values of hue, saturation,
and brightness (HSB), was used to assess the greenness of the rice canopy. The DGCI was significantly correlated
with average SPAD readings rice canopy at each growth stage, but the regression lines were different from each
other. This might be caused by different lighting conditions, which lead us to conclude a calibration is indispensable
when using a digital camera for the diagnosis of a plant’s nitrogen status.
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Introduction
A rising concern about the widespread use of N fertilization has

motivated researchers to take a closer look at how to precisely
diagnosis a plant’s N status. The chlorophyll (Chl) content of plant
leaves is closely related to a leaf’s N content because the photosynthetic
apparatus accounts for more than half of a leaf’s N content [1]. In the
past few decades, a series of sensor-based devices have been developed
to determine a plant’s N status in situ by estimating a leaf’s Chl
content. These sensors measure the transmittance of light through a
leaf’s tissues at two wavelengths (Chl meters such as SPAD, CCM,
etc.), light reflected by the leaf surface (Greenseek, Yara N-Sensor, etc.)
[2,3], or the chl fluorescence emitted by the leaf [4]. Among these
techniques, the SPAD chlorophyll meter has become the most used
tool and top dressed doses of N have often been adjusted according to
this meter’s readings [5]. However, it has been found that a leaf’s
position may affect the result of these meter measurements [6], and a
large number of measurements could be required to ensure accuracy.
Additionally, these types of meters were further problematic because
of their cost ($1,500 per meter), which leads to most farmers being
unwilling to use them.

The canopies of crops treated with different N application levels
reveals different reflectance spectra in visible and infra-red regions
(Figure 1). Domestic digital cameras measure the intensity of
reflectance in the red (R), green (G) and blue (B) bands, and thus
provide an inexpensive alternative method for measuring a crop’s N
status. Gitelson et al. [7] suggested that the intensity of green and red
reflectance could be used to as an alternative to red and infrared
reflectance to measure canopy properties.

Figure 1: Typical reflectance spectra of crop under low, middle and
high N application levels and approximate widths of the blue, green
and red bands of domestic digital cameras.

When the digital images were captured in controllable and constant
light environment, there could precisely predict SPAD readings [8].
Nevertheless, the image values of R, G and B for a Lambertian surface
are dependent on the light resource, surface reflectance, and the
camera sensitivity:

ρk =∫
ω

E λ ∗R λ ∗Sk λ dλ (1)

Where Rω is the visible spectrum of R, G, B, E (λ) is spectral energy
distribution, R (λ) is surface reflectance, and Sκ (λ) is sensitivity
function of camera [9]. The camera’s response to light, as well as the
spectral composition of the light source, has significant effect on the
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observed canopy reflections and the R, G, and B values. Therefore,
when digital cameras are used outdoors for the diagnosis of a plant’s N
status, cloud positioning and a camera’s light response performance
could greatly change the R, G, and B values, which affects E (λ) and Sκ
(λ) respectively. Recently, Rorie et al. [10] use an internal calibration
disk with a known surface reflectance as a reference for correcting the
differences found in a camera’s light sensitivity and crop’s lighting
conditions. Li et al. [11] and Wang et al. [12] used canopy cover (CC),
calculated by digital images using an image analysis program, was
highly correlated with growth and N nutrition parameters such as leaf
area index LAI, shoot dry weight, and shoot N accumulation. Lee et al.
[13] also found that digital camera could be employed for
characterizing the growth and N nutrition status of rice.

The objective of the present paper was to use a real-time method for
determining the chlorophyll content of paddy rice grown in a field by
evaluating the leaf color image captured with a domestic digital
camera. This paper also sought to determine the relationship between
a leaf image analysis and a canopy’s average SPAD chlorophyll meter
readings. The feasibility of using a digital camera as a SPAD substitute
was also discussed.

Materials and Methods

Field experiment
A 2011 field experiment was conducted with a completely

randomized split plot design in Liantang Town, Qingpu district of
Shanghai, China (121°00′N, 30°58′E, 3 m ASL), . Seedlings of rice (O.
sativa L.) cvar Xiushui 28 with five fully expanded leaves were
transplanted into plots (4 × 5 m) on 28 June. Treatments were
arranged in a completely randomized split-plot design with three
replications. The main plot treatments were N application rates of 0,
75, 150, 225, 300 and 375 kg/ha (pure nitrogen), with sub-plot
treatments being two hill densities of 200 × 150 mm and 200 × 100
mm. Superphosphate (225 kg/ha) and potassium chloride (75 kg/ha)
were incorporated into each plot on the day of transplanting and
another 75 kg potassium chloride/ha was top-dressed 40 days after
transplanting (DAT). Each rate of N was applied in four doses at the
following rice growing stages: 0·2 of the N dose on 3 July (plant
reviving), 0.3 on 10 July (tillering), and 0.3 on 6 August (panicle
initiation) and the final 0.2 of the N dose on 30 August (grain filling).
The paddy field had loam soil with organic matter content of 40.50
g/kg and total N of 2.13 g/kg.

Measurements

Capture of digital camera image
A color digital camera (Canon A3300 IS, Japan) with a resolution of

16 million pixels was employed to capture color images of the rice
canopy. The camera was mounted at a constant height of 1.6 m on a
tripod resulting in a field of view at the soil surface including 24 (4*6)
hills of rice, with an angle between the lens and ground of 30°. Images
were taken with auto-focus, auto-white balance, and an automatic
exposure time between 9:00 and 16:00. An illumination photometer
(TESTO545, German) was used to record the illumination at the
paddy field.

All the captured images were saved in a joint photographic experts
group (JPEG) file format. A chlorophyll meter SPAD-502 was used to
measure the SPAD readings of rice in the camera’s field of vision.

About 50 SPAD readings at the middle point of the uppermost leaves
in the camera’s view were measured and averaged as the canopy’s
SPAD readings. Segmentation of image and calculation of color index

To remove the background in the digital image, an Otsu
thresholding [14] was used. Instead of thresholding the color images,
the segmentation was done on the normalized excess green images
[15]:

EXG= (G-R - B) /(G + R + B) (2)

Where EXG is index of excess green.

A dark green color index (DGCI), which is derived from values of
hue, saturation, and brightness (HSB) was used to assess the greenness
of segmented images [16]. RGB values were converted to HSB values
using the following algorithms:

H =

6+ G−B
max(R,G,B)−min(R,G,B) ×60 if R=max(R,G,B)

2+ B−R
max(R,G,B)−min(R,G,B) ×60 if G=max(R,G,B)

4+ R−G
max(R,G,B)−min(R,G,B) ×60 if B=max(R,G,B)

 (3)

S= [max(R,G.B)-min(R,G,B))]/max(R,G,B,) (4)

V=max(R, G, B) (5)

DGCI= [(H-60)/60+ (1-S) + (1-V)]/3 (6)

Data analysis
Simple regressions of DGCI values on SPAD readings were

obtained. Intercepts and slopes of regression lines at different growth
stages were compared using the mixed model procedures of SAS 9.2.

Results and Discussion
Otsu thresholding method could effectively remove the soil from

the rice canopy, while most rice leaves were kept in the digital image
(Figure 2). The ambient lighting condition greatly affected the digital
image’s R, G, and B values, which could be explained by formula 1.
The R, G, B histograms of the rice canopy digital images captured
without and with clouds were significantly different (Figure 3).
Therefore, to eliminate the effects of variation in solar radiation on
DGCI, in the present study the images taken when it was cloudy were
excluded. Generally, when cloudless, the illumination in the field
ranged from 80000-100000 luxunit of illuminance).

Figure 2: The segmentation of digital image by Otsu’s method.

The DGCI values were significantly correlated to the SPAD
readings (P<0.01, Figure 4 and Table 1). However, the slopes or
intercepts of the regression lines were different from each other. More
specifically, at different times, the DGCI readings were not comparable
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when it was used as an indicator of an SPAD reading. Many factors
like cloud cover and the digital camera’s light sensitivity affected the
digital-image-based index’s estimate of rice canopy SPAD readings.

Figure 3: The R, G, B histograms of rice canopy digital images
captured without (A) and with clouds in sky.

The correction of the index with a standard calibration disk is
indispensable when a digital camera is being used to diagnosis a crop’s
nitrogen status. One instance of this calibration occurred when
farmer’s took digital images of corn leaves alongside calibration disks,
which then served as internal standards in a two-point regression of
actual DGCI values [17].

slope intercept R2 (adjusted)

DAT28 0.0070a 0.1280a 0.702**

DAT37 0.0150b -0.1850b 0.730**

DAT48 0.0125b -0.0452c 0.482**

DAT51 0.0883c 0.0081d 0.588**

Table 1: Slopes and intercepts of linear regression between DGCI
(dark green color index) values and canopy SPAD readings measured
at day after transplant 28, 37, 48 and 51.

** P<0.01; a, b, c, d: Significant difference at P<0.05 between the
simple regressions formula followed by different letters.

Additionally, it is important that attempts be made to standardize a
field’s ambient lighting condition, because a crop’s solar angle and
cloudiness are likely to change a digital image’s R, G, and B values
(Figure 3). The digital images should be captured on a cloudless day,
since on cloudy days the thickness variation of the clouds greatly
changes the spectral composition of the solar radiation, which can
significantly alter the DGCI values.

Conclusion
Domestic camera could be used to substitute SPAD for plant N

status at canopy level, and it is a promising remote sensing tool for
mapping crop N status at large scale. In the next study, the authors will
use unmanned aerial vehicle to capture remote digital images of crops
at field level.

Figure 4: Linear regressions of DGCI (dark green color index) on
rice canopy SPAD readings at day after transplant 28(a), 37(b),
48(c) and 51(d).

Nevertheless, the images should be captured when it is cloudless,
and calibration by standard color disk was indispensable because both
different lighting conditions in field and different camera’s response to
light greatly affected the indices calculated by digital images.
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