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Establishment and variation of soil inorganic nitrogen content estimation model
based on maize leaf spectral characteristics
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Abstract: [ Objectives ] The color of crop leaves directly reflects the nutrient supply of soil. We studied the
relationship between intensity of leaf chromospectrum related to N nutrition and the content of soil inorganic
nitrogen, in order to establish a model to realize real-time monitoring of nitrogen contents in crops and soils by
hyperspectral technology. [ Methods ] A maize (Zea mays L. cv Zhengdan 958) experiment was conducted in
2017 and 2018. Six nitrogen application levels were setup, they were 0, 60, 120, 180, 240 and 300 kg/hm?,
respectively. At the jointing, booting, anthesis-silking and filling stages, leaves hyperspectral reflectance and soil
inorganic N content were measured, and the relationship model between spectral reflectance of leaves and soil

inorganic nitrogen contents was established, and the precision of the prediction by the spectral parameters model
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was evaluated. [ Results ] The soil inorganic N content decreased with the growth period, and topdressing of N
fertilizer significantly improved the soil inorganic N content in the middle and late growing stage of maize. The
intensity of spectral reflectance of leaves at the jointing and anthesis-silking stages was negatively correlated with
the soil inorganic N content in the visible light range, and positively correlated in the near-infrared band. There
was a negative correlation in the visible band at the booting stage and no obvious correlation at the filling stages.
In the spectral parameter model, the optimal spectral index for the prediction of soil inorganic N content at the
four growth stages was RVI-2, RSI (534, 726), RSI (567, 519) and RVI-2, respectively, and the R* values of
verification sets of the regression model were 0.642, 0.749, 0.696 and 0.540, respectively. In the PLSR prediction
model, the R* values of the verification of the diagnostic model were 0.876, 0.838, 0.765 and 0.595, and the RPD
(ratio of percent deviation) were 2.140, 2.077, 2.002, 1.369, respectively. [ Conclusions ] Satisfactory prediction
accuracy in soil inorganic nitrogen content is acquired by the PLSR prediction model based on leaf spectral

reflectance at the jointing, booting and anthesis-silking stages of maize. The two-year field experiment has proved

its feasibility to diagnose soil inorganic N content.

Key words: maize; spectral reflectance; soil inorganic nitrogen content; spectra parameter;

partial least squares regression
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Table 1 Algorithm and references of different spectral parameters

iS4 Spectral parameter TR REE X Algorithm formula or definition 22 3CHik Reference
GNDVI (Ryso = Riso) / (Rogo + Ryso) [21]
Gl Reo/Roe [22]
ND705 (Roso = Rugs) / (Roso + Rygs) [23]
Rg 510~560 nm 35 B PN B K 91 % Max reflectance in 510-560 mm [24]
VOG Rou/Ro [25]
OSAVI (14+0.16) (Rgo — Rez) / (Rgoo + Ry +0.16) [26]
RVI-1 Riio/Reso [27]
NDVI Ry = Rezn) / (Ryoo + Rezo) [28]
RVI-2 Ren/Ross [29]
PPR Rsso = Riso) / Rsso + Riso) [30]




74 SRERAS, A T ORI ROGIERIE A 1 TEHL S R A AR AL ST S SR E 1209

WA PP 2 A 4 2 LU AEDG IS 48 20 RST (4, j) =
Ri/Rj, i #1j A 500~1300 nm 3t Fl N AT = P4k
K, Ri flRj P @ R xR 16T S b R
RSI (i, j) 5 HIELHA S BEHIE P RS,
RHASELE LR, BamRER R E R K
/No R EWEFE G35 2 BORIAL HE 1 LU (DG 154 5
S35+ HE T AL B PR A 2R R LRk
Y=

1.5.2 fRi/h 3k EmIE ARWFSER Al /N 3 1]
I (PLSR) 77 ¥k 37 TR BE (500~ 1300 nm) )
THETHUR S A EAR . I MATLAB Se#4
PR EAT AL FE, RS 10 nm 222 K S — k1
PEWOGTE S S R LAk D g 4E B, A R T PLSR 47
BT B 2 S A R R0 PLSR ABEAY (14 T DA 2
HIA PR P 28 (R?) . BT IR 2E (RMSE)
IV UE 45 AR VE i 22 15 00 42 A0 35 7 AR IR 22 1 HL
(RPD) B Kk A58, R Ml RPD #i Kk, RMSE #
/N, BRTRAE BE FFOI AR AR LT, RPD WA AL 1 15
MfE ST, RPD < 1.4 iF, G 3L SRR S A7 T 5
1.4 < RPD <2 B, PAMBARVEUR —M, v DLk X
FESLHEATRIIGITAL ; RPD = 2 I, B8 HA ML Gr Y

FU A S350, i i/ T Uy B ik 2t
wr.

k=1

” 1)
Tik = ch,‘Xi,'(k = 1,...,}")
j=1

ﬁ(l)l:‘:l, Y,': /E%’ A/,'j: Q/E%, m: %ﬁv
n: FEARRL, e 522, B MAREL, k: 1L HE

2 HPRET

21 HEXHNAESEMTNK

FIH 2018 4F 1) i A7 18 56 254 43 1 38 T LA
SR, mE A, S EFNERE, +
MR & ek LR, fFEIrfent 224,
EEALFE (180, 240, 300 kg/hm?) (4 T THLA S
A AT, ORI O EORE R T T IR
JE. JTCRALFE (NO) AR A AL HE (60, 120 kg/hm?) [
T HETCHUA B B FOR A Tz > it Ak
M HIETH AT EY B E R T ARG, ME
RNEKEHE, HETHLE & = 2 e s R
M, Hoh ) B R o ml o A N2 N3
N4, NS AHMTHLA S mAHZEN, Rt 221

35
=
{;Di‘é 30 f
< 3
@2 25
Eg
Elﬂﬂ%g 20 t
'HI.E
e 15t
il
me T
Hz st
wn
0
P g os = &=
K3 EX Fal B
- = .2
X K2
E
<

1 TREEHLELNEE
Fig.1 Soil inorganic N content at different growth stages
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Table 2 Regression analysis of root-zone soil inorganic nitrogen content and spectral parameters

HH ] Growth stage S6i%S %L Spectral parameter [8] )5 )5 F2 Regression equation R2 F
P15 Jointing stage GNDVI y= - 495452+ 588x — 146.07 0.639"  13.260
GI y=64.897¢ 0418« 0.558™ 20.192
ND705 y= —422.55x> +457.87x - 95.6 0.587" 10.645
Rg y= —5129.5x* + 1127.5x - 33.57 0.564" 9.684
VOG y= —94.444x + 302.56x - 213.62 0.554" 9.332
RVI-2 y= —1042x>+2419.1x - 1375.1 0.647" 13.725
KWL 1 Booting stage GNDVI y=—299.52x2+376.21x — 93.034 0.854"  43.754
GI y=61.914¢ 0346« 0.670™ 29.203
ND705 y= —294.57x>+340.46x - 73.212 0.840™ 39.425
Rg y= —1877x> +344.17x + 9.462 0.848™ 41.889
VOG y= —83.248x2+277.17x - 205.58 0.836™ 38.152
RVI-1 y= —3.1014x% + 47.588x - 157.46 0.579% 10.319
RVI-2 y= —975.63x* +2275.1x — 1301.1 0.892™ 61.747
PPR y= —274.88x>+139.45x + 7.1026 0.685™ 16.337
FF ALt 221 Anthesis-silking stage GI ¥ =5006.2¢ 3487 0.794™ 61.594
ND705 y= —2546.6x> +2953.8x — 828.53 0.552" 9.236
VOG y=-311.92x2+1106.2x - 952.27 0.623" 12.368
RVI-2 y= —2040.9x> + 4938.9x - 2959.2 0.659™ 14.478
PPR y= —1578.8x* + 588.79x - 22.946 0.789™ 27.961
TSI Filling stage GI ¥ =44.164x 204 0.544" 17.888
RVI-2 y=0.0092¢53811¥ 0.577" 21.841

# (Note) : *—P<0.05, **—P<0.0l.
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Fig.3 A contour map of the coefficient of determination (R”) between soil inorganic nitrogen content and RSI
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Table 3 Accuracy of the models for predicting soil inorganic nitrogen content

HFH W] Growth stage SEIEHE %L Spectral index T AY Prediction model R RMSE MRE (%)
171 Jointing stage RVI-2 y=—1042x2+2419.1x - 1375.1 0.642 2.654 14.612
RSI (767, 788) y=-1811.6x+1833.3 0.519 3.076 15.151
KWL 3 Booting stage RVI-2 y= —975.63x2+2275.1x - 1301.1 0.656 1.933 8.978
RSI (534, 726) y= —9434x + 58.594 0.749 1.651 6.453
FFAEm: 223 Anthesis-silking stage GI y=15006.2¢ 3487 0.625 433 24.783
RSI (567, 519) y=—330.16x + 409.98 0.696 3.896 19.711
WESZ W] Filling stage RVI-2 ¥ =0.0092¢6-3811x 0.540 4.754 27.276
RSI (802, 816) y= -7207.6x+7219.6 0.369 5.568 30.258

7 (Note) : RMSE—¥J/HRi%2% Root mean square error; MRE—F-¥JH%T i 2% Mean relative error
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# 4 FTREEHTELH A SER PLSR EE

Table 4 PLSR model for soil inorganic nitrogen content in four growth stages

FAR4E Calibration dataset (n = 18)

KHIF4E Validation dataset (n = 18)

HE W Growth stage e AF: [ F4L Optimum factor

RMSE R? RMSE RPD
Y5 Jointing stage 5 0.729 1.738 0.876 1.561 2.140
KWL T3] Booting stage 3 0.805 1.455 0.838 1.592 2.077
FFAEm: 221 Anthesis-silking stage 13 0.768 3.303 0.765 3.427 2.002
HESZ I Filling stage 9 0.529 4.678 0.595 4.460 1.369

7E (Note) : RMSE—JHHRi%2% Root mean square error; RPD—#5ifE 25 5 AR IR 2% 1Y FU{H Ratio of performance to deviation.
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K, JGHENEERALREM AT R AR T
TCHLE & i, MR SEUII X G/ N, Ot
T A R R, T R AR R A
T,

TR BRESEFTNFAEES, &
FON A A B I 7 X 35 00 S5O R B A sk Bl
AW . B 2 ATAEL, R [E A B B R
Rt GRS LA S B A O RAEEZE
S, AR AE B I 0 AH OC R, 7R AT WOk
B, MW A 2 AR e . SR BT 3
R, Kumwla B LA S &5 e
T8RRI HIETCHLA S A Bk
T T i s s T A AR B, EARSED
IR, KRB R £k 5 R 2R E SR o6
BRI o AR 2T, R KM, g
ML X i i me B B o U, X TR
W\ 0] ORISR 4 B OGRS DT, X % 00 O
SRR, Y EEARMNAEE, i NELRY
JoT 72 e St i 7 252 Ay UK
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(1300~2500 nm) A 2 MWl , B 1450, 1950
nm BT A 7K S RIS, 232 i &R I RICRRTE .
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