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1.1 Rt

RE 1 F 2013 42012014 4E 3—11 AAELNE ™ E
B\ — 2T ARR R BRERR A 5 Fh 5 A [R] it 2K T 1
FH RS . 2013 A RRE0H i A 1 @ Sr i I A Fe H0 s ik
WMIELRY, 2014 FAI0HERE H T T AR SR HOG IS e DA
PIATEE . I8 M AHEE LIS AR 27.60 gkeg. A%
2.02 g/kg. BEMRE 156.00 mg/kg. ERLHE 135.44 mg/kg.
TERHR 102.50 mg/kg. KR &, FX Nmp, 8X
NEME. B BRI 2 AN 4 MiEEUK, HE 3
W, PRATEE A 14 cmx24 cm, B/ 3 W, FEALATH, /D
X 2 [ CABE AR RS, B A, SorHRE, /NXTHAN 30 m’.
LR 4 it KT BNSES 04 754 150 A1 225 kg/hm?,
BB R ACN R ER 17 (21217, SRR AEF
83 (TLYS83, kA , 3 A 25 H#kF:, 4 H 24 HEEHL,
7 H 20 HWGR: Wefd 4 ANitEKE4r 39 4E% 0. 90,
180 1 270 kg/hm?, HEARIEAS S AN KALLE S (TYHZ,
LERD ME 9113 (YY9113, #AEKAED , 6 F 28 Hi%
., 7 B 27 HEs#k, 10 A 30 HGR. 5. wpmgms. &
AEA & &/NX A, BEAEAASERAE, HE (P,05) N
75 kg/hm?; HPAEFHSEALER, FE (K,0) M 150 kg/hm?,
FAEAR R, HABin e, #HEmaies 3 &
W (GERE 40%, 2 BEAE 30%, AR 30%) . HAhEEE
T e [R] 2 = 77 A

RE T T 2014 4F 3—11 HETLIE A 8T BT 44
AT ANE R RS AR 2 Bl 5 A (R A IR B 1 R
3. WIS A BHER LIS AN 2561 gkg. A
1.82 g/kg. BfEZ 136.55 mg/kg. A 15.56 mg/kg. i#E
MR 92.60 mg/kg. KRARX W, EX MR, .
¥ 2 AN e, BIKONEEIEERE, & 3 MK, &
53, BRATHEEN 14 cm x 24 cm, 7HR 3 1, mEdLAT
), /NXZE CAIEAHRE, B R, ShorHEE, NX
60 m*. FAE 3 MEEIEIE K F2 BN 0 kg/hm?
(TO, AHEAETTE) « 45.00 kg/hm® (T1, KSR A
MR B R R (T2, W FE) , R A ik
PItE 15 (ZLY1, 'S8 MM 3 5 (ZLY3, FAfk
), 3 A27 H#EFR, 4 A 25 HEEFR, 7 A 18 HUE.
Mefg 3 MG R KT 5 84 0 kg/hm® (TO, At
JEJTZ) . 54.00 kg/hm?® (T1, R|TER) FRERERE
A& (T2, WEFE , KBRSy HFEMR T025
(WFYTO025, B&EH) My 600 (GX600, AHAD |,
7 H 2 H#&Fh, 7 H 31 HER, 10 4 30 Hlcik. F. i
& TO ALFE/NXASHEAR; T1 A1 T2 AbEE /)N X 200 6 22 e A
SYBEEAE, FRE BINAEA 60.00 F145.00 kg/hm®,
FE4 B A 25 72.00 H1 54.00 kg/hm?, B, AR AERR2E K
BEIHE, S5 T — 8 HARE BRS A [R] 24 Hh s e fes

IR TIT: T 2014 4 3—11 HELHERKITETFE 2
AT ANE R AR AR 2 Bl 5 A (R A IR B 1 R
. WA HHEE LS AN 30.50 gkg . &R
1.70 g/kg DM 144.00 mg/kg. EXHE 15.77 mg/kg. £

B 105.15 mg/kg. KRAHEX T, EX AMF, H. g
T 2 AN A, BRIV R E, & 3 MK, &
B3, BRATEEN 14 cm x 24 cm, 7GR 3 1, FILAT
), /NXZ I CAIEAHRE, B R, SorHEE, NXE
60 m*. FAE 3 MEEARIEEUKF2 BN 0 kg/hm?
(TO, AHEAETTE) « 45.00 kg/hm® (T1, K/SJFHR) A
AR E (T2, R, LB RN
317 (Z)217, 'BERD FiEEE 203 (GX203, AT ,
3 H 28 HIEF, 4 H27 HEHR, 7 H 15 HlGK. #EAE 3
ANFEAEIE BT B4R 0 kg/hm?® (TO, AHEAE 72D
54.00 kg/hm® (T1, RFHZ) BRI ERE (T2,
W Z , MR GFOYEF S (HLZ, SEED Al
Fiflt 308 (WY308, FAEUH) , 6 H 30 HiEF, 7 H 29
HFH, 10 H 28 Hksk. F Bifg TO AF /N X AL,
T1 Al T2 Ab3E/N X E AR SRR 7 BEAEF &, TR 40
NAIR 60.00 F1 45.00 kg/hm?, HERS 7 545 72.00 Al
54.00 kg/hm®, B EPAEFHR R FHEIIAME, SR 1 —
Fo oA HERE A R 2 Hh e AR R
1.2 MEMBS5AZ
12,1 B AR AR N E BRI SE 2T F

B M REE 201 R 2R e m ROl K22 E R AE B
Mr TREH A AW R A S A K I S A T gk
TN .. ZAS N BNE K, 2otk KA 720 A
810 nm 2 FRERMIBE LA, W% 270, WIS A3k $E
B Lnsb . TREGRR ST, IR R
10:00—14:00, HALEIREERA T, HEHRE. BHEZE 1 m
i, BAVNXIE 3 &, A ESNE S K, SNATR
LR AT ER B EW S E, BOPMEENZ/DX
DR o RIS T WA I TB) — A, T 5 MR RE 4 BEI
PO, ZAREI . R ARRAE SR AT & . 5 11 R
A I S4E 5 Mg dc g Tl & . Az 810 F1
720 nm PO G EOHE ZE A A4 B (differential
vegetation index, DVI) . H—{LiE#FEEL (normalized
difference vegetation index, NDVI) FIEL{EIE#AEEL (ratio
vegetation index, RVID) , E&REEINT

DVI:R810*R720 ( 1 )
NDVI=(Rg16—R720)/(Rs 10T R720) (2)
RVI:Rglo/R720 ( 3 )

FUH Rgy0 1 Rono 20 T N7 )2 810 F1 720 nm )% S 4%,
AT A AR A K I S W GRS
1.2.2  REFRHM T A RIR ST H) R E 5

55 J2 18 S A g [F]28 AN DXOd i il e fE
PRZEBESL. Mk 57 SR BCP I RN IR R MRS # 4 9T,
RIEERIE TR EIGO, KRR B 2R A
FH, 7F 105 C 4% 30 min, 80 ‘CHET- 48 h Bl E G &,
Bz R A TR A v TR . L TR 2R (= =
IR JE KL BRI e AR A a e S R B, R
SRR AL A 20 JNEEBEEL, BOHA REELL,  HURE 5
SERRI. S5SR. TRIRE; &/NXUE HL 4 m* il
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£, BRI R KL S, R R, FRE
B EE, RETHEITERKEN 4% NRBAET &,
FNEA =R HZE (nitrogen agronomic efficiency, NAE)
THE IR
NAE=(jiti 0 [X 7= AN il %0 X = )/t < 100%
(4)
1.3 FABEREE X
TR MORERE AL FH O (T i RAE
T JZ YIS RRE ARG E L AR e 8 (LAD , fE48 5
FRER MR H AR R N R AR (LAL) -
MERE (TND, kg/hm?®) AR A7 H [ AR 35 40 75 A &
(LNDy o kg/hm?) [IFERE E, 42080 R 507 1E 15 2 4
fEiE & & (PN, kg/hm?) .
PN=(LALyp—LAI)XLND,; o1 (5)
A LA A B AR 8 R R AR, n Do i
SR LN T €/ E G LML S ek w87 F S
T, R1GEAR R LAl MXTFEE, R4 AR LG AT
FEE BRI, AR MR SF LA, E 25N T
6.0~6.4 Al 6.4~6.7, AT KR K HE T,
KL WEFE LALy 20 HUE 6.2 £ 6.5; LAT 3R 7T H
SRS T ARFE L, AT DR BT SR AR (1) 5 2 2 A AR b
TRETEHL RS, HFE AR (6) 5 LNDya NH
Frre i N A AR PR S TR AR (kg/hm®) , HHE L
AR
LAI=axDVI+b (6)
K a. b NHFEZRE, HIAL 12013 G50 A M
2, BHEa. b RN 10928, 2.7723, WHE a. b{HY
AR 10.75. 2.842; DVI NIRATIAR & /= ZE A B 1a 4k,
HtE AR (D .
LND A= TND/LALpay 7
X F TND NHAEHFBRIETFRE, kg/hm®, HitH
WAz (8) .
TND=GYTxND (8)
A GYT A HIR &, kg/hm?, 7] LS Y477 44
DT S HAERAER, Rew RIERABEAME TS, GYT M
PRRE, AR T R A =R K b, AR 1R

% GYT 23 BIHUA 7 500 F19 000 kg/hm?; ND Ny B ¥fki
WEE (kgkg) » MR T 2013 0045 Rifie, &
SCHL WAE ND BIHUE 0.02 kg/kg.
1.4 1REEIS

K E bR FF H B 7% 2 RMSE (root mean
square error) « X 2477 i1 % RRMSE (relative root mean
square error) FIAHIC REL r K7 AR AUME 5 I AR 2 18] (1)
FFETE, FFehIBME S UNME 2 B 1:1 KRE, DE
R A AL B U5 FE AT AT 527 . RMSE. RRMSE Al 7
A L

> (OBS, -SIM, )’
RMSE =4/, (9

n

> (OBS, -SIM, )’

RRMSE 1|3 100%

n OBS,

10

> (OBS, —OBS,)(SIM, —SIM,)
r= = (1
\/Z (OBS, —OBS,)’ x Y_ (SIM, —SIM, )’

i=1 i=1

Kt OBS, AMMME: OBS, AWM FHMH: SIM,; A
B SIM, BV AT n NFEARZ B

2 HR5SH

2.1 B, BEMHEREECL LN EE R

WRL WSS A E e E Z A RS (DVD |
TR TS (NDVD FIEC(E R R 2L (RVD 251
H5mffes (LAD #4724tk X3, 200, R
IR E PG b SRR, Fo R e 50y
5 DVI IR A MR (B D, RERM RN
T 0.7447~0.8806, . BEFEHR 1T HA RN A (0 AH O 1 B
Ho BB R MBS E N, Baetd
I DVI 5 LAI LGSR BT %, HE MR-
HE BB RET 0.85.

F1 TREEHME. REHERELSER VI BHIEIFGTE

Table 1 Regression equations of leaf area index to DVI in early and late rice

HEEH FLH8 Early rice i Late rice
Growth stages Ji7% Equation Yk BH R Ji#% Equation Vs BH R
Sy B Tillering stage LAl =29.463xDVI+1.700 4 0.744 7 LAl},=8.0217xDVI+2.086 7 0.802 8
$KHATHA Jointing stage LALuiy=10.928xDVI+2.772 3 0.880 6 LAIL=10.75xDVI+2.842 0 0.878 8
ZA7#3 Booting stage LAlIearty=20.206xDVI+2.775 1 0.860 9 LAl jxe=16.615xDVI+3.005 0 0.8729
HFEH Heading stage LAl =16.114xDVI+2.645 1 0.867 2 LAlj=13.829xDVI+2.731 5 0.876 7
HESIW Filling stage LAlLyiy=17.011xDVI+2.309 2 0.784 5 LAl.=10.791xDVI+2.744 6 0.8330
£AH W Full growth period LAl =19.09xDVI+2.187 2 0.848 6 LAlIj=16.018xDVI+2.190 0 0.800 5

e JIREH LALeanty F1 LATiwe 72275 5478 LAT IR LAL FIA.

Note: LAy and LAl in the equation represented early rice LAI and late rice LA, respectively, the same as below.
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T RS I T AR T O T M AR ) T S
PE, FHREE 1 2014 4 1960560 B i b g (1 TR AR 210
AR AT TR SR . SR B bR B R A R3O AR R 2
RMSE X} 341 77 #3522 RRMSE FlAH ¢ 250 - R0 b 5L
g6 e P T AR g BB S5 IS 2 T A & . 45 SRR
B, B BRAREAS AN AR E W IR A R I TR 2 R R R AT
RMSE /T 0.22~0.77, RRMSE /T 6.18%~16.78%, r
AT 0.882 2~0.944 (& 1) o A& Bk s s 7y

©360r RMSE=0.22 RMSE=0.25
4m11§ 3.17F  RRMSE=9.30% RRMSE=9.04%
§§ 2.74 r=0.944 ©
231 oy °
£1388
v 145 L L L 1 ) I I 1 1 ]
’ 1.88 231 2.74 3.17 3.60 1.88 2.31 2.74 3.17 3.60
WLNAE Observed value WLNAE Observed value
a. FHE S BE) b. WA 73 BEI)
a. Tillering stage of early rice b. Tillering stage of late rice
7431 RMSE=0.72 o 4 RMSE=0.60
= 6.62F RRMSE=13.22% = 6.62F RRMSE=9.80%
@2 579 =2 579F =09326
=22 =2 o
2249 BE4960 g0
T 2413 T 2413
7330 L L , , . 7 330 , L , L .
413 496 579 6.62 745 413 496 579 6.62 745
MMIME Observed value MM Observed value
e. FLEA Y f. M RE 2 R
¢. Booting stage of early rice f. Booting stage of late rice
» 3-80F RMSE=0.52 o 3-80r RMSE=0.41
% 5.20 RRMSE=12.00% = 5.20F RRMSE=8.81%
=2 460k =09175, o 2 460F 1=0.8827 o
8 ]
52400 2 E 400
T E340f £ 340
7 2.80 7 2.80

340 4.00 4.60 520 580
WIAE Observed value
J. WA S I

j. Filling stage of late rice

A1

340 4.00 4.60 520 580
WIAE Observed value
i AR

i. Filling stage of early rice

Fig.1

2.3 FABIEIEIRBERY N A

FIFBES T 2013 456 B 37 1 U PR 45 A 2 1
A S BOHRLE 11 ARES T A F R ARk S b
BT TR GRS o SRRV, ARMERE .
MGG R A 2R o ) M A e I BT AN [, R 03 2t e )
JIELFH v AR B SR . s A RRE AR R R R 17
(ZIZ17) WIRERE A BN 41.15 kg/hm?, 11 KA R LA i il
¥#E 203 (GX203) MIREFH &N 39.24 kg/hm®, P
2 1.91 kg/hm® (£ 2) o X EZZ BT AR G
L7y GASRUTY oy o 7125 A NN o G N =l N T2
A5 2 DVI 3 EG S 2 S AR 2.

M 3 Wk, S&PFE (TD M, ZAEEER
RUHEFE AL AR 7 % (T2) A& R E TR S
Ti%, FREIAR S T B EEFT, T R AR
FFRHE (NAE) BESTRPTR. B MEHREN
R ENE A = T LR P17 AR 6.58 kg/hm?, TR TT
KT EME KSR AR SR TR
27.43 kg/hm® F1 0.82 N E 43 & o X Ui BT 5 485 T &
AEFIF R, W0 T BRI sk, PR T BRI
R, B RIFASRGE . #REE JRE) 2.6 Ji/ke

Tooml 24 R B AL T2 AR WDGIG IR A . Hor, B
Mo P A A e FH OGS A (RIS 1D IR i s D0 A% 2 %of v
FHREO TR AR A, WE 1 WEE, F. B
FE&ANE E B T AR i B A AOUE S5 0 AE 2 TR B A
GF R —E, WA R MRS AR T T T R R Bk AT
i) RMSE 43515 0.30 £1 0.25, RRMSE 43514 7.28%
A1 6.18%, r4rHN 0.923 2 F10.926 9. Fitt, A&
ST ) S T 1 A 8 SR S 2 DR AR S 22 FsF 4D P T R 4 K
(X 6 ).

o 5250 RMSE=030 RMSE=0.25 o
g 4751 RRMSE RRMSE=6.18%
22405 1=0.9269 ¢ 2%
= : 3
S 3.75
E 325 &
w2

2.7

325 375 425 475 505
WLM{E Observed value
d. Mg H
d. Jointing stage of late rice
o RMSE=0.68
= 6.23F RRMSE=12.32%

325 375 425 475 525
WLBAE Observed value
c. PRI
c. Jointing stage of early rice
» 700 RMSE=0.57
= 6.23t RRMSE=10.45%

g g poo®
&= 2 546 1=0.920 6 25460 1=09331 6 $
2546 ELa00l o TP
£3929 TEa &
31 L L L L ; © 31 L L L L )
392 469 546 623 7.00 392 4.69 546 6.23 7.00
MIE Observed value MIE Observed value
g BRI h. WEFEHl AR
g. Heading stage of early rice h. Heading stage of late rice
g 7457 RMSE=0.73 . 9 745 RMSE=0.77 e
S 625 RRMSE=1678% 5 625| RRMSE=1672% o 5%
%% sos| 708856 8 50508822 o e
RE385 % ogfs o

2

265 385 505 625 745
WME Observed value

k. g Al A )
k. Full growth period of early rice

265 3.85 505 625 745
WLMIE Observed value

1. Mg 4zl A )
1. Full growth period of late rice

T AG v & ARG H L ME 5 AR PB4 P iR

Comparison of between simulated and observed value in early and late rice

MFEREN 2.4 Ju/ke, THHE T KBNS T e 451K
B, 3T B E AR B m TR P TR
B MR R T 00 ISR AR B LG Ay S R LR AR P
7 103 Jo/hm® F100.9. Ut BA T 5 AL & 1R = EUEF)
R W E IR BRARAE A S35 B FE
B AL

*2 ETARPERENE. RIEEEERSE
Table 2 Nitrogen application rate based on regulation model of
nitrogen fertilizer in early and late rice

4l H & Nitrogen rate/(kg-hm™)

fen T Iy RIE WL Rk
Crops  Cultivars Basal Tillering Panicle  Total nitrogen
nitrogen rate nitrogen rate  nitrogen rate rate
ZLY1 60.00 45.00 40.26 145.26
PR 7uv3 60.00 45.00 38.88 143.88
Early
rce 2717 60.00 45.00 4115 146.15
GX203 60.00 45.00 39.24 144.24
WFYTO025 72.00 54.00 47.12 173.12
MR GXe00 72.00 54.00 45.07 171.07
Late
e HLZ 72.00 54.00 47.09 173.00
WY308 72.00 54.00 44.58 170.58
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Table 3 Grain yield, NAE and economic benefit of different nitrogen application treatments in early and late rice

i 10y = = N SR 725 Yl 2% SR LT

gii% Cﬁtﬁar FZ%EEgtfn Nifr\fgef _r;fte/ (:Trr;ﬁ};e;fd/ A Eff Aij‘:’i}ﬂz Cos‘tﬁgiﬂtﬁitzr?gen/ Yi*erlg}iﬂ%éie/ Ne{;i%%e/ Yiilii%c&gst
treatment (kg-hm™) (kg-hm™) (Jt-hm™) (Jt-hm™) (Jt-hm™) ratio
Z1Y1 Tl 150.00 a 7190.55b 13.37b 848 a 17257b 16 409 b 204b
T2 14526 b 7250.67 a 1422 a 821b 17402 a 16581 a 212a
71Y3 Tl 150.00 a 7109.65b 1295b 848 a 17063 b 16215b 20.1b
B T2 143.88 b 713548a 13.68 a 813 b 17125a 16312a 21.1a
Early rice 21717 Tl 150.00 a 7067.15b 16.71b 848 a 16961 b 16113 b 20.0b
T2 146.15b 7104.07 a 1741 a 826b 17050 a 16224 a 20.6 a
X203 Tl 150.00 a 715790 b 1322b 848 a 17179b 16331b 203b
T2 144.24b 7191.68 a 1398 a 815b 17260 a 16445a 212a
WEYT025 Tl 180.00 a 8307.55b 15.75b 1017 a 19938 b 18921 b 19.6b
T2 173.12b 8357.75a 16.66 a 979b 20059 a 19080 a 205a
GX600 Tl 180.00 a 8359.20a 15.15b 1017 a 20062 a 19045b 19.7b
W7 T2 171.07b 8359.20a 1594 a 967 b 20062 a 19095 a 20.7 a
Late rice HLZ Tl 180.00 a 8051.00 a 19.30b 1017 a 19322a 18305b 19.0b
T2 173.09 b 8057.03 a 20.11a 978 b 19337 a 18359 a 19.8a
WY308 Tl 180.00 a 8511.35a 17.66 b 1017 a 20427 a 19410b 20.1b
T2 170.58 b 8517.90 a 18.67 a 964 b 20443 a 19479 a 212a
S Tl 165.00 a 7719.29b 15.51b 933a 18526 b 17594 b 199b
Mean T2 158.42b 7746.72 a 1633 a 895b 18592 a 17697 a 20.8a

T R T AT T2 20 3R 07 SRR T %, AR AR FIREAE DT 18], bR DA 7 RERORTE 0.05 KCF 2R3

Note: T1 and T2 in the table represented farmers plan and regulation plan, respectively. Values followed by different letters for different nitrogen application treatments

within the same cultivar are significantly different at 0.05 probability level.

3 it it

KRG E g EEM T FEAR B E e —. 1L
P EKRE A, WA KRR AR Z) 340 75 hm?,
Hrb, WERELY 89%, WHleEEE. Hit, KE
TP ER AN THERE RSt afe A A HE
HIPRBEIE R . AR, Bl T EKFE = 2K A B
A IEARE R IR e P R R R, 5 SRR
AR IR, Rk, U] AR XU v 15 R S
Tk R EACRE R, B s 1 R TR DA
SN[k AN W b 155 B <X (1 NS Yl % NI W o B2
Gl L8 R L P X R A 72 R

AHFFCEE T AR B R 5 it KT 6 B TR
vl FAEESEDAE KBNS EAA, W T T
ZHRE TR DVI (810, 720)()5F . B FEH H AT EOEL
WSS R ST (g B (R0 B k), XA AT T W)
Wk . SRR, FAE B T RO T A
BT, oAb, BT HA A T AR AR HR o v AR B 2 T
e, BE S ME 2 R B B i — o, TR R
TR AR S B 5 MR AR 2 . ARG 5 AR ZE . A
KEZB N 030 A1 0.25. 7.28%F1 6.18%. 0.9232 Al
0.9269, HFET LLAEAE#EFEEL RVI (810, 560)H) /K& M-
FRFR T ORI A Y, AT 2 E % DVI
(854, 760)F 7K R H- T AR g K ) T ek SR, 5 AR
P BB Al DU TR AR AR BOEP T B, ASHIF 72 5K A8 485 504
W A K M D2 W (S O T B4 g P T AR S e A
R, gEim A EER T AR TR, B B R

SEIN . TCHRSERE R BEAE BRI LS RE T U
R B IR ZE -

AT FUAE LR 785 FETT U X2 e 7 Rk i 0 6 P i i
b BT A SR A A 2 WA R T W
FERNEVE TR o AR 5T S = 22 (A A
H DV SEAli i - AR A, 2T W R AL E R
BEATSEHERE; B EASHUD . PR RS
SERE R, AT AT T E— 2D o A AR AL R
il 3 B8 S INAT B VL PG W ARG A A Sk P e B I, —
ERRE SR T A AP T A O R AR, WA
BEARAR AF W 1 R S R IB S I AL . IR
LA RSHOTA R B RE AL G Rk AT 1 43 T
B, SERFRW], KA AR AR A B R O A
FCJ DR ST R R A R R D TR BT
L, AR EONTE /2 Z (AR A DVI 2 K= A
Tl R BRI o 3K U8 B 451 5 R P O i 28 I E AT PR R IR
T, T 46 S 0 A G It PR i BRI, XS TR
WA — 0 AR FCE R, AR B AR A
FRL BRI RE, ST FE AL, R R
RO T, BFER&EEIEFAHR BRI E. 15
IXZERG 3 A 5 E

2R, AT ST A S 0 M R A AN T
FRAA SRS 26 AF AU XU ARG X, R 1 R 5 18 4 ft
RENEARER R EER RPN, DA R &
1R ) 5 R TR 5 HORT H b7 B 22 7 W] R 2 3 OB 2 1)
SCHPEAT 2. Bk, A5 RO ARV P S AR DO A
FAIXCR ] 29 2 i B6 BRI RS BEAT A s A0 S HT 56



w2 ARG BT U A A T2 W (AR 1 X e UL T s 9 105

5583, FERANFIX A R e 1 IR SR Rk
FUR R E AR AR BEE SRR AT IR IWT T o

4 2 it

TLVE W ZEFE B A & 1) 5 |2 22 AR o 48 20 ok i
IR 2 B A Ao, ST i AR FR HOn 1S B
R R I A, A R YO 7 A e R P T AR £ 35
MR R ZE . AR I TR 22 AH O R %5300 0.30 11 0.25,
7.28%A1 6.18%- 0.923 2 1 0.926 9. #£ LA 2% FEILIE W7
T e R A AR b, WS MR 7R T
[EW KRNSO BIE R E A . SR, &
2 10 S P R FH & v TR OB S s ok P O AR,
R VR 4 A TR A it S P O 4% 7 6 T R CRIE = 7 1 [
I, el EUIE & 6.58 kg/hm?, $72 /i BUIEA 22 F) FH 22 0.82
ANE A, RS 103 J0/hm?, LI EAE A P b B
I RE

(& £ x #

[1] FE, T4, @R LG ERhX PRSI

GRS R, hERAEREE, 2011, 44(4):
691 —698.
Qin Xia, Wang Shaohua, Xue Lihong. Nitrogen nutrition
diagnosis of early rice with NDVI and its application for
nitrogen topdressing recommendation at Yingtan, Jiangxi
province[J]. Scientia Agricultura Sinica, 2011, 44(4): 691—
698. (in Chinese with English abstract)

2] HEEL KREERERN RGN RS RSSO LR

WFFE[D]. B Al K=, 2006.
Zeng Jianmin. Establishment of Evaluation System for
Nitrogen Use Efficiency (NUE) and Study on the
Mechanisms of High-NUE in Rice[D]. Wuhan: Huazhong
Agricultural University, 2006. (in Chinese with English
abstract)

[3] Guo Jingheng, Liu Xuejun, Zhang Yang, et al. Significant
acidification in major Chinese croplands[J]. Science, 2010,
327:1008—1010.

[4] Singh B, Singh Y, Ladha J K, et al. Chlorophyll meter and leaf
color chart-based nitrogen management for rice and wheat in
northwestern Indian[J]. Agronomy Journal, 2002, 94: 821—929.

[5] T4k, HLE, Tl % KEvasffaS58%
BIREWII]. hERLRE, 2002, 35(12): 1461 —1466.
Wang Shaohua, Cao Weixing, Wang Qiangsheng, et al.
Positional distribution of leaf color and diagnosis of nitrogen
nutrition in rice plant[J]. Scientia Agricultura Sinica, 2002,
35(12): 1461 —1466. (in Chinese with English abstract)

[6] Peng Shaobing, Garcia F V, Laza R C, et al. Adjustment for
specific leaf weight improves chlorophyll meter’s estimate of
rice leaf nitrogen concentration[J]. Agronomy Journal, 1993,
85:987—990.

(71 SKRIC, SKILAR, 5K, 45 AFEDGIEREBREEUE LD

FHE S RNV . REALL R, 2017, 50(3):
474—485.
Zhang Xiaoyuan, Zhang Lifu, Zhang Xia, et al. Sensitivity of
different spectral vegetation index for estimating winter
wheat leaf nitrogen[J]. Scientia Agricultura Sinica, 2017,
50(3): 474—485. (in Chinese with English abstract)

[8] Tian Yongchao, Gu Kaijian, Chu Xu, et al. Comparison of
different hyperspectral vegetation indices for canopy leaf
nitrogen concentration estimation in rice[J]. Plant Soil, 2014,
376: 193 —209.

(]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Broge N H, Mortensen J V. Deriving green crop area index
and canopy chlorophyll density of winter wheat from spectral
reflectance data[J]. Remote Sensing of Environment, 2002,
81:45—57.

Xue Lihong, Cao Weixing, Luo Weihong, et al. Monitoring
leaf nitrogen status in rice with canopy spectral reflectance[J].
Agronomy Journal, 2004, 96: 135—142.

Zhang Jinheng, Wang Ke, Bailey J S, et al. Predicting
nitrogen status of rice using multispectral data at canopy
scale[J]. Pedosphere, 2006, 16: 108 —117.

MER, AR, BkEE, & R TR E R OGERKEE
BB FE]. RERES:, 2010, 43(20): 4149—
4157.

Chen Qingchun, Tian Yongchao, Yao Xia, et al. Effects of
nitrogen fertilizer top-dressing based on canopy reflectance
spectra in rice[J]. Scientia Agricultura Sinica, 2010, 43(20):
4149—4157. (in Chinese with English abstract)

Raun W R, Solie J B, Stone M L, et al. Optical sensor-based
algorithm for crop nitrogen fertilization[J]. Communications
in Soil Science and Plant Analysis, 2005, 36: 2759 —2781.
Wood G A, Welsh J P, Godwin R J, et al. Real-time measures
of canopy size as a basis for spatially varying nitrogen
applications to winter wheat sown at different seed rates[J].
Biosystems Engineering, 2003, 84: 513 —531.

Xue Lihong, Yang Linzhang. Recommendations for nitrogen
fertilizer topdressing rates in rice using canopy reflectance
spectra[J]. Biosystems Engineering, 2008, 100: 524 —534.
b, EOUL, BREFIL, &5 BTSN
BRI T[], B R, 2007, 40(9): 1907 —
1913.

Jiang Aning, Huang Wenjiang, Zhao Chunjiang, et al. Effects
of variable nitrogen application based on characteristics of
canopy light reflectance in wheat[J]. Scientia Agricultura
Sinica, 2007, 40(9): 1907 —1913. (in Chinese with English
abstract)

%, whEs, Bk, 55 % SEY AR RIS W)
Wit 5itE[]. Rl TSk, 2013, 29(6): 150—156.
Ni Jun, Yao Xia, Tian Yongchao, et al. Design and
experiments of portable apparatus for plant growth
monitoring and diagnosis[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2013, 29(6): 150—156. (in Chinese with English abstract)
KER, BEE, 2077 EWERESLRIRRM]. b5t
PR ECE AL, 2009: 48— 50.

BHER, BPINE, B4, S5 T IR AR R
AT R B A TIARLT]. T EAR @R, 2017, 33(29):
77—84.

Li Yanda, Shu Shifu, Chen Licai, et al. A predict model of
dynamic leaf area index of double cropping rice based on
normalized method[J]. Chinese Agricultural Science Bulletin,
2017, 33(29): 77—84. (in Chinese with English abstract)
AR, VLRI R R R BOR R (9], b ROl
2, 2011, 44(2): 254—262.

Zou Yingbin. Development of cultivation technology for
double cropping rice along the Changjiang river valley[J].
Scientia Agricultura Sinica, 2011, 44(2): 254 —262. (in
Chinese with English abstract)

Ju Xiaotang, Xing Guangxi, Chen Xinping, et al. Reducing
environment risk by improving N management in intensive
Chinese agricultural systems[J]. Proceedings of the National
Academy of Sciences of the USA, 2009, 106(9): 1 —6.
BEFIZL, WDRE, PP, 45 OGS HRE S /KA R
TR [). HEAAERS 4], 2004, 28(1): 47—52.
Xue Lihong, Cao Weixing, Luo Weihong, et al. Relationship
between spectral vegetation indices and LAI in rice[J]. Acta



106 Lk TREZH (http://www.tcsae.org) 2019 &

Phytoecologica Sinica, 2004, 28(1): 47—52. (in Chinese with [25] fREM. “HZZPHERBAC” FESIERAHEARAK R[] &

English abstract) AR, 2000, 20(4): 653—658.

[23] /KM, B, Bk, & mai g fagcs KR Hou Yanlin. Theory and technological system of ecological
BRI e XA, BAESYMR, 2009, 20(7): 1685— balanced fertilization[J]. Acta Ecologica Sinica, 2000, 20(4):
1690. 653 —658. (in Chinese with English abstract)

Tian Yongchao, Yang Jie, Yao Xia, et al. Quantitative [26] SN, ZDE, T4, % ZNERFEERE MG IE
relationship between hyper-spectra vegetation indices and Wi 5 b AR AR S VR A [T]. AR, 2005, 31(10):

leaf area index of rice[J]. Chinese Journal of Applied 1333—1339.

Ecology, 2009, 20(7): 1685—1690. (in Chinese with English Lu Yanli, Li Shaokun, Wang Jihua, et al. Spectra and
abstract) recognized method for different plant type wheat cultivars[J].

[24] SKJEIE. VEMIREARSS I RIBES S e AL B RS Acta Agronomica Sinica, 2005, 31(10): 1333 —1339. (in
%, 1984, 5(3): 51—355. Chinese with English abstract)

Regulation of nitrogen fertilizer based on portable apparatus for crop
growth monitoring and diagnosis in Jiangxi double cropping rice

Li Yanda, Shu Shifu, Chen Licai, Ye Chun, Huang Junbao, Sun Binfeng, Wang Kangjun, Cao Zhongsheng
(Institute of Agricultural Engineering, Jiangxi Academy of Agricultural Sciences/Jiangxi Province Engineering Research Center of

Information Technology in Agriculture, Nanchang 330200, China)

Abstract: The fast, real-time, non-destructive and quantitative monitoring of plant nitrogen status and precise regulation of
nitrogen fertilizer has important practical significance for the development of double cropping rice production with higher
yield, better grain quality, higher economic efficiency and more ecological safety. The objective of this study was to establish
regulation model of nitrogen fertilizer for double cropping rice based on the portable apparatus for crop growth monitoring and
diagnosis, which was a multi-spectral sensor containing 810 and 720 nm detection lens and structurally was divided into
up-sensor and down-sensor, then recommend nitrogen topdressing rate, so as to achieve precise management of nitrogen
topdressing. The spectra monitoring model of leaf area index (LAI) was established based on the datasets of field experiment
with different plant type cultivars and nitrogen application rates. The nitrogen topdressing rate were calculated with the newly
developed regulation of nitrogen fertilizer model and high yield cultivation experience with LAI, which was real-time
estimated from the differential vegetation index (DVI) at jointing stage. Then the recommend nitrogen topdressing rate and
grain yield were compared with those of farmer’s nitrogen management treatment. Canopy DVI (810, 720) was well positive
correlated with LAI at key development stages (tillering stage, jointing stage, booting stage, heading stage and filling stage) of
the double cropping rice, and the linear function better fitted the relation than other functions. The models were validated using
independent field experiment datasets, involving different plant type cultivars and nitrogen application rates, the prediction
effect of model for single stage was better than the whole stage, especially at jointing stage. The coefficient of determination
(R?) of spectral monitoring model for LAI in early rice and late rice was 0.880 6 and 0.878 8, respectively. The root mean
square error (RMSE), relative root mean square error (RRMSE), correlation coefficient () of prediction of LAI in early rice
and late rice was 0.30 and 0.25, 7.28% and 6.18%, 0.923 2 and 0.926 9, respectively. The results of recommend nitrogen
topdressing based on regulation model of nitrogen fertilizer indicated that the panicle nitrogen rate of compact plant type
cultivar was higher than that of loose plant type cultivar. Compared with the farmer’s nitrogen management treatment, the
regulation treatments based on regulation model of nitrogen fertilizer obtained equivalent or high grain yield with reduced
nitrogen application rate 6.58 kg/hm’, while nitrogen agronomic efficiency, net income and yield-cost ratio was improved 0.82
percent point, 103 yuan/hm? and 0.9, respectively. Compared with the normal method, the real-time topdressing regulation
method based on portable apparatus for crop growth monitoring and diagnosis can reduce nitrogen application rate, raise
nitrogen agronomic efficiency and higher economic benefits are also achieved on the premise of grain yield, which has a
potential to be widely applied for precise nitrogen management and high yield cultivation in double cropping rice production.
Keywords: nitrogen; fertilizers; crops; portable apparatus for crop growth monitoring and diagnosis; double cropping rice;
differential vegetation index; regulation of nitrogen fertilizer; leaf area index; grain yield



