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Abstract: U sing spectro scop ic techn iques, co rrela t ion analysis and regression w ere conducted betw een so il param eters and

visib le reflectance spectra of raw so il samp les. T he samp les w ere co llected in a co rnfield w ith low er mo istu re con ten t and a

fo rage field w ith h igher mo istu re con ten t. F ive so il param eters, so il mo istu re, SOM , NO 32N , EC and pH , w ere analyzed

by conven tionalm ethod in a labo rato ry. V isib le reflectance spectra of the samp les w ere m easu red by a spectropho tom eter.

T he spectral variab le used w as the first derivat ive of visib le reflectance. R esu lts show ed that all five so il param eters cou ld

be evaluated by visib le reflectance. In the co rnfield w ith low er mo istu re (< 30% db) , a single linear regression modelw as

availab le fo r mo istu re est im ation, and a m ult ip le exponen tia l model w as recomm ended to evaluate NO 32N. How ever, it

fa iled to estab lish the evaluat ing model of SOM because of its sm all varia t ion, and it w as difficu lt to ob tain the est im ation

model of EC and pH because of low er mo istu re con ten t. In the fo rage field w ith h igher mo istu re ( > 70% db ) , a

m u lt inom ialmodelw ith single variab le w as better fo r mo istu re est im ation, and a single linear model and tw o m ult ip le linear

models w ere recomm ended to evaluate SOM , EC and pH respect ively. Fo r NO 32N , a m ult ip le exponen tia l model w as also

recomm ended. It w ou ld be necessary to study the co rrela t ion betw een visib le reflectance and so il param eters of raw so il

samp les w ith m iddle mo istu re (30%～ 70% db).
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1　 In troduction

　P recision agricu ltu re is a m anagem en t app roach to

varia t ion s in the field, such as so il param eters, y ields,

w eeds, in sects, in o rder to ad ju st agricu ltu ra l inpu ts

to the site specif ic requ irem en ts. D escrib ing the

variab ility of so il param eters is an im po rtan t step fo r

p rom o ting p recision agricu ltu re. H ence it is necessary
to look fo r a rea l2t im e evalua t ing m ethod of so il

param eters.

　 M any spectro scop ic app roaches, m ain ly near

infra red (N IR ) spectro scop ic app roaches, have been
in troduced in so il param eters eva lua t ing. K rishnan et

a l ana lyzed the co rrela t ion betw een so il o rgan ic m atter
( SOM ) and N IR spectra l reflectance over 800～ 2400

nm w avelength s, and developed a m u lt ip le linear

regression m odel u sing 1100, 1350, 1398 and 2210 nm

w avelength s w ith co rrela t ion coefficien t of 0. 934[ 1, 2 ].

Suddu th and H umm el eva lua ted CEC and SOM u sing a

po rtab le N IR spectropho tom eter in the

labo ra to ry [ 3～ 5 ]. R eeves, Ë et a l ana lyzed agricu ltu ra l

so ils by N IR spectro scopy [ 6, 7 ]. A nalyzed param eters

w ere pH , to ta l C, to ta l N , act ive N , b iom ass N , and

m inera lisab le N. Evalua t ing m odels fo r these

param eters show ed h igh R 2Square.
　 How ever, above stud ies p rovided the dried and

cru shed so il sam p les in the experim en t in o rder to

elim ina te the influence of m o istu re and part icle size of

so il sam p les. So tha t the resu lts ob ta ined cou ld no t be

d irect ly u sed to rea l2t im e evalua te so il param eters. L i

M inzan et a l carried ou t a series of the experim en ts to

raw so il sam p les in o rder to develop a rea l2t im e so il

spectropho tom eter[ 8, 9 ]. N IR spectra of the so il

sam p les w ere m easu red rap id ly after sam p ling w ithou t

any trea tm en t. So il param eters ana lyzed w ere so il

m o istu re, SOM , n it ra te n it rogen (NO 32N ) , electric

conduct ivity (EC) and pH. R esu lts show ed tha t it w as

po ssib le to eva lua te tho se five so il param eters w ith the

N IR spectra l reflectance. A nd it w as a lso show n tha t

the first deriva t ive of the reflectance spectrum w as

m o re effect ive fo r fit t ing the regression m odels.

　 M eanw h ile, it w as a lso repo rted tha t visib le

reflectance spectra cou ld be u sed fo r eva lua t ing so il

param eters[ 10, 11 ]. Since elem en ts and in strum en ts fo r

m easu ring visib le ligh t have sim p ler st ructu re and

cheaper p rice, it w ou ld be easier to develop rea l2t im e

so il sen so r w ith visib le spectra l reflectance than tha t

w ith N IR spectra l reflectance. T herefo re it is

necessary to exp lo re co rrela t ion betw een so il

param eters and visib le reflectance spectra of raw so il

sam p les co llected from field in o rder to develop rea l2
t im e so il sen so r.

　T he aim of th is study is to revea l the po ssib ility
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eva lua t ing so il param eters w ith visib le reflectance
spectra of raw so il sam p les u sing spectro scop ic

app roach and sta t ist ic ana lysis, and then to con struct

the theo ret ic and p ract ica l basis fo r the developm en t of
rea l2t im e so il sen so r.

2　M ethods and ma ter ia ls

2. 1　So il sam ples
　 Tw o fields, a co rnfield and a fo rage field w ere

selected fo r the study. 15 so il sam p les w ere random ly

co llected from the layers of top so il 0～ 10 cm dep th in

the co rnfield w ith low er m o istu re con ten t ( < 30%

db ). A nd 25 so il sam p les w ere random ly co llected

from the layers of sub so il 20～ 30 cm deep in the

fo rage field w ith h igher m o istu re con ten t ( > 70%

db). So il tex tu re w as 20% clay, 34% silt, 46% sand

fo r the co rnfield so il, and 20% clay, 28% silt, 52%

sand fo r the fo rage field so il. Bo th of them w ere

classif ied in to CL.

2. 2　M ethods
　 T he desk top spectropho tom eter UV 23100PC,

Sh im adzu L td. , w as u sed fo r m easu ring spectra l

reflectance of the so il sam p les. It has 250～ 2500 nm
m easu rab le range in 2 nm reso lu t ion and 20 nm band

w id th. Since the a im of th is study is to revea l the

po ssib ility eva lua t ing so il param eters w ith visib le

reflectance spectra, on ly 400～ 800 nm of reflectance
spectra w ere ana lyzed here.

　Co llected so il sam p les w ere d irect ly p rovided fo r

spectra l ana lysis and m o istu re m easu rem en t, and then
fo r ana lysis of o ther so il param eters. M o istu re w as

m easu red by 105℃- 24 h m ethod w ith the electric

oven hea ter. SOM w as defined here by ign it ion lo ss

after bu rn ing a t 800℃ fo r 3 h in the electric m uffle

oven. NO 32N , EC and pH w ere m easu red w ith
po rtab le NO 32N m eter C2141, EC m eter B 2173 and pH

m eter B 2212, m ade by Ho riba L td. , respect ively.

Inco rpo ra te 5 g air dried so ils in to 25 g dist illed w ater,

and then shake it fo r 30 m inu tes, and then take the

top clear so lu t ion fo r m easu rem en t of NO 32N , EC and

pH.

　A lthough visib le reflectance spectra cou ld be u sed
fo r the co rrela t ion analysis and regression analysis,

the first deriva t ive of the o rig ina l spectra l reflectance

w as though t m o re effect ive since it m igh t elim ina te

som e system ic erro rs, such as the fluctua t ion of ligh t
sou rce, the change of d istance from ligh t sou rce to the

su rface of so il sam p les. T hu s in th is study the first

deriva t ive of the visib le reflectance w as selected as
spectra l variab le.
　 T he first deriva t ive w as ca lcu la ted by Eq. ( 1 )

developed by Sh ibu saw a S. et a l[ 12 ].

y i =
1

6h
(- 11x i + 18x i+ 1 - 9x i+ 2 + 2x i+ 3) (1)

W here, y i is the first deriva t ive; x i is the visib le

reflectance; h is the sam p ling in terva l (2 nm ).

3　Results and d iscuss ion

3. 1　Da ta processing
3. 1. 1　So il param eters
　T ab le 1 show s the sta t ist ic characterist ics. T he so il
sam p les in the co rnfield w ere low m o istu re so il w ith

low EC values w h ile the so il sam p les in the fo rage

field w ere h igh m o istu re so il w ith h igh EC values.

NO 32N , SOM and pH show ed sim ila r varia t ion s. In

addit ion, SOM w as h igher than comm on so il sam p les,

w h ich u sua lly changed from 1% to 6%.

Table 1　Sta tistic character istics of so il param eters in the test f ields

Param eters
Co rnfield

M in～M ax M ean Std. deviation

Fo rage field

M in～M ax M ean Std. deviation

M o istureö% 2. 9～ 25. 4 13. 2 5. 6 72. 3～ 108. 0 95. 7 8. 8

NO 32N öm g· (100 g) - 1 3. 1～ 11. 3 5. 4 2. 1 3. 2～ 13. 6 6. 0 2. 3

SOM ö% 21. 2～ 23. 3 22. 3 0. 7 18. 6～ 27. 1 23. 7 2. 4

ECöΛS·cm - 1 72～ 190 128 36 148～ 280 220 34

pH 6. 5～ 7. 4 7. 0 0. 2 6. 0～ 6. 6 6. 3 0. 2

T exture 20% clay, 34% silt, 46% sand 20% clay, 28% silt, 52% sand

3. 1. 2　V isib le reflectance spectra
　T he so il param eters and so il type of 4 exam p les

w ere show n in tab le 2. Fou r exam p les of visib le

reflectance spectra and its f irst deriva t ive w ere show n

in F ig. 1. T he o rig ina l spectra had no obviou s peak s

and sp ike drop s, and sim p ly increased a lone w ith

w avelength w en t up. Fo r the first deriva t ive, it had

som e peak s ( 428 nm , 542 nm , 746nm ) and sp ike

drop s ( 460 nm , 592 nm ). T he resu lt show ed tha t

there w ere som e specia l ab so rp t ion s w ith in 400～ 800

nm though the ab so rp t ion m echan ism cou ld no t be

clearly understood yet as N IR [ 13～ 15 ]. Fu rtherm o re,

bo th in o rig ina l reflectance and the first deriva t ive, the

d ifference of spectra am ong differen t sam p les w as
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ob served. It show ed tha t to eva lua te so il param eters w ith visib le reflectance w ou ld be po ssib le and feasib le.

F ig. 1　V isib le reflectance and its first derivat ive

Table 2　So il param eters and so il type of 4 exam ples shown in F ig. 1

Spectrum num ber F ield Samp le num ber M o isture % (db) NO 32N öm g· (100 g) - 1 SOM ö% ECöΛS·cm - 1 pH

1 Co rnfield 6 10. 5 6. 55 21. 8 83. 0 7. 1

2 Co rnfield 15 20. 3 4. 18 21. 2 180. 0 7. 2

3 Fo rage field 1 72. 3 8. 93 25. 7 250. 0 6. 0

4 Fo rage field 15 108. 0 3. 62 21. 9 194 6. 6

3. 1. 3　D ata trea tm en t
　F irst ly the w avelength area of 400～ 800 nm w as

divided in to fou r parts, 400～ 500, 500～ 600, 600～
700, and 700～ 800 nm. T hen, the sum of reflectance
in each part w as ca lcu la ted respect ively, i. e. fou r da ta

w ere ob ta ined fo r each sam p le. T ab le 3 gives the new
data of the sam p les show n in F ig. 1.

Table 3　New spectra l da ta of the sam ples shown in F ig. 1

W avelength
önm

Samp le 6
in co rnfield

Samp le 15
in co rnfield

Samp le 1
in fo rage field

Samp le 15
in fo rage field

400～ 500 1. 18 0. 420 0. 257 0. 445

500～ 600 2. 06 0. 973 0. 418 1. 03

600～ 700 2. 03 1. 02 0. 479 0. 916

700～ 800 2. 07 1. 08 0. 589 0. 805

　D efined a ca lcu la ted sum as a datum x i, j , k , here i

rep resen ts test f ield, i = 1: co rnfield and i = 2: fo rage

field; j rep resen ts the sequence of so il sam p le, fo r
co rnfield j = 1～ 15 and fo r fo rage field j = 1～ 25; k

rep resen ts the sequence of the w avelength area, k = 1,
2, 3, 4 co rresponding w ith w avelength area of 400～
500, 500～ 600, 600～ 700, and 700～ 800 nm
respect ively. Based on above defin it ion, nex t eigh t

da ta sets w ere ob ta ined, {x 1, j , k , j = 1, 2,⋯, 15}, k =
1～ 4 and {x 2, j , k , j = 1, 2,⋯, 15}, k = 1～ 4.

　F ina lly, the co rrela t ion analysis and regression w ere
carried ou t betw een each so il param eter and each data
set.

3. 1. 4　Check of co rrela t ion coefficien ts
　Co rrela t ion coefficien ts betw een each so il param eter
and each new data set w ere checked. T ab le 4 show s

the resu lt. T he h ighest co rrela t ion w as ob served

betw een so il m o istu re and the da ta set (500～ 600 nm )

in the co rnfield. A nd the low est co rrela t ion w as a lso
ob served in the co rnfield betw een SOM and the data
set (700～ 800 nm ). U sing these coefficien ts, it w as
perfo rm ed to fit eva lua t ing m odels of a ll so il
param eters.

Table 4　Correla tion coeff ic ien t between so il param eters
and data set of v is ible spectra l ref lectance

400～
500 nm

500～
600 nm

600～
700 nm

700～
800 nm

Co rnfield

M o isture - 0. 960 - 0. 965 - 0. 955 - 0. 913

SOM - 0. 044 - 0. 069 - 0. 068 - 0. 032

NO 32N - 0. 334 - 0. 343 - 0. 369 - 0. 441

EC 0. 110 0. 034 - 0. 048 - 0. 125

pH - 0. 290 - 0. 305 - 0. 315 - 0. 294

Fo rage field

M o isture 0. 578 0. 608 0. 628 0. 786

SOM - 0. 890 - 0. 886 - 0. 878 - 0. 748

NO 32N - 0. 361 - 0. 380 - 0. 389 - 0. 471

EC - 0. 824 - 0. 836 - 0. 833 - 0. 799

pH 0. 663 0. 665 0. 679 0. 801

3. 2　M o isture
　 It w as ob served tha t the co rrela t ion coefficien ts
betw een so il m o istu re con ten t and the new spectra l
da ta w as negat ive in the co rnfield, w h ile there w as
po sit ive co rrela t ion in the fo rage field. N ex t
hypo thesis w as g iven to exp la in the fact.
　Fo r the co rnfield, since m o istu re con ten t w as low er
( < 30% db ) , so il m o istu re m ain ly ex isted as

m o lecu lar sta te, and com b ined w ith so il part icle
t igh t ly. W hen so il m o istu re con ten t w en t up , the
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co lo r of so il w ou ld becom e dark, so tha t m o re ligh t
m igh t be ab so rbed by so il. In o ther w o rds, reflect ing

ligh t from so il sam p le su rface w ou ld decrease as so il

m o istu re increased. How ever fo r the fo rage field,

since m o istu re con ten t w as very h igh ( > 70% db ) ,

so il m o istu re m ain ly ex isted as sm all d rip , and fo rm ed

a w ater f ilm in the su rface of so il sam p le like a m irro r.

A s so il m o istu re w en t up , the "m irro r" w ou ld becom e
sm oo ther so tha t reflect ing ligh t w ou ld increase.

　R egression s w ere conducted. F igu re 2 show s the

sing le linear m odels of the co rnfield and the fo rage

field. Fo r the co rnfield it has a good fit t ing betw een
test da ta and evalua t ing m odel. T he best m odel show n

in F ig. 2a w as ob ta ined betw een the m o istu re con ten t

and data set {x 1, j , 2, j = 1, 2,⋯, 15}.

　Fo r the fo rage field, a lthough coefficien ts ob ta ined

w ere com para t ively h igh, they w ere no t h igh enough
to eva lua te so il m o istu re d irect ly. U sing a ll fou r da ta

sets a m u lt ip le linear regression w as execu ted, and a

h igh co rrela t ion coefficien t of 0. 858 w as ob ta ined.

M eanw h ile, sing le variab le m odel is a lw ays expected

bet ter fo r eva lua t ing becau se of its h igh stab ility.

T hu s, the co rrela t ion betw een so il m o istu re and data

set in the fo rage field w as exam ined again by draw ing
data p lo t. F ig. 2b show s the p lo t of da ta set {x 2, j , 4, j

= 1, 2,⋯, 25}. It w as obviou s tha t linear m odel w as

no t su itab le to the da ta. A fter a series of ca lcu la t ion,

a m u lt inom ia l m odel show n in F ig. 2b w as ob ta ined.

T he R 2square w as im p roved to 0. 710, and good fit t ing

betw een test da ta and evalua t ing m odel w as ob served.

It w ou ld be m o re su itab le than a m u lt ip le linear
m odel.

F ig. 2　R egressive models of so il mo istu re

3. 3　SOM
　 In the fo rage field, qu ite h igh co rrela t ion w as

ob served betw een SOM con ten t and visib le

reflectance. T he h ighest coefficien t w as ob ta ined in
the da ta set {x 2, j , 1, j = 1, 2,⋯, 25}. F ig. 3 show s the

da ta p lo t and the regressive m odel. T he SOM con ten t

cou ld be w ell eva lua ted by visib le reflectance spectra.

　
F ig. 3　R egressive model of SOM in the fo rage field

　How ever, the coefficien ts betw een SOM and visib le

reflectance w ere too sm all to execu te m u lt ip le2
regression in the co rnfield. O ne of the po ssib le

reason s w as sm all varia t ion of SOM data. Its varia t ion

coefficien t (ΡöΛ) w as on ly 0. 003. Fo r th is sm all

varia t ion, visib le spectra l reflectance cou ld no t have

enough sen sit ivity to d iffer from the difference of SOM

con ten t. It w as necessary to in ten t iona lly co llect so il

sam p les w ith grea t varia t ion in SOM con ten t in o rder
to get su itab le est im at ion m odel.
3. 4　NO 3-N
　 A s show n in tab le 4, the sing le co rrela t ion
coefficien ts betw een NO 32N con ten t and each data set
w ere low er. Fo r bo th the co rnfield and the fo rage
field, m u lt ip le linear regression s w ere perfo rm ed.

How ever a ll est im at ion m odels ob ta ined w ere no t
sign if ican t. T hu s, it w as necessary to conduct non2
linear regression s. V ariou s m odels w ere tested.

F ina lly, an exponen t ia l m odel defined by Eq. (2) w as
determ ined.

CN = a0 + ∑
4

i= 1
a iexp (bix i) (2)

W here, CN is NO 32N con ten t; x i is the first deriva t ive
of visib le reflectance; a0, a i and bi are m odel
coefficien ts; i is the num ber of da ta set. Since the
m odel w as non2linear, the m odel param eters w ere
est im ated w ith genet ic a lgo rithm.
　 T ab le 5 show s the regression resu lt of the
exponen t ia l m odel. H igh coefficien ts of 0. 900 and
0. 836 w ere ob ta ined. It m ade it clear tha t NO 32N
con ten t, an im po rtan t so il nu trien t param eter, can be
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eva lua ted by visib le reflectance.
　 In addit ion, the m odels had com para t ively m any

m odel coefficien ts as show n in tab le 5. It m igh t resu lt

in m odel d iverg ing. T hu s it w ou ld be necessary to
conduct m o re experim en ts and tests to reduce the

num ber of m odel coefficien ts.

3. 5　EC
　F rom tab le 4, h igh co rrela t ion (nega t ive) betw een

EC and visib le reflectance w as ob served in the fo rage

field, w h ile there w as no sign if ican t co rrela t ion in the
co rnfield.

Table 5　Regressive coeff ic ien ts of eva lua ting m odels for NO 3-N

M odel y = a0 + ∑a iexp (bix i) ( i = 1～ 4)

W avelength

önm

Co rnfield

400～ 500 500～ 600 600～ 700 700～ 800

Co rnfield

400～ 500 500～ 600 600～ 700 700～ 800

M odel a0: 4. 38 a0: 4. 37

Coefficien t
a i - 15. 2 - 7. 53 - 2. 68 2. 62 a i 2. 18 8. 86 - 7. 97 - 17. 5

bi - 11. 4 3. 62 - 14. 0 - 11. 4 bi - 7. 99 - 18. 2 6. 35 12. 1

Co rrelat ion

Coefficien t
0. 900 0. 836

　EC depends on m any k inds of ion s concen tra ted in

so il. W hen so il m o istu re w as h igher as the fo rage
field, ion s in the so il w ou ld be very live. A nd the

concen tra t ion difference of ion s m igh t resu lt in the

change of ligh t ab so rp t ion o r reflectance. Conversely,

w hen so il m o istu re w as low er as the co rnfield, ion s in
the so il w ou ld be no t live and the ion concen tra t ion

w ou ld a lso be qu ite low. T hu s it w ou ld be diff icu lt to

iden t ify the d ifference of ion s concen tra t ion u sing
visib le reflectance in dry field.
　A m u lt ip le linear regression w as conducted to the

fo rage field. T he resu lt (F ig. 4a) show s a good fit t ing

betw een tested da ta and est im ated data.

3. 6　pH
　pH is a lso an in tegra ted so il param eter rela t ing to

H + . It a lso show ed som e co rrela t ion w ith so il

m o istu re as EC. H igh po sit ive coefficien ts w ere

ob served in the fo rage field w ith h igher m o istu re bu t
in the co rnfield w ith low er m o istu re. It seem s diff icu lt

to eva lua te pH in low m o istu re so il w ith visib le

reflectance.

　 R egression analysis betw een pH and visib le
reflectance in the fo rage field w as conducted in the

sim ila r w ay to EC est im at ion, and the resu lt, w ith

h igh co rrela t ion coefficien t of above 0. 880 (R 2 =

0. 780) , w as show n in F ig. 4b.

F ig. 4　R egressive resu lt of EC and pH in the fo rage field

4　Conclusion

　 It w as stud ied to eva lua te so il param eters w ith

visib le reflectance spectra of raw so il sam p les. T he

so il sam p les w ere co llected from a co rnfield and a
fo rage field, and the so il param eters ana lyzed w ere

so il m o istu re, SOM , NO 32N , EC and pH.

　 In the co rnfield w ith low er m o istu re (< 30% db) , a

sing le linear regression m odel w as ava ilab le fo r
m o istu re est im at ion, and a m u lt ip le exponen t ia l m odel

w as recomm ended to eva lua te NO 32N. How ever, it

fa iled to estab lish the eva lua t ing m odel of SOM
becau se of its sm all varia t ion, and it w as d iff icu lt to

ob ta in the est im at ion m odel of EC and pH.

　 In the fo rage field w ith h igher m o istu re ( > 70%

db ) , a m u lt inom ia l m odel w ith sing le variab le w as

bet ter fo r m o istu re est im at ion, and a sing le linear

m odel and tw o m u lt ip le liner m odels w ere recomm en2
ded to eva lua te SOM , EC and pH respect ively. Fo r
NO 32N , a m u lt ip le exponen t ia l m odel w as a lso
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necessary.
　M eanw h ile, it w ou ld be necessary to study the

co rrela t ion betw een visib le reflectance and so il

param eters of raw so il sam p les w ith m iddle m o istu re
(30%～ 70% db).
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基于可见光光谱分析的土壤参数分析

李民赞
(现代精细农业系统集成研究教育部重点实验室,中国农业大学,北京 100083)

摘　要: 利用光谱分析技术,进行了农田原始状态土壤样品的可见光光谱与土壤参数之间的相关、回归分析。土壤样品采集
于一块水分较低的玉米地和一块水分较高的牧草地,所分析的土壤参数有土壤水分、土壤有机质含量、土壤硝态氮含量、土
壤电导率以及土壤pH 值,土样的可见光光谱由精密分光光度计测量。分析结果显示,有效的光谱特性值为反射光谱的一次
微分,所有 5个土壤参数都可以利用土样的可见光光谱特性进行分析和检测。对于土壤水分、土壤有机质含量、土壤电导率
以及土壤 pH 值,线性模型是有效的;而对于土壤硝态氮含量,则需要利用多元指数模型进行分析或检测。
关键词: 精细农业; 土壤参数检测; 可见光反射率; 光谱学
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