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Prediction on nitrogen, phosphorus, potassium contents in
almond leaves based on Yarkent Models by hyper spectrum
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(1. Institute of Horticultural Crops — Xinjiang Academy of Agricultural Sciences, Urumgqi, Xinjiang 830091, China;
2. Scientific Observing and Experimental Station of Pomology ( Xinjiang), Ministry of Agriculture, Yecheng, Xinjiang 844900, China)

Abstract: To establish a model to estimate foliar nitrogen, phosphorus and potassium contents in leaves, analysis in
correlation between foliar nitrogen (N), phosphorus (P), and potassium (K) contents, providing effective, timely and
nondestructive nutrition diagnosis for Yarkent almond. Based on effect by the experiment of using 3414 fertilizer, Unispec
— SC spectrometer was employed to determine leaf spectral reflectance of Yarkent almond under different N, P and K fer-
tilizer levels at fruiting, swelling, hardcoring and maturing stages in Shache. In addition, correlation analysis and regres-
sion analysis methods were carried out for statistical analysis. The results showed that the spectral sensitive bands of foliar
N, P and K elements are different at fruiting, swelling, hardcoring and maturing stages. There is a certain relationship
between leaf N, P and K contents and the spectral reflectance or its derivative variables. The R? value of the fitting Cu-
bics Ration and quadratic curve equation was high when the two spectral reflectances were used as independent variables,
and the N, P, and K contents as the dependent variables. The best model for Yarkent almond leaf nitrogen nutrition di-
agnosis at the fruiting stage is ¥ = —2051.4471 — 7099. 5965 X — 6048.4479X*, X = lgRgy; + lgRgsy; The best model
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for Yarkent almond leaf nitrogen nutrition diagnosis at the swelling stage is ¥ = (21.8812 + 39. 8456 X + 24.3772X> +
5.1255X°)/(0.005188X%), X =lgRss, + lgRags ; The best model for Yarkent almond leaf phosphorus nutrition diagnosis
at the fruiting stage is ¥ = ( = 0. 000003 + 0. 000803 X — 0.070160X> + 2. 8169.X*) /(0. 407026 X*) , X = Ig(Rygo +
Rygo) 3 The best model for Yarkent almond leaf potassium nutrition diagnosis at the fruiting stage is ¥ = ( = 7.7960 + 22.
5853X —21.8023X? +7.0133X°/0.000032X>, X = Rgy + Rsso. In conclusion, the spectral sensitive bands of N, P

and K elements are different at these four phenological stages for Yarkent almond fruit development. The models for esti-

mating foliar N, K and P content of Yarkent almond can be established according to the spectral sensitivity, spectral re-

flectance or its derivative variables.

Keywords: Yarkent almond; leaf; nitrogen content; phosphorus content; potassium content; spectral analysis;

correlation analysis; regression analysis
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Table 1  Field experiment scheme of fertilize for Yarkent almond
6 7 i kIR (kg B 1) AL (4l ke)
Coding of Each nutrient consumption Fertilizing amount per tree
o e experimental factor /(kg*plant~") (pure amount, kg)
N P05 k0 N P05 K0 Actual of heavy calcium potassium

amount of urea = hosphate sulfate
1 NoPoKy 0 0 0 0 0 0 0 0 0.00
2 NoP> Ky 0 2 2 0 0.4 0.25 0 0.870 0.50
3 N, P, K, 1 2 2 0.25 0.4 0.25 0.543 0.870 0.50
4 N,PoKy 2 0 2 0.5 0 0.25 1.087 0 0.50
5 NP, Ky 2 1 2 0.5 0.2 0.25 1.087 0.435 0.50
6 NP, K, 2 2 2 0.5 0.4 0.25 1.087 0.870 0.50
7 N,P;K, 2 3 2 0.5 0.6 0.25 1.087 1.304 0.50
8 N, P, K, 2 2 0 0.5 0.4 0 1.087 0.870 0.00
9 NP, K 2 2 1 0.5 0.4 0.125 1.087 0.870 0.25
10 NP, Ky 2 2 3 0.5 0.4 0.375 1.087 0.870 0.75
11 N;P, Ky 3 2 2 0.75 0.4 0.25 1.630 0.870 0.50
12 N, P, Ky 1 1 2 0.25 0.2 0.25 0.543 0.435 0.50
13 N, P,K 1 2 1 0.25 0.4 0.125 0.543 0.870 0.25
14 NP, K 2 1 1 0.50 0.2 0.125 1.087 0.435 0.25
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Fig.1 Correlation coefficients between foliar N content and spectral reflectance of Yarkent almond at

various phonological stages during fruit development
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Fig.2  Correlation coefficients between foliar P content and spectral reflectance of

Yarkent almond at various phonological stages of fruit development
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Fig.3  Correlation coefficients between foliar K content and spectral reflectance of Yarkent almond at

various phonological stages during fruit development
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Table 2 Regression relationships of the spectra variables and foliar N content of Yarkent
almond at various phonological stages during fruit development
RS R AT B

Phenological stage of
fruit development

S AR (X)

Spectra variable

|15 5 78

Regression equation

WA EL(R)
Fitting degree

LaE Sl

Fruiting stage

[N

Swelling stage

lgRag + lgRags (0.005188X°) 0.9459 Cubics Ration model
) Reos + Reis Y = 106. 3876 X0- 74732 0.2463 T PR%L Power function
Hmjiﬁim . Ig(Reog + Rere) Y= -19.2167X 15 0.2462 FEPR%L Power function
g e ) _
lgReos + 1gRe16 Y =3.1453¢ 4 788/% gpr?t‘lfll fujr;cfiif& B Negaiive expo
Razg + Ruyr Jei A Fitting method can not be used directly
-
hk'fwﬁﬁ lg(Raz9 + Razy) JeikAU4A Fitting method can not be used directly
Maturing stage
lgRypo + 1gRy37 JeikAUA Fitting method can not be used directly

Rg2s + Rsso
lg(Reps + Rago)
lgRgx3 + 1gRsso

Rsgy + Rags

lg(Rss; + Rags)

Y= —4424.5464 + 8757.9273 X — 4302. 8253 X*
Y =30.5161 + 367.0945X — 24197.4955 X*
Y= —2051.4471 - 7099. 5965 X — 6048. 4479 X*

Y =(0.111566 — 1. 1980 X + 4.3907 X* - 4.7221)

Y = (0.640427 + 3.7376 X +7.4013 X% + 5.3635X%)/
(0.017901 X3)

Y =(21.8812 +39.8456 X +24.3772X* + 5.1255X%)/

0.9161 X HHZE Quadratic curve
0.9143 K HHZE Quadratic curve
0.9142 — K HHZE Quadratic curve

0.9515 Cubics Ration model

0.9445 Cubics Ration model

T X G EE, Y Oy NJTR S HE

Note: X representation of the meaning of spectral variables X, Y representation of the meaning of N element content.
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Table 3 Regression relationships of the spectra variables and foliar P content of Yarkent almond

at various phonological stages during fruit development

RSER AT B

AR (X
Phenological stage j,lmE' Xi( )
. Spectra variable
of fruit development

[EEpy

Regression equation

WA EL(R)
Fitting degree

Raso + Raoo

A RS
. W lg(Rago + Raog)
Fruiting stage
lgR7s0 + 1gR700
Rioe2 + Rioss

[Nl

lg(Rype2 + R
Swelling stage #(Rio: + Rioss)

lgR162 + 1gRi063
R710 + Rany

iz

Ig(Ryyo + Rypy)
Hardcoring stage & o ™ T

lgR710 + 1gRy1s

Rgoo + Ritzo
lg(Rgop + Riszo)
lgRso + 1gR1130

Maturing stage

Y=(-2.8244 +8.249X — 8.0314 X% + 2.6063X°) /
(0.000005 X3)

Y = ((=0.000003 + 0.000803 X — 0.070160 X> +
2.8169X%)/(0.407026 X*)

Y=(-0.261198 - 1.3540X — 2.3395X> - 1.3472X%)/
(0.000009 X3)

Y= 2'7530/(1 + 6—5.3978+4.5422X)

Y=1.9342 - 6.1952X - 16.8100 X>

Y =1.4539 - 8.1576 X — 4.2022 X>

Y =(0.278584 - 1.9514 X +4.5522X% - 3.5329X°) /
(0.001976 X°)

Y'=(0.099911 + 0. 815139.X +2.2140X* +2.0047X*) /
(0.001713X%)

Y = (5.5869 + 12.5258 X +9.3572X> +2.3297X3)/
(0.000338.X°)

Y =1.5050EXP( - 0.000281¢™-%%X)

TeiE#I4A Fitting method can not be used directly
TeiE#I4A Fitting method can not be used directly

0.9726 Cubics Ration model

0.9875 Cubics Ration model

0.9709 Cubics Ration model

0.3554 Logistic model

0.3554 K HHZE Quadratic curve
0.3554 K2R Quadratic curve

0.7748 Cubics Ration model

0.7790 Cubics Ration model

0.7778 Cubics Ration model

0.9203 Gompertz model

W X i As e, Y POCER S,

Note: X representation of the meaning of spectral variables X, Y representation of the meaning of P element content.
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Table 4  Regression relationship of the spectra variables and foliar K content of Yarkent almond at

various phonological stages during fruit development

RER AT B

S AR (¥
Phenological stage LI ()

ariabl
of fruit development Spectra variable

[l 77

Regression equation

UEBE(R)
Fitting degree

Reo + Reso (0.000032X)

A R4

Fruiting stage

lg(Rgzo +
g(Rgso + Raso) (0.492020 %)

Y=(-1.2803-6.7021X - 11.6870X> - 6.7879X%)/

IgRg30 + 1
gRgzo + lgRsso (0.000082X°)
Rago + Raal Y =15.9013/(1 + 2188177 312%)
"
ﬂ%-j(%q Ig(Rago + Rae) Y'=15.9013/(1 + ¢~ #5115 -303.219X)
Swelling stage
IgRse0 + lgRaon Y =15.9013/(1 + e~ 12847~ BB
Ras + Rogs

A%

Hardcoring stage

lg( Ry + Roz)
lgRau + 1gRa4s

Rugo + Rago
A
M ” A lg(Rygo + Rago)
aturing stage
1gRugo + 1gRag0

Y=(=7.7960 +22.5853X — 21.8023X> + 7.0133X°)/

¥ = (0.000001 — 0.000847 X + 0. 149484 X* — 1.5956 X°) /

Y = 87.0666 — 1207. 7813 X + 4760. 7086 X*
Y =500. 6003 + 1103.9097 X + 621.5324 X>
Y = 889.2446 + 739. 0646 X + 155.3852 X*

0.9523 Cubics Ration model

0.9798 Cubics Ration model

0.9542 Cubics Ration model

0.9032 Logistic model
0.9032 Logistic model
0.9032 Logistic model

TeiE#IA Fitting method can not be used directly
TeiE#IA Fitting method can not be used directly
TeiE#IA Fitting method can not be used directly

0.4350 K HHZE Quadratic curve
0.4406 — WK HHZE Quadratic curve
0.4406 — WK HHZE Quadratic curve

W X i As e, Yy KtE S i,

Note: X representation of the meaning of spectral variables X, Y representation of the meaning of K element content.

DR 5 PRt 76 AR I8 Bk AR 52 & 7 1 A SR 55 1
KM, AT DA 5o 4R BRORUHS s T B it R D't il B 3 2%
AT SRAKE I, SEAFE N 5 BOSE 45 B BOS U
AR =g A BT A G B S SR s A A A
18N B 28, #H Cubics Ration #27Y | Logistic #5781 X
Hit i K o R & E##TA5 . m&0hE mRE’
itk A R i BB R W R R Y =
—2051.4471 - 7099. 5965X — 6048. 4479X2, H:vp X
N lgRsys + lgRggo s RS RI I B AERE R Ry, Y =
(21.8812 + 39. 8456 X + 24. 3772X* + 5. 1255X%)/
(0.005188X3) , Hirft X 4y 1gRss, + lgRags , A2 4] P 2%
FLWi BN ¥ = (- 0.000003 + 0. 000803 X —
0.070160X* + 2. 8169X%) /(0. 407026X°), X N Ig
(Rogo + Roog) s AL SR K B FR 2 WA ERIRL N v =
(= 7.7960 + 22.5853X — 21.8023X° + 7.0133X°)/
0.000032X>, 2 X 4 Rz + Reso, ¥ 37 M AG AR &5
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3 17 i

ABEFELL IR I8 i BE R SEA R 7 B BO ik
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