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Standardization of shooting parameters of digital image technique to estimate

nitrogen concentration of winter rapeseed
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Abstract: [ Objectives ] Digital image technique is useful for rapid and non-destructive prediction of nitrogen

concentration of winter rapeseed. The establishment of the standardization of the shooting parameters can provide

the basis for the interaction of different crops and camera models. [ Methods ] Winter rapeseed was used in
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field experiment with five nitrogen application rates (N: 0, 90, 180, 270 and 360 kg/hm?). The canopy pictures of
winter rapeseed were obtained in different light intensities, times, heights, angles, pixels, modes and image
formats by using digital camera (Nikon-D7000, 1620 million pixels) at the seedling stage (79-83 days after
transplanting). Significant analyses of canopy digital normalized redness intensity (NRI) were also made in
different imagery modes. Other conventional diagnosis parameters, such as aboveground biomass, leaf nitrogen
and leaf chlorophyll concentration were determined to reveal their correlations to NRI. [ Results ] Canopy
NRI acquired either at sunny or cloudy days could interpret digital information of canopy well, however, it was
slightly better in sunny days than cloudy days. The correlation coefficient between NRI and leaf nitrogen
concentration was — 0.802** at noon, better than those in the morning and afternoon. No significant difference
was observed among three image height of 1.5, 2.0 and 2.5 m. It showed very prominent relationships between
NRI obtained in three image angles (30°, 60°and 90°) and aboveground biomass, leaf nitrogen concentration
and chlorophyll concentration, however, it was more convenient to get canopy NRI at 30°-60°. The correlation
coefficient between NRI and leaf nitrogen concentration was — 0.802** at auto exposure mode, higher than
other exposal models. No significant difference was observed among three photo pixels (4928 x 3264, 3696 %
2448 and 2464 x 1632). NRI in JPEG fine format was superior to other image formats. [ Conclusions ]
Overall, the optimal operating range of digital image technique to estimate nitrogen nutrition index of winter
rapeseed was followed: the best shooting time is sunny noon because of its relatively greater solar elevation
angle and stable light, the image can be taken at any height near the ground, it is easy to operate at the image
angle of 30°-60°, the shooting mode should be automatic exposure mode, the photo pixel is better in relatively
clear and high resolution, and the images saved in compressed JPEG accurate format with less space occupying
is recommended. Our study provides a theory and technique foundation of digital image technique on non-
destructive nitrogen diagnostic using low-altitude unmanned aerial vehicles remote sensing.

Key words: winter rapeseed; digital camera; canopy image; shooting parameter
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Biomass N content Chl. content
Treatment )

(kg/hm") (g/kg) (mg/g)
NO 505 cB 23.67 cB 0.82 cC
N90 1386 bAB 23.99 ¢cB 0.96 bBC
N180 2153 aA 28.07 bcAB 1.27 aAB
N270 2235 aA 30.08 abAB 1.25 aAB
N360 1725 abA 3491 aA 1.36 aA

¥ (Note ) : ARIY/NG FBERIR S F8:5305 308 53] 5% Hl
1% 2253 1 37K F Different lowercase letters or capital letters within
the same column indicate significant differences at the 5% and 1%
probability,respectively.
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*2 TRHBRSENEE NRIBIFE(n = 15)
Table 2 Effect of different image heights on canopy NRI

AbB 781 (m) NRI i ZE cv
Treatment Height SD (%)
NO 1.5 0.3607aA  0.0061 1.68
2.0 0.3587aA  0.0026 0.72

25 0.3600aA  0.0029 0.81

N90O 1.5 0.3484aA  0.0105 3.00
2.0 0.3475aA  0.0139 3.99

2.5 0.3466 aA 0.0123 3.56

N180 1.5 0.3299aA  0.0062 1.89
2.0 0.3364aA  0.0029 0.87

25 0.3328aA  0.0078 236

N270 1.5 0.3253 aA 0.0102 3.15
2.0 0.3264aA  0.0097 2.98

2.5 0.3242 aA 0.0137 4.22

N360 1.5 0.3073aA  0.0027 0.89
2.0 0.3100aA  0.0038 1.24

2.5 0.3111 aA 0.0027 0.87

I (Note) : BUHEARIM/N . KE TR RAR LB 5% Fi
1% 2253 % /K F Values followed by different lowercase letters or
capital letters within the same column indicate significant differences at
the 5% and 1% probability, respectively.
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Table 3 Correlation between canopy NRI and tested plant
index at different image angles

TR EEt7/) o8 R MR R IRE

Angle Biomass N content Chl. content
30° —0.643%* —0.715%* —0.867**
60° —0.657** —0.802%* —0.862%*
90° —0.702%* —0.799** —0.881**

## (Note) : **— P<0.001.

2.2.5 ANFAZREFACE PSR R 2 505
Br B S RTLAE i, ASE AR ATl sk
BUE ZECF EURAE B AR, AZhER . 5
s KRR R B =0 P AR 153 1 e )2 NRI 5t
R RWREZ B YRS ELEXR, AL
BRI R B 9 h — 0.802%* | — 0.752%* Fil — 0.789%*,
Hrp L H SR A C R R, IR A
B AR A S AR

2.2.6 ARV ZE B EAEE0S IR R 15 2 RF ry i
BRI R R RO B RGP E B, R
SN AR R BRI R R 2 — . % 4 45
RFI, BR N360 AbBHLL 2464 x 1632 43 HERA K
Hh, HABAL IR DL 3696 x 2448 Bk, ARl A AL B
TEA A IR R 18R RO 264 Tk i e /2 NRI Z [H] 22
SRR, AR R T X E AR HLAR BUA T 32 4L
Wt 25 B K, BRI RIELMR AR
BRI

227 AFEAREFKFRARME A RTEE AR
FRLAEAEAE T RIS ZENRILS L3R . it
F AR B R S 2R B AR DG A BT T AT (3R 5), — b
AR IR B T2 NRI 5 &S0 A R 5 hn 1y
KB 7K, AT R it A 2 il S e J2 A 1R
. NEF(RAWE AR L 4its =, i AL
K, ARTRAEEESER R fEAF, 1T JPEG A4k
X, BEAAEBESK, (HRARA ZRERG
BH Sz RN, % BBV I 5 A
BT EE, R IEE R TPEG K 4its AT A B A i i A
i 3w

3 e

AFEHARS B OCIRSREE . FAB ) | A5k
BE B . s, MR R R T iR AR
) TR AR A2 2 7 R 15 B
AR BOE R AR EREL . AARFMET, A
CIPIEE Y SN S S50 AN T N & N L R e S
I RICHESTE S Sl QN AR SR R
5, HETR R EFEIRFREIR -2, SR
o7 BB ARG VR B R E IR BA AR A
Ml 5 EMHEIWTEERA PR, A =Fs
(1A 55 o JEE IR 2 S ENRIZE SN 2, [y
A5 e A B i JEE AR A A DX I O 2 R 1R R
FEROR B 5 BAR A5 w55 B2 BT 3R BB 3 73 H s DX Sl )
WEBTFRBZAZERARE . HIk, RSP
Ve, AT LIk T s B 5 s B2 LAY KA



6 11 Maxdr, 4 BUFEIBEORMEIA SR R E TR S B LA TE 1707

40 Rt Automatic exposure 40 r Y55 Landscape 40 r 50k Close up
- 36 + 6 y = 84.475-169.014x 36 F ©°o y =61.669-102.323x 36 ® y = 93.380-193.490x
2.8 ° r=-0.802%* ° p=-0.752% © p=-0.789%*
DE R 2 }° Rt e
X =
~ o 28 28 28 t
ig
524 24+ 24
o o o
20 | 20 | 20 |
O T ’I,II 1 1 1 1 0 1 ,I,l 1 1 1 1 1 1 0 T IIII 1 1 1 1 1
0030 032 0.34 036 038 00.30 0.32 0.34 036 038 00.30 0.32 0.34 036 038
NRI
B 5 FEHBEXTER NRI SEEHFRKRERXR@=15)
Fig. 5 The relationship between canopy NRI and leaf N concentration at different shooting modes
x4 TRBHIGERTERE NRI B0
Table 4 Effect of different photo pixel on canopy NRI
AbFR Treatment %2 R 5} Photo pixel NRI i SD CV%
4928 x 3264 0.3635 aA 0.0045 1.23
NO 3696 x 2448 0.3695 aA 0.0006 0.15
2464 x 1632 0.3643 aA 0.0056 1.54
4928 x 3264 0.3540 aA 0.0115 3.25
N90 3696 x 2448 0.3541 aA 0.0120 3.39
2464 x 1632 0.3539 aA 0.0095 2.68
4928 x 3264 0.3313 aA 0.0132 3.99
N180 3696 x 2448 0.3314 aA 0.0137 4.13
2464 x 1632 0.3311 aA 0.0123 3.72
4928 x 3264 0.3216 aA 0.0118 3.68
N270 3696 x 2448 0.3262 aA 0.0101 3.10
2464 x 1632 0.3257 aA 0.0100 3.06
4928 x 3264 0.3032 aA 0.0053 1.76
N360 3696 x 2448 0.3045 aA 0.0018 0.58
2464 x 1632 0.3084 aA 0.0006 0.18

& (Note) : BEFAFRE/N, KEFESHNFRIER] 5% 1% 2573 BE /KT Values followed by different lowercase letters or capital
letters within the same column indicate significant differences at the 5% and 1% probability, respectively.

=5 FEMEGEHERATERE NRI 5N EEBFRNEXME®E, n=15)

Table 5 Correlation between canopy NRI and tested index at different image formats

it #7452 Image formats H: ¥ Biomass AL N content -4 ZZ ¥ & Chl. content
JPEG #%541#% = JPEG fine format —0.657** —0.802%* —0.862%*
JPEG #rfA% 2 JPEG standard format —0.691%** —0.760%** —0.863**
NEF(RAW) #43% NEF(RAW) format —0.685%* —0.769%* —0.869%*

& (Note) : **—P<0.01.
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B E TR W R LB R R0, Ko MR 58 4 EITIAETE 28 BB i 357 i ™



1708

MY E IR 50 R

il 22 %

MR BH S DA — B R i R, R BB T
S5 [) B A R SR AR ML D R — 45 A B R
RBECT R, RFDCHAHUE, WTheS 20
BAZE RO B0 B2 B, SR AL 25, & Rl
ReRep g, REMBFEE R, G, BHEKE
Anfk, BRI NRI AU AARS B . Rk, FIFECF
W%&ﬁﬁ TR RRAE ) B A R R 2 Wi
FESLBRAAE SRV MRS OO L X I8 B A AR I ]
FOVRR A OB 7 ARG S A, RS s
3%%&% F#AR NRI (10748 Sk 5 i%ﬂm%ﬂﬁﬁ

B SER IS, BB EEC AR T Sl

mé,ﬁ@“ﬁPﬁNmﬁWﬂ@iﬁ%ﬁﬁ
RS2

FATRAC Y LIRIN I ESTHE S p A SRS S
HIRZ , AR JXHAHESE OCIBRE | fn3dat
], FAfkm B . AR . Rl AR ER
SHRME AR ) HEAT TR, TR e A LR R
oAtz e R R ALY . AED L Ah s, I

— WP FERIER YT

4 inb

BE B4 45 AR (Nikon-D7000, 1620 J7 152k
SOMSE A R B SRR PR A AT AR VT L R A B st A
i R A BH v B A AR B R R A A i Dl T

T AL FARA O 5 T AR 30°~60°; AHALIA
SRR S/ S W R L SN ST i PO)
52 A T AT ) 3 R s A7 At O s s XL o5
23 (AR RN JPEG A5 4% 2

2 & W

(1] EBU. FREHE A R 55 ot BB J L. o R4

i, 2010, 32(2): 300-302.
Wang H Z. Review and future development of rapeseed industry in
China [J]. Chinese Journal of Oil Crop Sciences, 2010, 32(2):
300-302.

[2] ZE, SE=, G008, 2. DIERRE X 2 B psg - 2er
[1]. R RE, 2013, 46(9): 1837-1847.
LiH, MaCB, LuJ W, et al. Increasing effect of N, P and K fertilizer
on rapeseed in different regions of china [J]. Scientia Agricultura
Sinica, 2013, 46(9): 1837-1847.

[3] 4bis, S8, XIBIAK, 55 AABURH B3 S Fh T TR 2 0
TP ASHITE]. Aol K244, 2008, 27(2): 229-234.
Zou J, LuJ W, Liu R L, et al. Dynamics of dry vass accumulation
and nutrients uptake in 4 louble-low rapeseed ( Brassica napusL.)
varoetoes [J]. Journal of Huazhong Agricultural University, 2008,
27(2): 229-234.

(4] XURA. 5=
243-244.

#IM]. L BIERREROR S REE, 1987,

[51]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Liu H L. Applied cultivation of rapeseed [M]. Shanghai: Shanghai
Science and Technology Press, 1987. 243-244.

BﬁE R, YRR, SRABE, 2. BT EAS AR KRR R B IRl
1. StikE a4, 2009, 29(8): 2176-2179

JiaL L, Fan M S, Zhang F S, et al. Nitrogen status diagnosis of rice
by using a digital camera [J]. Spectroscopy and Spectral Analysis,
2009, 29(8): 2176-2179.

B, K, 9, 2. NTTECT FIRE R I T KRR R B T2
] A E TR SIEREA, 2015, 21(1): 259-268.

Li L T, Zhang M, Ren T, et al. Diagnosis of N nutrition of rice using
digital image processing technique [J]. Journal of Plant Nutrition and
Fertilizer, 2015, 21(1): 259-268.

Su C H, Fu C C, Chang Y C, et al. Simultaneous estimation of
chlorophyll a and lipid contents in microalgae by three-color analysis
[J]. Biotechnology and Bioengineering, 2008, 99: 1034-1039.

Sstya P Y, Ibaraki Y. Estimation of the chlorophyll content of
micropropagated potato plants using RGB based image analysis [J].
Plant Cell Tissue Organ Culture, 2010, 100: 183—188.

Lee K J, Lee B W. Estimation of rice growth and nitrogen nutrition
status using color digital camera image analysis [J]. European Journal
of Agronomy, 2013, 6: 57-65.

Graeff S, Claupein W. Quantifying nitrogen status of corn (Zea mays
L.) in the field by reflectance measurements [J]. European Journal of
Agronomy, 2003, 19(4): 611-618.

Pagola M, Ortiz R, Irigoyen I, ef al. New method to assess barley
nitrogen nutrition status based on image colour analysis: Comparison
with SPAD-502 [J]. Computers and Electronics in Agriculture, 2009,
65(2): 213-218.

PR R BB R EOR 5 LRI T4 N E R TR 2
(D], Jbs: A A 22 83, 2003,

Jia L L. To detect nitrogen status of winter wheat by using color
digital camera [D]. Beijing: PhD Dissertation of China Agricultural
University, 2003.

FRALJE, eI, KRB, 2. BT EURIS W R B NE AR E TR
WP B A]. EAERAO AR, 2011, 19(5): 1168-1174.
Zhang L Z, Hou X Y, Zhang Y M, et al. Diagnosis of the state of N
in wheat via digital image processing technique [J]. Chinese Journal
of Eco-Agriculture, 2011, 19(5): 1168-1174.

Huang W J, Wang Z J, Huang L S, ef al. Estimation of vertical
distribution of chlorophyll concentration by bi-directional canopy
reflectance spectra in winter wheat [J]. Precision Agriculture, 2011,
12: 165-178.

F T, B RCT G EOR HEAT TR A A R E R 2 Wi T
[D]. T4k AR #2438, 2005.

Wang X F. Study on diagnosis of N status of cucumber and tomato
using digital image processing [D]. Jilin: MS Thesis of Jilin
Agricultural University, 2005.

FI, sk, SRR, 5. ARE G AR 2RSS
HREIRII]. A3 TP (A AR R), 2006, 24(4): 397-400.
Wang J, Zhang Y S, Guo J Q, et al. Effect of different imaging mode
on canopy feature spectral parameter [J]. Journal of Shihezi

University (Natural Science), 2006, 24(4): 397—400.
WA, R, (B, 5. S TR EGEAR MM A R E RS



6 1Y)

Maxdr, 4 BUFEIBEORMEIA SR R E TR S B LA TE

1709

[18]

[19]

[20]

WiBF5E ). hEAR AL FL, 2015, 48(19): 3877-3886.

Wei Q Q,LiL T, Ren T, et al. Study on diagnosing nitrogen nutrition
status of winter rapeseed via digital image processing technique [J].
Scientia Agricultura Sinica, 2015, 48(19): 3877-3886.

XAE, TR, XKL, 55, b3 aR R POk R[], s
AR, 2004, 20(4): 62-63.

Liu X X, Dong Z S, Liu C S, et al. Study on extracting methods of
chlorophyll in rape [J]. Chinese Agricultural Science Bulletin, 2004,
20(4): 62-63.

-t B AR AT = AR) (M), b s RO R, 2000.

Bao S D. Soil and agro-chemistry analysis (3rd Edition) [M]. Beijing:
China Agriculture Press, 2000.

PUEREE, DRULY, AT, 45, ZE TR AN B TR KA A
REFRLCEOIE]. WA R Rl 5 £ a R R), 2010,
36(1): 78-83.

ZhuJ X, Chen Z L, Shi Y Y, et al. Diagnoses of rice nitrogen status

based on spectral characteristics of leaf and canopy [J]. Journal of

(21]

[22]

(23]

Zhejiang University (Agric. & Life Sci.), 2010, 36(1): 78-83.

Swain K C, Thomson S J, Jayasuriya H P W. Adoption of an
unmanned helicopter for low-altitude remote sensing to estimate yield
and total biomass of a rice crop [J]. Transactions of the ASABE,
2010, 53(1): 21-27.

Tk, EAEE, sREI, A5 BT RO AL KRR B R R A #
BIBWII]. A0 TR, 2012, 28(17): 131-136.

Wang Y, Wang D J, Zhang G, et al. Digital camera-based image
segmentation of rice canopy and diagnosis of nitrogen nutrition [J].
Transactions of the Chinese Society of Agricultural Engineering,
2012, 28(17): 131-136.

SRULE (R, R, 55 BURPIERIT oG 61 & 8 556
FHERBIABEFEL]. 4ol TAZ24R, 2006, 22(9): 34-38.

Cai H C, Cui H X, Song W T, et al. Preliminary study on
photosynthetic pigment content and color feature of cucumber initial
bloom stage [J]. Transactions of the Chinese Society of Agricultural

Engineering, 2006, 22(9): 34-38.



