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Abstract: Nitrogen use efficiency(NUE) is an important factor affecting crop yield construction. Screening peanut
germplasm with high NUE is very important for high NUE peanut breeding and mechanism research. Using multi-spectral
images collected by unmanned aerial vehicle(UAV) to quickly obtain peanut biomass and nitrogen accumulation brings a new
opportunity for rapid and accurate identification of peanut germplasm with high NUE. In this study, using 22 field-grown peanut
varieties as the training population, the multispectral UAV was used to collect the multispectral images of peanut seedlings,
extract the canopy reflectivity, and then the peanut biomass and nitrogen accumulation of the training population were accurately
determined by constructing 11 vegetation indexes. Based on the vegetation index which was significantly associated with biomass
and nitrogen accumulation, stepwise regression and K-nearest neighbor was used to construct a nitrogen efficiency related
inversion model for peanut seedling stage. The optimal model was used to predict the biomass and nitrogen accumulation of 97
peanut varieties and analyze the relationship between biomass and nitrogen accumulation and peanut yield. Based on the predicted
seedling biomass and nitrogen accumulation, the nitrogen efficiency was preliminarily evaluated in 97 peanut varieties. The

results showed that the 11 vegetation indexes were significantly correlated with biomass and nitrogen accumulation. The stepwise
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regression model had the best effect on biomass estimation, and the R-squared(R?) and the root mean square error(RMSE) were

0.63 and 2.76 respectively, which was the best model of biomass inversion. The random forest model had the best effect on

estimating nitrogen accumulation, and the R-squared and root mean square error were 0.82 and 0.06 respectively, which was the

best model of nitrogen accumulation inversion. Using the peanut biomass and nitrogen accumulation predicted by the models, 97

peanut varieties were divided into three categories: high NUE, moderate NUE, and low NUE. Based on the predicted peanut
biomass, 15 high NUE varieties including GN 001 and GN 007 were selected, and 18 high NUE varieties including GN 018 and

GN 037 were selected based on the predicted peanut nitrogen accumulation.
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Fig.1 A Schematic diagram of the test area location

1.2 X I Hh MR R

I SO T I AR 2T A 0 R
T 2T M AR X, — A U FE 4y B AR B R
13.4 °C AR K 689.6 mm. REH RN T 20234F
513 H Rl , b dg 22, 2258 80 cm. A~ 2544
D 200 Bk, BREE 15 cm ; BN AR 20 Bk , R EE
15cm. 9 H 23 Hksk , A= &1k 133 d.
1.3 Xt

AW 58 R R SR A 3 22 063 T A HLAR B AR 2R
B ] AR, 2 B R A 3R DA B ORE 1 R
B, I8 5 b T AR A A o A R R S
HEAFTRH DGR 3 B o 38 Mg S 00 S 55 40 G i) AE
FEEO B AR AE AR Y A B R R R S
T A s R A 3 XA A A e AR
i, SE X AR AR A e ROR TR DR AT, R B 2k
w2 Frws .

SRR EABLBEHI
ERE AR YUCHB A
AP SHT
| zmmpsgons |
|
[ 1
TR i o | | e mzpa s |
!
T

IE

| mamsummmmes |

2 BAREZ
Fig.2 Technical road

1.4 REFH*E
141 T ANLEE R i KRR 3 263
NHUEERE RIS 25 d 4R B A 1 10 22 00 48 s ds o
ZAF B AR T — A0 WG AP 4 A 20 A AL,
44~ Z 6 AL AT 3 TR 2050 (8604 26)nm) |
214 (7304 16)nm) (£L((650+16)nm) 4¢ ((560+
16)nm) 2 BE Y 2 638 AR o F 88 BEOR L 4o
(1 B TJE = KA, A4 I (R] 2 10: 00—14: 00, %
FH S 0 B0 R0 A RAT R KR GS Pro F- 6,
H 300 S B R 80 Y0, 1 M R E B R 20 mo
1.4.2  Horm BCHE AR 0 M ECHE ) R 2 5 TE AL
B AR A B AT o TR RS N X B I A Y
DX 48 JF: Bl ML 6 B 6 BR A AR 25 BRAR S, B T LA
105 ‘CA 7 30 min Ji5 , 1 85 ‘C & F FHt + Z= 16 i
o A R T BT i, BOLE B8 I 55
B T AR AR W d (g/m®) o B T A R AS BIF S Ry
R, R LR RO A A b B A& =, 45
L S S (E WP N R VAT AN i =2 e )
] A ER USRS /N DR AR L I T S D e AR
JR

B T R b R BB (g/m®) = B 1] R
Hby b A XA (1)
1.4.3 MEBEEEGER MEEHUEER 2R E
AN A T A B 2 ) B R 2 G s B T R AR A
T O R 19 TG, B Dk B B A 0 R A
e AFRIITA TEMEM LA S5EYE AS
WA LA R R R TR . R B IR #h A 56
% %% (Pearson correlation coefficient) 3 fiif & 2 4
WA R SMEERZ M. 5D
R B St A G 1 A B e RO S R
5L Y B g A S

. 39 .



W 7G4k B2 2024 4R 55 52 4545 6 1

F1 SHEBEEBEZEHELAKX

Tab.1 Multispectral vegetation indexes computational formula

T B A6 L FRA 2% 3k
Vegetation index Computational formula Reference documentation
ZHEFPIERBEFEEC  Difference vegetation index(DVTI) NIR — R [20]
R A L 95 NIR — R [21]
Enhanced vegetation index(EVT) ’ NIR + 6R —7.5B+1
5 6 )9 — A HE 4 5 NIR — G [22]
Green normalized difference vegetation index(GNDVI) NIR + G
1 BP0+ 3 A 2NIR + 1— J(2NIR ) — 8(NIR — R) (23]
Modified soil adjusted vegetation index(MSAVI) 2
VA — b 2 5 2 30 A wl A A NIR — RE [24]
Normalized difference red edge index(NDRE) NIR + RE
1l A 3 NIR — R [25]
Normalized difference vegetation index(NDVT) NIR + R
I — 1k ok 45 % — NIR [26]
Normalized difference water index(NDWT) G+ NIR
LEEGSURAR TR NDVI X pNIR [27]
Near-infrared reflectance of vegetation(NIRv)
(N SUREERIECE 1.16 X(NIR — R) (28]
Optimized soil-adjusted vegetation index(OSAVI) NIR + R+ 0.16
[ARIERRIE R NIR [29]
Ratio vegetation index(RV1) R
R A TR R NIR — R (1+1) [30]
Soil adjusted vegetation index(SAVI) NIR+R-+L ’
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Note: B, G, R, RE, and NIR represented the reflectance of five bands: blue, green, red, red edge, and near-infrared, respectively; L. was

the soil regulation coefficient.
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Tab.2 Peanut biomass prediction model

MR Model R* RMSE
SR 0.63 2.76
K-NN 0.33 2.16
RF 0.63 3.32
SVR 0.17 3.49
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Tab.3 Peanut nitrogen accumulation prediction model

B Model R* RMSE
SR 0.23 0.12
K-NN 0.81 0.05
RF 0.82 0.06
SVR 0.21 0.17

A Wyt R A AL o 3% 0 [l H (SR) 5 Bl Bl
FRM(RE ) B (14 P 5 R B0 I, {H 3% 20 [ H (SR)
LR (1 34 T AR O 22 /N B L AR AR (RF) A5 78, 36
W 32 20 ] A AR LG BE L AR AR AL AR o SRR ] i
Ml (SVR) 15 BOKS B 5 A%, WA 48 R7 AR 0.17,
RMSE 3 3.49 ,ANili Fl F R AEY R, 4R A R
S TE AL BE AL AR AR (RF ) A5 AL (9 RS B2 O &
R?J30.82, RMSE J3 0.06 ; H: ¥k J& K—4F it (K-NN)
AL R A 0.81, RMSE 4 0.05., % [BlIH | 3 #F
fia) £ (] AR ARG B R, RS T R AR R
i,

Zi LTIk ARG R A A AR S A R
Wy o TOUI RS Y B B AR PRI AE S A A R SRR i I
FLAL,

.41.



W 7G4k B2 2024 4R 55 52 4545 6 1

A B
17F y=12x-504 . = 050f ¥y=129x-0.17 -
R*=0.63 i R*=0.82

~ B O L]
°z =3 16 RMSE=2.76 £ 5 RMSE=0.06
£ ¢ g 045
- ~ 2

2 L ~ &
g3 b & s
= 2 = 2 040
=, 14f g o
w4 B
R & & 8o3sf
#He 13 L

K §
. ° £ 030f *
12 1 1 1 1 1 1 1 1 i . 1 1 1 1 1 1
8 9 10 11 12 13 14 15 16 17 0.20 0.25 0.30 0.35 040 0.45 0.50
AW RSEME (g/m®) HEHEILME/ (g/m’)
Biomass measured value Nitrogen accumulation measured value

AT E A 8] Ak R A A A e S DM S TR R R UL s B JE T B L AR AR O 12 1 A6 2 R AR S S TR T 2R A
A. Linear fit of the measured and predicted values of peanut biomass based on the stepwise regression method; B. Linear fit of the measured and pre-
dicted values of peanut nitrogen accumulation based on the random forest method

B4 ETRAEREERNIVESTNEZENS

Fig.4 Linear fit of the measured and predicted values based on the optimal inversion model
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