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Hyperspectral models for estimating SPAD values of kiwifruit leaves

YU Jiao-yang, CHANG Qing-rui, BAN Song-tao, TIAN Ming-lu, You Ming-ming
(College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi, 712100, China)

Abstract: In order to provide a scientific basis for monitoring the conditions of kiwifruit in the northwestern
region, the models for estimating chlorophyll content of kiwifruit leaves based on hyperspectrum were constructed. A
field experiment were conducted in Jiangjiazhai village of Yangling, Shaanxi Province. During different growth sta-
ges, the measurements of the hyperspectral reflectance of kiwifruit leaves were collected using SVC HR-10241, a
portable field spectroradiometer, and also relative chlorophyll content (SPAD) of kiwifruit leaves was measured u-
sing SPAD-502, a Chlorophyll Meter. We analyzed the correlations between spectral reflectance, first derivative
spectral reflectance, and SPAD values of kiwifruit leaves. Then, single factor regression models and multiple step-
wise regression models based on the red edge position, amplitude of the red edge, skewness of the red edge, kurto-
sis of the red edge were established, respectively, to estimate SPAD values. Our results revealed that; (1) With
increase in chlorophyll content, there was a ‘red shift’ phenomenon for the red edge position, in addition, ampli-
tude, area, and kurtosis of the red edge decreased gradually, the shape of red edge skewness curve changed from
right to left gradually; (2) The regression models based on srewness of red edge all had good predictive power for
SPAD value of kiwifruit leaves; (3) The quadratic polynomial regression models based on red edge of skewness can
preferably describe the leaf chlorophyll content, and the regression models based on the red edge of skewness per-
formed best at different growth stages. The determination coefficients for the regression models were 0.821, 0.874,
and 0.842, respectively; (4) Compared with polynomial regression models, multiple stepwise regression models
were good inversion models for estimating SPAD of kiwifruit leaves, which had better modeling and predictive preci-
sion at various growth stages. The determination coefficients of prediction models were 0.848, 0.926, and 0.850,

respectively.
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Table 1  Correlation coefficient between red edge parameters of kiwifruit and SPAD values at different growth stage (n=284)
244 HEF I 213 B4 Red edge parameter
Parameter Growth stage Aed D,y Sd, oy Shred Ky ed
Zb%/ﬁﬁ 0.8623 "~ -0.4037 "~ 0.1828 -0.8914 "~ -0.8422" "
Young fruit stage
SPAD /H:%%q 0.9066 " * -0.6735" " 0.2639 -0.9368 " * -0.9049 " *
Strong fruit slage
=5 0.8846 ™ * -0.4804 " * 0.1714 -0.9110 "~ -0.8792 " *

Full growth stage

. o+ o« FoRTE 0.001 KAk %,

Note: * * indicates significant correlation at 0.001 level.
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Table 2 Single factor regression models of SPAD values based on red edge paramelers at different growth slages

HAARHEHE Modeling precision

A 28 Il )51 75
Growth stage Parameter Regression equation R? RMSE Adj.R? RE/%
Ared y=-0.0541812,+78.21377A,,-28174.0919 0.804 5.687 0.796 11.429
40 54 D, y=126172.32534D2,-5416.27638D,,,+91.40342 0.209 10.354 0.176 26.079
Young fruit stage Sired y=-11.25209S82, ,-27.618468,,.,+49.18627 0.821 4.923 0.814 9.917
Ky ea y=17.56091K3, ,—4.17606K,,.,+5.79707 0.721 6.150 0.709 12.169
A ed y=-0.0648212,+93.32977A ., —33537.61281 0.852 4.814 0.847 11.393
PAR 81l D, y=-145787.98916D?% ,—295.28796D, ., +67.71434 0.486 8.894 0.470 22.794
Strong fruit stage Sred y=-12.26848S2, ,-30.534228,,.,+52.77233 0.874 4.399 0.870 9.047
Ky ed y=20.73154K3,.,+1.77553K,,.,+9.2208 0.850 4.807 0.845 9.170
A ed y=-0.0535312,+77.346131 ., —27884.44166 0.829 5.545 0.826 11.775
il D4 y=188556.68854D2 ,—7699.83358D,.,+108.69342 0.290 10.233 0.278 25.510
Full growth stage Sred y=—-13.011928% ,-28.65694S,,,+51.35385 0.842 4.825 0.839 10.085
K, y=23.48788K3,.,+7.08008K,,,+11.02371 0.792 5.537 0.789 10.677
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Table 3  Stepwise regression models at different growth stages

S8 HEH S S ALlEyE HAAEE Modeling precision
Parameter Growth stage Stepwise regression model R? RMSE Adj. R? RE/%
Zﬁ%ﬁﬁ y=-4798.13D ,+113.962S ., +48.6944 0.836 4.710 0.830 9.158
Young fruit stage
SPAD ﬁ%’ﬂ’ﬁ y=25.6626S,.,—39.0618S, .,+41.6934 0.877 4.348 0.873 8.361
Strong fruit stage
g y=-586.92D,.,-26.8379S,,.q—10.8099K, ., +42.7324 0.857 4.587 0.854 8.985

Full growth stage
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Fig.4 Cross-validated prediction of SPAD value of kiwifruit leaves at different growth stages
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