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Estimation of soil moisture content in cotton rhizosphere
based on UAV thermal imaging
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Abstract In order to explore the inversion law of soil moisture content in the cotton rhizosphere based on the

thermal infrared UAV imageing, this study took cotton at the flowering and boll stage as research object, and used
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plot water stress control experiment and model simulation to obtain the leaf water content and the relative soil water
content (RSWC) of each soil layer (0— 10, 10— 20, 20— 30, 30— 40, 40—50 cm) in the rhizosphere under
different drought stress days (2nd, 10th and 32nd days after irrigation) at the flowering and boll stage of cotton,
and thermal infrared image data of UAV on the 2nd, 10th and 32nd days of drought stress. The difference
temperature index (DTID), ratio temperature index (RTI) , normalized difference temperature index (NDTI) were
constructed by combining cotton canopy temperature with leaf temperature and atmospheric temperature, and the
indexes (canopy temperature, canopy-high temperature difference, canopy-average temperature difference,
DTI2, DTI3, NDTI2, NDTI3) with a correlation of more than 0.6 with RSWC were selected to fit and verify the
moisture content of different soil layers. The results showed that: 1) With the increase of drought stress days, the
moisture content of cotton leaves showed a trend of first increasing and then decreasing, and the relative soil
moisture content gradually decreased; 2) The precision of the temperature index constructed by canopy
temperature with leaf temperature and atmospheric temperature to fit the rhizophere soil water content was better
than that of the single use of canopy temperature. The overall trend NDTI3>>DTI3>DTI2>NDTI2>canopy-
average temperature difference>canopy-high temperature difference>>canopy temperature; 3> The multiple
linear regression model had a high estimation accuracy for the soil moisture content of cotton rhizophere, and the
prediction accuracy of 10— 20 cm rhizophere soil layer on the 2nd day of drought stress was the highest (R is
0.600, RMSE is 0.388); The prediction accuracy of 20— 30 cm rhizophere soil layer on the 10th day is the
highest (R* is 0.721, RMSE is 0.267) ; and the prediction accuracy of 30— 40 cm rhizophere soil layer on the
32nd day is the highest (R* is 0. 918, RMSE is 0. 068). In conclusion, the cotton canopy temperature obtained by
UAV thermal image combined with leaf temperature and atmospheric temperature can be used to fit and estimate
soil moisture content in crop root domain, which has practical significance for the development of water-saving
irrigation and other soil water regulation and management technologies.

Keywords cotton; UAV; canopy temperature; canopy-air temperature difference; soil moisture content

JK g3 o o S 014 EE A R Ay, K g3 ka2 BR A
VEM A K R R ™ ML i B i o B 114 A A ) i
ARz B AR T I B AR X, R
T AR 4 R R AR 1 AR 90267, pn TR AE b A I
R, A 1 0 R ek ] 4 v 5 B2z b IX A 7 400 3t
I JE G M o BRI kG, B P oA 4 R SRORR AE AR B8 1
JK g3 R S B 2 K B IR AR W e 2 T
HAEEEXL.

e G2 1 5K o3 I B 5 R gtk AR
U5 L BH v A AR IR KA AR A AR SR T R A BR, HL S
ROk 22 o 2 R U D R B S K
G BRAETORT A AR e 7 SR . R MK 3l o 5 ) 2
Jits S A< [ 42 B AR A W O ) R TR ) il AR
S WA ) 7K o Ty 36 AR B 1) AR B, ) DL o A
£1 4 38 R o A AR IR B TG A PIL R Y
PR R, AT T ALY 6 5 AL Ah AR AC R
AR UV W e T i o T W A K g3 T R
DU IR FA R

TE 198 F ) 2R AR T, Al A2 A X A ) 26 1 R
SR A B U AR YRR R B

HEOK A Wb o e R T Ay i e IR, A BIE 5
1A R BE 55 2 800 = HEOK 3 R0 2E 47 Al
51 A+ A 0 S AR 0 S Bl T AR N K VR 2
HER\ERABBEW R ALELR, =
—0.727; B RREV A AEARE S EREZ LR
T AN [) TR B 38 5 K R B IR 4R RP B35 0. 77352k
A5 S TR 22 1 O ) /N2 K A3 T AR B 1
B b ek 22 U RO AR B L 3 5 L A A
JH 2 T 56 AU 25 B9 A P 7K 43 18 38 48 %1 (Crop water
stress index, CWSDPEAG BRARAE S RGEMIAK 40RO, &
BLCWST 5 MR IX 4 57K 73 35 ft 52 Il 3 A ¢ 5 Katimbo
LI 2 B CW ST A 355 0 i 5, A Fp O ik BT
o B E AN s RAF R R E . Ah, T
XE LIRS 1 e CW ST Hp i) 382 2% 1, i HL it 53
T AR SR N AR, T H I S+ S K Y
D7 ARSI A B A B AR AURE 8 FH Ok E Tk R
VPR BB A A KOS T, P ) — R B A
# (Normalized difference vegetation index, NDVD) |
Fb {1 A 4% 45 $X (Ratio vegetation index, RVI) Fl 2% {H
18 %% #8 #% (Difference vegetation index, DV %% 7E /E



42 0 LN ES I Y NS S 4

2024 4F 55 29 %

Py AR AR B 1 M e A A (B A - 3K 43
e AR AR S o) S AR 5 S A A — E IS
P TR, A AR HOR 3 3R TR AR 25 5 ok
HRASAE 2 (0] B9 07 %, BE A% 3l S 0 2 Bt 00 A A4 K
b R B A R AT, A b K A3 AT S I R BT
RN 25 b AR R 2 TR B R RO AR
JE 5 b HE-RE Y - R SR B R R R AR DI AR
5, BET M IR HI BE 18 pR 4 S A BT o i i
SEE K3 RFIE 23 ), Xof A P AR JlOAR ] 4 J2 T B 7K 43 1 Al
MEE A frit— P2k

FERS SRR A A AE K i BE B A B B, AN AT At
FIAR 5385 K de 22 BRI 301 , 0 2 il S B 2 ol ) o 2
WrBe . BRI 22 1 AR K O3 R B
T AT B2 A AR, R A VR e = L
[ R 38 0 I A il B A A 4 RO 5 A ] =
FEXS 5 KA UL B E 1 R MLARTE . R, AR B ST
PAAE % SR 46 0 B 52 00 52, LT JC AN LA 2 RO 1R
ASC, X AN [~ 5 il 3 R A A8 e = TR AT PR A
T, 545 Rl R A AR % e SR AR K
S AT I HEAT L, LAY DA A A R i ARV S AR T
AR 8 5 KA DG A M 2 At B A A AR S

17K Drip pipe

4t Cotton

1 MREFE

1.1 MR

W AT 5 2 5 K — PR AR
Ui (44°17'N,85°49 ' E) , iff#k 468. 5 m. Z X I i F
THE B JR 25 b e 2, K b3 oo B TR A K i
PR, & ZKm 9 R R A AR AR
7.4°C, HIEEFR] 29 2 862. 1 h, o7 1 24 180 d, 4F %
K125 mm, AEZE & E 1604, 9 mm, 56 U i £ K
TR H, 2 B TR A 0 W, - A Oy RS+ R
Moo AL 19.0 g/kg A A 1. 25 g/kg A
2. 04 g/kg B f# A 78. 0 mg/kg GEAHE 21. 5 mg/kg i
A 315 mg/kg.
1.2 A&t

A ity ol FH 24 1t K b A 5 b B i B 7845,
F 202244 H 26 H#EFH,5 H 2 H Bl . K5 /N X
A 5. 0 mX 2.5 m, /N IX J Bl R F 3% i i 58 5 40 48
AN B, DA B 1k K 4 A BT e 4 R 3 7 5 TR
KA A B TR < R BT T, — B AR
A7, P58 215 em AT HEBC & 66 cm, #KEE 10 cm), 7 #E
M #E 76 cm.

YRR Plastic film

N\ gy =
WS U

X 215 cm

-
66 cm ‘?., 10 C‘I?l
e

Bl RRNRETERRREE

Fig. 1 Schematic diagram of plant and row spacing configuration in the experimental plot
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Table 2 Temperature index and its calculation formula
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Fig. 2 Trend chart of changes in leaf moisture content and leaf temperature with days of drought stress
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Fig. 3 Trend of relative soil moisture content of each soil layer changing with the growth period
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drought stress days
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Fig. 6 Verification of the accuracy of the cotton root soil moisture estimation model on the 32nd day of drought stress
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