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Alfalfa yield prediction by some vegetative indices and environmental variables in
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ABSTRACT

This study was conducted to predict alfalfa forage yield based on some climatic, soil and vegetative
indices (PVI) derived from Sentinel-2 sensor in Sarayan (Southern Khorasan) of Iran in July 2018.
Alfalfa yield data were collected from 52 points (10 of those experimental points) in two consecutive
harvests to predict alfalfa performance, a stepwise multivariate linear regression was used. Results
showed that the alfalfa performance map, in both consecutive harvests, with the mean of rainfall, PVI
index and soil class was significant at 1% probability level. Validation showed that R?2, RMSE and
GMER were 0.82, 0.88 and 0.91, respectively, indicating the high compliance of the estimated
performance model with the actual yield of alfalfa. Also, the results of chi-square test (P = 0.99) showed
non-significant difference between actual values and estimated hay yield during two harvests. Therefore,
due to the high reliability of terrestrial observations and climatic data in the region, these variables can be
used to provide proper utilization pattern for forage plants.

Keywords: Alfalfa, climate, validation, yield prediction.

dod\R0

s, -(Agricultural Statistics, 2015) <ol ouls
IS oty wiliie bl s absle o Slae
ool 5lpls 5L 0)5e dsn 5 b ol mlie
Sgbsy ejgpel el oye3 iy o)SSI LB 2
=5 Ol 9 Slee e 5 (o Sl AL

* Corresponding author E-mail: mhoseini@ut.ac.ir

(Medicago sativa L.) axig « 21,5 LS lo
9 an dlga 5l o (8 9 Vb o Slee Lo @
Cgre Lo (sladsle oL 1 Fete plgie 4 o Faxe
adgle & Slae lawgie (Yarnia et al., 2005) sgiue
S SR )3 a8 5k AAYA (il s o Sas


mailto:mhoseini@ut.ac.ir

Gl yaie 5 (BLS s Gloasls (B hwgt daxig o Slee (S ey 1) Se 5 (goeze YYA

ol o sl (6,90 alisee slaaslin] o w3
3 oilel 0yge gy A 84S Widw, aze
Gy s Wl e Ul wSles Syl
3 el Fowlie ol ady I lad S S
s Sk Lozl eolatwl b slaslao (g )le oy jmais
CEF el LS iy el g bl
LS a5ls) SAVI s af sls oles mbs
Gl et gl als i (S oad yows
S0 b oawlie o aspe YA cds b oplis el
> » (Baugh & Groeneveld, 2006) 5 by ja>Ls
P i s G iy (o) b Ol
25 5 Shac b ¥ s o)lyalo 5l ol 00 o
Olgee (R=0.75) g3 oilp b oas wols ylas
355 iyl oelsyl (o iy 1, paS o Slae
adele o Slos psi Cg> (Lopresti et al., 2015)
ot Jloy oalS gy (a5ls 515 5 oS
S ab e Ay OgeS ) O, 4 (NDVIY)
S0NG ) 39, )5 4 gy gl o Wl o9y O
cslie gloals pend sliieds (et al, 2014
Sl oy Bk Ghlio 5 abS a5 bs)
Sids sl gl lsale glaosls < a5k
3l e a5 VIV g LAFF MIRV® TVI 2LS
o, wiien oad Jlos ol asls olitis
Arzanietal., ) wols ylis adgle g b (5,ls se

(2008
sleosls  olyemas  glolgale  polar 1 soletul
b gy soelll sloosls 5 (e (Shaalin
595 eyl b Lol cenl adsle s Shos (ress 512
ool 5l edal Cassds (9,5 a4 gt e o3l ax aS
Gl el G (S bty o8 pluald s,
Gl g 4y o Sles fpesd S8 0Ll hegh
Sy sleasls 5 S el eyl

! Soil Adjustment Vegetation Index
2 MODIS

3 Normal Different Vegetation Index
4 Transformed Vegetation Index

3> Mid Infrared Index

¢ Leaf Area Index

7 Vegetation Index

@ Ol alox ol 51 a5 W58 e 18 eolitul 890
2,5 o,lal alS a;y slaJas g 590 5l i
S s (LT 5 (S ol sla s
Anderson, ) ail oo dilhie 2 0 2L o Slee
.(1968; Burrough, 1991; Guisan et al., 1998
R Sz (omliblea sla il sl pliie (S
aS aioly lad g oS eolaiul @3 o Slee S
o Je B Gl 4 e (S5 Ol Jae )
Olme Olsi oo (Dadrasi and Torabi, 2016) ss.
o algay 1y wigles ol ads> s adsle alys
o Jloyi ool ol 5 cod (Sl e
Ay 55 (Ko yd bl nl g2 135 (e
wsle 0 s 5 et Jy Jolis LS asls
Mirakhorlo & Hosseini, ) sel cassds oy YY
P Sl Julse aslllas b Guizes (2006
Sl Gk sl Kz e plels sty
W Al e 10 g S g yauadl sles a5 wuzdl o
Nunes & Santue, ) sieus g dad | dga Cogb
o S s ySy L, 5l esliiul L (2012
oSbe iy Ol @ldle AL bwgie b
ST et 4y g Jlo b (ne S sles
Safaei ) wi asie laol ddhais ;55,5 95 455
o,Lal 3 uiione 5l S Slalae o (et al., 2013
L) Sod (pyiion 0,5 5 &5 Cewl oads
olaw) S ke 4w 5 Ol 4o Sl
Sakietal., ) 5,l0 (JT 0,5 5 oy O3l eSSl
5 o Olee b &5l jpa> 4S5 sbar (2012
el Ol by i (Shenen JI )8
PO Y - CURNE RNV OJELy[
Sl il @l aigle wdy ol Ll
AL (ol e SRl G S e
“4 Oty Jgad 3L ALl 4y g, Jad (S
Ol adsg NS aSls ke Gl
(Ehsani et al., 2007) wios 8 yxe slasg

o b a5(2012) Eldeiry and Garcia  asJlas o
5 AP dad S S s, el
5 axisn oS 3Slas Juity 350y 5 SYLezo



AR

0o i3S sreskee VOV o Yo g)ll 0y90 b
el ol a0 Sk i STas g e
oo dus Jsbo )0 a5 25 g0 g9, ol 3l (Sl
Syl )3 g wbos aslol Hler Jolole g (s
3% 9 Sebiee gytgy b S8l L (Swjk el
adlhio ol i) oo Jho A o b g 000 sloole
9 3y Slaplin) 5 St g 0,5 Glagliwl @l
a0 V1wl Gl (Sl g Wil o0 S
ot ool sl oad LS ol 5 sl
sl 18 Sas o8l jo bl ddlate ol

.(Alizadeh, 2007)

0510 20 0 40
Km

T T T ) T
58 58 58 58 58

1:700,000

T
58

B | 130000000 '.a--;‘--si

VAR s o) 8,Les D) 8,58 el sel; ol psle

b Oge )55 bawgs (Jlgie cutlop g0 (b alS

O o)...v...ad..}

by 959 3Mg0

axdllo 5 g0 ddliw

Jsb om oy ool gl Jled )o ddlaie o)l
Yo ga2,0 OA U addo O 4 a>,0 OA L8l
Ao VA 5 az 0 YV ldlie (pye 5 (5,0 adids
eVl a8 sl 15 Jles ai3s A9 g az,e YT
S WY T )] o 5omly 5 VYA o] el
(Ol i o) ailaie Corlas ol L) gelans
SS9k Kl (V JS) Sl mpe yiegkS FYY

. Southern Khorasan

“ 1:7,000,000 |
~ —<

8 [ NN

L)b‘)"*’ @L’JUC.Q OQ5J.’>L0 GLJ‘)JJ ;/.».135.41 -\ Jiw
Fig. 1. The geographical location of the study area of Sarayan.
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Table 1- Vegetation Plants and salinity indexes.

Formula Reference Kind of index

MSAVI=(1+L) * (NIR - red)/(NIR + red+L) Qietal., 1994 Cover Plant

MSAVI=2*Ryir+1-((2*Ruir+1)* 8(Ruir- Rren))*%/2

NDVI=Rpir - Rred/ RnirtRred Rouse et al., 1974 Cover Plant

WDVI= NIR -a*Red Qietal., 1994 Cover Plant
PVI=(NIR-a*Red*3-b)/(1+a"2) Qietal., 1994 Cover Plant

SI= (Green? + Rred2)*® Kappa et al., 2005 Cover Plant

Bl=(Red? + NIR?)%5 Kappa et al., 2005 Cover Plant

L=1- 2*NDVI*WDVI

Darvishzadeh et al., 2011
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Rnir, Rred, Green, a and b show the reflection in the infrared, red, green, Slope and Source width of the soil line, respectively.
Sentinel o,lsale Sluogas -¥ Jgax

Table 2. Characteristics of Sentinel satellite.
Spatial resolution Number of Bonds Date Satellite

Image width

290 Km Bond 2,3,4,8- (10m) 12
Bond 5,6,6A,11,12-(20m)
Bond 1,9,10- (60m)

2018,June,27 Sentinel2A/2B
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Fig. 2. Relationship between near red and red reflection bond to estimate soil line.
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Table 3. Characteristics of meteorological stations.

Station Name Longitude Latitude Elevation
Haji Abad 33.716 59.167 1284
Sarayan 33.85 58.517 1405
Ferdows 34.017 58.167 1293
Gonabad 34.35 58.683 1256
Birjand 334 59.483 1491
Boshrouye 37.8 54.417 885
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Fig. 3. Precipitation from local station during 2016-2017.
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Table 4. Normality test of data.

Median Mean Mode Kurtosis Skewness Sig
Yield 1(*250gr/m?) 5.6 0.197
5.61 58 131 0.739
Yield 2(*250gr/m?) 5.55 5.53 55 -0.89 0.833 0.207
EC (ds/m) 72.50 74.16 12 -1.39 -0.159 0.53
Organic Carbone (%) 15 15.6 15 0.76 0.96 0.39
Soil Class 1.15 1.2 11 457 607 0.185
Mean Temperature (°c) 19.85 19.79 20 -0.203 0.97 0.053
Mean Lowest T (°c) 25 -2.46 -3 497 2.42 0.00
Mean Highest T (°c) 32 32.48 30 -0.66 0.67 0.21
Mean Rain (mm) 120.4 120.8 134 .960 764 0.49
Wind Speed (m/s) 3.3 4 3 41.69 6.45 0.00
Humidity (%) 38.60 36.60 39 41.76 -6.75 0.00
Elevation (m) 1497.5 1480.9 1319 0.133 0.09 0.76
NDVI 183.00 176.14 100 1.2 -0.39 0.14
PVI 133.00 130.67 131 -0.503 -0.127 0.11
WDVI 209 208.1 205 -0.85 71 0.92
Salinity Index 1 1485 142.62 146 0.79 -0.82 0.093
Salinity Index 2 130.5 130.1 141 0.027 -0.405 0.8
Bond 9 171.00 175.07 171 -0.044 -0.805 0.99
MSAVI 132 1315 134 0.32 0.21 0.86
DvI 158 152.5 174 -0.37 -0.94 0.09
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Table 5. Corrolation between alfalfa yield and plants cover indexes.
Plant Index wDVI DVI MSAVI PVI NDVI

Yield cuttingl -0.18 -0.59” -0.006 -0.66™ -0.6”
Yield cutting 2 -0.17 -0.55" -0.002 -0.69™ -0.55"
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Table 6. Corrolation between alfalfa yield and some climatic parameters.

Climate Elevation Humidity Wind Rain Mean Maximum Minimum
Speed Temperature Temperature Temperature
Yield cuttingl -0.00 -0.15 -0.12 0.58"™ 0.09 -0.13 0.11
Yield cutting 2 -0.04 -0.12 -0.09 0.55™ 0.08 -0.08 0.14
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Table 7. Corrolation between alfalfa yield and some soil characteristics.

Soil Index EC Organic Soil Class (EC- Salinity Index 1 Salinity Index 2 Bond9
Carbone Cation)
Yield cuttingl -0.37 0.13 -0.26" 0.17 -0.07 0.46™
Yield cutting 2 -0.35" 0.16 -0.29" 0.17 -0.03 0.48™
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Table 8. Determination coefficients of alfalfa yield estimation.

Model R R Square Adjusted R Square Std. Error of Estimate
Yield 1 0.77 0.59 0.56 1.81
Yield ¥ 0.76 0.58 0.55 171
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Table 9- Regression analysis of alfalfa yield estimation model.

Model d.f. Sum of Square Mean of Square F Sig
Regressionl 3 180.96 60.32 18.50 0.000
Residuall 38 12391 3.26
Totall 41 304.86
Regression2 3 157.3 52.44 17.98 0.000
Residual2 38 110.8 2.92
Total2 41 268.12
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Table 10- Regression coefficient of models.

B Std. Error T Sig.
(Constant) -37.2 12.56 -2.96 0.005
Yield 1 Rain 0.35 0.102 3.5 0.001
Soil Class -0.789 0.33 -2.4 0.021
PVI -0.021 0.006 -3.54 0.001
(Constant) -35.67 11.87 -2.67 0.006
Yield 2 Rain 0.34 0.096 3.5 0.001
Soil Class -0.74 0.31 -2.37 0.02
PVI 0.019 0.006 -3.43 0.001
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Fig. 6. Map of alfalfa yield prediction in the first and second harvest.
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Table 11. Model evaluation parameters.

R? RMSE GMER
Yield 1 0.757 354 1.03
Yield 2 0.624 43.03 1.09
S8l G5 y5e31 VY Jga
Table 12. Chi-Square test.
Chi-Square d.f. Asymp. Sig.
Yield 1 4.28 7 0.74
Estimation of yield 2.43 8 0.63
Yield 2 5.42 7 0.61
Estimation of yield 1.43 8 0.99
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