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TR0 b 32 P E T SRR T 95 M X S A L BT v AT 2 v
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WPk, PRI HAZ BRRERRCR 34147 IR0 H 1)K
BRI T N T AR TP, B AERHA 24 N # (P) .
B(KD 5 4 DN BAANTIE S B IE R 0.5 fi%.
W R O AT A Y 1.5 £, 3t 14 ANREE . A
A PR 3 AN MK, F 42 MR N, BENLHES .
—IRI N 10 BRR, 49 420 BESIR B 185 SA%MERE
FEB AN —80, H—FEE N Py K FI% UEAR = (4l
) 250 1.6. 0.6 7102 kgo N LA N 46%[1 R %
(CO(NHp),) (Hras#s BEARM H At A al 477) , P
NE 5 PoOs 46% M EES (Ca(H,POL),) (= = KRALHE
bR THMR AR A7) , K A K0 51%16% BT
(KSO4)  CHEBEHT a8 B Ay B b A7 R ST A A A7)
ERLAEAZ BB ZE AT — IR PR RN o e 7 2 PR VA
PR R B 2/3 4b, HEARREE 50 cm. HI[A]E
T 2013 4 3 A N ) S
1.2 RiEHEEFRE

BEPEIE W TE KRS, 76 12:00~15:00 (b gt
OKBH = B A AR A IR ) BEEAT BT 185 S A WkFEIE
R el R A . iR EE R AR PP Systems 2 ]
771 UniSpec-SC  CHLIHIE ) [HHE A GHE M4, 1%
SIS AT AT OEIE, W AR R WG/ 40 A 310 ~
1 130 nm § K Bl N 3EA T IE 220 5, 6% 7 #F %6 <10 nm,
U BOECh 821 OGRS Je K Al TR AE A 1 nm) o
AR R R AR AT AT FRMEARR IE, 50/ X B —FF
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RAEBAT A EC U 52 FBriR: 185 5 A MkFERR I Jr s
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42 ANFES . IR R T4, B ik, 105°CRTHE
30 min, 80°C FHLZIEJFTE, MEFESIfa 60 H g K.
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{7 2, (red edge position) . MIUNE{E D, (spectra slop of
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of the red valley position) FIZLAANIE 1o (red valley
position) 10 Fit; Sk AV IEZ A L A SDy (blue
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1 SD, (red edge area) 3 Fii; Jaili 45 ¥k it S B A 4Ll
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WA HAEFRE(NIR/Blue) « 2034 15 121 IR LB (SD/SDy, ) +
LU FATRIRA LA (SDY/SD,) « LRIELIAR LA (R/Ro)
4001 —1k Z{E F5 B[ (NIR-Green)/(NIR +Green)]. £L{f )]
— A ZEFE B [(NIR-Red)/(NIR+Red)]. ¥ (74— 4h 2= {E 35
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[(SD,~SDy)/(SD+SDy)] ~ %% W 2L % H — & {H
[(ReRo)(RgtRo)] ~ 4L i1 w4 1 B H — b H
[(SD,~SD,)/(SD,+SD,)]12 Ff,

WV FH Pearson AHOGTHE N 215 &2 5 il RFAE 2 12 () AH
KERE, RN T 5008l 185 Shxbknt v N #%
HEOGIERES B G N RIA - dsrmt i N
RO EGERES SR, R REIL 6 Fir,
B TR G=ax®)  FEEREL (=ae™) | X ErR %L
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2.1 REFREBERMHAMANEZSESHIEHFESEN
XM
2.1.1 REARYH NEZSE L LS EAZ AN
R 1438, Bl 185 SRR SCAL T, A N
EoEE 7 BB E Dy Ro REF MK (P<
0.05) , 5 R, BMEFIEMK (P<0.01) o M NHREE
HH CTIUNE” e SR ), BEE S (P<0.05) .
R N #5063 f5 20 RNIR/Green SD/SDy
(NIR-Green)/(NIR+Green). (NIR-Red)/(NIR+Red) ‘& i} 3%
A (P<<0.05) , 5 RNIR/Red £# 2 fiAHoe (P<
0.01) . M N #EEYL “ —Iumf” Sk SamnHE K
YRS, HIARIBFEEAKTE (P>0.05) .
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Table 1 Pearson correlation coefficients between spectral parameters and foliar N concentration of J. regia at different development periods

R
i s Correlation coefficient r
w2 = o TR ST
Spectral parameter A& HL ‘&Eik»ﬂ L5 Rk 1 *‘%ﬂﬁkﬂwﬂ
. . . Fruit rapid growth e . Fruit near-mature
Fruit setting period . Fruit fating period .
period period
Dy 0.9128" -0.7990 0.7648 —0.8232
2 0.7593 —0.7811 0.7652 0.7543
D, 0.8729 0.9077" -0.5171 -0.9367"
pa -0.9077" -0.7208 —0.4855 0.8597
FTEREAL . -
T g D, -0.7956 0.1168 -0.9203 0.9698
BRHIES A )
Characteristic parameters A 0.3431 —0.9865" 0.9299" —0.4961
based on spectral position : " . " -
Ry 0.9986 -0.9215 —0.9853 —0.9609
e 0.8536 -0.9188" 0.5845 0.2563
Ro 0.9274" -0.9923" —0.8567 —0.8904
o 0.6074 -0.8529 —0.4863 —0.8597
ST TR [ 2 SDy 0.7999 -0.6636 0.8218 —0.7703
Characteristic parameters SDy —0.2086 —0.5964 -0.5925 0.9584
based tral o
asec ofl spectratarea SD, ~0.4618 0.8462 ~0.4723 ~0.9605
RNIR/Green -0.9273" 0.9740" 0.3312 0.883
RNIR/Red -0.9611" 0.9756" 0.9798" -0.7961
NIR/Blue —0.0419 0.7587 0.8739 -0.7891
SD/SD,, —0.8969" 0.5269 —0.9004" —0.9265"
SD/SD, 0.3507 —0.7998 0.6724 -0.9478"
BT OkikdR
iigagiy R/R, -0.1572 0.2902 0.6578 —0.8972
pICET e g 8
Characteristic parameters (NIR-Green) /(NIR+Green) -0.9463" 0.9790" 0.327 0.8805
based on spectral index . " .
(NIR-Red) /(NIR+Red) -0.9573 0.9712 0.9307 —0.7983
(NIR-Blue) /(NIR+Blue) 0.0204 0.7707 0.8886 -0.7926
(SD;-SDy)/(SD+SD) -0.8700 0.7618 —0.8468 0.7628
(SD,-SD,)/(SD;+SDy) 0.4349 -0.8126 0.7027 -0.9265"
(Rg-R,)/(Rg+R,) —0.1489 0.2996 0.6577 -0.9041

TE: % £E0.01 ACF BB FEMR (P<0.01); *4E 0.05 K ERBFEAIR (P<0.05). TR,
Note: ** Correlation is highly significant at the 0.01 level (P<0.01); * Correlation is significant at the 0.05 level (P<0.05). The same as below.

2.1.2 RFpAARITR NE T LTI
BT 185 SRS A AR, “ =107 HilksETh,
A Dv Ry 5 N E T EIFA S T BEKE (P<
0.05) o M NEETEY “ZUE” il ), RREN
R (P<0.05) , T A Ro BARBFHFAHIE (P<0.0D) .
A N =& E5 L4520 RNIR/Green . RNIR/Red -
(NIR-Green)/(NIR+Green). (NIR-Red)/(NIR+Red)fJ 1FEAHAIE
REPER| T EKT (P<001) o “=iUf” itz E
5t N B S B DAL B R EKCE (P>0.05) .
2.1.3 REPEAHT A N E4F 5 R IEAZ 0940 X%
Bl 185 SALBKAR LRI, i N #EEaEL ‘=
W7 S Ry BB E TR (P<0.0D) , HOGildR
# RNIR/Red 54 %l 2 1EAHK (P<<0.01) , 5 D, SD,/SDy,
BB FUHE (P<0.05), 5 4« (NIR-Red)/ (NIR+Red)
B EFIFMRX (P<0.05) . “=@mf” stz 5
F N EZ SR RIL B R # K (P>0.05) .
2. 1.4 REERALT h N Z ST LG EAZ XM
Pl 185 “SAZBEA G A,  “ =147 il s

L, RN RZE RS R, BIEFE AR (P<0.01) , 5
D, B RFHIEHE (P<0.01) o M F N EEm5LitR
#t SD/SDy,. SD,/SD, F1(SD.~SD,)/(SD,+SD)f] fii 45 %
FAGER T BEKT (P<0.05) . AN ZSEE “=
WA i 2 i SD, & B3 IEAHC (P<0.05) , 5 SD,
ARG RIS E) T 7K (P<0.01)
2.2 MR NZSEXITFES S G NIEE

T RS R I AR S, EECS RN 185 Sk
BRI N2t A S AR O PG R IE S 50 AR i
(x) , UNZREETEANNERE (), RATRE. 15508
B R EpREL. R IRBR O = WK R B T
(AR S AR S A AR KON RIS,
K =R ST IR A B (R e (R 2)
b RSZARRUHRDGIERIES R/ R, RSLHEAAK
WG IE S 8 A, RSB R E R 2 5
RNIR/Red HESEIT SO U LG iERFIE 2 5 D, 4 H AL
SR R = R SR B ST B RN R A T (R 43 5llis
FT 0.9982 F10.9965, {H - F A ZEMR /N,
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Table 2  Fittings of regression models using spectral parameter about foliar N concentration of J. regia at various phenological periods of
fruit development

R LI 45 B Fitting degrees of models R

P Y LIRS — — e — S S—
Phenological period of Spectral T R R CE 2 30o) KR AL RCE IR =R
fruit development parameter Power Exponential Semilog Linear Quadratic Cubic

function function function function function function
R 0.9930 0.9980 0.9914 0.9972 0.9997 0.9997
L 57 ALA L H]
RSA RNIR/Red 0.9191 0.9230 0.9198 0.9237 0.9356 0.9954
Fruit setting period
(NIR-Red)/(NIR+Red) 0.9146 0.9157 0.9154 0.9165 0.9445 0.9955
2y 0.2218 0.9365 0.9727 0.9731 0.9895 0.9950
R, 0.9888 0.9874 0.9879 0.9847 0.9885 0.9942
MR RNIR/Green 0.9521 0.9424 0.9560 0.9487 0.9573 0.9672
Fruit rapid growth
period RNIR/Red 0.9502 0.9529 0.9478 0.9518 0.9529 0.9684
(NIR-Green)/(NIR+Green) 0.9582 0.9558 0.9597 0.9584 0.9596 0.9688
(NIR-Red) /(NIR+Red) 0.9443 0.9464 0.9409 0.9432 0.9514 0.9602
LS AR AL R, 0.9652 0.9679 0.9686 0.9708 0.9773 0.9912
Fruit fat change period RNIR/Red 0.9659 0.9549 0.9701 0.9601 0.9832 0.9920
S R D, 0.9210 0.9493 0.9532 0.9406 0.9982 0.9965
Fruit near-mature R, 0.9209 0.9231 0.9224 0.9233 0.9233 0.9532
period SD, 0.9188 0.9216 0.9207 0.9226 0.9230 0.9523
¥ Mean 0.8953 0.9482 0.9519 0.9511 0.9631 0.9807
W& ES R 7% Range 0.7712 0.0823 0.0760 0.0807 0.0767 0.0474
Fitting degree of J5% Variance 0.0382 0.0006 0.0006 0.0006 0.0007 0.0003
statistics @EE ? %(
IR 19.56 2.5722 2.6581 2.6039 2.7471 1.8172

Variation coefficient/%
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Fig.1 Relationship between predicted values and measured values
for foliar N concentration of J. regia at various phenological
periods of fruit development
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F=3.010 (R4 Al F.=0.0927 (&) , H/hTF
Foos (2,400 =3.23, FRWIBALA A 55 Sl H - 7] F) 2 5
AR R 4 NEE AL DA B (1 4 T AR R 2
(RMSE) FIAHRX 2 (RED K%k 0.4533 g/kg. 0.4403%,
0.7716 glkg « —0.3390% , 0.8793 g/hkg . —0.3201% ,

0.8145 g/kg—0.1229%, & AR L 251 FATAR iy (R AT DRS Ji2

3 itit

I REW], Bl 185 SIZM R SLAR I, JIRfL
Wi AT AN R RS R OGP
NTERT GBI, MHALER . s, BT RS S
FOLYOERPDCIE R T E R E, S LN
FRAE 450 nm FETAT ORISR ER I ORCHT AT
HA, WIMFECE 2 i ZaRoloR S g 2r a1 I
WP, A A W] UL BN 2 s AR (K e 1
P 3 FAEHP, SREFR, NG EEY R,
R R RO, B, BIRM B, g
2R R ARG, AT P G B S 3 Bl 2 231 35 A 1Y
TN A I G A S B (510~560 nm) St 5 1Y,
MBI N RS RS ERE SN R (R IIAHRHE
Bt o

WHRAEAGE R, SRR, AR, Ete]
M N =& RNIR/Red (UAHRHERE R, X2 BT
LIANX (R S 2 B2 P g R st 7, 2
Fi 01 P SR RS A A L AR T R R R AR ORE K
AN EPRAR I A T ERE (ARG
CRPIINIE) 2T THRs) (EEWROK,
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A VTR 40%~90%) W= A e, A B3
S A1 BRI (04T 5 R S B T B T 2 A B R I
FLERTHT 43 kS 1 41 B P b 6 95 4 o e A 4 23 AT
BAARAT 21 A/ B D ui S5 S 56 0 I PR v 4 A [ L 27
HORE i S5 S 3 R 2 i A AN AR R], MRS L 2 e ) 4 i A
NI HEFEEST R, RS KR SRR M 5 2L
S ZRBRAR s A AL 200 DR LA 3 4D A0 R T R AS R
HPIA RS Bk H A2 B S 8US R m . 4F
Yegh. 2F o 2 S M sE T LA Ak A 4 n] s R R
Mgk, Bl 185 A%k M L s Ak A ) AL,
i MAEETHCZR T A, T A P I R T 1 K T A
WAL RIS BTSN N R A AT,
M FEOERE SR A . Ak, ASREG T 1 N AR
S g, B N BRI A A R R LA
S, AN RAGBEAR, 1T N B (I F DR 40 K
BRSSP s, AT S B0 204 BOG 1%
KGR . HWTTR, BT R, (LRGN E) A
R, (ZAED) R /R AR K 2= S maigfl
DB () P RBOEE] 0.96 LLEMS, SR HuAg 5 %
RNIR/Red il 5 A -4 22 5 d th e by RS HEL),

TEFr 185 “SAZM A s B AR K, S N #H
AR RR DGR ES B A,. R,» RNIR/Green.
RNIR/Red. (NIR-Green) / (NIR+Green) . (NIR-Red)
/ (NIR+Red) o IX/&KRCM 7RI A K, Sz, nt
R IOEAEKE B, F N G TR = SR I,
HREE M F s e Ir, Ry akm “HMBER” A%
FEAE, IR N JCEM S FE N Z5
JFIZIARA SO RE S G 2R AR R A AR N I B2 o fEIT 4L
AN BE, RIS R T X SRR N R 3 R
i, RIS R m, BdFRE, RBCRK. b, T
21 A0 B v AT 5 %o G 1% 1R R i L R IS 25 5 0 B A
SR 1) SRS R A2 HAE AR B3 2RI E IR LS
F B R TR I, SR AT WG BE 503 A1 483 nm
E'(] Uﬂ 4’Hﬁéﬂﬁ eXp [2.5—23.5 X (R503_R483) / (R503+R4g3) ] 'fﬁ
DKRERIFE N 25 RBP4 7 i
H/NZE (Triticum aestivum) FHFE N 28 8K 6% ELE
f5% RNIR/Red FHIJH—1b Z= (i Fi5 £L(NIR-Red)/(NIR +Red)
Ry iy [ RS TR A Ay R v WP SR S i Y, A B sk
BAEAKI, 5rbA N 25 E 2 B E B E AR
FHIES R, RWI RS A A KA B i N s
UK, ABrEL 185 S AZAkIT B OGIE I N UK.

Fah, WL IR BoR LR 185 SRk A N 2
P R E M ORMOGIERIES RO AR R, RS
[ A B ISR = VR B B a7 ) [ A R L5 (RD 1
iR, HILMWZE. T 2 AR R EuR /N (R2) , KW
K =R R B S  nAB RS M . RIS, i
MTREAKI R, R = IKREGE I A N B
T REAFAE S S A DU ASE R ASAS A W 5 S ML 2 T ) 22
AwE, T HYEAR SR . TR, Bl 185
AR SEAS R A2 IS4 AT R = UK R A L A T

WRMIES R N Z 5, 54h, MOrdEA
IR I 45 FAE R B, ARSI B N =5 sy
HEZ B A AR T 8 v R 2 OB i, 185 S A% Bk A 7= [l
JESIAN R AR B I IR R N 328 FRR 0 1 R s I FrORS ¥
Jita BB LA Y ANME

(R E I T ZRE R 2, N RS E AR )
o IDRS FE B T 2% 52 BB BT R IR R 000 R B AR e
S HGEmAL, 452 BB N AR |G iR e S &
FITACHS P 6 1% S5 S8 000 v e PR B o R I 3 s S
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Spectral characteristic parameter-based models for foliar nitrogen
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Hu Zhenzhu, Pan Cunde™, Xiao Bing, Pan Xin
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Arid Region, Education Department of Xinjiang, Urumqi 830052, China)

Abstract: With the establishment of the models based on spectral characteristic parameter for estimating foliar nitrogen
concentrations of Juglans regia ‘Xinwen 185°, this paper aimed to explore spectral technical approaches to rapidly
monitoring the foliar N nutritional status of Juglans regia ‘Xinwen 185°. Based on the field experiment of fertilizer
efficiency, the foliar spectral reflectance and N concentrations of the foliar samples under different amounts of N
fertilizer, which were applied in the fruit setting period, the fruit rapid-growth period, the fruit fat-change period and the
fruit near-mature period, were measured separately with Unispec-SC and chemical analysis in the laboratory. The
Pearson correlation analysis of the foliar spectral reflectance and foliar N element concentrations was done in the 4
phenological periods of fruit development, and the spectral characteristic parameters highly significantly correlated with
the foliar spectral reflectance and foliar N element concentration were selected. Finally, the spectral characteristic
parameter estimating models of the foliar N element concentration were established by employing regression analysis,
with the adopted functions including power function, exponential function, semi-log function, linear function, quadratic
function and cubic function, and then the independent sample was used to test the precision of the models, of which the
one with the highest fitting degree was screened out. The results indicated that the spectral characteristic parameters,
highly significantly correlated with the foliar N element concentration (P<0.01), were reflectance of the green peak
position and ratio of red index in fruit setting period, yellow edge position, red valley position, ratio of green index, ratio
of red index, normalized difference of green index and normalized difference of red index in the fruit fast-growing period,
reflectance of the green peak position and ratio of red index in the fruit fat-change period, and reflectance of the green
peak position, he spectra slop of yellow edge and red edge area in the fruit near-mature period. Moreover, the absolute
values of the correlation coefficient were all greater than 0.96 in the 4 phenological periods of fruit development.
Through cubic function analysis with the reflectance of the green peak position, yellow edge position, ratio of red index
and the spectra slop of yellow edge as independent variables, the regression estimation models of the foliar N element
concentration in the 4 phenological periods of fruit development were established respectively, and their fitting
degreesR’ were all above 0.99. In addition, the predicted values for foliar N concentration of Juglans regia ‘Xinwen185’
were relatively close to measured values, and all the models were examined by the confidence ellipse test; and RMSE
and the relative errors (RE) of the independent sample tests were only 0.4533 g/kg and 0.4403%, 0.7716 g/kg and
-0.3390%, 0.8793 g/kg and -0.3201%, 0.8145 g/kg and -0.1229% separately in the 4 phenological periods of fruit
development. The models showed their significant stability and high estimation accuracy. The findings in this paper
manifested that it was feasible to monitor foliar N nutritional levels of Juglans regia ‘Xinwen 185’ in the 4 phenological
periods of fruit development by establishing spectral characteristic parameter models of foliar N element concentration
estimation. Spectrum technology possesses great application potential in monitoring N element nutritional status of
Juglans regia ‘Xinwen 185°.
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