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Diagnosis of N nutrient status of corn using digital image processing technique

ZHANG Li-Zhou'?, WANG Dian-Wu', ZHANG Yu-Ming’, CHENG Yi-Song®, LI Hong-Jun?, HU Chun-Sheng’

(1. College of Resources and Environmental Sciences, Agricultural University of Hebei, Baoding 071000, China; 2. Center for Ag-
ricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Shijiazhuang
050021, China)

Abstract Canopy images of summer corn were taken in the 6-leaf and 10-leaf stages in a field experiment with six N application
levels. And the relationships between color parameter indexes of corn canopy images and N application level, leaf SPAD, stem sap
nitrate concentration, plant total N content and nitrate N content in 0~90 cm soil were determined. The results show that in the 6-leaf
stage, color parameter indexes of B/(R+G+B), G/B, R/B, B/L are significantly linearly correlated with N application level, leaf SPAD,
stem sap nitrate concentration, plant total N content and nitrate N content in 0~90 cm soil (P<0.01). And B/(R+G+B) presents most
significant correlation, and B/L is next to it. In 10-leaf stage, the correlations are not so significant as those in 6-leaf stage. The results
suggest that it is feasible to use digital image processing technique to diagnose N nutrient statues of summer corn. The 6-leaf stage is
crucial period with B/(R+G+B) as the index for the N nitrogen diagnosis using digital image processing technique.
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Tab. 1 Correlation coefficients between indexes of corn canopy image color parameter and nitrogen application level,
corn nitrogen nutrient status parameters
0~90 cm
C Index of color Nitrogen applica- SPAD Plant nitrate Plant total Soil nitrate nitrogen
orn growth stage . . .
parameter tion level concentration nitrogen content content
6 G/(R+G+B) —0.565 1** —0.513 5** —0.4857** —0.492 3** -0.205 7
6-leaf stage B/(R+G+B) 0.719 4%* 0.779 5%* 0.4155%* 0.632 6** 0.499 3%*
R/(R+G+B) —0.384 7** —0.521 9** —-0.1985 —-0.342 7* —0.515 2%*
G/B —0.681 4** —0.762 1** —0.3931** —0.605 5** —0.408 8**
R/B —0.633 7** —0.780 2** —0.4098** —0.571 8** —0.499 1**
B/L 0.730 4%** 0.770 5** 0.5297** 0.641 8** 0.484 0**
G/L —0.255 2* -0.1752 -0.1750 -0.217 4* -0.021 4
G/R 0.000 0 0.013 7 0.0017 0.000 0 0.109 2
10 G/(R+G+B) -0.001 5 -0.029 6 —-0.0364 -0.037 6 —0.256 2*
10-leaf stage B/(R+G+B) 0.199 6 0.305 6* 0.0421 0.285 7* 0.0142
R/(R+G+B) —0.404 1** —0.340 2* —0.4036** —-0.269 1* —0.416 9**
G/B —-0.096 5 -0.188 9 —-0.0042 -0.191 4 —-0.076 6
R/B —0.390 2** —0.478 5** —0.1835 —0.431 1** -0.025 8
B/L 0.161 2 0.263 9* 0.0241 0.247 6* 0.030 0
G/L -0.174 2 —0.000 0 -0.1107 —-0.001 1 —0.375 0**
G/R 0.104 9 0.040 5 0.2261%* 0.024 4 0.480 7**
*okx P<0.05  P<0.01 * and ** mean significant correlation at P<0.05 and P<0.01 respectively.
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0~90 cm 6-leaf stage under different N treatments
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Tab.2 B/(R+G+B) value of summer corn under different N treatments and diagnosis of nitrogen nutrient status of corn

Nitrogen application level

[ke(N) - hm™2] Canopy B/(R+G+B) value Average B/(R+G+B) range Nitrogen nutrient status of corn
0~50 0.180~0.200 0.193 <0.200 Serious deficit of N supply
100 0.201~0.220 0.212 0.201~0.218 Deficit of N supply
150~200 0.216~0.237 0.226 0.219~0.239 Normal N supply
300 0.241~0.247 0.243 >0.240 Excessive N supply
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. y=701.94-2176.8%, X  B/(R+G+ B) ,
6 (G)
[15]
3 it ’
1 R/(R+G+B)
6
’ 0.809~0.946,
s [19]
, 6
[B/(R+G+B)] ,
B/(R+G+B)>0.240, , G/(G+R+B)
: B/(R+G+B)<0.200, (201 G GR
. B/(R+G+B)=0.201~0.218,
. B/(R+G+B)=0.219~0.239, ,
[21]
8 , G/R G/L , R G (NRI)
R R/(R+G+B) ,
6 G/(G+R+B)
, 10 R/(R+G+B) 8 (221
) G/B
Lukina !
[23]
Adamsen , G/(R+G+B)
, G/R

Adamsen 17



1344

2010 18

, G/(R+G+B)

, G/(R+G+B)
b
b
B/(R+G+B),
b b
B
s 6
0,
2
B 9
b
2
B
2
b
SE 3k
[1] , [M].
, 1992
[2] , ,
[M]// , ,
,2000: 225-231
[3] Zhao R F, Chen X P, Zhang F S, et al. Fertilization and nitro-

[4]

[5]

[6]

gen balance in a wheat-maize rotation system in North
China[J]. Agronomy Journal, 2006, 98: 938-945

Blackmer A M, Webb J. Correlations between soil nitrate
concentrations in late spring and corn yields in Iowa[J].
Journal of Production Agriculture, 1989, 2: 103—-109

Zhang H L, Smeal D, Arnold R N, et al. Potato nitrogen
management by monitoring petiole level[J]. Journal of Plant
Nutriton, 1996, 19: 1405-1412

Westcott M P, Rosen C J, Inskeep W P. Direct measurement of
petiole sap nitrate in potato to determine crop nitrogen

status[J]. Journal of Plant Nutrition, 1993, 16: 515-521

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Minotti P L, Halseth D E, Sieczka J B. Field chlorophyll
measurements to assess the nitrogen status of potato varie-
ties[J]. HortScience, 1994, 29(12): 1497-1500
Fox R H, Pickielek W P, Macneal K M. Using a chlorophyll
meter to predict nitrogen fertilizer needs of winter wheat[J].
Commun Soil Sci Plant Anal, 1994, 25: 171-181
Blackmer T M, Schepers J S. Use of a chlorophyll meter to
monitor nitrogen status and schedule fertilization for corn[J].
J Prod Agric, 1994, 8(1): 56-60
Al-Abbas A H, Barr R, Hall J D, et al. Spectra of normal and
nutrient-deficient maize leaves[J]. Agronomy Journal, 1974,
66: 16-20
Sripada P V, Heiniger R W, White J G, et al. Aerial color in-
frared photography for determining late-season nitrogen re-
quirements in corn[J]. Agron J, 2005, 97(5): 1443—-1451
Scharf P C, Lory J A. Calibrating corn color from aerial pho-
tographs to predict sidedress nitrogen need[J]. Agronomy
Journal, 2002, 94: 397-404
Blackmer T M, Schepers J S. Aerial photography to detect ni-
trogen stress in corn[J]. Journal of Crop Physiology, 1996,
148: 440-444
Adamsen F J, Pinter P J, Barnes E M, et al. Measuring wheat
senescence with a digital camera[J]. Crop Science, 1999,
39(7): 719-724

[J1. , 2008, 24(8):
448-553
Lukina E, Stone M, Raun W. Estimating vegetation coverage
in wheat using digital images[J]. J Plant Nutri, 1999, 22(2):
341-350
Adamsen F J, Coffelt T A, Nelson M, et al. Method for using
images from a color digital camera to estimate flower num-
ber[J]. Crop Sci, 2000, 40: 704-709
Jia L, Chen X, Zhang F, et al. Low altitude aerial photography
for optimum N fertilization of winter wheat on the North
China Plain[J]. Field Crops Research, 2004, 89: 389-395

, ’ ’[J]- , 2008, 16(1):
145-149
’ | ,[J]. ,2007, 19(2): 106-113
EJ]. ’ ’ , 2009, 29(8): 2176-2179
’ EJ]. , 2006, 20(5): 257-260

[I]. ,2010, 31(2): 19-21



