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/1. Introduction \ K 3. Research Question \ 4, Experiment Complementary analysis:
 PAR was measured to computed ChF vyield
Is it possible to extra polate  Orita wheat cultivar were grown outdoors field at (normalized data).
Crop yield decreases when photosynthesis is limited by drought conditions. Yet the knowledge acquired gy Yo Artzonars Maricopa: Agriculural CENtEr . coefficient of variance (cv=standard deviation/mean)
farmers do not monitor crop photosynthesis because it is difficult to measure at bout ChF usi ti ' of the main factors affecting ChF measurements was
the field level in real time. Chlorophyll fluorescence (ChF) can be used at the field abou using active * After 2 months of plant growth, Chf measurements computed per each day:
level as an indirect measure of photosynthetic activity in both healthy and techmques at leaf level to were taken once a week from February 24t to April oat
: : : : h : o leaf area
physiologically-perturbed vegetation. ChF can be measured by satellite-based . 2 27t 2012, 9 days in total.
. . . assive measurements of SIF: - il
sensors on a regular basis over large agricultural regions. P Treatment: o leaf heterogeneity (CO, assimilation and stomata
B ' ied conductance to water vapor)
NSRS ARSI IENES WETE ap!o €d. o measurements inputs (PAR, reference and vegetation target
* n =243 (3N treatments x 3replicates x 3 leafs x 9 days).
e ~N e ~N }. - spectrums).
Leaf level Landscape scale /A 1
. Measurements: : :
Gas exchange Remote Sensing N }é : : :  The cv for active and passive ChF measurements was computed.
Measurements Measurements /\J <o  Active and passive technigues were used to measure
\ y \ y | ChF.  The cv for leaf heterogeneity, active and passive ChF measurements for a one day experiment in cotton leaves
l l % \. Photosynthetic active radiation (PAR) growing in a growth chamber under different water treatments (n = 28) was also computed. y
Chlorophyll Vegetation Index / \
Conce?tratlon (ND‘VI, EVI) No normalized
‘ 5. Field Scale 5.2 Daily Davs
direct indirect | | Technique N 55 62 69 83 90 97 104 111 118
\L l No Normalized Normalized
5 1 Seasonal 800 . | . . . . 08 v' 3FLD,,;, and Fw,,, ,,- showed a L 3212 3128 2722 4002  300° 290* 3052 2832 2472
) 3FD7es o A | 3PPz ® b ith F Fsworis M 3802 497°  451° 4951 489Y  460° S61°  421®  491P
Photosynthesis Photosynthesis 7001\ 104x +209 T y=0.02x +1629 107 etter agreement With F759.7;5, :
H 5970 5550 632°¢ 4991 4920 506" 727¢  635¢ 647"
. . _ 600 r 10.6 ‘/
l  Strong and significant positive . 3FLD,4; better results than L 163 13220 135 135 0912 0.77°@ 1.01* 0.68* 0.612
: : : < 500 105 2 ; b b b b b b
© Good!! But..on | inear relationship betweer ) R T 2w sob 5mab _iem  nes 1800 272 26 203
ood!! But...Only : : : - & 4007 — 104 R : : : : : - : . .
At leaf scale ® Not Good!! active and passive technigues in 20| e | los & L 1360 1.14° 1.14° 0917 065 0512 0722 0598 0.54°
both normalized and not | Bl e | * later in to the season the iFLD7%s M 1498 1312 185 1212 1.06*® 1212 164° 1.122 123
normalized date set. p=1.516-010 p=3.646-000 | variability in leaf heterogeneity H 1922 1952 230° 1.532 146 1312 2.16% 2.13% 1.490
e Constant bias between "% : éz 3 0 : SIFéy_ew 3 2" decrease (days 83, 90, 97, 111, L 1.542 1.253b 1.4{13ID 1.282  1.082 0932 1.04* 1.182 1.0{}:
o o o SIF (W/m? um sr) ' x 107 a a- a- a 3 a 3 a
We need a good estimate of photosynthesis at field level !! technigues was observed; no - - Ny and 118) — where F, 50515 Fwesr ’I”{’I 1; 11-4;?b 222?59 . igz :ig }22 éii é;‘; i;gh
zero intercept was found. N ¢ | Mroos ® 1.7 AT ) BT s ST e L 169 131° 135 1528 1228 10.1° 1L7° 113% 9.61°
: e i , y=4ox+23 © y= -0.04x +1780 | same response for the nitrogen - | jab jab i . ab | SE st
We think that answer lies in: The FLuorescence EXplorer (FLEX) e Due to different: 600 | jos treatmen:’s g Fwipg-715 ‘;{*I ;’g: g l;h 2;' I;b 1231.8; 115:55; E.gh ig;z ;ﬁ.:c ;?*:h
CHLOROPHYLL FLUORESCENCE' is the first mission proposing to : | h % 500 o 198 3’ | ' ' ' ' ' ' ' : '
Which We Can measu re using Pulse_amplitude ﬁ o O Measur.lng.wav.e engt * w§ 400 | 104 g > In ContraSt the days Wlth hlgher u Different letters denote significant differences at the a=0.05 level.
i . . IaunCh d Satelllte for the gIObaI O ChF eXCltatlon ||ght L 0 . oge . Bold highlighted indicate that active and passive technique provided the same results.
mOdUIatEd InStrumentS (PAMI I'e'r aCt|Ve monitoring Of Sun induced . 300 ¢ 10.3 - Varlablllty for Ieaf hEterogenEIty Grey color highlighted the days when active and passive technique provided the same results.
technjque) and we will be aTbIe to measure by fluorescence (SIF) in terrestrial 7 Besr reslre. ool 4 | 8 N (days 55, 62, 69, and 104) no
satellite (i.e., passive technique) . vegetation. o |  p=541e:010 O petoeedor] match was found between
—> 3FLDzszand Fwypp. 75 0 N e 0 " oardes techniques.
— No normalized moHm st X
2. MEthOds: Pa SSI\’e and ACtlve TEChnlqueS \ = Note difference in scale at A-B and C-D because Fw,,,_,,5s represents the area between 700 to 715 nm
Active technique Passive technique / -
N ) PAM FLD Filtered illumination 6. Leaf Scale Best results 3FLD,., & No normalized
pproac (Licor 6400) (3FLD and iFLD) (Fluowat) 6.2 Daily 1500 — : :
N lt - F-. - 3FLD?63 F1l”68? 60 A . ' | | | y=140x + 176 Doy =55 | y=43x+ 397 Doy=62 | y=103x+ 283 Doy = 69
omenclature 5700713 FLDss: Fwi00715 6.1 Seasonal 1000 | | A “le
763 —~ . ° o o o . 10 r
Measuring light red LEDs Sun light Sun light /=05x i ele O 50 < a0 - Weak but significant relationship 5 . o °
H H - O O I w - © © Eknc;v;i:mN xx ° ©
G spectrom B 535 o (OB band — v Weak but significant e 0 -I was obse.rved betyveen active e 0 x| O/V@ X
measurement wavelength - 763 nm (O2-A band) o T Spee relationship was observed )%O o1 gmﬁh Chambe; | and passive techniques for most IR Rm0z0| “ R0 0% O R=0.30
ChF measured mainly re- between active and passive 2 i of the days (p < 0.05,days 55, 69, oo . p=0.05 | p=0.37 p=0.02
emitted by PSII & PSI PSI PSII . S S a9l | y=26x + 430 Doy =83 | y=110x+ 282 Doy =90 | y=97x + 301 Doy = 97
(Figure 1B) techniques across @ 500 5 83, 90, 97,111, 118).
Tarset distance om cm/ground/airborne/satellite em treatments at leaf level. ”0 * No significant difference o 1000
€ observation I ] S
i ) between slopes for day 55 and B " 3 "
e Large scattering was found mmgﬁg@ _ P Y £ ol oo [« Zaro o=k
o R2=0.93 I | 111, day 55 and 118, day 69 and 5 o 3
j ; Summar when we analyzed leaf to 0D © oy 10 S 002 | T R0z O K037
Passive techniques - Fraunhofer y . 0 OHigh N p=2.3e-010 90, and d ay 69 and 97 (p< 0.05) §=6%22 O R0z R0
Line Discrimination (FLD) leaf correlation between ' ' ' ' 1500 - - - - - -
4} 5 , 0 1 2 3 4 5 £ 100 o . y=56x + 487 Doy=104 | y=136x+222  Doy=111 | y=154x+271  poy=118
o techniques. SIF (W/m? um sr) < . /\ A
out | ot e T o= Why ? 5 L /\ , A | /\ | i / | v’ At leaf level and daily scale it o % ) Z | o
Y = 55 62 69 83 90 97 104 111 118 . . S o X © o ”
By . was not possible to define a o b5 00 * 9
Bt w — Both wheat (outdoors) & cotton (green house): Day of the year unique e:|uation to estimate SIE | % T A %D
R Nl I:||:| 2_ a{ite 2_ SXX 2_
L Jlloizeszncs S * No — leaf area or measurements inputs — cv < 20% st are messomentims [t ceiase from active ChF measurements. O 07 p=0.001 p=0.62
: : G osl ° i 0 0 _ . _ (Fs700-715) 0 2 4 0 2 4 0 2 4 6
A, A, Yes % Ieaf hEterOgenerty ZOA) < CV > SOA) [Ilgsfg:z}techmque — Leaf heterogeneity SIE (W/m2 um SI') SIF (W/m2 um SI’) SIF (W/m2 um SF)
o v' cv for 3FLD,; was consistently higher than F_,,, ,;: “Onirogen inpur =< rigation
il \ =  Bold highlighted when p < 0.05. /
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