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Table 1 Effect of micro fertilizer treatment on Yield and yield components
JIE A} i 2 i/ % TR /g ik & kg Tk M A ke
CK 47.2-+2.36ab 3.3+0. 16a 26.241.17a 9.5+0.47h
Al 38.3+1.91g 3.6740.18a 25.94+1.09a 10. 64-0. 53f
A2 45.1+2. 25ab 3.84£0.19%a 26.3%1. 14a 12.140.61d
A3 40. 94 2. 04defg 4.3740.21a 26.841.19a 12.7+0.63¢
Bl 47.14£2. 35ab 3.5+0.17a 18.8+0. 94cd 8.9+0. 44i
B2 43. 74 2. 18abed 4.2+0.21a 26.141. 31a 12.740. 63c
B3 44.242. 21abc 4.540. 22a 26.7+1.46a 16.040. 79a
C1 47.442.37a 3.8+0.19a 17.140. 85d 8. 1+0.41;
C2 40. 342. 0lefg 4.4+0.22a 25.641.28b 10.3+0.51g
C3 41.442. 07cdrf 4.8+0. 24a 26.541. 31a 10. 840. 541
D1 47.042. 35ab 3.8%+0.19a 26.3%+1. 36a 13.8+0.69b
D2 39. 34 1. 96fg 3.4+0.17a 15.7+0.78d 6.1+0. 31k
D3 42. 8+ 2. 14bedef 3.940.19a 18. 740. 93cd 8.140. 40j
E1l 44.9+2. 24ab 3.7+0.18a 26.4+1.31a 11. 740. 58e
E2 39.941. 99fg 3.5+0.17a 15.8+0. 79d 6.340.31k
E3 43.242. 16abede 4.1+0.18a 20.441.02¢ 8.8+0. 44i

T RIR/NG FREFOR [ — 5[] 22 53k 506 .35 K7

Note: Different letters in the same column are significantly different at 0. 05 level
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Table 2 Correlation test results of yield and chlorophyll

in different growth periods

BRI A 5~6 I3 WA MOt D

S

pogiist 0. 342 0.187 0.668" 0. 307
Al 0. 505 0.616" 0. 462 0. 251
A2 0.278 0. 468 0.625* 0. 485
A3 0. 462 0. 408 0.824* 0.661"
Bl 0. 569 0. 474 0. 409 0. 053
B2 0. 048 0.472 0. 424 0.418
B3 0. 385 0.111 0. 845" 0.373
Cl1 0.607* 0.416 0.902* * 0. 597
BC2 0.716* 0.559 0.474 0. 377
C3 0. 425 0. 659" 0.739* 0.638"
DI 0. 356 0.553 0.786* 0. 694"
o D2 0. 335 0. 279 0. 622" 0. 343
D3 0.419 0. 435 0.496 0.511
El 0.186 0. 352 0.704" 0.194
fE - E2 0. 029 0. 243 0. 586 0. 145
E3 0. 069 0. 321 0.733% 0. 206

W % ox Fonial 0. 01 BB E KT, x Foniad 0. 05 g FKF-
Note: * * means passing 0. 01 extremely significant level, * means

passing 0. 05 significant level
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Fig. 1 The hyperspectral reflectance curve of

magnesium fertilizer at bolting stage
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Fig. 2 The hyperspectral reflectance curve of

molybdenum fertilizer at bolting stage
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Fig. 3 The hyperspectral reflectance curve of

zinc fertilizer at bolting stage
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Fig. 4 The hyperspectral reflectance curve of

manganese fertilizer at bolting stage
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Fig. 5 The hyperspectral reflectance curve of

calcium fertilizer at bolting stage
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Table 3 Correlation analysis of chlorophyll content and spec-

tral parameters in bolting stage

B AE PR Y 2 (e % . XS 007 A R M AR T EOR .
X% R BEF) 0. 6 ULE’\JJ‘C%%%ﬁﬂfﬁiiﬁﬁlﬂlﬂﬂﬁﬁ
BERILA S MK 6, L 5 MK 6 ATA. AWML, Lk

JIE A 2k 4l i W B 0 AR o R EAR KR AR 0.6 LI EL AT
A3 —0.892" —0.854" BT
B3 —0. 872" —0.843"
4 BE " S b= = 2 e S
o e e %4 WEMMEESHSEEEXLSH
DI —0.935" * —0.846" Table 4 Correlation analysis of time spectrum parameters and
El —0.913* * —0.823" yield in bolting stage
* x FNild 0. 01 M B E K, » £oRE 0. 05 BFKF JIE ek Aol 24 2130 26
Note: % * means passing 0. 01 extremely significant level, * means A3 —0.626" —0.6497
passing 0. 05 significant level B3 —0.725" —0.643"
C3 —0.621" —0.714~
e D1 —0.651" —0. 846"
2.5 :fc RS RS RBNXR ;
El —0.637" —0.623"

i Z& AT SR L4in
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R B W 5 7 R R AT A O
EWOLIE SRS 7 & )
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Table 5 “Red edge” and yield correlation fitting model
HE LR R 5 B0k B X K R B T B RK
A3 y=—16.328x+33. 216, y=233. 246 0516« y=—1.65In(x)+27. 654, y=27.889x %2,
) R?=0. 650 R?=0.534 R?=0. 352 R2=0. 695
B3 y=1.820 3x+35. 388, y=235. 388e 001 1+, y=0.180 8In(x)+36.012, y=236. 01420051,
R?=0.715 R?>=0. 154 R?=0.211 R?=0.621
C3 y=12.801x+23. 316, y=23.433¢% 194 3z, y=2.193 4In(x) +29.472, y=29. 726200848,
R?=0.824 R?=0. 267 R?=0.537 2=0.757
DI y=—8.480 1x+31. 142, y=231.188e 297, y=—2.161In(x) +25. 888, y=26.068x %07,
R?=0.690 R?=0.557 R?=0.584 R?=0.782
- y=3.666 61 24. 885, y=24. 918¢0- 199 b | y=1.226 6ln(x) +27. 499, y=27. 52720046 8
=0.616 R?=0.512 R?=0.181 R?=0.624 5
x6 “GIEETEFERAXEMSEE
Table 6 “Green peak” and yield correlation fitting model
JE A} A 2 3R 5 B0k KL Xof 50 e B i BRI
A3 y=—32.362x+33.097, y=33.121e 11023« y=—1.656In(x) +26. 366, =26. 7752 %02,
R?=0. 666 R?=0.503 R?=0.482 R?=0.751
B3 y=4.069 5x+35. 386, =35. 387¢% 114 3x, y=0.192 7ln(x) +36. 191, y=236. 195200054,
R?=0.601 R?>=0.419 R?=0.173 R?>=0.178
o y=28.849x+23. 735, y=23. 826¢! 107 %, y=1.823 1ln(x) +30. 672, y=31.096x"°7,
’ R?=0.613 R?=0.483 R?=0.096 =0.048
D1 y=—19.023x+31. 005, y=231.047e 0601z, y=—2.094In(x) +24. 147, y=24.557x7 0072,
R?>=0. 644 R?>=0.516 2=0.268 =0.331
El y=12. 4472 +24. 586. y=24. 6390472 x| y=1.552In(x) +29. 412. y=29. 59820059 ,

R?=0. 663 R?=0.678

R?=0.498 2=0.557
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Analysis of the Relationship Between Hyperspectral Reflectance and Yield
of Rape Under Different Micro Fertilizer Conditions

CHANG Tao, XIE Xin, GUAN Mei, ZHANG Qiu-ping, ZHANG Zhen-gian® , GUAN Chun-yun
College of Agriculture, Hunan Agricultural University/Southern Regional Collaborative Innovation Center for Grain and Oil

Crops in China, Changsha 410128, China

Abstract Rape is the largest domestic plant oil source in China. It is necessary to apply appropriate micro fertilizer in field
production to improve yield and quality. It is very important to build a model which can quickly screen the micronutrient fertilizer
to improve the yield of rape. In this research, the spectral reflectance of high oleic acid rape “FanMing No. 1” in the whole
growth period under different micro fertilizer conditions was measured by ground object spectrometer. And chlorophyll content
was accurately determined by ethanol extraction method. The correlation between spectral reflectance. chlorophyll content and
final yield was analyzed. The yield test showed that the application of micro fertilizer could increase the yield of rape and the
content of chlorophyll at the bolting stage. It could increase the yield of a single plant by up to 2%. The correlation analysis of
spectral parameters and chlorophyll showed that the correlation between chlorophyll content and spectral parameters was high at
550 and 720 nm, which indicated that the spectral parameters could be used to predict yield and screen out the micro fertilizer
which could improve the yield of rape. The correlation analysis of chlorophyll content and yield showed that the correlation
between chlorophyll content and yield was high at the bolting stage. The correlation analysis between the spectral parameters and
the yield showed that there was a significant negative correlation between the reflectivity of 550 and 720 nm and the yield. The
correlation analysis between the spectral parameters and the yield showed that there was a significant negative correlation
between the reflectivity of 550 and 720 nm and the yield. Comprehensive analysis of fertilization, spectral parameters, yield and
chlorophyll changes showed that the linear equation of the correlation coefficient between the spectral parameters 550 and 720 nm
and yield could be used to screen the micro fertilizer, and the linear equation was y= — 32.362x+ 33. 097, y=4.069 5x+
35. 386, y=28.849x+23.735, y=—19.023x+31.005, y=12.447x+24. 586, and R* was greater than 0. 6. Comprehensive
analysis of fertilization, spectral parameters, yield and chlorophyll changes showed that the yield of rape increased when the
linear equation R*=>0. 6, which was stimulated by the spectral parameters 550 and 720 nm and the yield correlation coefficient,
was applied. The results show that the spectral parameters of bolting stage can be used to predict the yield and then screen out
the micronutrient fertilizer that can improve the yield of rape, which will increase the sample size to further detect the correlation
and carry out subsequent verification. In view of the high efficiency of the process with no chemical reagents and destructive
sampling of the samples and low cost, the establishment of the model is of great significance for the rapid screening of the
formulation of high oleic acid rape micronutrient fertilizer, which provides a theoretical basis for screening the micronutrient

fertilizer and promoting the yield of rape.
Keywords Microelement fertilizer; Rape; Spectral reflectance; Chlorophyll content; Yield
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