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Solar Radiation Sensor

ES Radiation scusor is a quantum
sensor that is enclosed with 4-20mA
adapter. The sensor may be purchased
as part of a Meteorological station or

A
~ 2 _E_ _E_ N O 2 _\ N as stand-alone sensor. As a quantum
E E ‘ ° I sensor it is designed 10 read velocities p
‘h 'E\ /F PF' of radiation in the viewable spectrum
—_— —

100-700mm, which is the

Photosynihetically-active radiation

(mostly known as PAR). The 4-20mA

adaptor is factory set to give a read of

4mA when there is no sense of

radiation in the spectrum. and 20mA (full scale) at 2000 PAR. It needs
DC power supply of 26-13V for its basic functionality.

Photometer B& &

Illumination, in Lux

Quantum Sensor & &

Photosynthesis, in wmol/m?/s

Pyranometer #5 &3 | Solar energy, in W/m?
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Precision Spectral Normal incidence
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LI-190: Quantum
LI-200: Pyranometer

LI-210: Photometric meter
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Human Plant

Spectral irradiation vs.
sensitivity curve of
Plants
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electrical anergy
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Lambert’s cosine Law

As you change the angle of incidence (0), the
intensity of a light beam will decrease as the
angle of incidence decreases

The reduction carries over into the amount of light
that passes through the greenhouse covering.

~ 5t &

90° is the angle at which transmission intensity occurs

As the angle of the sun hitting the greenhouse roof
Increases to 90°, light transmission into the greenhouse
Increases.

In general, the higher the sun is in the sky, the greater
the transmission into the greenhouse.

Low sun angle in the winter along with short days
dramatically reduce light levels in the greenhouse
during that time of the year.
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Time o
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T %= gy
? 90 100 Ju\l)"
April 69 87 August
March 61 67 September
February 46 43 October
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January 31 27 November

e N

December

Figure 1. Monthly sol lar radiation leve[ as percent of maximum month
(July). "Average of langley's of radiation recorded by the
U.S. Weather Bureau at Madison, WI, for a five-year period
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Sun vs. Shade Leaf l
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 Controls Photomorphogenesis (plant
development and form)

» Mediated by phytochrome (protein pigment)
— red light absorbing form (Pr)

— FR light absorbing form (Pfr)
— Forms are photoinconvertible, depending on the
which type of light is absorbed

.
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FR

Red

b P RIFRE GL ¥ < 1)9F o

Low R:FR can result from increase in FR or
reduction in Red and is indicated by:

Elongated internodes (stretching)
Reduced lateral branching

Elongated petioles
Larger, thinner leaf blades

e N

Smaller total leaf area (due to lower numbers of
leaves

Reduced chlorophyll synthesis
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R:IFR <1

Elongated internodes
(stretching)

Reduced lateral branching
Elongated petioles
Larger, thinner

Smaller total leaf area (due to
lower numbers of leaves)

Reduced chlorophyll synthesis

R:FR >1

Reduced internode length
(short stems)

Increased lateral branching
Shorter petioles

Thicker, smaller leaves
Greater total leaf area

Green (increased chlorophyll)

P 0 s D U AL 7
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Leaves strongly absorb red and blue light

The closer plants are to a neighboring plant:
+ less red light available for absorption
« still have nearly all FR light present because of FR
is transmitted and reflected but not absorbed
Phytochrome responds to the quality of light
within the canopy of crowded plants

Mechanism by which plants can tell how close
neighboring plants are and out-compete for
available space

AR TPri A frenkarE o ProldcwrigE s
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GRCR RS-
End of Day Response

WAVELENGTH (nm )

FR/R RATIO

MINUTES BEFORE DARKNESS

Rl- P R
Plant response to the changes in the ratio of

Red/FR light

As day progresses, greater chance of scattering
light in atmosphere because of lower sun angle

Shorter A have greater probability of scattering
At end of day, lowest Red/FR ratio for the day
— red light scattered much more than FR

26



EOD - important in timing of
photoperiodic flowering

%k 3% Y
k£ R

As a result of seasonal changes in daylength,
plants have evolved systems to ensure
viability of seeds:

- protection before winter
- coincide with the rainy/ dry seasons

Photoperiodism - plant ability to detect and
respond to day length

27
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That means that during short day periods of the year
by interrupting or splitting a long night with a
relatively short photoperiod the plant perceives a
short night and long day effect even though the
natural day length has not changed

T4 R BT H L 5

 Obligates #1] &7 - plant that must absolutely
meet the day length requirement to flower

 Facultative#z ## 57 - plant that will flower
under most photoperiods but will flower
most readily when the photoperiodic
requirement is met
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—  Photosynthesis o ®*FAFHFH
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— Photoperiodism o H 14 g v/ K
. k7 b % 4 chde RY

— Photomorphogenesis

Greenhouse Orientation !

(direction the ridge runs) ‘<;>—‘

East-\West North-South

- More light « Less light interception
interception * Less permanent shadows

» More permanent « Better natural ventilation
shadows (<40° NorS)

* More snow blown off
roof by wind (<40°
N or S)
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 Glazing Material (% light transmission)
— Glass (low iron) (93%)
— Exolite (double acrylic) (92%)
— Lexan (double polycarbonate) = (78%)
» Cleaning glazing material
— Several times a year (usually rainfall will do this)
— Remove shading compound by mid-October

5
bES

EMFTEFERFEHBES T RERRPE
 Superstructure
— 1 superstructure, 1 shading
— Heavy glazing requires more superstructure
— Frame 10-12%, sash bars 5-7% reductions
— Supplemental lighting fixtures can shade
» Superstructure clean and painted
— Aluminum = reflective
— Wood - painted white and kept clean

34
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 Adequate plant spacing

— Reduces shade avoidance
response

— Don’t overdo with the
numbers of hanging baskets
« Objects close to greenhouse
(trees, buildings, etc)
— Distance away = 2 x Height of
object

36



Greenhouse shadows

can be a serious problem,
especially if they don’t
move during the day

Reducing Light Intensity

» Why shade?
— Low light plants don’t like high light
— Reduce temperature
— Have reached light saturation point
 Shading methods
— Shade cloth
— Shading compounds

37



Internal and external shade systems

A B C D E F G |

1 FEREY  FL% HEHE

“' 9 2 S 48 52 200

3 3 582 53 47

4 iidid 58 32
5 MRS 25 75
5
7 P 38 B P8 R
3 FERIE =ERREHEE =EREEHEE
9 R (25 |S4E1RE |SL4EORT |2-RE 2R | SPiE1RR | AL4E2RE [ZRE
10 100 32 17 15 g 24 12 11 B
1" 200 e4 33 30 18] 48 25 23 12
12 300 95 50 45 2| 72 37 34 18
13 400 128 [ 60 31 95 50 45 23
14 500 160 83 75 39 120 62 56 29
15 600 192 100 a0 47 144 75 63 25
16 T00 224 116 105 55 168 87 79 41
17 800 256 133 120 63 192 100 90 a7
18 agn| 288 150 135 70| 215 12 102 53
19 1000] 320 166 150 78] 240 125 113 59
20 1100] 352 183 165 56 254 137 124 85
21 1200 384 200 180 94 288 150 135 70
22 1300 416 216 196 102 312 162 147 7B
23 1400 448 233 21 109 338 175 158 82
24 1500 480 250 228 17 360 187 169 88
25 1600 512 266 241 125 384 200 180 94
26 1700] 544 283 255 133] 408 212 192 100
27 1800] 576 300 271 141|432 225 203 106
23 1900[ 608 316 286 140] 458 237 214 11
29 2000 640 2] 301 156 480 250 276 117
30 2100 672 349 318 164 504 262 237 123
31 2200 704 366 331 172 528 275 248 129
32 2300 736 383 348 180 552 287 259 135
23 2400 768 399 361 188 578 300 271 141
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Shade cloth

Easily applied or
removed

Advantages:

Known %

Disadvantages: Not as effective
at reducing
air temps

Shading

Reduces air tem
effectively

More or less permanent
(difficult to remove)

Have to use specially
formulated compounds
for both application and
removal.

Application not uniform
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Use umol/m?/s
Display 15
Photoperiod 10-12
Survival 100
Maintenance 200
Propagation 80
Photosynthesis for
Growth and 400-1200*

Development

* Photosynthesis is
a reciprocal
process. Low
intensity can be
overcome by
longer exposure.
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* Pull black cloth
— Opaque material
blocks all light

— SDP induced to
flower

— Reflective to reduce
heat delay

— Can be automated

— Can ‘double’ as
thermal blanket to
hold in heat on cold
nights

A £ p

Y

o P £ 4t L
~FELPESFE
— Light (FR containing) for 3-6 hrs at end of
day
— Low intensity (1-3 mmol/m?/s, 7-10 fc)
o RF4TYT
— B ER SR
— 2-4 hrs of low light during dark period
— Want little FR in light

43



1 4 R:FR

« Minimize shade avoidance response

» Remove excess vegetation from plants to
prevent self-shading (e.g. geraniums)

 Prevent shading from other plants

— Minimize # of hanging baskets over plants

— Proper pot spacing

» Space visible between plants at least until plants are
nearly ready to ship

Bench Cover and Pot-spacing Sy
(multi-lingual)
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« XfFiE = = kB k R EFR
— 500 umol/m?/spe1-|- pF= 100 umol/m?/spe 5] p&

g kAR (EEFRFMEE)
Eﬁi’%“iﬂm%ﬂgi%“ééi¢*

ﬁiJo'a (Joff—’t )

p % 4% £ £ Daily Light Integral (DLI)
umol/m2/ssk & + #cH

umol/m?/s x hr/day x 3.6 / 1000 =
mol/m?/day

250 x 16 X 3.6 / 1000 = 14.4
300 x 16 x 3.6/ 1000 = 17.28 (& ‘&% # )

92
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kg H

o NI HEMET G ARk
2000 nE

= 2000 umol/ma/s
= 9800 fc == &k (lumen/ft?)
= 1060 W/m?

= 106000 Lux (lumen/m?)
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Cost « Power (wattage)
— Fixture  Heat released
— Installation « Efficiency

— Energy consumption
Ease of Installation

— Amount of electrical
energy converted to light

Spectral _ energy
characteristics (1) - Life Expectancy
Type of crop » Output Loss

» Weight of fixture

%
\_E‘ /

» Easily installed

* Low efficiency

* Low intensity

 Large amount of heat given off
 Spectrum contains far-red (R:FR > 1:1)
» OK for photoperiodic control

— Daylength extension
— Night break

49
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More efficient than incandescent
Low intensity

Less heat generated than incandescents
No far-red but some UV

Good for growth chambers, coolers, and photoperiod
(night break) use

ore complicated to install (ballast) than incandescent
ent phosphors change spectrum

50



How well does fluoresce
spectrum match plant needs?

et
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Wavelength (nm)
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Low-Pressure Sodiu
HID lamps 4 /& 4 &
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BEp ¥ LaHDZEE

HID’s providing
supplemental light
for photosynthesis
during low light
conditions
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k Zk660nm | ¥k
660nm +4z #F £ 730nm
B 3vgrd | 10.3+3.6 6.5+1.8 6.7+2.4
(g/#)
e Ay 3.8 1.7 2.9
(%)
B & 27 12 54
(mg/100g)
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