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Leaf spectral characteristics of ‘ Yarkent’ almond and its sensitivity
to N, P, K at different growth periods in Xinjiang

ZHUANG Hong-mei'?, LU Chun-sheng'** , GONG Peng'**, XU Ye-ting'”?, XIE Hui'?, FAN Ding-yu"?
(1 Institute of Horticultural Crops ,Xinjiang Academy of Agricultural Sciences , Urumgi ,Xinjiang 830091 China; 2 Scientific
Observing and Experimental Station of Pomology (Xinjiang) , Ministry of Agriculture , Yecheng County ,Xinjiang 844900 ,China)

Abstract;: [ Objectives] The sensitive period of leaf spectral index was studied by analyzing the leaf spectral
reflectance in the response to nitrogen (N) , phosphorus (P) and potassium (K) fertilizer at different growing
stages of ‘ Yarkent’ almond in Shache of Xinjiang aiming to provide a non-invasive, simple and rapid nutrition
diagnosis of N,P,K. [ Methods] Using “3414” fertilizer experiment and ‘ Yarkent’ almond as tested material , the
leaf spectral reflectance was measured using Unispec-SC spectrometer at fruiting, expanding, stone hardening and
maturing stages of almond tree under different N, P, K fertilizer levels. [ Results] The fluctuation of leaf spectral
reflectance of ‘ Yarkent’” almond depended on the wavelengths at all the growing stages,and the least variation was
in the range of visible wavelength. The leaf spectral reflectance was generally in the order of stone hardening stage
> fruiting stage > expanding stage > maturing stage. The leaf spectrum indexes (ND,y) of ‘ Yarkent” almond
was significantly (P <0.05) and extremely significantly ( P <0.01) different among different N, P,K fertilizer
levels at all growing stages. The spectral sensitive band of foliar N concentration was 815 —894 nm,375 -398 nm,
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608 —616 nm and 429 —437 nm at fruiting stage, expanding stage, stone hardening stage and maturing stage,
respectively. The spectral sensitive band of foliar P concentration was 766 —802 nm,1023 —1063 nm,708 —713 nm
and 1130 nm at above 4 stages. For foliar K conceniration , the spectral sensitive band was 815 —894 nm ,345 -368
nm and 475 =491 nm at fruiting stage, expanding stage and maturing stage, respectively. [ Conclusions] The
sensitive periods for leaf spectral nutrition diagnosis of N, P and K in ‘ Yarkent’ almond are at mature stage and
stone hardening stage. The spectral sensitive bands for N are 815 —894 nm,375 -398 nm,608 —616 nm and 429 —
437 nm at fruiting stage, expanding stage, stone hardening stage and maturing stage, respectively; those for P are
766 —-802 nm, 1023 -1063 nm, 708 =713 nm and 1130 nm; and those for K are 815 -894 nm,345 -368 nm and
475 —-491 nm at fruiting stage , expanding stage and maturing stage , respectively.

Key words; ‘ Yarkent’ almond; nitrogen, phosphorus, potassium; leaf spectral reflectance; fruit growing stage;

sensitive period

R B HREYERKETIHHNARERTT
R, AU R KB E ] R R R
LRAEL R B RIS, BRE, TR,
W ERE Y E R W7 kR BRI A E TSR
B, T AREE R, WERE. BR
P, W7, AR, B & F TR AR BUE
PEFRREAMKEE RS . B2 B
REBGRAETARTT, AE kB &
AU MR Bt MRz RARE
FHER RN 528, ERAMRTKE, K6, 44
B BORA M FOBIE AT 2 N & B SURBER , &
BB Got. Lt EHE 2 SR (Rys, Ry ) 1 SR
(Roso, Roos) THTFRES N FEBBEWT, BL
iS5 &3 560, 650 F1 720 nm FEHFRAE AL K 940
nm 1E52 WK IS T YE FRARE T2 B,
(T = Tss0 )/ (Tosg + Tse) « log (Touy/Tsey ) I log
(Tow/Teso) SH Y N EFE K FHIH KB
Thomas %538 i & T 9 S5t 28, R N JT&R
BEFKF XA 5 7E 550 nm 1 670 nm B St
REERR™  HBERAR G BB A KO
R ETZEMTE 550 nm 412, Osbome %™ % 3 E X
MR N SR TN AL MSE R, RARE
AZEE R, Al-Abbas % K BN FEH
N, P, K 8 F AR AL E M A G g R, HER
38 %F 530 nm FEBRALME MM R OGS R A RA BF
#EE 0, Daughtry 25 45 H W LAFI FAAE S v ) R 5t
JEIERHETH RSB, XK RE
A, OGS EoEE RBEY MR &8, TR
BAEY N R EF R, B8Rk (Anygdalus
communis L. ) B F B KBURE S BB AR, M ALK
RFEEZE, B, R RER. HBHE

i EERPREN R BREFRIE S EEAR, HEfFE
WIHRERR TREMBEGE TR, 2INREER
Mer= b SR BRI A 8 V1% K . AT B R A “3414”
FE RN H T, 00T ¢ AR 98 Rk R AR
BN A ORISR ST RS N, P, K MBUR 2R IR
FRAM AT E2 T N, P, K URE, 87
MRS ARG K. R E RS R
PR R A1 .
1 MBS HE
L1 AR st

BRI S AL TR R R A X Y B S
14 #1849 R BRE P9 ( N38°21'37. 17, E77°17'11. 5") ,
o mRE . REFREMCO RS HEA RN
pH 8.4, FHLE 11. 1 g/kg, BAER 50 mg/kg, R
B%11.9 mg/kg, A 102 mg/kg, BRI FriEH /B

BRIEH KT 2%, W40, ETH, HR
K, ZREBR,BREBEEKR, FFHKE11.4C, H
B2 12 ~ 15C, =0T FHiE 4606C, =5C H R
4519°C, = 10°C FAIH 4219°C . 4F H M it % 3056. 7
h, 29 E HBEEKHRZ—,
L2 It

ISR 34147 JEBLON H R %, BAR
A3 RAEAESHERE 1, T 2014 £ mAkR
SRR R, B, BERE REkHT
HERt e, B R BRI 5 Bk, BRI R/ N—
B, EWEHERAR. W, B, L mBENLERAK
R BN B, BrRE B B 12 f ()
Bl Lk =N, T 105 CEEAF 30 min /5 70CH#E
55, ARSI RA BHREH,
RS E,



434 LM, % BT MRSE” RBER A RAT B i KBt R pT oL 1081

®1 M/REROEMEIEH B MBIEA R

Table 1 The experimental scheme of fertilization for ‘ Yarkent’ almond in field

532 Abya B F 454 Factor code IEHE & Nutrient input( kg/tree)

No.  Treatment N P,0 K,0 N P,0 K,0 JR#EUrea TSP HRBR#H K,S0,
1 N, P, K, 0 0 0 0 0 0 0 0 0
2 NP, K, 0 2 2 0 0.4 0.25 0 0.87 0.50
3 N,P,K, 1 2 2 0.25 0.4 0.25 0.54 0. 87 0.50
4 N,PK, 2 0 2 0.5 0 0.25 1.09 0 0.50
5 N,P,K, 2 1 2 0.5 0.2 0.25 1.09 0.43 0.50
6 N,P,K, 2 2 2 0.5 0.4 0.25 1.09 0. 87 0.50
7 N,P,K, 2 3 2 0.5 0.6 0.25 1.09 1.30 0.50
8 N,P,K, 2 2 0 0.5 0.4 0 1.09 0. 87 0
9 N,P,K, 2 2 1 0.5 0.4 0.125 1.09 0.87 0.25
10 N,P,K, 2 2 3 0.5 0.4 0.375 1.09 0.87 0.75
11 N;P,K, 3 2 2 0.75 0.4 0.25 1.63 0.87 0.50
12 N,P. K, 1 1 2 0.25 0.2 0.25 0.54 0.43 0.50
13 N,P,K, 1 2 1 0.25 0.4 0.125 0.54 0.87 0.25
14 N,P K, 2 1 1 0.5 0.2 0.125 1.09 0.43 0.25

¥ (Note) ; TSP—E 13 #5B245 Triple superphosphate.

L3 NiEHERE

Fi3EE PP Systems /A &) 4 P2 B UniSpec-SC (
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Fig.1 The leaf spectral reflectance of ‘ Yarkent’
almond at different growing stages
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Fig.2 The leaf spectral reflectance of ‘ Yarkent’ almond at visible wavelength under different N

levels at different growing stages
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Fig.3 The leaf spectral reflectance of ‘ Yarkent’ almond at visible wavelength under different P

levels at different growing stages
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Fig.4 The leaf spectral reflectance of ‘Yarkent’ almond at visible wavelength under different K levels at different growing stages
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JEIEE IR LW BURET H
2.4 HRERHEHEFR, &, #QESTRKK
Sl BT ERIHE K
2.4.1 MRS ES5AFRBEBOGRE /5T MM

R R, M REREM RS ESHGER
SPERAET] WG Bt 310 — 750 nm RIEMHRRR, T
682 ~ 703 nm (£L0%) P BOME R MEEGR, 7 751 ~
1082 nm KR TAHK R ER, 7E 750 ~ 778 nm JFE:
TERE Y, MR B 55, 7E 815 — 894 nm JBt, FAAH
RARFEEF 0. 71, HXBE R/ T W Wt B (682 ~
703 nm) , 1083 ~ 1130 nm JFEE B IEFH LR EK, #H
RMEET, B, 815 — 894 nm B4R N M /R G
R R SRR bR S BRI

®£2 FAEN,P.KRLEERXFEREFTH
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Table 2 The One-way ANOVA of leaf spectral index ND;,
of ‘ Yarkent’ almond under different N,P and
K levels at different growing stages

JEREZE  AEAE  EEEE

Fertilizer =~ Treatment Mean ﬁ‘;%& Prob > |zl
factor level difference

N NyP,K, -N,P,K, 0.00788 0.02469 0.98798
NoP,K, -N,P,K, 0.03268 0.02469 0.57199
N,P,K, -N,P,K, 0.12909 0.02469 0.00249
N,P,K, -N,P,K, 0.02479 0.02469 0.75106
N,P,K, -N,P,K, 0.12120 0.02469 0. 00380
N,P,K, -N,P,K, 0.09641 0.02469 0.01559

P N,PK,-N,P.K, 0.00768 0.02103 0.98228
N,P,K, -N,P,K, 0.03080 0.02103 0.49477
N,PK, -N,P;K, 0.10931 0.02103  0.00259
N,P.K, -N,P,K, 0.02311 0.02103 0. 69895
N,P.K, -N,P;K, 0.10162 0.02103 0.00422
N,P,K, -N,P;K, 0.07851 0.02103  0.02005

K N,P,K,-N,P,K, -0.00675 0.02451 0.99220
N,P,K, -N,P,K, 0.01821 0.02451 0.87727
N,P,K, -N,P,K; 0.10302 0.02451 0.01012
N,P,K, -N,P,K, 0.02496 0.02451 0.74332
N,P,K, -N,P,K; 0.10977 0.02451 0. 00686
N,P,K, -N,P,K; 0.08481 0.02451 0.03007

T (Note) : FEREENA(N) . BE(P) . H(K) ,4 DAKFE45H
K OCAMERE) « LCEMMAE R 0.5 4%) L 20 ML) . 3(FH
FEER 1.5 f%) The fertilizer factors are N ( nitrogen) , P ( phosphor) ,
K (potassium) , four levels are 0 (no fertilization), 1 (0.5 times of
conventional fertilization) ,3 ( conventional fertilization) , 3 (1.5 times of
conventional fertilization). n=9
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Fig.5 Correlation coefficient between foliar N concentration and spectral reflectance of ‘ Yarkent’

almond at different growing stages
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