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1.1 HREXHBER

PR T EZ W5 FVE D2 B P KME(106°24'E,
38°50N) , ERF/KEZN 150~203 mm, FZEKE
1755.1 mm LL_Eo iZHXA T B2 L AR TR AR s A
SR TE], DRI, HEKSAHR2E, Ak
EROMIARRIHBIX, M KA =, BAREER, TR T K
LI5S O 1 s Sl G157 ) i 2 < 1 O e B e e
J5  HR R R (2 AR ) ARG
%, THSLARFCEIRWIER 1 FR.
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Table 1  Soil properties of experiment field

. A ; Py e pwy
R i WL pm e am BER SR RUH
; pH fii Total WAk Organic Available  Available  Available
Degree of soil . o Total N Total P Total K
salinization pH value salln_el ESP/% mattej Agke") g kg™ e kg B P B K B
Mgke') Mgke') [mgkg ) /mgkg') /mgkg)
12 FE Slightly 8.41 1.26 14.79 8.03 0.61 0.57 14.80 29.02 9.49 153.55
"% Moderately 9.14 1.40 34.60 8.02 0.55 0.61 14.71 37.33 8.80 111.88
HEE Strongly 9.98 2.56 52.95 7.85 0.42 0.69 15.61 40.97 9.29 181.79

1.2 RIEHE R EMIEFRENE

+ 3R 261 R 36 Unispec-SC - HALi 1 (i
OB, TR BCN 310~1 130 nm, ) #E%
<10 nm, ZE5PRS)E <<0.3 nm. W 5E B2 BIAE 1
PSR AR AR L 3 AN b B Rk R R AR % A B
VEMIHE AR S ) H S RIRE 2 4, 34k 10 Bk (R
REAEEIL 20 #F) , FedE AARIRES I et 2
i, FH A Y ) H AT ) R AR PR 0 45Tl —
Hula Ay, f AR o, I RAR 0 e 2 6
D52 I AR S W A B B AR 7 0.50 m 4,
AR 8% FEIEIN 2 I [E] 24 10:00~14:00, KR
DU, BBz, RIEN, JelEEE ) R
REMRERRE S E 5 %, BOFMEAE N ILREAR
WS HE . e SRR, FERE O AT HEAT R AE
MRS IE o I FRe AN AL BRI 20 BRAE SR AR AR
i, BEANCE T A A R AR AR . RGN 2
4505 F SPAD-502 2 FF AL A AR 2R M, &
PR H 26005 e L3 5 A RETFIE (g A s Gl
k) o AR 6 AN, o SR IEAE A %A
PR . FR e gt am B KR s,
WL LAL 2 AE =56 ey LA, JFe
SOIRTFL AN ) H 2% 568 265 SR R LAL
FEANE T IATE S A B B R “S” TEIURER:
R HIERES (0~20 cm) , 755 N IGE +3E pH
i (BREEVHE) .
1.3 TSR AYEE 3T 536 4F

¥ 60 MNEEASY 2 Hi5), REETHL 40 MEAH T
AR, 20 ANFEATH T IR PR . A 1) H 240

AR, RAZ I, FRER S WREEE T
VREARTII Py SRR AE AN LAL RS BE R
(077 R A OSSR s 5|\ 1358 pH {i 5 R SAS
A ] YA T vk Ry gt B TR RS SR IH — AR A R A
(normalized difference vegetative index, NDVI) H
13 pH EAE IEREARIE, B R YT e R
BRI, Yow REOEOK, BORLBAE: BRI
TEE ) B FEA AL S TE R LA KR AR 2%
RMSE K%, WERHBOR, BIITREBVN,
RUTII fie ) R

2 FER5SH

AR EHEBEEESHRITN

B P ia 32 EEUHE N R LB EPE . TR H
FIws pH A AR A8 52 Shaihia i, 3
AR Y 25 AN A B NHORE A AR AR A . B Ta FTLA
it B HIEAFRER AR, AR SR
2GS, SIPE LR R KE, W ITS
R ANRIREBER A 3 E AR RRAE 0] 5]
BEBEREEER (p<0.05) , LxF IR
L 2 ANMAb PR RIS B35 22 5, (H 3 5 AR
A ERIRR 2R 2 s TR L] b s
Bl AE - 33 TR R I 2 R e T R LR AL 8 A
e R AR, RELFH)  HEMA %L
KD R PR B8 A 7 ST 2 S A B IR T 2 Fh et
g EAEAR. AN 1b Hhal ), LAT 5 ap s (148
W FARL: AR AL 3 B e H 2ERIRR LAT B8
AT IR RE AN W, BT AL 1A B d K AR,
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O F /sl -1 Slightly alkaline soil
O p ik 4 Moderately alkaline soil

60 W R 4 Strongly alkaline soil
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Note: Different letters at the same growth stage represent significant difference (p<<0.05).
B 1 @ HRREAE S At R A BRI
Fig.1 Variations of SPAD value and LAI in summer maize

under different growth stages
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b. Characteristic curve of spectral canopy at budding stage
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Fig.2 Characteristic curve of canopy spectrum at different
growth stages in moderately soil, and at budding stage under
different alkaline degree soils
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2.3 TEESWEERELT EBEEETENILHE
SR

TR A TS BRI 260 & i %
MM RR (B 3, =0 s R = E ARk
BB, AR 3 A SR B S
K, 78 55 40 = AE 400~520 A1 1027~
1130 nm P ARG FFIKT 0.10, 521~
1026 nm “F35 T 0.18, 7F 796 nm &b 5 # L
HARZAE R R T 0.23, BRI mIE 49.81%; 7
AN R S WA AT WG B S R AR R
B AN RIFERE N B, 175U 2040 DX 38 B,
L o0 e 38 I de K (B G 45 R AE 720~
1 050 nm bk {HARS M FP33 0T 0.059, P33
A 11.29%) , HRCAFLRIN,  TF 10 3 14 i AH
/N, HAE 770~929 nm BECH TN . 5 EHK
ZAF R 26U SO R AL, B =X Ak, S
il 4 ANAE B S AP R AE AT WOG R B R T
T 2040 DRI T v 1 5t DR A 38 3R 2 6 0 I 3 R AE
A LG B TR, T AE I 204 B I S % W
WARTRERR, R SRR S LAL BOK, &
SRR AR ok J2 S G 2 22 S RO o T R R
4T ) H 25 26 It AE AR AT R 2
Ttk 2 K2 LR E, o R R AR
oA R RN Ak 24 Pk . R A 4 1 DA R LR
Bess, AGERIRMINAI LR, HARE W EA R
ot .

—4— U] 3-leaves stage  —a— pi4E I Budding
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2 8 #2240 Difference of reflectance
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B3 BEFAHTHIREZELBEL GRSHTAER
AL EAE
Fig.3 Differences of canopy spectrum under soil covered and
normal state
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AT WGH B o %I I B AR ST W] D B S
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T S R 2 R AR S = T 5 LAT I AH
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(PIAH G PERS L T 2R 228 . B e SR AR et )2
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I A I 21 A0k B el J2 ' 1% s S 2R R S A8 1 A
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a. Relationship of canopy reflectance with SPAD value at 3-leaves stage
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c. Relationship of canopy reflectance with SPAD value at budding stage
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d. Relationship of canopy reflectance with LA at budding stage
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Fig.4 Correlogram of single wavelengths reflectance to SPAD value and LAI at different growth stages of sunflower
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Mg /N AEE W EREMT 2 AR T
J7 REUL 8 R A b ARG IEREI TR R 0.10 A

0.096, 785454 N It R & ER T 0.082 Al
0.04, HAREA: T BE TR K.

22 AEEERE NDVIx) [ B ZEM FrHRRER LA
Table 2 Predicted equations of SPAD value and LAI (y) to NDVI (x) at different growth stages of sunflower

M4 2{H SPAD value AR LAT
AEH W NN — —
7 e R A e RIE R T 5 PR
Growth stage WERE State ToUH 7y c {}%f%: iﬁﬁ ¢ TG 5 R c {;%f/%: :ﬁszl ¢
Predicted equation octlicient o ) Predicted equation octlicient o 5
determination R determinationR
by (% Normal y=1315.9x*-1 148.3x+265.31 0.45%* y=27.23x*-23.99x + 5.36 0.35%
3leaves s Covered y=4.39¢>%% 0.61%* 3 =0.0004e' >3+ 0.57**
Lxuty A% Normal 1=64.10x>-357.88x+231.51 0.61%* y=824x"- 6.16x + 1.99 0.55%*
Tleaves ot Covered y=4412.1x*— 4 606.4x + 1 572.9 0.70%* y=0.044¢>> 0.77%*
B FI%%  Normal 3= 138.68x" - 138.81x +3.76 0.89%* $=630x - 6.37x +0.51 0.73%*
B 7Y
Budding  wr Covered =1 873.2x*-2 207.2x+ 685.23 0.91%* 3 =91.89x" - 106.19x + 32.58 0.90%*
FI%%  Normal = 308.45x% - 305.04x + 108 0.62%* 3 =21.60x" - 18.94x + 6.31 0.62%*
THEN y
Anthesis a2 Covered y=87.25x* - 73.10x + 47.58 0.63%* 3 =3.98:"% 0.70%*
LR M4  Normal y=-11.04x" + 17.739x + 18.125 0.70%* y=-4.55x>+528x +0.30 0.63%*
Filling Wi Covered y=-104.29x% + 86.22x + 5.86 0.74%* 3 =-16.09x> + 14.08x - 1.35 0.68**

e BBREAS =40, *F*50 5 RIRTE 5% 1%K 7 B Wk, TR

Note: Modeling samples n=40; * and ** stand for significant at the 0.05 and 0.01 probability levels, respectively. The same as below.

£ 3 FREEERH NDVI(x)XH[E HZM FRrHEEEER LAIY) R ETN A2
Table 3 Modified equations of SPAD value and LAI (y) to NDVI (x) at different growth stages of sunflower

s e fl e %
AW MR IH-2% 2 {8 SPAD value A S LAT
Growth stage State ity e RAEL Tt 77 A YesE REL
Predicted equation R Predicted equation R
—. F4k  Normal y=57.66-23.43x,-3.29x, 0.58%* 3 =1.05-0.71x,-0.068x, 0.44%+
=it
3-leaves 3% Covered y=17.48+9.38x,+0.61x; 0.75%* =-0.023+0.83x;-0.026x, 0.67**
R 4%  Normal 3=91.98-21.44x,-6.52x; 0.68** 3 =3.10+2.48x,-0.34x, 0.66**
T-leaves 3% Covered y=113.23+35.11x-9.70x, 0.77%* 3y =4.79+4.57x,-0.66x, 0.80%*
A F14%  Normal y=411.22-2.82x,-39.87x; 0.90%* 3 =26.43+0.11x1-2.61x, 0.85%*
Budding i Covered y=313.2+22.57x,-31x, 0.95%* y=4.26+4.83x1-0.55x, 0.91%*
JEEM F14%  Normal 3 =150.73+15.27x,-13.42x, 0.76%** 3 =9.89+3.44x,-1.01x, 0.66**
Anthesis #if  Covered 1 =129.21+13.09%,-1 1x, 0.72%* 3 =1.92+3.58x,-0.16x; 0.68%*
S 4R  Normal y =44.67+4.69x,-2.55x, 0.86%* ¥ =3.46+1.62x,-0.26x, 0.75%*
Filling #if  Covered 1 =54.17+1.47x,-3.48x, 0.81%* 1 =5.47+1.08x1-0.47x; 0.76%*

e 2 x. x4 035 R NDVI(550/810)F1 3 pH . A n=40.

Note: x1, x, was NDVI (550/810) of sunflower canopy and pH value of soil, respectively. Modeling samples n=40.
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Table 4 Index of SPAD value and LAI for validation of models for sunflower
2% 2511l SPAD value AR R E LAT

FEHW TR A T 5 i 16 1E TR 5 T 5 i A6 1E T 5
Growth State Predicted equation Modified equation Predicted equation Modified equation
stage WA IR 2 WA E SR ZE BATE R MPIRZE BAARE BIRZE

R RMSE; R} RMSE, R RMSE; R RMSE,
ESTine ] H4% Normal 0.41 0.57 0.51* 0.59 0.40 0.51 0.48* 0.38
3-leaves i Covered 0.56%* 0.52 0.66** 0.51 0.46* 0.55 0.61%* 0.42
Bt H# Normal 0.61%* 0.46 0.72%% 0.33 0. 60** 0.33 0.67** 0.3
7-leaves H  Covered 0.68%* 0.3 0.79%* 0.34 0.71%* 0.21 0.75%* 0.26
A A% Normal 0.80%* 0.32 0.88%* 0.23 0.81%* 0.26 0.87%* 0.12
Budding 3% Covered 0.88%* 0.26 0.92%* 0.11 0.87%* 0.2 0.93%* 0.19
FEAE B4  Normal 0.79%* 0.26 0.80%* 0.25 0.77%* 0.38 0.81%* 0.25
Anthesis 753 Covered 0.82%* 0.23 0.84%* 0.28 0.81%* 0.21 0.85%* 0.11
e A% Normal 0.82%* 0.32 0.86%* 0.16 0.72%* 0.26 0.78%* 0.20
Filling F  Covered 0.83%* 0.24 0.88%* 0.16 0.80%* 0.21 0.83%* 0.17

e WHIFAEA n=20,

Note: Verification samples n=20.

3 4 it
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2) ANFAEF W SO 1) H 9% 2 i ¢
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AR 0.81 F10.90, 78 55 444 F AR B R R E>
Wik 0.83 F10.92,
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Effect of takyr solonetzs on vegetation canopy spectral characteristics
and growth prediction

Zhang Junhua?, Jia Keli?, Li Ming®
(1. The Applied Research and Development Center for New Technology of Ningxia University, Yinchuan 750021, China; 2. The
Resource and Environment College of Ningxia University, Yinchuan 750021, China)

Abstract: In order to quantify the effect of takyr solonetzs on canopy spectral of above vegetation (sunflower) via
unifying soil background, the characteristics of canopy spectral, the relationship of spectral reflectance with SPAD
value and leaf area index (LAI) were analyzed during five typical growth stages. Then, models for SPAD value
and LAI prediction were established based on canopy spectral reflectance of sunflower and soil background pH
value. The results showed that the tendency of SPAD value was similar to LAI of sunflower. There were increased
then decreased with the advance of growth stages; they were the maximum value at budding stage and anthesis
stage, respectively. Canopy spectral reflectance of sunflower in strongly alkaline soil were higher in the visible
light and lower in near infrared region than reflectance of sunflower in slightly and moderately soil. Canopy
spectral reflectance of sunflower at 3-leaves stage decreased by 0.10 at the wavelength of 400-520 nm and
1027-1130 nm when the soil was covered with black cloth compared to its natural conditions; meanwhile, the
reflectance decreased by 0.18 at 521-1026 nm. The reflectance at other growth stages decreased in visible-light
range and increased in near-infrared when the soil was covered in contrast with its natural conditions (the canopy
reflectance increased by 0.059 in 720-1050 nm and its amplification was 11.29% at 7-leaves stage). The spectral
reflectance of sunflower at the natural state showed a positive correlation with the SPAD value and LAI at
3-leaves stage, and the average correlation coefficients between the reflectance and SPAD value, LAI were 0.68
and 0.47, respectively. Anthesis and filling stages were same as 3-leaves stage. The average correlation
coefficients between the spectral reflectance at other stages and two agronomy parameters in visible range were
-0.27 and -0.52 in visible range, and the average correlation coefficients between them were 0.53 and 0.69 in
near-infrared, respectively, the correlation coefficients between them were maximum values in near-infrared at
budding stage. When soil was covered, the correlation coefficient was comparatively higher than its natural
condition. The minimum and maximum values of determination coefficients of the models for SPAD value and
LAI were predicted based on canopy spectral appeared at 3-leaves and budding stages, respectively. The effect of
polynomial equations of SPAD value and LAI predicted were better than other equations at large, however,
exponent and power equations of LAI predicted were the best at 3-leaves, 7-leaves and anthesis stage. The models
had higher precision and capacity of predicting at all growth stage (Rspap were 0.61-0.88, Rpajwere 0.72-0.92)
except 3-leaves stage. Therefore, models involved with pH value could effectively reduce the interference of soil
background on the prediction of SPAD value and LAI of sunflower.

Key words: vegetation, spectrum analysis, growth, takyr solonetzs, SPAD value, LAI, predict
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