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Relationships between soil respiration and hyperspectrum in different croplands

YAO Xue—wen'?, CHEN Shu-tao"*’, WANG Jun'"?, DENG Xi-ming"?, ZHANG Ting—ting"?, HU Zheng—hua®

(1.Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2.School of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: In order to investigate the relationship between soil respiration and hyperspectrum, a field randomized block experiment with
three crops of winter wheat, rapeseed, and broad bean was performed from October 2018 to May 2019. The changes in soil respiration, soil
temperature, and soil moisture dynamics were measured. The normalized difference vegetation index (NDVI), difference vegetation index
(DVI), ratio vegetation index (RVI), enhanced vegetation index (EVI), and photochemical reflectance index (PRI) obtained from the hy-
perspectral method and the SPAD value of chlorophyll were also determined. The results indicated that the seasonal mean soil respiration
values were 1.78+0.15, 1.35+0.27 pmol - m™+s™", and 1.61+0.22 pmol - m™+s™" for winter wheat, rapeseed, and broad bean croplands, re-
spectively. Soil respiration was significantly (P<0.05) higher in the winter wheat plots than in the rapeseed plots. There was no significant
(P>0.05) difference in soil respiration between the plots of winter wheat and broad bean and between those of rapeseed and broad bean.
Residual soil respiration computed as the difference between the modeled soil respiration using the soil temperature and exponential func-
tion and the observed soil respiration was significantly (P<0.05) or extremely significantly (P<0.01) correlated with the NDVI, RVI, EVI,
PRI, and SPAD values in winter wheat cropland. Residual soil respiration was extremely significantly (P<0.01) correlated with the NDVI,

DVI, RVL, EVI, and PRI in broad bean cropland. There was no such correlation between the residual soil respiration and vegetation indexes
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in the rapeseed cropland owing to the flowering from March to April. A model based on the soil temperature, NDVI, RVI, PRI, and SPAD val-

ues and one based on soil temperature and RVI values were established to simulate soil respiration in winter wheat and broad bean crop-

lands, respectively. The seasonal changes in soil respiration were only controlled by the soil temperature, moisture, and SPAD value in rape-

seed cropland.

Keywords : cropland; soil respiration; soil temperature; hyperspectrum; vegetation indexes
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Table 1 The growing stages of crops
2 /N# Winter wheat THSEH: Rapeseed %2 5 Broad bean

HFH W Growing stages H ] Date HFH W Growing stages H 4 Date HFH W Growing stages H ] Date

H B Emergence 2018.11.08 H B Emergence 2018.11.11 H B Emergence 2018.11.11

K Jointing 2019.03.07 725 Bud 2019.03.06 4111k K Seedling growth 2018.11.20

Zf 14 Booting 2019.04.01 JFAE Anthesis 2019.03.20 7 Squaring 2019.03.12

il Heading 2019.04.06 JHEA Maturity 2019.05.09 TFAELEFE Anthesis and pod bearing  2019.04.22

JFAE Anthesis 2019.04.15 BEA Maturity 2019.05.08
HEJK Beginning grain filling 2019.04.27
A Maturity 2019.05.13

D 2 A AIE 45 A REDEAE S AORIEINER 45 ATEBRSERO RS2, JF L% I8 T MM B 2 9 0

AN IEDNAG 10 Z St et 2k o S PRI 1 HER
P, BB R AR H 1 40 emx40 em = YGIEAR1E A
MHEA T4 T (B o 1Al S S 2840 A 1, B DA %) 5 S5
AT BSR4, AR I S5 A Y ST 1) 18] B AS e 2ok 5
min, K H ViewSepcPro St b 3 {4 X 5t i ik i
AT BRI . 38 R A5 A e 2 B B R
NDVI(H—fbAE B 45 %0) . DVI(Z AR %0 \RVI
(HLEAEHEAE 250 (EVIOHE SR Al g 48 250 (. PRICE AR 2%
45 500 5 Pkl w415 50, 5 A TR B 3SR A X
2, AT 485 0 T SERP I E H SR
AL H A 7], 25 38 S ) 5 W08 04 4 8 50 R
- SFEOT R A T 5 2 A W H A e 22 . AEDNE
BRI R, SR F A B3 e {0 1) - 9 AR Sk A
TR SL (TDR) I AE 5 om - 3EIR BEFIIR B . LAfH 45
4 % (L (SPAD-502PLUS, Konica Minolta 24 ] , H
AW E 3 FVEY) ZE T (28 R SPADE, B>/ N X
REMLINE 5 Bt e

DA BIBF T 2 B, B 1 IR B9 AR BE 55 g b UL
B A o | R R R Y de /N E R R R E VE
Rl 2021 A 5 Hb A SR 1 R 4R i SO0 A % T

R2 EEEHHHTEAR

Table 2 Functions to compute vegetation indexes

A3 Functions 275 3Lk References
NDVI=(Ryoo— R0/ Rsoot Rezo) [16]
DVI=Rso—Re0 [17-18]
RVI=Rs/Ren [17-18]

EVI=2.5(Rso0—Re70)/(1+Rs00+6 R0~ T Rizo) [19]
PRI=(Rs31=Rs70)/(Rs+Rsn) [17-18]

U_ : Reoo« Re70 Razo  Rs31 Rsm'ﬁ'%’] ﬂ‘]&{( 800.670.,479.531.570 nm
W VE )2 SR 3

Note : Rsoo « Re70 . Rar9  Rs31 . Rs70 represent the crop canopy reflectance at
the wavelengths of 800,670,479,531,570 nm, respectively.
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Figure 1 Seasonal changes in soil temperature , soil moisture ,and soil respiration
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Figure 3 Seasonal changes in SPAD value of chlorophyll
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Figure 4 Relationship between soil respiration and soil temperature in different croplands
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Figure 5 Relationship between residual soil respiration and soil moisture in different croplands
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Table 3 Correlation between residual soil respiration and variables of vegetation indexes and SPAD value

P 3 AR G R H 0 2 22 57 (L R IR T Rk

YEHI Crops R._res NDVI DVI RVI EVI PRI
K /NF Winter wheat NDVI 0.701 %
DVI 0.407 0.521%
RVI 0.7387 0.8323% 0.568*
EVI 0.486* 0.671%% 0.979# 0.653%*
PRI 0.755%# 0.847% 0.446 0.643%* 0.574%
SPAD 0.452+ 0.421 0.313 0.210 0.368 0.427
TSEHF Rapeseed NDVI 0.068
DVI 0.064 0.656%*
RVI 0.221 0.87 1% 0.553%
EVI 0.084 0.89 1% 0.869% 074255
PRI 0.271 0.280 0.055 0.463 0.177
SPAD 0.486* 0.481 0.607%%* 0.550% 0.508% 0.371
#%1J Broad bean NDVI 0.798
DVI 0.802:% 0.838#
RVI 0.8425%%3 0.9593% 0.903 7%
EVI 0.8307% 0.8727% 0.996% 0.9273%
PRI 0.718%% 0.605%* 0.788 0.741% % 0.804
SPAD 0.321 -0.116 -0.201 -0.005 -0.189 0.063

T R_ves Sy T HENPI AR 2% R P BUE ARG R B, * o e 43 IR TE 0.05.0.01.0.001 K B 2%

Note: R._res represents residual soil respiration. The values in the table are correlation coefficients. *,** and *** mean the correlation is significant at

the 0.05,0.01,and 0.001 levels, respectively.

F4 BT TERRE EWRIEE SPAD B HIEIFIREE

Table 4 Soil respiration models on the basis of soil temperature , moisture , vegetation indexes ,and SPAD value

YEH) Crops R Models R’ P n
R/J\E Winter Wheat R :2.03()6(0,0627'—2.571.\[)!I+ﬂ,(l?3mI+8,887PRI+0,0I3.\I’,1l)) 0754 <0001 ]7
IMZEHT Rapeseed R.=0.901 04700250 (16,421 M?+7.205M+0.160) 0.645 <0.001 17
4% 5. Broad bean R.=0.183¢!00470.134k7D 0.911 <0.001 17

TE:RAT M 53500 - 3P0 38R S8R s NDVI RVI PRI S350 A8 WA AR BUE 5t SPAD g2t BRARFTEA

Note: R., T, and M are soil respiration, soil temperature , and soil moisture; NDVI, RVI, PRI are corresponding vegetation index variables; SPAD is the

characteristic value of chlorophyll.
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