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Canopy NDVI analysis and yield estimation of cotton under
different nitrogen and irrigation combinations
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Abstract In order to study the correlation of NDVI value of canopy to cotton yield during important development stages
of cotton, the NDVI values of cotton spectral reflectance under different irrigation and fertilization conditions were
optimized by GreenSeeker. A mathematical model of the correlation between NDVI value and yield was established and
the accuracy of the model was verified. The results showed. With the development of plant.the change trends of values
of the cotton canopy NDVI was relatively consistent under different water and nitrogen combinations, and all displayed
“low-high- low” trend. The correlation analysis between cotton canopy NDVI values and yields at 80, 105 and 140 d
after seedling emergence were tested, and the correlation coefficient (R*) were 0. 376 0, 0. 093 4, 0. 363 9
respectively. Positive correlation between canopy NDVI and yields was significant. Independent experimental data was
adopted to evaluate the mathematical model of the correlation between NDV| value and cotton yield at 80 d. The results
showed that the correlation coefficient was 0.712 6,root mean square error (RMSE) was 561.04 kg/hm? . Therefore, the
cotton canopy NDVI of 80 d after seedling emergence was better for cotton yields estimation.
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Z— AR BB U AR L Hb Sz W B0 A R DL XA
YA WA 2 R AR RO B Iz I AE AR A e )
FEFRBW o UL B IR AR 0 & R VR 2
{18 JC 450 M 0 i 4 3 1 O ek L R R S 16 1 R A D
EY = m e o EEF B Z —"", % E Oklahoma
M 37K B W W GreenSeeker 3k 15 NDVI {8 3k
SI AT AR 0 R E SR B T RIS T & Bk
A AL FE T A R B B & EN
[ ESE RN i N RN T R (R &
SEUOVRIE S A NDVI 7 i) 7= 1Ak 0 455 78 16 % 1R
I THOIAE W 0 E . K SR SE AR I R T AR K AR
B S MR L oR 8 A R MR i R A O 3 A
NDVI {H i 22 5 7] LLi2 Wi A 9 7= i . min A F 5% &t
ST B 2% ol R A A L OB S AR H ) it A A X B —
K2 AKF L AT 1 SR T K o VR S AR W 3R Rl
(1) T A 5T ANAR A0 A S e 2 NDVIH (9 52w &R
HEAT ST

A B 5 00 75 A AE K SRS A B A0 SR Al L 4R
IBORR AE A i F2 A5 B, - R ] GreenSeeker 3T i # Il
WU AR 2 0 1% B o DL 48 s 1E AR 4B K A — 1R 4k
FH LM T EE NDVIAE K 28 1k J0 AR, M 2
SEE OGS R RS R 2 ) B R AL, DL
oS 1 A S S R [ N D S S A 7 i

1 #E57FE

1.1 K&

ARG 7R BT 147 HS PR T, R
AL, 0~20 em 4 2 A LT B R 4% 19. 09
g/ kg Bl Al A BT 3 % 51. 50 mg/ kg, MR BT & 43
B 19. 89 mg/kg, % T = 4> £k 212. 88 mg/kg,
H[E]Rf7K & 30. 1 g/m*, 23T 1.2 g/cm’,

1.2 iKigit

W] 2014 4F 50 5 4 A (ND KF, B
Jiti JR 2 0 (N L 200 (Nyg ) . 400 (Nyoe ) Fl 600 (Nigg0)
kg/hm” (4= &FBAE R 3B AL 5 3 3 47K 437K F . 4390 ok
3 0000300 mm, Wiy )4 500 (450 mm, W5, ) Al
6 000(600 mm,Wgo) m®/hm?, 3% WK & 58 2 bl
BLoreH 38 12 AN 3R, 3 WE & . AR 48 & Fh ik
R Bt B 45 (XLZ 45), PR AL U “1 JBE 2 48 4
77 B8 2. 05 m, AT FEBC ¥ 30 em 460 cm +
30 cm, BEFE 15 em, P25 BE 21. 3 K /hm®, XK
FH A 7 =X i AR % AR e b E T, T Sk 1R DR
7. 4 H 25 HIER IFREREK.6 A G 1 Ik
KA 4y 7 WA AE (L3R 1), B IR P.O;
K, O % 150 kg/hm® $Ea7— KA. DXE.
FE o 13 m.2.05 m, fh2EiddE S 2 A FART i &

FEAih PR IR BOR AT . KABL AR 1 s,
1 K@ERHEWE
Table 1 Method of water and nitrogen distribution %

g E| H#(H-H) Date

Items 06-09 06-17 06-25 07-03 07-11 07-19 07-27 08-05 08-13 08-21 08-29
BAYR B 7R 00 R A 4 6 10 15 20 12 6 6 5 4
Percent of per irrigation account
for the total irrigation
ERQTE WP =S W INER 0 0 10 20 20 20 10 10 0 0

Percent of per fertilizer account

for the total fertilizer

1.3 NEmMBEFZE

D) 3@ OGS GreenSeeker R AL S A=
HWEE NDVI A, f0 8~ 10 d. B [8] ¥ £ K<
I 11:00—14:00, 0 & AR O 1% 26 BRSSP AT
TR LA B 6 2 3 BOR S 38 57 | KR R AR
W ATHEH R 1. 25 m/s Sk S E4EREAE 50 em /2

A7 BN ROR B 2T 18 3 A, 4T 3 IKE AL
W R D 2 /1N XA B 46 B30
NDVI=(NIR—R)/(NIR—R)
AP NIR R 3 2050 3 BOGIE U & R RoR4r
JEIE B S AR
2) 95 UE KA - 78 R BEALZE R 10 A/ X (g /s
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AR B & AT AR AETE 2 NDVI 2347 5 7 44 55 35

XA 20 em®) , RAF B /N IX e )2 NDVIAE , [F] FE
KA /N DX A AR S B AL ) 55 TR AR

3) & Ml Microsoft Excel 2003, SPSS 13. 0 #
origin 8. 6 73 Hr & 4in F1 2 |4 .

2 HRESH

2.1 AEKFAEFEE NDVIETL

ML J7 NDVT (H 8 iR A8 fhfa $4 k. o SE b &
A B WA T RIS AR S 125 d ik )
WA, b J5 2 T KA . i 2 NDVI {f % iR 2 80 fIK-
- MAE S 70 d M4 )Z NDVIfH
T 1 O AR A G O P A L e R A 3 R
FEMINT AL, ML E S 70 d ' )2 NDVI A A F
A SE M AE 0.6 ZE 4 HE e 125 d | )2
NDVI {8 2 E 7t H e R5 28 m KF . ik 8 0.9 A2
A s Bk 2 B R AL (B D, XA B SR B T AE
AR HTREMK AR/ g R SiEa
AP B IS R 2 S 0N Bl B AR ) 0 38 W
b TR R B P BE RE 0 3T 2T A0 U BE YOG S 5 R
o 2 e o 0 30 B A AR T OGS (E L B
Z TR,
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I —AAE B E NDVI

NO,N1.N2 Fl N3 43 148% % No . Naoo » Nyoo Al Neoo 4 4~ H K T3
W1.W2 1 W3 J3 3 138 Waooo s Wasoo F1 Weooo 3 7K 534 B

NO, N1, N2 and N3 represent Ny, Nago, Nygo and Ngoo four
nitrogen levels; W1, W2 and W3 represent Wso00 » Wisoo and Wieooo
11’11‘86 water treatments

Bl AEKELETEE NDVIEEETHHTL
Fig. 1 Change of canopy NDVTI value under different water

and nitrogen combinations of growth period

2.2 AREKERAEREZE NDVIEFESH

TEA A 2R & W W 2 NDVI (B it BT 32 0k #4722
LRI 25 GR 2), EHEK Wae s Weone K F-
T4 A A AL 1 S 70,105 A1 125 d 3k B4k

WEXESF HAMA2EF RIS, 25K Wi (B
FRAE T 95 d 40D 7P it A0 Ak 22 18] 35 B A b 3%
5 KRR A K T 2 NDVI {H Z [
A 322 S 5 a0 A oE 45 3 — 8 s ZE A TR A
SO IRAS [ HE K AKOF T S BRAR AR B )5 105 d 22 Rk
F# i 34 (P<<0. 01) . Hofh 5 )25 NDVT {25 55 1
AN UK 3% i )2 NDVI A (1 3w &8/, 78
AL JE 105 d 56 2 NDVI {H % B 22 54, af
AE I B T AR AL AR B8 AR K 5 38 R A K AL B B, IR ik
25 He R BH 55 K R ELVE O AR AR T R 80,
105 A1 140 d 562 NDVI (& #4343 1 35 2% 5, 300
AN TR) it A 8 A K 43 5% e )22 NDVT E 9 48
b AR B S 105 d BF SR B B2 % B (P<
0. 01) 3 7] Gl /2 H A 46 75 7K 7 HE S5 S B B 39, 7K
JIEE L AN KR 22 20 B 4 % 58 22 NDVIT A i iR K
AL
2.3 HBEHBEES80.105F1 140 d EE NDVI S
FEHXXER
HTEENIREMIEEE NDVIE 5™ &1
AHOCHRVE  HEAT AN A OG0 H . AR 2 45 2R T 1 ek
JZ NDVI HEM 6 ¥ J5 80,105 A1 140 d HA &
FEES N M BGX 3 A4S R B 5E E NDVI
{53 50 5 7 AT A OGR4 i . B L 2 WAL e 2
NDVI {5 S48 2 R L m B &, 34
W15 )2 NDVI 5 7= &M R R0 Ry =
—373 3952* +698 401x— 320 359 (R’ =0. 376 0) .
y=—43 4212 +68 7292 —21 288(R*=0.093 4) .
y=—4X10°2"+7X10°2—3 X 10°(R*=0. 363 9);
3 A 45 43 B AT AL AR — 5 1R B 5 )2 NDVI
ECHE T, AR AR ™= S 3, 288 i — E BOE A AR T
Mz NRE. A FAH IR R R ATRESE T
e 5 7K T I S ' T 2 S 28R 1 T AT A TG 2
AR RBCT R 8 1 S ik R e )2 NDVI A $i0i 7=
et A AT S L R [R) I A Ak ST B0 X S 80 d
PR R HEAT IR . 45 AR WY, O E S ST DR Y
o] 9 5 22 3K 3 A 8 3 KO (P<0. 01, A & R AN
0.716 2, ¥ J7 R i% 22 (Root mean square error,
RMSE) Jy 561. 04 kg/hm* , &l gt w] DL FH AR A H B
J& 80 d FRHUAIEE 2 NDVI B Ak 45 4 7= ik L (0 2 15
DA 55 52 IAE 2 8] 475 8% A7 76 B B 25 36 (IR 3) L Ul B
FIH 5 )z NDVI AE XA 48 77 & 3547 4l ik A F 2
B il 14 R 2%
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*2(a) HEEKLELAFERKFEREE NDVIEEZHEKLE

Table 2(a) Significance test of canopy NDVI value under the same water and different nitrogen level treatment

IK Ak HK - a4 H B J5 B E] /d Days after the emergence of cotton
Water treatment Nitrogen level 70 80 95 105 125 140
N, 0.543 75 b 0.705 82 a 0.828 46 a 0.868 99 ¢ 0.902 47 d 0.698 02 a
N0 0.641 91 a 0.749 33 a 0.812 86 a 0.911 95 a 0.912 39 be  0.749 48 a
W00 Nigo 0.632 64 a 0.779 45 a 0.812 64 a 0.894 99 b 0.9131b 0.712 42 a
Nsoo 0.664 84 a 0.797 54 a 0.796 41 a 0.902 72 a 0.920 42 a 0.719 37 a
I 1. 47E-07 0.13 0. 44 4. 22E-07 4. 77E-09 0. 81
N, 0.588 97 ¢ 0.739 34 ab  0.801 41 a 0.88155b 0.908 98 b 0.717 07 b
Nuoo 0.645 49 bc  0.742 25 ab  0.816 55 a 0.911 97 a 0.920 86 a 0.748 68 ab
Wis00 Nyoo 0.689 26 ab  0.767 10 a 0.823 76 a 0.913 09 a 0.921 52 a 0.775 80 a
Nsoo 0.721 72 a 0.780 04 a 0.834 98 a 0.920 20 a 0.927 02 a 0.780 86 a
P 2. 09E-04 1. 00E-03 0.08 1.56E-11 1. 00E-03 0.01
Ny 0.602 88 bc  0.720 37 a 0.803 60 a 0.891 42 b 0.907 24 b 0.711 36 a
N0 0.646 03 ab  0.725 35 a 0.812 47 a 0.909 34 a 0.923 45 a 0.697 32 a
Wiooo Nioo 0.703 75 a 0.785 27 a 0.817 79 a 0.912 48 a 0.922 94 a 0.716 04 a
Nsoo 0.705 50 a 0.734 37 a 0.803 58 a 0.904 87 a 0.921 62 a 0.759 74 a
P 2. T7E-04 0. 51 0. 83 5. 43E-04 1.33E-04 0.37

B R R R RTE 0.05 KE L B EHER. FTEA.

Note: Values followed by the same letters in each column are not significantly different at 0. 05 level. The same as table 2(b).

% 2(b) HEEEKERFKAE NDVI EHEZEKD

Table 2(b)  Significance test of canopy NDVTI value under the same nitrogen level and different water treatment

FKF KA A6 B )5 B E] /d Days after the emergence of cotton
Nitrogen Water
level Creatment 70 80 95 105 125 140
W, 000 0.54375a  0.70582a  0.82846a  0.86899 b  0.90247a  0.698 02 a
Wi 0.588 97a  0.73934a  0.8014la  0.88155ab  0.90898a  0.717 07 a
N W, 000 0.60288a  0.72037a  0.80360a  0.89142a  0.90724a  0.711 36 a
P 0.28 0. 89 0.43 3. 80E-03 0.26 0.98
W, 000 0.64191a  0.74933a  0.81286a  0.91195a  0.91239b  0.749 48 a
Wi 0.64549a  0.74225a  0.81655a  0.91197a  0.92086a  0.748 68 a
Nao Wi 000 0.646 03a  0.72535a  0.81247a  0.90934a  0.92345a  0.697 32 a
P 0.99 0. 60 0.99 0. 81 2. 58E-03 0. 47
W, 000 0.63264a  0.77945a  0.81264a  0.89499b  0.91310b  0.71242a
Wi 0.68926a  0.76710a  0.82376a  0.91309a  0.92152ab  0.775 80 a
Mo Wi 000 0.70375a  0.78527a  0.81779a  0.91248a  0.92294a  0.716 04 a
p 0.06 0.97 0. 81 0.02 0. 04 0.1
W, 000 0.66484a  0.79754a  0.7964la  0.90272bh  0.92042a  0.719 37 a
Wi 0.72172a  0.78004a  0.83498a  0.92020a  0.92702a  0.780 86 a
N Wi 000 0.70552a  0.73437a  0.80358a  0.90487 b  0.92162a  0.759 74 a
P 0.22 0. 20 0.07 6. 50E-04 0. 46 0.12




%1 MG A AFUKARA S N L2 NDVI 487 5 7= Al 5 37
Fz2(c) AEKAELEEE NDVI HEZHEKIE
Table 2(c)  Significance test of canopy NDVI value under the different nitrogen and water treatment
b 33 i 4E i 5 BHE] /d Days after the emergence of cotton
Treatment 70 80 95 105 125 140
HEIK X ii . WX N 0. 260 0.012 0.186 5.350Xx10°°¢ 0. 160 0.050
7500 . — 7500 b o 75005 /.
% 7000} @ c s £ 7000 2 gt S 700 © ...
5= 6500 O FZ6500 Jaw L er 2E 6500 ¢ g
m-iﬁooo = 56000 e e ¢ E 2 6000 sy TS v
= 5500 £ 25500 o > £ 2 5500 ]
%gsooo E Ss5000f A e e E = 500 LRSI
= Jhagii=] .o o % . . ¥ [P AN 3
EE45001 545001 . $ . o © 4500
:Rﬂ &} 4000 y= =373 3952+ 698 401x-320 359 }I\— 4000 y= -43 421x°+68 729x-21 288 :L!I}\_E 4000 ¥ = —4x1062’+7x106x-3x106
B, 500 R=0.376 0 = 3 500 R=0.093 4 = s R=0.3639
“770.85 0.87 0.89 091 0093 “770.60 0.70 0.80 0.90 o 0]_90 091 092 093 094
NDVI NDVI NDVI
B2 #MEHEE80d (a).105d (b)F1140d (c)EE NDVIES5FEBHXXE

Fig. 2 Relation between cotton canopy NDVT value and production
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FIPE P 125 d AR TIE . G AT ER 2T
BERaA . TEH P K W, o0 (BRARAE I 85 95 d 4b)
JKF- T i 4k B 8] 5 R NDVT 3 35 3 4% B 3% 2%
S5 2 AR AR L g WA I AR A AR L
g

A5 R WA AL B 80,105 1 140 d 1
e )22 NDVT A B & i 0 5 HE K 221 B A R
25 5 PR BRIBGX 3 AN B I 3 1B 43 50 5 ™ i E AT A
PSS S SEN P SEE i b o
0.376 0,0.093 4,0.363 9, WEHUM 2 Bk = AR

T H S 80 d ™ i A AL E AT S0 IE L 43 AT T H T (EL
55 SEMME ) 15 56 £ 8 B 3 K (P<<0. 01D,
FHERE N 0.716 2, {H —FFLE W B AR 2, 30
FE K HEAS o 4 B 0 3L Al W e 2 NDVI {H fg 6%
AEY P B R RAFTE — B R M. A A
WFFE 22 W A AR AL 5 2 NDVI S A 77 2 T 479, 5
EL ORI Bsf 30 R0 7K IE 20 G 2880 2R e 43 o A7 00 A5E LA 1S
B S5 1A — 3. A] RS TR Al IS AKORT 1 ST
TG A N R e m) A e it — 2B . T
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