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Estimation of leaf area index of cotton using digital Imaging
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100081, China

Abstract; Leaf area index (LAI) is one of the most important structural characteristics for understanding cotton ( Gossypium
hirsutum L. ) growth, yield, and population structure. Destructive measurements are tedious, time consuming, and labor
intensive. Modern techniques such as remote sensing and measurements from ground-based optical instruments are non-
destructive and effective methods to rapidly measure LAI. The objective of this study was to determine the feasibility of
using images from a common digital camera to measure LAI of cotton. We compared the results obtained using a digital
camera with those obtained using a destructive sampling method and an LAI-2000 Plant Canopy Analyzer. Three field
experiments were conducted with different planting densities, cultivars, nitrogen rates, and irrigation rates. A digital
camera, an LAI-2000 Plant Canopy Analyzer, and an LI-191SA linear quantum sensor were used to observe the cotton
canopy and record data. Leaves were also sampled destructively at their main growth stages. The digital camera images were
captured looking downwards onto the canopy, and then an algorithm was used to separate the components of each image into
four classes; sunlit leaves (SL) , sunlit soil (SS), shaded leaves ( ShL), and shaded soil (ShS). The parameter of image
) was calculated from SL and SS based on the Beer-Lambert Law. The validity of T

imag

and LAI was developed. The three methods for determining LAI ( digital imaging, LAI-2000,

transmittance ( T, was analyzed and

imag
a quantitative model of T,

and destructive sampling) were compared. Analysis of the diurnal pattern of transmittance of the cotton canopy showed that

the best time for measuring T . was around solar noon, because at this time the solar elevation angle is high and remains

E&WMA : BRSH AT KRR (863 114) (2006AA102207 ,2006 AA10A302) 5 % [ ARFL 24 1L 4 ¥ B3 H (30860139)
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relatively constant during measurements. Around solar noon, T, was in good agreement with T (transmittance measured
with a linear quantum sensor). By analyzing the relationships among T, ., T, ,and diffuse non-interceptance (DIFN),
we determined that T, . could be used to estimate light attenuation in the cotton canopy at different stages, except for the
boll opening stage. In addition, T, . (LAI measured
destructively) and T, using data from 2009 and 2010. The R* and SE of the calibration model were 0. 8438 and 0. 5605,

respectively. The ability of T, to predict LAl was validated using an independent dataset (2007 data). The determination

was saturated at LAl >5. We analyzed the relationship between LAI

dest

coefficient and RMSE of the validation model were 0. 8767 and 0.4305, respectively. However, the model underestimated
LAI as the LAI exceeded 5. The T, saturation, which was largely because of errors in image recognition and segmentation,
resulted in underestimation of LAI. Intercomparisons of LAI estimates showed that there were small discrepancies and
significant correlations among data obtained from digital images, the LAI-2000, and destructive sampling methods. Data
from the LAI-2000 was highly consistent with that obtained by destructive sampling. Our results indicate that T, data is
not as robust as that obtained using other techniques, in that it does not reliably detect non-green leaves, and it is affected
by radiation conditions. Nonetheless, it is a simple, reliable, and reproducible approach for general estimates of LAIL. The
digital camera could be mounted on a tractor or farm vehicle for real-time, non-destructive monitoring of LAI to support field

management.
Key Words:; cotton; LAI; digital image; transmittance; LAI-2000
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1.1 AR

RIS T 2007 ,2009 F1 2010 4FFE A ] F A7 3 9i8 5s A 2R P AR 250l 75 5206 28 )36 0 (N 44 3138°
E 86.0583°) #E17, 4 i s M3 R IR I 4, e P, O 150 kg/hm? Fl K, 0 75 kg/hm?* VE M EEAE . FhAEAT 1) Ky
G R AR SR, T 4 H N A T LSRR, TR . IR K B R AR AR A AR B IR IR A
e AR | K e il o BE /KMt U0 . 4% IO TR AR =0 7 R B A A 7 FH R AR B A B

2007 IR 15 em+50 em FEEfTHECE 72, 4 H 23 HEEFH,7 A 16 HFTTH, /NXEF 48 m®, #3%
WA 24 TTRE/hm® o SRR RIS S BER A il S0 BIRA R B R R 13 45 (XLZ-13) M 15 (PT-1) bRk Al
(BZ-A1) ; BZEIRK X 0(NO) (150(N1) 300(N2) 450( N3) .600(N4) kg/hm? 5 i % (48 ) K, £ 4k
WEE 3 WK HENLIX 41T, X6 A B A K BRI R 4050 m®/hm® | SR (14t &0 0 300 kg/hm* , B E
RIS A 297-5, M B 6 A 29 H (wI4E1) 7 H 16 H (B&AEM) 8 H 1 H (4L HTH) f18 H
19 H (BRI , 01756 2 BUGCR L FIBUREN =2 LAL,

2009 4FRE K 30 em+50 em YEAEATRCEA, 4 H 23 HEEF,7 H 12 BT, DNXEF 64m*, fFf
R BEFH A R RR ALY 81-3 ARZ% Al (BZ-A1) A& 15 (PT-1) FUgikdi & 36 5 (XLZ-36) ; % B K 1% 12
(D1) 21(D2) FI30(D3) Ji#k/hm* 3 ARIE B AR 0(NO) 150 (N1) 300 (N2) ,450 (N3) 600
(N4) kg/hm® 5 M (208 KV, AR5 K EE YR 4500 m®/hm? | bR 25 B 350 9 it 220 54 300 kg/
hm? , % B AR Z UK A A Ao BB B2 33 5, i RN R R 08 A R 2 B2 Sk 21 JT Rk /hm® i FHLAT-2000
SR LI-250 A BUHE /48 5/ B EE AT LI-191SA R MOG i T4 B s BB AI ML R AR AL e 2 25 F 15 2,
ZIF BRI E LAL, ME H 6 A 19 H(E®D) 7 A 11 B (B4R 7 A 25 H RS 8 A 18 H (&
EIEH 9 8 H (2, A, T 7 A 2 HEFTARIERHARE A H 2h A8 W, 5 R AR RIBEH 10 £1
F119 55, BER 1 h AR AL )2 SR FIGA A 28 S o

2010 AFRERH 20 em+50 em YEAEFTHCEAL, 4 A 25 HIEF,7 H 15 HITT, /NMXHEF 98 m*, %
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(W1) .4500( W2) .6000(W3) m'/hm* 4 /K-, R0 1A 8 300 keg/hm? | HEE 5 R A BkE 533 45,
2 I VE K R 4500 m’/hm?® | 7K 433056 ) AR %5 O 31,5 T kk/hm? . AT LAIL-2000 76 )2 53 B 4%
LI-250 AR it /48 S/ BEREE TR LI-191SA Lottt T8 BB AIHLR SEARAE 6 2 4540 15 8. =2 S5 BORE I
E LALGE HIB 6 H 11 HCGEM) 7 A1 H(WIHEM) 7 A 13 H (BEAEW) F8 H 9 H (JEFIH) .
1.2 WFFESE e Ik
1.2.1 M2 EUGCRE ik

T B JC R R A5 /N =2 1 R B o B A A8 A /N 1 R A 5 B (b s TE] 13 :00—15:00) |, 78 F ] [ 4%
FERRZMF L fdiF OLYMPUS U5 AH#L ( Model No. C-5060 Wide Zoom, Olympus Corporation ) K44 48 7 2 #]
B AL S I EL AR AL T2 24 150 em, AHMLIEE S B fEBE | A SR A 3h PP i, SR 25921944
BEWEG P, LU JPEG ¥ RAEAEI AL E11HH L,
1.2.2  LAI-2000 #8456 2 5 HrdSCm &t 7 i

LAI-2000 (R85 B 5 A~ [R)Co 30 ( R T0AA 98 Bl 43 531 0—13° [ 16—28° 32—43° 47—58° Fll 61—74°)
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22.30) {#i ] LAI-2000 #4562 531X ( LI-COR, USA)
PEHL AT K23 1] WL BE ( DIFN, 5 26 JLP ARG ) 45
FERZER A, DR, R4 5% 8 B4 K BH , T 270° .
HOBLA S PR SRR A AT, MR @y s RE s s m a5
T R SCTEMAETE)Z L | AN B (A) , F57E5)2  Fig. 1 Theportable platform in situ of cotton canopy
NI 4 K (B OREARINEE Sk 23 Bl K EJRCE AERE image collection
HNTEATRZEAT X AL REWT I 1), 2 5 BN 1
W CTFEARIS 7E 2 YN 2 8], QRAFAG AR KA Sl . TERTeAE s s I 3 3, BT A4 (R4 S ) £ 4
LAT,,,,( LAT estimated nondestructively with LAT-2000)
1.2.3  LMOuh 714 2R 1 I

S EGRE TAERE 35 LI-COR 23 R AE /=1 LI-250A Bl 1/ 4@ 5/ FREETHI G LI-191SA etk
T AR AN 43 I o A5 RE S AR AL T 2 T ( PAR ) FURRTB ( PAR ) G A7 %5 3 ( Photosynthetically active
radiation, PAR, wmol-m™s™") o 5 B PRIFAL SR AR BN 1] /K V-, WAL AR U T 2 B2 PAR ., ZJ5 4%
S AR SEAT IS AT ) T BLAT ) 67 5 I B ICH PAR, ZJ5 SR EMEAE R PAR, . MO TR &= 1 e 2
IR T ( Transmittance measured with linear quantum sensor)= PAR;/PAR,
1.2.4  WRPEBOREI &5 7

7 FH T 2% 35050 R A B S HE i S BVIBURE | 45 A s O AR RO AL AR 3 4K, B it 20 B e D B Y-
BTERRA ZIEE A 1 4K T, FECRS FE DL R 40 RS 807 PR Ak 385 3% 0 i T AR, 3158 LATL,,, (LAI
measured destructively) ,,
1.3 MBI EIRELR
1.3.1 BB

T 562 2 RS A B R L AN [ (Y i e = 4E 25 [ HES TG, H A% M. Monsi Fl1 T. Saeki 56
JR IR — (A H4 Beer-Lambert 28 5] i R A2 76 22 vh SE AL S A 404 I LAT 367 5 2 TOU B &8
— S TR i A (- Q56 2 TR ) 7K G B AL S22 AP — R TR B 1 7K POl B2 23531y 1R T, W) =25 (]
ARSI AR AR .

= Ioe( ~KxLAI) (1)
A, e O F AR RO IRE, K O RETDE R 2. ARAIE (1) XRTRAFEH
LAl =— In(1/1,)/K (2)

K, I/ B, BAR K RS FEREART S 2 LAL 5 1/1, 2 18] ) 56 28 HA AH X2 038 ok P A o B 3
D
FEXILIN 71 BEANTR] R 250, A0 A7 90 ] AR R 38 1) LB AN AR ] 25 K BHOYE A S 1) 5 SO0 7 ) — 38
B, ZEAR 379 Bl PN A S A A AR R I 4 1 K B 7 1) 55 0L 5 1) AN [ B, 6 0 5 P9 A7 A RE A
JEHE K BISAR BRI B 4 4 N4 Ik, mT DURE AR AE 2 R 4 R S BRI - (Sunlit Leaves,
SL) 6 44 (Sunlit Soil, SS) BAFZM H (Shaded Leaves, ShL) FIBH5 13 ( Shaded Soil, ShS) , 481145 4)

http ; //www. ecologica. cn



3094 A E = 314

BIREBIN,, N, Ny Bl Ny o M R ARSI H GRS AT BEHLA Fi | LR 6o g R
IR )2 TG A A RS, 01 LG IR -3 AR 3R B3 i J2 IS 19 6 5 A B 5, DTG %) 1 B LY
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1.3.2  EUGH 40 5k
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<200, WA SRR By A5 S BSZ I R 6T 38605000, 402 R+G+B>250, W 56 IR 4338, 75 0 8y [1532 1 4
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2 BEBEEKR4IINTFTENSE
Fig.2 The segmentation with 4 parts of cotton canopy image
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T AR ROR S AR AL AL R SRR IE AR S IR E S, LA 2009 AR50 A 1], A 1A [R]85 2
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] LAL B4 22 500N | BEE A= B SRR AR E | S [R] a6 A P 22 TR A A B0 I 1 7 R PR 95 46 1) 28 S 18 W 18
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Fig.3 Leaf area index of cotton at different growth stages in 2009
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Fig.4 The diurnal dynamic observation of transmittance of cotton canopy
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