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Abstract; Photosynthesis plays a vital role in crop growth, dry mater accumulation and yield formation.
How to monitor it quickly and widely is still a problem so far. Taking the unmanned aerial vehicle
(UAV) as the remote sensing platform, and a multispectral camera with six bands was mounted. To
explore the feasibility of retrieving crop canopy photosynthetic parameters by using remote sensing
technology, the cotton in budding period were studied. The camera was used to capture the image of
cotton canopy at different times in one day (09:00, 11:00, 13.00, 15:00 and 17:00) , of which the
reflectance information was extracted. The parameters of cotton photosynthetic ( net photosynthetic rate
(P,), stomatal conductance (G,), intercellular carbon dioxide concentration ( C;) and transpiration rate
(T.)) were measured at the moment when the UAV was landed. Through the correlation analysis of the
four photosynthetic parameters and the six-band reflectance, the retrieving model of different
photosynthetic parameters at different times was established by univariate linear regression, principal
component regression ( PCR), ridge regression ( RR) and partial least-squares regression ( PLSR),
respectively. The results showed that the best retrieving models of net photosynthetic rate (P, ),
transpiration rate (T, ), stomatal conductance ( G,) and intercellular carbon dioxide concentration ( C,)
were the univariate linear model based on the reflectance of the blue light band at 13.00, the univariate
linear model based on the reflectance of the red light band at 15:00, the ridge regression model at 15 ;00
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and the univariate linear model based on the red light band at 15. 00, respectively. The decision

coefficients (R*) of the models were more than 0. 5, and the relative errors( RE) were less than 9% . The

research result can provide a certain reference for monitoring the photosynthesis of crops in a large scale.

Key words: cotton; budding period; photosynthetic parameters; unmanned aerial vehicle; multispectral

remote sensing; multiple regression
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Fig. 3

Diurnal variations of photosynthetic parameters of cotton canopy in bud stage with different water treatments
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Fig.4 Diurnal variations of spectral reflectance in six bands of cotton canopy in bud stage with different water treatments
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Tab.2 Linear model and verification of spectral reflectance and photosynthetic parameters at different
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Tab.3 Principal component regression models and verification of spectral reflectance and photosynthetic parameters

at different moments based on sensitive bands
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Tab.4 Ridge regression models and verification of spectral reflectance and photosynthetic parameters

at different moments based on sensitive bands

w2 o - A (n =36) BUESE (n=12)
R? F R? RMSE RE/%
P Y =57.39 —369. 37X, -22.93X, 0.75 30. 68 0.72 2. 480 1.5
1100 C Y= —58.47 +1850. 71X, -1 082. 21X, —78.30X, +811.29X, 0. 86 68. 36 0.77 12.810 5.2
T, Y =37.41 - 134. 34X, - 64. 41X, 0. 68 21.05 0. 65 2.520 4.7
P, Y =44.65 - 132. 28X, -3.21X, —33.55X, 0.75 29.49 0. 69 1.450 2.9
13:00 ¢, Y=0.49 —4.49X, +0. 09X, +0. 60X, 0.59 14. 60 0.55 0. 064 3.0
P, Y =47.70 - 115. 02X, -84.31X, 0.43 7.51 0.37 3.500 2.6
G, Y=0.85 -0.76X, -2.96X, 0. 63 16. 82 0.59 0. 056 3.0
15:00 c, Y =616.61 —1093. 85X, -413. 03X, 0. 89 61.12 0. 84 14. 000 4.0
T Y =31.44 -46. 49X, -71. 70X, 0. 69 22.50 0. 66 1.370 6.4

S BV, DR Ok A R (P,) 1 B
(R . 2 15:00, 7L T BE (G, f T30 450
B A e 2R B0 0 T e R B KT 13100 1Y,
FCHE 7 KRR 2 RMSE FI30 LA 522 RE 3476
SrHEA B 2 P, TR EE SR 15500 BRI AL S
FE(G,) s AR WM L 1500 9 ] — 4L AL Bk ¥
FE () 1 B0 A T £ e e R O 0 T e i R
B R F 1100 Hy, S il 20 9 % 3 349 07 B i 2%
RMSE 15 EFI X825 RE 55 11:00 Fy WS, {16 T4
T, 15 :00 1 BB R ATS 5 01, 7 458 e 52 70 46 o
I ALV FE (C,) S MR 76 11:00, 72 I

T, ) B T A5 Y ) S A e S 2% M0 38 i TR
AR 15:00 BJLPAHE . A4 11:00 B8R A 55
HER T AR % 22 RMSE X 15:00 W R, {5 i T H 5%
TEARAT 525 RE AUH 4. 7% , B £ 1100 f KRy
RWEHER(T,) e e s P
2.5.3 e/ e (o] RS R ) R o A B
ASCHY SR BT R BRPFER BT 28, i 1 B
— 3¢ LB AE v BN AE R 2 OF J7 A (PRESS)
jack. test pR BRI 0] )5 AR KO Bk 3 SIS 4
i G 2 B O dre /1y — 3 [l UE1 A Y % 36 4IE 45 2R
RSP,

RS ETHRERHAERFSESTAMBIEESHNFERN - REFERRBIE

Tab.5 Partial least squares regression models and verification of spectral reflectance and photosynthetic parameters

at different moments based on sensitive bands

Wz RS i

JERLE (n =36) BAELE (n=12)

R? F R? RMSE RE/%

P, Y =52.47 - 162. 86X, - 73. 90X, 0.71 27. 84 0.73 2.570 8.5

11:00 C, Y= —37.92 +639. 66X, +245. 19X, +286. 24X, +144. 06X,  0.75 29.53 0.71 17.970 6.9
T, Y =37.67 - 136. 85X, - 64. 03X, 0. 68 21.05 0.65 2.530 5.2

P, Y =46.79 -80.28X, -27.96X, - 36. 24X, 0.73 26. 69 0.70 1.510 3.5

13:00 c, Y=0.62 -2.61X, - 1.20X; +0.38X, 0.56 12.51 0.51 0. 067 2.3
P, Y =49.96 - 145. 50X, - 80. 03X, 0.43 7.52 0.37 3.520 1.4

G, Y=0.90 -3.40X, -1.71X, 0. 62 15.99 0.58 0. 057 3.3

15:00 c, Y =621.21 —1101. 86X, —418. 75X, 0. 89 61.62 0.85 14. 000 4.4
T, Y =32.49 - 96. 88X, —47.78X, 0.65 21.87 0.68 1.380 7.3

M5 AT LLE H,11:00 F113:00 (156 4
FCP, ) I TR A Y A PR S AR BORT B U 8 R
BHARIRFE T 0.7 DL b, Hovh 13:00 1% 56 1F 2 75 # 5%
22 RMSE 5 55 §iE A Xf 1% 22 RE 35 24 W 35 vh 1 45 /)
8,354 1. 51 wmol/(m*-s) Fl 3. 5% , A 1Y, 13.00
AR Y S i AR 7R AR AL 10 oL G R (P,) BOR i
o 15:00 AYALFEE (G,) Y TR B Y 4 e i
FBORRIE P R EOAR A 13:00 1 K, HL B0 UE ¥ 5
1% 25 RMSE 8 13:00 19 /0N, A Ut otk 20 ) 42 A 2L

B ZH M E, 15:00 /iR LMK E (C,)
F 0 00 A TR ) S A e R AR A i e R AR R R T
Hol iy 20,353 7 0.8 DL E [A) A HA A/ 35 IE 1
Ji iR 25 RMSE 5 5 fEAH X % 22 RE, [ i S 7500 fid
A] AL BR R BE (C,) W e RS 20 o %) T 78 i ¢
(T,),11:00 F1 15:00 f 70 A6 7Y fr) 3 465 ok 5 2R KK
FIEGIE P 28 BOHR 43 0.7, A 11:00 19 B ik 1
J7 B R 25 RMSE Wk, (5 2% 18 3 H B IE AR Xf 2 22 RE
5. 2% , SOAT 6 4% M AR TRY A Oy B (AR T



£ 10 39

PRIZIE 45 . T AHLZ 06 1 18 8% 8 AE 75 AR AE 06 & 2 5k 5 237

26 ETEANSREFRHAEGSHERARE
A
WX 2 ~ 5 B Al WL, X T o G R
(P) A AL (G,) , 75 7E 13:00 1 15:00 71| ]
AN TR) AR T 35 A 81 A O 0 A R 1Y S ORI o R

TR — AL R R (C) ,11:00 i — Ju 2 Pkl
115 :00 9 2 o 1] A4 2 S ORI o % T 25 15
HAR(T,),15:00 By — L PERL T A 11:00 2 50 (4]
AR A S T ROR B . O 1k — 2B R HE e fe Al
SR H 4 RS R GE it 2 00 T3k 6

K6 AESHNTREEBRI L

Tab.6 Comparison of different modeling effects of photosynthetic parameters

BiEgE (n=12)

JERILE (n =36)

HESH it %) R
2
R F R RMSE RE/ %
L4 PE 0.74 28.99 0.71 1. 46 1.3
F 4 A 0. 69 26. 01 0.72 1.52 2.2
P, 13:00
&[] 15 0.75 29. 49 0. 69 1.45 2.9
i F¢ /> — 3 1] ) 0.73 26. 69 0.70 1.51 3.5
— Lk 0. 63 16. 83 0.59 0. 056 3.2
F 4 0. 61 15.95 0.57 0. 058 3.2
G, 15.00
' U (] 0. 63 16. 82 0.59 0. 056 3.0
TR B/ —F [l 5 0.62 15.99 0.58 0.057 3.3
11:00 —TuEk 0.68 21.53 0.65 20. 12 8.9
F 4 A 0.86 27.51 0.83 14.20 5.2
C
' 15:00 U (] )5 0. 89 61.12 0.84 14. 00 4.0
i ¢ /> — 3 1] ) 0. 89 61.62 0.85 14. 00 4.4
15:00 —Jnk 0. 69 22.25 0. 66 1.38 6.6
F sy e 0.68 21.05 0. 64 2.53 5.2
T
' 11:00 0% (8] 1 0. 68 21.05 0. 65 2.52 4.7
i ¢ /> — 3 [ 1 0.68 21.05 0. 65 2.53 5.2
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