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HERWE, KA R NS 2 KKK N SN200>SN150>SN120>SN100>SNO, T A R B fe kA £ R F A, LEBE
BEHWT R(P<0.01), L3 REL RZHBEMK KX R (P>0.05), *FE R4 3 L3 £ 48 SPAD A H
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Effects of nitrogen fertilizer application on soil respiration
in winter wheat fields in Guanzhong region and
estimation model based on vegetation index
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Abstract: In order to explore the effects of different nitrogen application rates on farmland soil respiration
(R;) and quickly and accurately estimate Ry, this study took winter wheat in Guanzhong area as the research ob-
ject, observed the changes of Ry under five nitrogen application rates, and examined the effects of environmental
factors ('soil temperature and soil moisture) and crop factors (leaf area index, above-ground biomass, SPAD) on
R,. An estimation model of farmland soil respiration based on soil temperature and vegetation index was established
in Guanzhong area. The experiment was set as five nitrogen application rates under straw returning. They were con-
ventional nitrogen application SN200 (200 kg - hm™ ), optimal nitrogen application SN150 (150 kg + hm™),
60% optimal nitrogen application SN120 (120 kg + hm™), 50% optimal nitrogen application SN100 ( 100 kg -
hm™) and no nitrogen application SNO (0 kg + hm™). The results showed that R, increased first and then de-
creased with the growth period under different nitrogen application rates, and the addition of nitrogen promoted Ry

emission. The mean value of R, in each treatment observation period was: SN200 (3.68 pmol + m™ + s7') >
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SN150 (3.40 pmol - m™> - ') > SNI120 (3.06 pmol + m™ « s™') > SN100 (2.70 wmol - m™ « s™') > SNO
(2.21 pmol - m™ - s7"). The near-infrared reflectance of winter wheat canopy at jointing stage and heading stage
was significantly different under different nitrogen application rates, and the reflectance from high to low was SN200
>SN150>SN120>SN100>SNO, while the difference was not significant at filling stage and maturity stage. Soil tem-
perature significantly affected Ry( P<0.01), but soil moisture had no significant correlation with R;( P>0.05). Leaf
area index, aboveground biomass, SPAD and vegetation index were significantly correlated with Ry (P<0.05).
Through multiple model evaluation, the optimal farmland soil respiration estimation model based on vegetation index

and soil temperature was established, which was significantly higher than the single factor model based on soil tem-

perature,, and the accuracy of the model could reach more than 0.6 (n=120).

Keywords: winter wheat; soil respiration; nitrogen fertilizer application amount; estimation model ; vegetation

index; Guanzhong region
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Table 1  Functions to compute vegetation indexes
TR HHAA EZ BTN
Vegetation index Formula Reference
IH—fkAtgdEaE NDVI (Rgn~Re70)/ (R +Rep) [14]
ZAARIHRE DVI (Rgy—Rez) [14]
HAERBEAEEL RVI Rg/Rezo [15]
HUAERARE EVI 25(Ryn—Ren )/ (14Rg+6Re +TRp9) - [ 15]
FeACFHRHREL PRI (Rsy1=Rs)/ (Rsyy +Rspy) [16]
PARTIZIVA
L B004A00 (R T 2R/ (R 17
Eﬁggﬁmﬁ 0.5[ 2Rgy+1= »/ (2Rey+1)>=8( Rgpy—Rerp) J[17]
1%?;; ;;%IV*IE (1+0.16) (Ryp =R )/ (Rang HRer +0.16) - [17]
WSIE = ikt 1.5[ 1.2( Rgy—Rsp ) ~25( Rgzp—Rss ) ] s
/z . 18
TRE TV (2R +1)2=(6Rey=5 /Rgp ) —0.5
b (Ek s
S *E%;{;ﬁ (Rigy=Rizn )/ (Riggo R0 ) [12]
é'j:': h) /N J@ TR
- W;E% I P?‘? (Reoo=Rus)/ (R ~Resn) [16]
GREETRER GI Rss/Rery [18]
P2 y
e (ReyRe)/ (R o) [14]
LI R LAHFREL PGR (RepytResn)/ (Rsi0=Rsen) [19]

=fIEAEHES TV 0.5[ 120( Rys0~Rss0) =200( Rezy—Rss) ] [18]

TE R OB, N AREC7 i SST R DE Y EBE (nm)

Note: R is the spectral reflectance, and its subscript number is the

band value (nm) of the reflectivity.
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Fig.4 Variation of winter wheat canopy reflectance with different fertilization levels
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Table 2 Relationship fitting of soil temperature, moisture and soil respiration
A K F Variable WETE Fitting method WA Fitting equation R?
YT
j@ﬁl&ﬁ Rs=0.045T¢+2.553 0.05
Linear function
g 3 6Kl o K
.i%&nfg Taﬁ.ll*lﬁl . Ry =2.315620187s 0.08
Soil temperature Exponential function ;
s
QU\IZ@Q . Ry=-0.022( Ts)2+0.859T§_4.208 0.38%*
Quadratic function > 5
AR Ry =—-8.008 Wy +4.644 0.04
Linear function a ’
9835 Kl o7 K
LA A Ry =4.724e 24975 0.03
Soil moisture Exponential function
v
— UL Ry =107.483( Wy ) 2=45.913W+7.917 0.05

TE: = * KIRTE P<0.01 KF2ERLE n=120,

Note: * #* represents significant differences at P<0.01 level; n=120.
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Fig.5 Quadratic curve fitting of soil temperature
and soil respiration(n=120)
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INEAERAR BT T R W W, B SEY
KA 15 Fhs it de 5k, 5 RoEFTAH G
SITATAS (ANE 6) , Ry S M B 48 B AE 7 0 3 (P<
0.05) sl #fe 2 3% ( P<0.01) A FR, MR R K
# 0.5 YA, H RS NDMI M5 R B, Al ik
3 0.68, BRILLASN Ry 5 HE B A5 BOM DG H = 1Y 5 Fil
K9 +8 K4 5k OSAVI EVI SIPI .MSAVI .NDVI , 8
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Table 3  Relationship between biological factors

and soil respiration rate

S 5E FE T
LAI 0.64" "
AGB 0.57** 0.64"~
SPAD 0.56" " 0.48" " 032"

TE: = Fllw o P 5IFRAE P<0.05 Hl P<0.01 K2R B,
Note: * and * * indicate significantly different at P<0.05 level

and P<0.01 levels, respectively .
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Fig.6  Relationship between vegetation index and soil respiration
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By AR RSP A IS, FEOLRE
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RS AN B LT e 22 5, A I TR 1
RF R ELA @012 /LB J7 . PLSR ) 2 (9 5 Al
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MREE R* = 0.594, RUSE = 0.631 , NRMSE = 17.4% ; %
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Table 4 Comparison of model result

HAE lljReS
T
Iﬁ?ﬁ%ﬁ BUREE Calibration dataset Validation dataset
Variable Model
RMSE NRMSE/%  R*  RMSE NRMSE/ %

NER MLR 0670 0570 143 0499 069 169
Total RF 0573 0650 248 0571 0650 253
variable PISR 0642 05% 133 059 0631 174

HALEF  MSR 0648 0588  14.8 0525 0682 165
Optimization ~RF 0615 0618 155 0553 0538 175
variable RF-PLSR 0.661 0.578  15.1 0571 0663 15.1

MR AEAG A 3 AR AL b e 5y, 3R 4 R A
1) PLSR 5 B AE CRUEBALLCR 1 [ s, B 54 19
W A IR ZE BT Lk B, T e
ST AR AR SRS AR AT DL IR B 4 e P AR UK B L H
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HGE TR A T A B4R AL 5 Bk
e R, fT Ak AR =X, T B e e M S | DT 2 ST
BAER A/ NFE T ERF IR AR R SR Zn B
[A] )4 ( MSR ) Hr 7% A 1 % MLR A58 i A 7% k47 7
Ve IR 9 A AR B BRI RIAE R = 0.648,
RMSE=0.588, NRMSE = 14.8% ; i 4 R* = 0.525,
RMSE = 0.682, NRMSE = 16.5% , Ki %1 )7 f& = R, =
0.344T +5.403NDVI+1.417PRI+4.629MTVI2-3.208
SIPI+0.804GI-1.480NPCI+4.569PGR-4.786TVI,, 5
MLR HERUAR Lb, #5145 005 4 5 BUOKG FE  A 1%
% EBRIFEAT T 4k, O B 1 48 R o0 15 7 fip
AEJT 1B R AR . ARG RF 28 g RS [ 1
TUBRIE XS A A8 B AT Ok (8] 7) , SR ECSTRRE R T
8 1) F A8 &, Bl NDMI T . MSAVI .DVI NDVI SIPI iX
6 I~ H AR G T TR e AL R F RF BOAY | B A AR
R*=0.615,RMSE = 0.618, NRMSE = 15.5% ; i 4
R*>=0.553, RMSE =0.538 , NRMSE = 17.5% , 54X
+ RF RAUAR LL , BB AERG B A — 2 $ iy, (R A4
FE B BRI, BAUA AR AL R 19 RF 55 784 38 5 0 2 [ 4k
FEAR T B TUAR R B, 200 1 R M /N 1Y A ot A58
IR ACR A 3 T4, BB R R e A T
K. IR RF 55584 5 BE 15 21 /9 08 1k X 4 e A5 3]
RF-PLSR {7 B @ BI4E R® = 0.661, RMSE =
0.578 ,NRMSE =15.1% ; WX % R* =0.571, RMSE =
0.663 , NRMSE=15.1% ., 5 PLSR HiRIAH L, A4k
R4 i DG B A T R, R AL IR 715
F|¥) RF-PLSR A 7] DUAR i b O B A5 X+ Rl AR
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