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Abstract:

Acrtificial intelligence has achieved an advanced step in the field of agricultural crop productivity
estimation programs using remote sensing technology that records growth data spectrally during all
developmental stages until harvest under conditions of all geographical ranges. This research aimed
to apply artificial intelligence to multi-indices/multi-stage spectral sensor data. To estimate
production and then predict crop productivity from early growth stages under the influence levels of
water and nutrient supply stress for the cotton crop under growing conditions in arid and semi-arid
areas, as well as in order to determine the best predictive neural models with a smaller number of
data for input spectral indices and specific growth stages that It gives the highest accuracy of
forecasting crop productivity. Productivity was estimated and predicted according to three neural
models: the first: the estimated/comprehensive model: which estimates productivity based on 231
factors of data for all spectral indices (21 indices) during all stages of development (11 stages), the
second: the predictive/comprehensive model: which predicts productivity based on 63 factors for the
data of all spectral indices /21/ from (first 6 stages of 11). Third: The predictive/abbreviated model:
which predicts productivity based on 30 factors for the data of a number of spectral indices /17/ from
early stages (first 6 stages of 11). The average productivity estimated by the three neural models was:
167.1, 168.4, and 169.3 kg/1000m2, respectively, compared to the actual productivity of 168.4
kg/1000m2for the cotton crop (as an average under all stress conditions). The predictive spectral
model designed with artificial intelligence according to a certain number of specific spectral indices
and with specific growth stages (the predictive/abbreviated model) gave high accuracy in predicting
crop productivity compared to both the estimated and comprehensive predictive models under the
influence of growth factors and water and/or nutritional stresses versus the recorded productivity.
Field conditions in dry and semi-arid areas.

Keywords: Artificial Intelligence, Growth Stages, Spectral Indices, Productivity
Prediction, Cotton.
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N | Category Index Equation References
1 |Broadband Normalized Rouse et al.
Greenness Difference P -p 1973
Vegetation NDVI = NIR RED Tucker 1979
Index + Jackson et al.
PnIR T PRED 1983
Sellers 1985
2 Simple Ratio Rouse et al.
Index SR = PNIR 1973
Tucker 1979
PRED Sellers 1985
3 Enhanced p -p Huete et al.
Vegetation EVI = 2.5( g IR 7R§D 1) 1997
Index Pnir T OPrep — /-2PBLUE T
4 IAtmospherically (2 ) Kaufman and
Resistant , Pnir — (“PRrep ~ PBLUE Tanre 1996
veostation | ARVI =
getation +(2 s )
Index PNmR t | <PRED ~ PBLUE
5 Sum Green The SG index is the mean of reflectance across the Gamon and
Index 500 nm to 600 nm portion of the spectrum. Surfus 1999
6 [Narrowband Red Edge Gitelson and
Greenness | Normalized ; p750 a p';os Merzlyak 1994
Difference NDVI /0 VIR S —— Sims and
Vegetation P7s0 T P05 Gamon 2002
Index
7 Modified Red Paso— Pass Sims and
Edge Simple mSR 705 = F50 11445 Gamon 2002
Ratio Index pjos -_ p445 Datt 1999
8 Modified Red Datt 1999
Edge LR T Sims and
Normalized mNDVI g = P7s0 ~ P7os Gamon 2002
. 7 5
Difference P750 + P70s — 2Pa4s
Vegetation
Index
9 'Vogelmann Red P~ 40 Vogelmann et
Edge Index 1 VOG] = - al. 1993
P720
10 'Vogelmann Red o = Deran Vogelmann et
Edge Index 2 VOG?2 = P73t ~ P74 al. 1993.
715 T P726
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'Vogelmann Red

p — Pur Vogelmann et
Edge Index 3 VOGS = O 147 al. 1993.
715 T P720
12 Red Edge Results are reported as the wavelength of the Curran et al.
Position Index maximum derivative of reflectance in the vegetation 1995.
red edge region of the spectrum in microns from 0.69
microns to 0.74 microns.
13 | Light Use | Photochemical Ps31— Psa Gamon et al.
Efficiency | Reflectance PRI = 7331 F570 1992.
Index cn1 + Dam Gamon et al.
Ps31 1 Ps70 1997
14 Structure P — Pa Penuelas et al.
Insensitive SIPI = B00: A4S 1995.
Pigment Index Psoo — Peso
15 Red Green Applications include plant growth cycle (phenology) Gamon and
Ratio Index studies, canopy stress detection, and crop yield Surfus 1999
prediction. Results are reported as the mean of all
bands in the red range divided by the mean of all
bands in the green range.
17 | Canopy Normalized A Serrano et al.
Nitrogen Difference NDNI = log(1/p510) — log(1/p 1¢50) 2002
Nitrogen Index log(1/p;510) +1og(1/ P eso) Fou;tggsét al.
18 Dry or Normalized Serrano et al.
Senescent Difference 2002
Carbon | Lignin Index NDLI = log(1/p1754) —log(1/pP g0) Fourty et al.
" log(1/0:s o(1/ 1996
10:,(_1 pl/5-1-) +JOO(_J. pl680] Melillo et al.
1982
19 Cellulose e Daughtry. 2001
Absorption CAI = 0.5 Pa000 ~ P2200 Daughtry et al.
Index R A 2004
P2100
20 Plant P - Pg Merzlyak et al.
Senescence PSRI = 680 300 1999
Reflectance P75
Index 750
21 Leaf Carotenoid 1 ] Gitelson et al.
Pigments Reflectance _ 2002
Index 1 CRIl = ( j_( )
Psio/ \Psso
22 Carotenoid ] 1 Gitelson et al.
Reflectance N _ 2002
Index 2 CRIZ = ( ) w ( )
Psi0/ \P7o0
23 Anthocyanin ] 1 Gitelson et al.
Reflectance 2001
Index 1 ARIl = ( )_( )
Psso P00
24 Anthocyanin 1 1 Gitelson et al.
Reflectance ARI2 = psm[ —] - ﬂ 2001
Index 2 P 550 p?(l)
25 | Canopy Water Band p Penuelas et al.
Water Index WEI = 900 1995
Content = Champagne et
Poro al. 2001
26 Normalized Pgs7 — P1241 Gao 1995
Difference NDWI =
Water Index Pss7 T P1241
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27 Moisture Stress P Hunt and Rock
Index _ F1599 1989
MST = Piis Ceccato et al.
2001
28 Normalized ) -p Hardisky et al.
Difference NDII = 819 "1649 1983
Infrared Index p819 + plb#‘) Jack;ggft al.
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SG ARVI EVI SR NDWI NDGI NDVI
REP PRI VOG2 VOG1 mNDVI705 mSR705 NDVI705
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Model Summary Value N Percent
Eum of Squares | 0.101 Samole Training | 160 | 70%
ini rror :
Training _ P Testing |71 | 30%
Relative Error 0.004 Valid 31 | 100%
Sum of Squares | 0.067 -
Testing _Error Excluded 0
Relative Error 0.009 Total 231
J ° o
. &
@ oo ° | Quz.s?
J a o° OZ %:" o cdh
E J 3¢ Z % ° ® @;&7
6o o T o . o, o &
o i - ° & 0° g @ o T % °
° L0 -
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Normalize Normalize

S Independen | d SN Normalized Independen SN Independen | d

N t Variable Importanc Importance t Variable t Variable Importanc
e e

1 NDVI1 32.7% 81 NDVI17054 24.4% iﬁ SIPI7 18.9%

2 NDVI2 34.2% 82 NDVI17055 20.3% ;6 SIPI8 27.5%

3 NDVI3 29.4% 83 NDVI17056 22.6% 56 SIPI9 31.7%

4 NDVI4 22.8% 84 NDVI17057 48.6% 16 SIPI110 30.1%
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NDVI5
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NDGI11
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21.2%

22.4%

81.7%

44.0%

26.8%

25.5%

15.5%

46.4%

28.8%

26.4%

21.8%

25.6%

33.7%

15.6%

23.4%

45.8%

27.0%

32.4%

100.0%

22.4%

33.9%

23.7%

34.6%

32.3%

49.0%

21.7%

67.8%

53.1%

18.7%

21.1%

54.2%

10.2%

17.7%
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VOG11
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40.4%

24.0%

21.0%

22.1%

34.0%

41.3%

20.1%

45.8%

23.3%

35.6%

33.5%

9.7%

34.5%

57.0%

16.7%

24.3%

22.1%

62.6%

36.6%

28.7%

40.8%

29.3%

36.3%

22.2%

15.3%

24.3%

30.3%

74.4%

21.3%

46.3%
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SIPI11

RSRI1
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SRI11
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SRI18

SRI19
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SRI111
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SRI29

SRI210

58.0%

13.6%

62.0%

18.1%

36.2%

15.8%

28.9%

49.9%

12.8%

22.1%

30.0%

40.3%

22.1%

44.7%

31.1%

14.8%

23.2%

17.7%

13.5%

83.8%

55.6%

25.9%

14.5%

47.7%

26.1%

20.5%
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27.3%

31.1%
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s | 575 49.6% 2t | vocis 29.3% 22 | srim 18.3%
s | SRS 21.5% b | vosio 26.0% N T 26.8%
w0 | SR7 22.1% &2 | voeio 22.8% 20 | arinz 34.4%
4 | SR8 25.1% 12 | voeinn 49.6% 201 ARz 38.29%
4 | SR 36.4% 32 | vocar 17.0% 20| AR 34.8%
4 | SR10 42.7% 32 | voez 31.1% 20 | arus 47.5%
| SR11 25.5% 22 | voczs 22.1% 20| Arie 39.9%
=Y 48.7% &2 | vocas 37.5% 20 | Ariz 20.3%
46 | EVI2 25.7% &2 | voozs 22.4% 20| Ariig 24.4%
4 | Evis 28.4% 12| voeas 30.9% 20| Arno 45.2%
48 | EVI4 205% &2 | voczr 15.4% 20| Arito 15.9%
4 | EVIS 17.0% o¢ | voczs 15.6% 2 | AR 51.0%
50 | EVI6 41.4% a3 | vocze 25.2% | Arizn 59.4%
o | EVI7 13.9% 1> | vocaio 22.7% 2| ARz 32.5%
o | EVI8 18.9% 3> | vocaus 74.8% 2L | ARz 35.7%
55 | EVI9 49.3% 2 | PR 33.6% 2L | Arize 65.4%
50 | EVILO 27.5% 2| pr2 15.8% 2| Arizs 22.0%
55 | EVILL 30.2% 2 | Priz 28.7% 2t | Arize 465%
55 | ARVIL 33.9% é?’ PRI4 19.2% 21 ARI27 16.5%
57 | ARVI2 385% %3 PRIS 33.2% ?1 ARI28 24.0%
ss | ARVI3 44.4% é?’ PRI6 25.6% ;1 ARI29 17.6%
5o | ARVIA 26.7% & | eri7 40.6% L] Ari2io 29.4%
o0 | ARVIS 24.7% o4 | eris 54.5% 22 | arin 26.8%
o1 | ARVIE 32.2% | erio 23.9% 22 | wen 70.3%
6 | ARVIZ 17.4% 34 | prino 29.29% 2 | wei 28.6%
63 | ARVIS 17.4% ;4 PRI1L 38.5% 32 WBI3 29.0%
6a | ARVIO 44.6% | rere 20.1% iz WBI4 21.0%
65 | ARVILO 28.1% é"’ REP2 25.3% gz WBI5 28.2%
o | ARVILL 25.7% &4 | reps 25.29% 22 | waie 54.0%
o e 67.3% 4| repa 42.6% 22 | warr 35.9%
o | 62 42.3% o | reps 33.5% 22 | wass 51.5%
o | 563 61.0% & | reps 52.5% 22 | waig 46.3%
o | se4 18.1% e | re7 39.5% 23 | weino 35.3%
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71 SG5 19.5% 15 REP8 18.6% iS | WBI11 | 46.9%
72 SG6 33.4% ;5 REP9 47.7%
73 SG7 25.1% éS REP10 21.8%
74 SG8 90.2% 15 REP11 28.1%
75 SG9 52.6% éS SIPI1 39.2%
76 SG10 70.9% éS SIPI12 22.1%
77 SG11 23.7% %5 SIPI3 25.8%
78 NDVI7051 25.5% éS SIP14 17.9%
79 NDVI7052 34.5% 35 SIPI5 56.8%
80 NDVI7053 25.3% 36 SIP16 50.2%
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Model Summary Value N Percent
. Sum of Squares Error | 0.028 Training | 44 70%
Training - Sample -
Relative Error 0.001 Testing | 19 30%
. Sum of Squares Error | 0.002 Valid 63 100%
Testing _
Relative Error 0 Excluded 0
Total 63
1 ° -
. EE08 &;913
Ek 5% % g " =g ° ! G
"R °‘:0uu§9°°ﬂu‘?5?’ ' &
o ® ir @
= ° &
¢

Predicted Value| "
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. gad s ja S
SN Independent Normalized SN Normalized Independent
Variable Importance Importance Variable
1 NDVI2 18.5% 33 VOG18 13.4%
2 NDVI5 50.4% 34 VOG22 90.9%
3 NDVI7 16.6% 35 V0G24 12.6%
4 NDGI4 21.3% 36 VOG26 65.9%
5 NDGI5 14.6% 37 PRI2 34.0%
6 NDGI6 30.7% 38 PRI5 15.9%
7 NDWI4 25.0% 39 PRI6 100%
8 NDWI6 16.3% 40 REP2 41.1%
9 NDWI7 36.2% 41 REP4 16.2%
10 SR4 56.6% 42 REP8 17.2%
11 SR6 20.7% 43 SIPI2 18.8%
12 SR7 34.6% 44 SIPI3 19.0%
13 EVI2 27.6% 45 SIPI7 19.5%
14 EVI4 67.7% 46 RSRI4 24.4%
15 EVI7 36.7% 47 RSRI6 31.3%
16 EVI11 20.8% 48 RSRI8 29.3%
17 ARVI6 10.9% 49 SRI11 18.1%
18 ARVI7 20.8% 50 SRI15 22.4%
19 SG2 15.9% 51 SRI18 15.4%
20 SG5 60.6% 52 SRI21 27.0%
21 SG8 15.3% 53 SRI24 36.3%
22 NDVI17053 17.3% 54 SRI28 35.7%
23 NDVI17055 47.6% 55 ARI14 60.4%
24 NDVI17058 54.3% 56 ARI15 20.9%
25 mSR7051 49.3% 57 ARI16 9.9%
26 mSR7056 66.1% 58 ARI22 41.3%
27 mSR7058 9.7% 59 ARI25 20.1%
28 mNDVI17052 23.5% 60 ARI26 17.6%
29 mNDVI17057 28.0% 61 WBI2 28.3%
30 mNDVI17058 24.1% 62 WBI6 42.3%
31 VOG13 18.6% 63 WBI7 25.9%
32 VOG17 13.1%
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Model Summary Value N Percent
Sum of Squares Training | 30 75%
Training _Error i Sample - stin ; 10 25%
0
Relative Error | 0.001 - g
S S Valid 40 100%
. um o7 SqUares {0,007 Excluded 0
Testing _Error
Relative Error | 0.001 Total 40

Predicted¥Value’

snanll 3 saill Uasl) 08 (8 U< Zasaill (3895 0hal Lpalul) af 7 JSa

Lali¥) s & jeaiaall/ 5l Unasall Jlia juaiaall/ 5l 3 gumal
b iah Qb S pi) JaLall/ g 50l 3 spaanl) 23 gaill 8 (%) sl L0aa) (10 Jsaa
Independent Normalized Independent Normalized
SN - SN )
Variable Importance Variable Importance
1 ARI15 70.4% 16 SG1 26.3%
2 ARI21 69.0% 17 SG3 20.5%
3 ARI24 45.6% 18 SG8 13.6%
4 ARI26 3.0% 19 SIPI5 52.7%
5 EVI1 3.9% 20 SIPI6 59.8%
6 mNDV17053 46.9% 21 SR2 7.6%
7 NDGI1 43.8% 22 SR5 33.0%
8 NDVI7 89.2% 23 SRI18 57.7%
9 NDVI7057 9.2% 24 SRI21 23.7%
10 NDWI1 5.3% 25 SRI24 87.0%
11 NDWI7 63.7% 26 VOG12 41.3%
12 PRI8 100% 27 WBI1 60.2%
13 REP6 5.1% 28 WBI6 19.1%
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14 RSRI2 51.0% 29 WBI8 79.7%
15 RSRI7 VOG14 11.3%

Normalized Importance
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