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tﬂ)stract The characteristics of soil respization under the eondl,tlon of fertilization have not been fully understood, especially for a long-
term fex‘tlllzdtl"on condition. In this study.ive medsured"bothv'soﬂ respiration using an LI-COR- 6400- 09 soil chamber attached to LI-
COR- _6400 portable photosynthesis system, and the vegetation spectrum using an ASD FieldSpec HandHeld2, in five different
fertilization treatment fields. The soil respiration (R, ) and vegetation spectrum were simultaneously measured with two samples per
month in the growing season in 2016 and 2017. The soil temperature at 10 em depth (T,,) and moisture (W) for the surface of 10 cm
were also measured simultaneously. The five different fertilization treatments included no fertilization ( CK), inorganic fertilizer
(INF) , inorganic fertilizer + organic fertilizer (INF + M) , inorganic fertilizer + organic fertilizer + straw turnover (INF + M +S) and
organic fertilizer + straw turnover (M +S), and all treatments had been conducted since 2011. Based on those observation data, we
made an analysis of R, and its temperature sensitivity ( Q,,) in the five different fertilization treatments. The results showed that no
significant temporal change in R among the five treatments was found. No significant difference was found in R_ between the CK and
INF treatments. Compared with the values of R  in CK and INF, the R_values in INF + M, M +S, and INF + M + S treatments
increased by 28.2%-39. 1% , 47.9%-76.0% , and 46.2% -50. 8% , respectively. This indicated that use of organic fertilization and
straw application increased R_. Both the T, and W, showed 14%-96% and 6% -37% in R_ seasonal variations, respectively. Among
the treatments, the correlation coefficient of the fitted equations between R_and T, was higher in the INF + M, INF + M +S and M +S
treatment than in CK and INF, but was not between R and W_. For the relationship between R_ and vegetation indexes we found that
the correlation coefficients between R_ and the difference vegetation index (DVI), ratio vegetation index ( RVI), and enhanced
vegetation index (EVI), respectively, were higher than that of R, and the normalized differential vegetation index (NDVI) ; and that

the correlation coefficients between R and the red edge slope (D, ) and red edge area (S, ,) were higher than between R_ and the red

red
edge position (A, ). This indicated that the treatments in INF + M + S increased the correlation coefficient between R_ and the
spectrum characteristics index. The determination coefficient of the fitted equations including the feature spectral parameters, T,,, and
W variables was higher than that of the equations only including both T'; and W_ variables, or a single variable of T, or W . Compared
with CK, the Q,, value increased by 26% , 39% , 21% , and 37% for the INF, INF + M, INF + M + S, and M + S treatments,
respectively. This indicated that temperature sensitivity Q,, increased under the condition of fertilization treatments. The Shannon
diversity index, bulk density, and soil organic matter were the main factors causing the difference in R, Q,,, and R,;, i.e., R at a
temperature of 10°C, in the different treatments, which could explain the 97. 6% , 78.2% , and 92.8% variations in R_, Q,,, and
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Fig. 1 Seasonal variation of soil respiration under different fertilization treatments
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M+$ 6.44b 2.72 4.70 8.17 2.90 11.53 S 24 )
it 4783 2.63 4.15 /5.51, # 0.95 11.53 | sads
= A eKJ 3.57a % 204 271 [ 43" 074V 169 571
r /gl 3.58a 47203 2,73 A4im 0485 4736 56.f700
2016 ~2017" . INE+ M 4 79_ah S48 3.75 /5.84 0 1,03 11.27 =ST 77
' SINFAM +S . 5.33b, " 2.8 436/ 69 L% | 1098 B 42.78
Mt S 5.81.-b ,J 2.68 4.68 6.94 0.99 11.53 46. 13+
4 it 462 | J 2.45 4.17 5.064  0.74 11.53 53.03
1"37[?:1/]\ ?&%@MHU@lmtﬁﬂﬁ%mwp<o 05)" & "
=
: £3 RERRAEREH TR LR AGE
. Table 3 Fitting results of soil respiration and soil temperature under different fertilization treatments and years
it A A 2 A AT R? P Qro/pmol- (m?-s) =1 R, /pmol - (m?-s) !
2016 R, =0.818 2" %570 0.45 0.017 1.91 1.56
CK 2017 R, =1.1914¢*% "o 0. 14 0.232 1.48 1.76
2016 ~2017 R, =0.977 6 %' Tio 0.28 0. 008 1.67 1. 64
2016 R, =0.789 1% %9710 0.57 0. 005 2.00 1.58
INF 2017 R, =0.5418¢" 778 o 0.42 0. 022 2.18 1.80
2016 ~2017 R, =0.716 9¢* ¥4 "0 0. 46 <0. 001 2.00 1.44
2016 R, =0.708 6" %82 o 0.85 <0.001 2.43 1.72
INF + M 2017 R, =0.840 5¢* %01 1o 0.70 0. 001 2.23 1.87
2016 ~2017 R, =0.762 5¢% %4 10 0.79 <0. 001 2.34 1.78
2016 R, =1.3522¢" %3 Mo 0.78 0. 001 1.93 2.60
INF +M +$ 2017 R, =1.059 5¢* 4 T 0.75 <0. 001 2.10 2.23
2016 ~2017 R, =1.2363¢*%%3 70 0.76 <0. 001 1.98 2.45
2016 R, =0.6757¢*%%1 "0 0.96 <0. 001 2.67 1.80
M+S 2017 R, =1.3616¢" %9 Ti0 0.71 0.001 2.01 2.74
2016 ~2017 R, =0.874 8¢" %8 "o 0.85 <0.001 2.41 2.11

2.2.2 iKY

SR 4 FRBERL (LR 1k FRE. T PRBUR R R
BB 40T R, 5 W, CER, 5 Fhab B 0K o
BB i R B W Sk e T LA 3 AP RREAY. SR T A Y

I s o BT R W, AR AR AR BT, 398K o % +
BT W AR S0 i RRBE 43 il R 28% (CK) | 38%
(INF) . 29% (INF + M) . 37% (INF + M +S) F128%
(M +S), 55X FRZH A Eb, A [R] it A Ack 2 9 45 7+
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Ko - IR SRR (R 4) .
2.2.3 AEYIHET

4 RS B0, CK 19 R, 5 DVI 20 3% 1
2,5 EVI 2 B FIEAMSE, 5 NDVI, RVI AR
W3, INF () R, 5 DVI, EVI 24 8 F1IEM%K, 5
NDVI, RVI £ . Z IEAHSC; INF + M Al INF + M + S
) R, 5 DVI, RVI Fl EVI & &3 F A&, 5 NDVI
AT ;M +S 1 R, 5 RV B AHE R 5 >
0. 64, {H AR B 1 25 7K 5 A D B fOpH DG 43

Bras R R, 55 4 FbE B 35 BOCER S A% 35 AH ¢,
Hr DVI 1 EVI BAE X R B R 0.69 (£ 5). 3
MNLNZE R, 5 D,y S, HHELET A1,
B M +S 9 H ¢ R 505 A 18 3] i 25 KF 41, CK Al
INF A9#RE 2 B /K F INF + M, INF + M +S i
IRENE KO, BT I 1 B SORE G o3 =
H,3 MU 2505 R WIAHSCHERR A R T 1% 3% K
oDy S FTA A R EKIR R 0. 70 | 0. 69 FH
0.52(%5).

F4 FEEELSETHEFRS THEASUSER

Table 4  Fitting results of soil respiration and soil moisture under different fertilization treatments

it AR Ak 2 Ay AT R? P
2016 R.=-0.0723 W2 +1.7797 W, - 5. 8269 0.49 0.050
CK 2017 R,=-0.0112 W2 +0.1083 W, +4.4058 0.23 0.319
2016 ~2017 R,=-0.0386 W2 +0.9086 W, - 0.906 6 0.28 0.031
2016 R.=-0.0612 W2 +1.578 W, -5.397 1 0.57 70028
INF 2017 R.o=-0.027 W2+1.1845 W, +14.732 | 0.57 " _#Flofi
2016 ~2017 R.= —0.0353 W.2 +0.7511 W, +0.7728 0.38 "/ 007
2016 RGZ'-0.0487 W2 +1.3503 W, - 3.'572 [ 0.44 rd 07074
INF + M 2017 R, = -0.011 W2 +0.1167 W, 6/5302 | 0.28 & 0.2
2016 ~2017 TR.=-0.0312 W2 +0.8301 I, +0.3159 L 0.29 Y 070297
2016 | | R =/~0.0532 W2 +1.6133/We-5. S99 W ) o5t o2
TINF+MAS. L 2017 Bf) S B-;i__,;ﬁ. 0224 W +0.597 54, #2851 o & 0.30 00195 _~
S 2016 ~2017 4/ ' R=/<0.0339 W2 +1.0048 W -1.055 9 0.37 —0: 008
i, 20160 | /1R = £0.053 W2 +1.307 6 W, 41,1034 " 'l 0.49 Sl 0.0490
- 2007 L4 RI4-0.0351 W2 +0.993'6 WE +0.509 9 0.31 0193
2016 ~2017" | S R/ -0.0334.W.2 +0.868 W/ +1.3405 0.28 0.033
71 ! — — :
| 3 Iy . ol - f_i_.-"
e F x5 SRMEERRSEETHILSHNHEXRYD
f i Table 5  Correlation coefficients between hyperspectral parameters and soil respiration of sorghum
JaSi CK INF INF + M INF +M +S M +S i
NDVI 0. 62 0.77" 0.54 0.57 0.52 0.56"
DVI 0.84" 0.90* 0.73" 0.68° 0.55 0.69 "
RVI 0.53 0.74" 0.70* 0.74* 0. 64 0.68"
EVI 0.79" 0.90 ** 0.71° 0.70* 0.57 0.69 "
A 0. 50 0. 66 0. 60 0.33 0.48 0.52*
Dyea 0.85* 0.91* 0.70 " 0.71" 0. 60 0.70 **
Sed 0. 86 * 0.91* 0.74" 0.70 " 0.55 0.69*

1) NDVL: H—fEAEHAE R DV 2 (EAEBEE R RVL: LA G EVL SRR $ A

P <0.05, * % £/ P <0.01

2.2.4  SLFAY T AEEA: Y 0 R g AR
Ty gt

T 3 A B v e e J2 O 0 I B R LA
2017 4EAEKZE. 2017 ERRIER T,y W,
DL RO GIERRAE S BOBAR AT 40 B, AR W 18 4T Y
5 mOb I S HGE B S VAR O M B AW DV
EVL £LOSHERE D, S.. 258 SRR .
ZERFW] HDCIERAESEL, T 0 W, 8H B & i 3
- R, B [T RI R A 2 T 99% Ak 5 3 7K
- BRI P AL R AR R T AU T R R R

AR EDACRY R ARUE T & SRR RUNTE AT 7

red * red * red *

Y Yo REARL A 1 T 00 e e b 1) TSI (K 6)
2.3 BRSPS AN [ A B A SRR Y 5

3 B BEAS Rl A SRR AE (B (R, |
JERUSME Q) FNEERTIF I ZE (R, ) 5 EE A+
HEAT B RN AR SC A3 B, B R WLk 7. bl LUE
LR, SR FEME AL, Shannon 2 FEPEFE KL, A IR A
FHF 6T B2 45 A 2 A0 o 3 TEAE G, AR TR
M, R, HRCE . AROWE . pH PRI K )
BRFEMX, 5FHE, SRR RE D
F UG s TR B U QS A H R B A
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PR IEARSC, SRR A | AR BRI A H
HERRR, LU RO AR A A &
RO AN K o B R IEAR S, B AR [ A R

B, P g ASTR] b B A HERE W I . Q. Ry ZEFW
FFELH F 4> 54 Shannon ZAEMEFE R . AT M+
HEA ML, AT LAFRBE 97. 6% . 78. 2% Fl1 92. 8% 1)

*6 TEMRSEYETFINIEEYEFHETEED
Table 6  Regression models of soil respiration with biotic and abiotic factors
LAY ERe EYE Py R? RMSE MAE
DVI, T, . W, R, = —8.922 +8. 111 DVI +0.336T,, +0.289 W, 0.63* 1.566 1.161
—mT EVI, Ty, W, R, = —8.934 +5.246 EVI +0.335T,, +0.275 W, 0.63* 1.575 1.187
Do Tio W, R, = -9.025 +387. 189D, +0.319T,, +0.312 W, 0. 66 ** 1.514 1. 142
Speds Tio W, R, = —8.960 +8.972S, , +0.3287T,, +0.299 W, 0. 63 ** 1.559 1.156
T W, R, = -9.380 +0.516T,, +0.233 W, 0.5 1.790 1.373
DVI, T,, R, = —0.668 +6.687 DVI +0. 1827}, 0.52* 1.783 1.420
A T EVI, T, R, = —0.933 +4.548 EVI +0. 1797, 0.52* 1.774 1.414
Dois Tho R, = —0.284 +302. 930D, , +0. 1657}, 0.53* 1.765 1.429
Seea~ Tho R, = -0.521+7.124S, +0. 176T, 0.52* 1.787 1.423
Ty R, = —2.401 +0.360 T, 0. 44 1.931 1538
Ty R, =0.783¢% %3 7o 0. 54 1,965 a9 1544
W, R, =8.048 - 0.171 W,  0,08" 2.461 J5 /) Los3
AT DVI R, =2.043 +10.502DVI — 0.47* 1.870 1.531
EVI R, =1.592 +74042EVI “ o8 1861 4 4 L2
D, R.=2.269 +450.891D,, ‘ | 0,497 1.838 4 L1519
S R, =2.119/+11.107S,, 0. 47" 1.866 ) ~1.5%4
1) x » ZAAE 001 AF LB Fin=45 | | ;o | b/ & ST I
&1 F 1 LEPFR ORESEME. EMPFRERSRERTFOEXRY i -
Tab‘le 7. énrrelatinn coefficients between soil resprira‘.t{gn‘, temperature sensitivi.ty,ﬁ:ase respira'tli’.qn rate, and environmental factors
b 3 R,, Ag 0 e ||y | 8 R, Ry oo
| BERAmEE € 0. 869 0.72 /7 o719 [\am/g ke 0.886" | 0.940" 0. 492
HMBY dny 750,967 0.942% 4 10527 A AR /mg kg ! 0.882°  0.936" 0. 487
AR B> 0.889" 0.896° 0567 || M/ mg-kg! 0. 894 * 0.955* 0.470
Fﬂﬁ/kg-hm -2 0.674 0. 553 0. 696 AL/ g kg ™! 0.817 0.964 ** 0.335
EVI 0. 861 0. 869 0. 565 pH 0.957* 0. 668 0. 874
EABULITA LS 0. 697 0.537 0.724 KHi/g-kg ! -0.880" -0.566 -0.884"
EARUREES 0.819 0.817 0.576 MK &=/ % 0. 861 0. 606 0. 835
EARULIY AN 0.795 0.905 * 0. 403 H 37K i/ % 0.758 0. 622 0. 680
Shannon ZHEMFE %L 0.988 0. 870 0. 677 LB/ % 0.874 0.567 0. 870
T U5 I =F 5 B R A 0. 980 ** 0. 895 * 0. 622 ZhkL ~0.886" -0.837 -0. 608
i E AL AR/ mL-g ! 0. 656 0. 637 0. 557 b -0.892" -0.789 -0.705
WK/ mg-g ! 0.718 0.623 0.673 A 0.892 " 0.793 0. 695
HEREAG/mg g ™! 0.942* 0.904* 0. 591 +HERE % -0.828 -0.671 -0.778
DAL BEAR A/ mg - g~ 0.718 0. 623 0. 673 +HOK 7/ % 0. 885 * 0.879" 0. 588
1) = # FIRAE 0. 01 K LB, « FIRLE 0. 05 KF L BE n =5

3.1 FREEPR X A R s ] 30 25 A A 1) 5 e
AHFFE T o S B - ST i 1 SRR e R
AR BT B AN TR B A % 2 AR Ak e v L H BRAE
P e R, 2SS (L CO, 1) M 0.74 ~
11.53 wmol - (m® - s) '"( 1), SE4i s %t
B FYRIX AN SR RS AE R A — B A
VFZ IR TR B 7K 3 B Al BR 58 A7 13 1
TEOLT, TS 5 A B A GG &R, ANF

LW, FHOR R R R, AN 14% ~
96% ,B% 2017 4 CK &b R, 5 T, A5 2] i K
AR, H A b P A S A B AR O R, 5K E
BFFAH—3L. 5 CK AL, INF, INF + M, INF + M
+S FI M +S ABRE) T, 8B R, 2275 28I RE 1 51
BT 18% . 51% . 46% F1 57% (2 AEiH) , 3
it A Ak B S S i v 1 R R R RO R RE . L
K 5330 3 5 ) A HEE ORI | AR A A T
M) - 3ERF IR AR 2 A5 K o HA A
(Rl g ot A 4 %t - IR W R 7= A T AR
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TR, 5 i N Ak 2L £1%) - 39 0 I 35 2% AT 4= 1K
ZIER P R BRI R By, e WA R 1 K
S BEIN , A B P S BN I UG, 5 SR G A
USSR AL P R TR KA H - IV i ) B 5 45 SR
AH—2 5 FpabEEd R 2 a B9 EdE 1T, £k
Gyt A S8 OF W AE S A i R R 3 0 A 28% (CK) |
38% (INF) . 29% (INF + M) . 37% (INF + M +S) Fil
28% (M +S) , 5 % REZLAH LU, A [A] it S Ak 2K
FARTE - HEAK A%t PR S R R 2
KA 4 B 5 11.77% (CK) |, 10.64% (INF) |
13.30% (INF + M), 14.82% (INF + M + S) Hil
12.99% (M +S) B}, 3T 8 2% ] g 52 30T B4
P AR TR ) A ST e s A A 1 G P 2
Z 1 AR BURAE YA RE T R R FE AR,
S - EFI ( JE  HE 1, 5 A T I 6 56 R B
=, R R TR B bR B, T
5 4 MR BB B E Y IEAE, 5 Huang A
X7 R R W 25020 0 s kBT R S A
MREBFFESE A — 2. 3RS DVIRVI, EVI
FIAIE RART 15 NDVI 9, 7 UL 18 oy 5 3E My
VR B B e, NDVE A AR e
S L I VAL o 1 2 12 5 Huang %520
A1 RO AU 2 A A 25 R 2 AR VT
/ORI PR Toks NDVI g, J5ER A A 24 1 B g
BT 3 5, ND VRS 1975 15 725 40 e ), 4 4%
FRae IS S — B 2030 S W A A T A
IF 05 B R X AR 5 FER L . S L K 5
L MR AR UEAT S, R T T ) A
TR, R SR Y IR 5 3 AL SRR R
e J 3 TEAE DG FH G 3R B R B /MK Ul 4130 7
(0.70) . ZIAHFL(0.69) . LLIA ' (0.52) , KW
LT B H0n] LI R A0 - ST 14 2 5 AR Ak, 5 iR
IR A Wy 5 R 7 S Ak T 3R 4 F T A SR A
—E.
3.2 NN A T Y 5
PHAE R IE LU AT, 5 Rl B 4 50T g sk
RIGTP-EE N E BRI M+ S > INF + M +S >
INF + M > INF > CK. 5 CK #i}£,2016 4F INF 13
-1 A 4 (B HE CK AR 0. 17 wmol« (m®+s) =", 2017 4E
Ml 2016 ~ 2017 4F M &5 R K CK & 0.20
pwmol - (m”+s) "1 0.01 wmol-(m*-s) ~", H Kk
F R EKFE. KT ICHUIEXS TP A BT 58 B 24
RZ HZERHIA—2, A Fam s Y | i
FRN X 3 PRSI, B TR A0 4 HE ) 2K S
A AL . Sun S5 IAMAR AR o4k it 2UAE
BN JE 545 B WX BEAR e, A R 431 o 35 42

& 1 46% 1 14% . )5 AT B = . — J7 I, it AT 4
AR, SR R R A | e AR R
FAYEMVEY i, SEm 0 4358 5 FRIFNGE N, 55
— 7 T, i SR MR B AT 384 Jon T AR g ) = HE B
AW AR SRR Y TR R A R R e 2
W T A T WA e i R AE T Ak ) -
AR R TR S PR RS 5E  DRL e e A ) A
- T R Y 86 T RT R S R TR AR DR Y 4
T, AR A% HE A 1 5 R 35 O S35 o DR v
TR TR IR el A#F5EH, 5 CK ML,
INF (AR R AL | 77 a0 98 TR it 3% 1 0 1) 1
Ny 76.3% (P <0.05) ., 80.6% (P < 0.05) Al
22.3% (P >0.05), DIERR AR, B A
MLEH N T 10.3% (P >0.05), 154.2% (P >
0.05) ., 10.7% (P >0.05) 1 8.1% (P.>70.05) , 1fi
ALY Shanhon £ REVERE L . WU - 5 1
SR, KT T 5. 2% (P <0.05) 41 20.0% (P
<0.05) " /° ) FRTHEIHUIE S 25 e FENP 4
1T 57 SR WA FRB LR, DRI 1 498 5 I g 2 (R 1
2,45 Sun S50 A G o5 AL A HATZ SRAHIEL M
+ S ARHRATEHLE R INE + M +8) EHE Rz
KT 1.2%,(P >0.05,2016 4F) . 16.7% ( R >@:05,
2017 fp'“)j{u 8.3% (P >0.05,2016 ~ 2017 E),,HF?‘
PRI AT RE RS IR CHLIE 5 B4R INF + M+ S YR R4
i, poht, HHERORERE M R A kY
i B 2 A A A ) Shannon 22 RE 148 BN Bk IR
FIF 5 BE AR BRI AR ). KRB 58 R W, A LN
JCHLAR e P LA 58 25456 i 4 PP i ok o i A
A HLIE—J7 T e A% 38 i - ErE g (R P kR, 55 —
J5 AT DA Sk 25 5 e - AR ) T v AR A 1
HEANURA LT3 ARBFIE R INF ARBE A AL
JECINF + M) J5 ARFRAEW R, L3RS EM £
B FIREETG Ph XA  m  1 eA5  HEOT in
7 28.2% (P >0.05,2016 %), 39.1% (P >0.05,
2017 %) 1 33. 8% (P >0. 05,2016 ~2017 4F) ,iX—
SRS LRGSR B FEFFIE AT LI AR e+
e U SR HL & i, Bl A i 2
[P 3 AT DAREAR 3 2 d | 38 - S5a <L, 4
15 P2 S m R e mEY AR R R R
PEVEY R AR T A i SR AR 5T
o BSINFSFFJS (INF + M + S) [ INF + M f 1 3ene
M AT 1.2% (P >0.05,2016 4F) | 8.4% (P >
0.05,2017 4E) M1 11.27% (P > 0.05,2016 ~ 2017
AR ), BB FF A HH AT HC Al IR A it T DA S 3 AR
Pk R, &SRR K e 00 B B 5T 45 SR A
—3.
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