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Tablel Nutrient solution in different treatments for cucumber
and rice cultivation

IR KRR/ (mgL™h

]

NO N50 N100 N150 N200
Ca(NO3)2-4H,0 0 0 826 826 826
CaCl»2H,0 516 516 0 0 0
KNOs 0 607 607 607 607
KCl 370 0 0 0 0
KH2PO4 136 0 0 0 0
NH4H2PO4 0 115 115 115 115
NH4NO; 0 0 0 280 560
MgS0O,4-7H0 483 483 483 483 483

®2 BEAFEEFTERE

Table2 Main nutrient element concentrations for each solution
TR IEITTEWE/ (mmol LD

JCH
NO N50 N100 N150 N200
N 0 7 14 21 28
P 1 1 1 1 1
K 6 6 6 6 6
ca 35 35 35 35 35
Mg 2 2 2 2 2
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Fig. 1 Leaf spectra transmittance of rice and cucumber |eaves treated with culture solution in different nitrogen levels
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Fig. 2 Correlation coefficient of leaf spectral transmittance with chlorophyll content and nitrogen content
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Table3 Correlation coefficient between spectral feature
parameter, chlorophyll content and nitrogen content
LS R E M R T LRSS &R RN

S 28 AR R R REL
KFE(N=78) #/N(n=110) /KFE(n=78) 3%/ (n=110)

Toao/ Tseo 0.94 0.90 0.93 0.87
(Toao-Tss0)/ (Teao* Tss0) 0.95 0.91 0.92 0.87
(To40-Tse0)/ Toao 0.94 0.90 0.91 0.87
Toao-Tseo-ToaoX Tse0 0.92 0.89 0.88 0.86
(U Ts60-1 Toao)/ (1 Toao) 0.94 0.90 0.93 0.87
109(Toa0/ Ts60) 0.95 0.91 0.93 0.88
100(Toao/ Tss0)/109(Taao) ~ -0.92 -0.88 -0.87 -0.84
Toao/Teso 0.94 0.89 0.92 0.87
(Toao-Tes0)! (Teao* Tes0) 0.91 0.91 0.89 0.90
(Toa0-Tes0)/ Toao 0.90 0.90 0.88 0.89
Toao-Teso-ToaoX Teso 0.76 0.78 071 0.76
(U Te50-1/ Toao)/ (1 Toao) 0.94 0.89 0.92 0.87
109(Toa0/ Teso) 0.94 0.92 0.92 0.90
10g(Toao/ Teso)/10g(Toar) ~ -0.88 -0.89 -0.84 -0.88
Toao/T720 0.90 0.86 0.88 0.81
(Toao-T720)/(Taao+ T720) 0.90 0.86 0.88 0.81
(Toao-T720)/ Toao 0.90 0.86 0.88 0.80
Toao-T720-ToaoX T720 0.89 0.85 0.87 0.80
(UT720-1 Toa0)/ (1 Toao) 0.90 0.86 0.88 0.80
109(Toa0/ T720) 0.90 0.86 0.89 0.81
10g(Toao/ T720)/109(Toae) ~ -0.92 -0.84 -0.88 -0.78

2.3 REHESHEMHGRRRENERAEMEXRE

LKt ak 25 m AR EGE L 0.94(P=0.01) 1)
EHEAFESHON Toao/ Toeor (Too~Tss0)/ (Tauo +Tsgo)« (1 Tsgo -
UToa0)/(UTaa0)~ (Toao-Tseo) Toaon 100(Taso/ Tsso)~ Taao/ Teson
(UTes0-UToao)/ (UTaso) « 109(Toao/ Teso)»  H._E IR SEiERR1E 2
S HA A= R Y@L T 0.91(P=0.01) (3% 3).
BN o 2 S AR EGE T 0.91(P=0.01) Mtk
FFAEZHM (Toao ~Tseo)/(Toao +Tse0)~ 109(Toao/ Tsso) + (Toso-
Tes0)/(Teao + Teso) « 100(Teuo/ Teso) iR IGHERFAES H T iy
A5 3R & B A OC R E il o 0.87 Fil 0.88
(P=0.01), Ja M4l 51L& A E MK REE A 090
(P=0.01). 45K, LKA NMoEE & EM AR
AH O PR R IF 1) 016 1% 4 A 2 B2 (Toao-Tseo)/(Toaot Tseo) ~
109(Taao/ Tse0) £ 109(Toaof Teso) -
2.4 FIBFHESEBISNAGIE

A3 ST 30 AN B B KRG A B I R ARl i A 2
JrE 2w RS A E, R HOGIRRRIE S
(Toa0~Ts60)/ (Taao + Tseo) ~ 109(Toao/ Tsso) H1 10g(Teaof Teso) HEAT £k
PEMEIE, R ENE 2 LG22 5 B S A B I 5k
MHEZEAT T HR (R 4) o 51 EP: R (Toao -Tsso)/(Toao
+Tse0)~ 100(Toso/ Tseo) F11 100(Taao/ Teso) it M KA [1IIH- 25 25 25
HA B R A RN T 6%; A EdROGREREE S
HGA I TR - 2 3 B R AR R 22 7E 5%LL T, Al 3L
A B AR ZZ7E 8%LL .

DL g R, FIHYEHERRE S50 (Toso -Tseo)/ (Toaot

Tss0)~ 109(Toao/ Tsso) F! 10g(Teao/ Teso) BEATHEAPII 7 i it £ 3%
T A A A, R R 22 2 AR PR B e R A
FEFACEEAARRNESK, S EE A A R E R
#ite H, (Toao -Tseo)/(Toao +Tss0) 15 Fuchigami <55 (1) {f
5 A E TR MACR D E TR E S 50— 2 1og(Tos!
Teso) 5 H A 3 fe & 2wl £ 7 1 8 4% X 2¢ % 3t
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x4 FANBBTESHEENHFHEESENSRENMAEX

RE EHRERS
Table 4 Relative error of estimated chlorophyll and nitrogen

contents using spectral feature parameter %
IKFE Gy
HIHFHESEC Tniggse SARNN TR ESE SRR
PRz I PRz Rz
(Toao Tseo)/ + + + +
(Tout Tun) 5.3+3.7 5.24¢3.4 4.4+35 7.645.0
109(Toao/ Tse0) 5.2+3.7 4.7£3.0 45£35 7.745.0
109(Toao/ Tes0) 5137 5434 45£39 6.5¢4.6
H: n=30
3 & it

ARSI I 53 B AN [t K 5 SRRk S () KR A
TN /E 300~1 100 nm A58 6z i % 5 Hn 4t
RO MG E AR, #iE T 560, 650 Fl 720 nm
VE ARG S 940 nm AR 4 25 Ll itk K 0d H T AR A IR Pk
M2 W LL IR PGS I SR 1 21 4%
FHESEH s (Toao-Tsso)/(Teaot Tsso) + 109(Toao/ Tseo) 1 109(Teso
Teso) 5 HEP R FE T A PR L, HEAT [l Al
D2 38 25 B S R AR R 2228/ T 8%, AN
JEA IR ) R R E TR AR AR A I R 2 sk . DT,
RS IE S HOT AR A R R 2 SRR bR TR A
I S 2% B R B U ) DR TG A4
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Plant nutrition indicesusing leaf spectral transmittance for nitrogen
detection

He Dongxian, Hu Juanxiu
(Key Laboratory of Agriculture Engineering in Sructure and Environment of Ministry of Agriculture,
China Agricultural University, Beijing 100083, China)

Abstract: Spectral transmittances in wavelength ranged from 300 to 1100 nm of rice and cucumber |eaves treated with
culture solution in five different nitrogen levels were measured in this study. The correlated relationships between the
above spectral transmittances and their chlorophyll contents and nitrogen contents indicated that the 560, 650, and 720
nm as feature wavelength and 940 nm as reference wavelength were useful for plant nutrient diagnosis. Correlation
analysis and their regression examination between 21 spectral feature parameters composed by the transmittances at
above wavelength, and the leaf chlorophyll contents and nitrogen contents showed that spectral feature parameters of
(Toao-Tse0)/(Tosot Tsen), 100(Toso/Tsso) and 1og(Toso/ Tasg) Were available for plant nutrient diagnosis with less than 8%
relative error in measurement tests of rice and cucumber leaves. Therefore, the above spectral feature parameters as plant
nitrogen indices can be used to estimate the chlorophyll content and nitrogen content and thus support for nondestructive
plant nutrient detection.

Key words: chlorophyll content, nitrogen content, spectral festure parameter, spectra transmittance, nondestructive detection



