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Siriphan Leepipatpaiboon 2007: Estimation of Sclar Radiation Use Efficiency in Paddy and
Cassava Fields. Master of Science (Watershed and Environment Management), Major Field:
Watershed and Environment Management, Department of Conservation., Thesis Advisor;

Associate Professor Samakkee Boonyawat, Ph.D. 94 pages.

The estimation of solar radiation use efficiency in paddy and cassava fields were studied in
Sukhothai and Nakhon Ratchasima provinces, respectively, during November 2004 to January 2006.
Crop growth was divided into 3 periods of cultivation (early vegetative period, actively growing
period and before harvest period). The objectives of the study were 1) to compare energy balance and
radiation use efficiency (RUE), 2) to study the relationship of biomass, leaf area index (LAI) and
absorbed photosynthetically active radiation (PARa) in paddy and cassava fields 3) the results from 1)
and 2) will be used as basic data for studying energy balance of other watershed arcas with different

land uses.

The comparison of energy balance between cassava field and paddy field revealed that the
energy balance in cassava field was higher than paddy field. The daily average net radiation (Rn) in
cassava field was 14.3 MJ m” day” while in paddy field was 13.2 MJ m” day”. The Rn was uscd for
latent heat (LE), sensible heat (H) and storage in soil (Gs) with the average values of 9.8, 3.9 and 0.5
MJm® day'] for cassava, while in paddy field were 9.5, 3.0 and 0.4 MJ m” day”, respectively, and

storage in water (Gw) was 0.2 MJ m” day_].

In cassava field, the daily absorbed phorosynthetically active radiation (PARa) during
actively growing period was the highest (10,99 Ml 11142), the average PARa was 8.98 MJ m” and the
radiation use efficiency (RUE) for cassava was 1.09-4.42 g MI". In paddy field, the daily PARa
during actively growing period was the highest (9.53 MJ m_z), the average PARa was 6.30 MJ m” and
RUE ofrice was 0.58 - 0.66 g My, Therefore, PARa in cassava field was higher than paddy field.
The relationship between biomass and PARa in paddy and cassava fields were linear with the R’ of
0.97 and 0.89, respectively. Additionally, the relationship between leaf area index (LAI) and PARa in

paddy and cassava fields were polynomial with the R’ of 1.00 and 0.59, respectively.
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d’ % d‘ 1 ! d’ d‘ ] « . .
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1 A A Aqu
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(o) (o) (cycles ) (KJ mol )
nm nm
Ultraviolet (UV) Y98N 31 400 254 11.80x10" 471
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19 EINAY Msaznou FIANEINAY MIAINY
(W (%) ) (%)
<04 <10 <04 <10
0.4-0.75 8-20 0.4-0.7 5-20
0.75-1.0 ~40 0.7-1.0 40-50

A <
NU1 : 199 (2535)

m319n 4 msruveataslulunsunazsiia

F
NI ADINIUVDIFINIHUA

Fiavely

(%)
Common hazel (Corylus avelana) 26
Dandelion (Taraxacum officinale) 28
Lilac (Seringa vulgaris) 26
Roses (Rosa) 25
Alder (Alnus vulgaris) 21
Common birch (Betula verrucosa) 26
Aspen (Populus tremula) 21
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W 1dun
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2.3.1 598a901NAY (irradiance/PPFD) @ﬂi’]ﬂWiﬁQlﬂi’]gﬁﬁ)’Jﬂllﬁﬂ (Ps rate) U9
A A d? A A d? . . A A a o [ <Y
WHWHUYULT DY) AIUNITIWNVYUUDN irradiance %39 I UNNEINUMTTUATIEHAIBLET

(photosynthetic photon flux density, PPFD) 1110932A V04 irradiance AMTI9N Ps rate voaly



21

v 9 v [
Wy C, liuAiu uanefl d1mSUTEAVVDN irradiance N4 Ps rate 1M1 Rd rate
(carbondioxide exchange rate, CER = 0) (5N light compensation point dudszansninlu
o o 09/’ 1 ' { a A J
msdunsiziaenasvesluimiv Ja1geanani low irradiance Hagilsz ANz A

H v Fd
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23.2 gungil lnadeninssuvesou laf Tellnademmsdunsizialeuda
9
% 1 v Y] 4
M9¥uA (gross photosynthesis, Pg) M31181a (Rd) uaziinanommsdunsigialouaailiing
(apparent photosynthesis, AP) 1A1IT&NN1I1 net photosynthesis) gUNYUNUTINGAWTITUIA

liifinase photochemical reaction
@ J J . ..
233 anuauninlumssumsveu lasen lag (CO, availability)

Y 4 . £ @ a 1
1) ANUUNYDINIY CO, (CO, concentration) c]fﬂuﬂi]iguuﬂimm CO, um
[ o o
345 — 350 ml/l Vo401 iU limiting factor 1% 31U Ps (N12NTZUIUNIT turbulence (P17

d’ d' y 1 [} 9 a d‘d =
Lﬂaaummmmmmuﬂuﬂau) wnae Co, L"lﬂiﬂ‘]ﬂﬂL“]Sﬁlslu‘Uil’JmﬂilﬂﬁﬂgﬂW‘]f

2) ANUAIUMUABNITUNINTZIWUDI CO, (resistance to CO, diffusion)

) [ A A A 9 @ A = as.l‘ Y T o
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(Boundary layer resistance, r,) anudumuiiosnnmstailavesinly (stomatal resistance,

4 <
r) HAZANNAIUMIULILB 9N mesophyll cell (mesophyll resistance, r, ) Tag r, Hagr, wWuaw
1 I 1
AUNUAD CO, Tuernmn gaseous phase A r_ WHuanudumuse CO, Tuernmn liquid phase

9 v 1
¢19119 mesophyll apoplast IUNTLNIDA fixation site AIAUAITN (9)
rCO,=r,+r +r1, ...9)
by o A A o A
2.3.4 11 Tagm lilidefivu1ain (absorption < transpiration) #AU5ENITUSN AD 1,

A 4 a a A LA -1
v sz lutle P iSuanadie leaf water potential UA15eu1a1 -0.8 KI Kg' 1ag slope

Wouduns AU 19U A1 P, 1Sunah 1ilo leaf water potential 1ifi1 -0.14 KJ Kg'
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23.5 01910 Ps rate Uagaga o luisiiainmsversaiveslugega (maximum

leaf expansion)
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Ps (Lﬁu stomatal conductance)
o Aa A Yo A LY 4
2.4 ﬂ'liﬂ'lu'clmﬂigﬁ‘]ﬂﬁﬂ'lwﬂ'lii“]ﬁ\?ﬁl!ﬁ\?ﬁ\uﬂi']zﬂ
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o o A od v o . . o o o ¢
Wawmiaﬁmwmmaﬁmmmwm (total incoming solar radiation) LLﬁZN?‘fLLﬁQﬁQLﬂiWW
9

1 z )4 . a Aa Yo A 2 J ~ 9
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PARa = EiPARi ...(10)

A o ] A a v Ao A A A 2
wenwiuald  PARa flo Usmivd@dunnzriiisganan (MJIm?)
a [ [ 4 _
PARi 79 1snassdduasizyimilontlasiias (MJ m”)
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A 1 9 4 [ A
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A INUUUFsANUAAYTINUN 1Y Fad 112 laaaauns
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[ 4
Wesdmuald K Ao dudlszanimsaatSunasedlunuluiy (extinction coefficient)

A [ ddy d‘
L Ao awinun

Y
2.42 Anderson (1971) 1d051181391 Ross 1ag Nil’son (1963) F1isiu 598
eadaAT12H (photosynthetically active radiation, PAR) aansadsziiiuldannmsiasadsu
¥ 2 [ [
aaudu Tagldaumslinszideyai Efimova (1965, 1967) Idiaue 13 dwaasluaumsi

(13)

R, = 0.438" +0.57D' ...(13)

~ a [ A Ja Y] 4
Tagh R, 79 USinasidansoriadinesldlumsdunsiziueds (PAR)
[ A v A . . .
S A9 8954 (direct solar radiation)
[ =) v . .
D A9 I90NTL18 (scattered solar radiation)

2.4.3 Oka, M. et al. (1987) a1 Uszansnmmsldundsnusadaisernag

(efficiency of solar energy utilization, EU) &1413 AT 1A INANNITN (14)
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EU (%) = (KI*AL+K2*AS+K3*AT+K4*AD)/2S ...(14)
dosmuald K1 = sminuauealy (Keal g

K2 = v avead gy (Keal g

K3 = v avead i 18y (Keal g

K4 = vmsnuavealufiuds (e) nazfuly (Keal g

AL = wagauet T AT A 1 (2)

As = wadaue TR AY (g)

AT = asvesthmnudefimuaulud ey (2)

AD = asveah iy s was iy (2)

S = WAINUSIAANNTEND (cal cm” day )

[ o ]
2.5 mimmﬁwﬁﬁ'wuﬁwmwﬂuﬁﬁv (canopy or crop photosynthesis)
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v Y 4 [ 9
M319h 6 augaNENY tazmMImeszrei luiuNuId Sendag Tuiio AuaiAou SuNaAN WA, 2547 19 1ADU WYAINIOW WA, 2548

AUADVDINAINY
Rs Bowen ET Epan Rain Ta Ws pF RH
ggmamzignifiou . (MIm” day”) . ;
(MJm~ day ) ratio - ” » ” (mm.) (C) (ms) (-) (%)
Rn LE H Gs Gw WY WNARRY WA wufeu
¥auenggmamizign
FUNAN 18.5 11.4 8.4 2.5 0.6 0.0 0.3 2.8 87.8 3.5 107.4 1.0 22.7 1.4 0.0 66.5
UNIIAN 17.0 110 74 31 05 00 0.4 32 99.2 3.9 117.8 192 233 1.4 15 645
QNﬂTﬁHg 19.4 12.5 9.0 2.9 0.6 0.0 0.3 3.1 90.7 4.5 133.7 20.9 25.6 1.8 2.8 60.4
YTRTGYY 20.5 13.5 9.3 3.5 0.7 0.0 0.4 3.6 110.3 6.1 184.3 27.5 29.3 2.8 2.7 48.6
[SUTRINN] 21.9 16.9 11.2 4.9 0.8 0.0 0.4 44 1333 6.7 201.7 129.9 324 2.9 2.9 60.5
NHENIAY 21.0 16.1 11.6 3.8 0.6 0.0 0.3 5.0 154.0 6.1 185.6 184.3 28.8 2.6 0.7 71.0
ﬁquwu 20.1 14.7 10.3 3.7 0.3 0.4 0.4 4.8 144.8 4.9 146.4 93.6 27.6 2.6 0.7 71.3
NINYIAY 19.0 14.1 9.6 3.9 0.3 0.4 0.4 4.7 145.7 4.7 143.9 56.5 27.8 2.8 0.5 78.0
méﬂ 19.7 13.8 9.6 3.5 0.6 0.1 0.4 3.9 120.7 5.1 152.6 66.6 27.2 23 1.5 65.1
ggmamnzilgn

qamau 18.1 11.7 8.7 2.5 0.2 0.4 0.3 43 132.6 4.7 141.2 156.4 26.1 2.7 0.0 76.2
fuegu 18.7 11.6 9.0 2.0 0.1 0.5 0.2 5.1 154.5 4.1 123.7 231.2 28.0 2.4 0.0 77.9
@a1AY 19.1 128 103 18 01 06 0.2 45 140.2 3.7 112.7 2854 266 1.1 00 796
Wﬂﬁ%fﬂﬂu 17.7 11.9 9.4 1.9 0.2 0.3 0.4 4.0 122.4 3.7 110.2 24.7 25.9 1.0 0.0 71.1
nay 18.4 120 94 20 01 04 03 45 137.4 4.0 121.9 1744 267 1.8 00 762

Lﬂalﬂﬂﬁﬂﬂﬁ?ﬂﬂ 19.3 13.2 9.5 3.0 0.4 0.2 - 4.1 126.3 4.7 142.4 102.6 - - - -

¥ovazveeiadaleoniiad 100.0 704 - - - - - - - - - - - - - -

$oonzunssidgnd - 1000 723 229 31 17 - - - - - - - - - -

5
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TUAAVDINAINY
“ Rs b Bowen ETa Epan Rain Ta WS RH
9amMasaoy . (MJm” day™) i }
(MJm "~ day ) ratio " " » - (mm.) (C) (ms) (%)
Rn LE H Gs WA wupeu WA wNsfeu
qguds
wq'ﬁ%mﬂu 18.2 13.5 9.7 3.2 0.5 0.3 35 105.0 4.1 121.5 32.7 25.0 2.0 88.2
FuNAN 18.2 139 96 3.8 0.6 0.4 3.4 102.0 4.1 124.2 2.9 24.6 1.7 69.0
UNIAY 15.4 13.6 9.4 3.7 0.5 0.4 35 105.0 4.2 124.6 4.5 22.6 2.3 64.6
qumﬁu‘ﬁ' 16.4 14.1 9.7 3.8 0.6 0.4 39 115.5 4.7 141.3 25.1 26.2 2.5 71.5
Tuaw 19.3 133 7.7 5.0 0.5 0.7 4.1 123.0 6.1 183.7 49.0 25.8 2.5 76.5
SR 22.8 15.7 8.8 6.3 0.6 0.7 5.1 153.0 6.4 190.7 88.5 28.1 2.8 69.9
mﬁh 18.4 14.0 9.2 43 0.6 0.5 39 119.6 4.9 154.1 39.2 25.5 2.4 72.0
qqeu
NHENIAY 22.8 16.5 10.4 5.4 0.7 0.5 5.1 153.0 6.0 179.7 160.9 27.7 3.5 73.6
ﬁqmﬂu 19.5 14.4 10.2 3.7 0.4 0.4 5.1 153.0 5.5 165.3 134.6 26.6 2.8 80.1
NINYIAY 18.6 14.0 9.9 3.6 0.4 0.4 53 157.5 54 161.8 131.9 26.3 2.5 83.1
GRUAGEY 18.2 14.2 9.6 4.0 0.6 0.4 5.7 171.0 5.1 152.2 154.4 26.6 3.5 77.0
fieeu 16.1 13.0 103 22 0.5 0.2 6.0 180.0 4.6 138.5 2314 254 2.7 87.4
faa1nY 17.8 15.9 12.7 2.5 0.6 0.2 59 177.0 4.4 130.5 161.7 27.8 2.5 88.0
inde 18.8 146 105 36 0.5 0.3 5.5 160.8 52 159.4 1559 26.7 3.0 80.1
Lﬂéﬂﬁaﬂﬂﬁﬂﬂ 18.6 14.3 9.8 3.9 0.5 0.4 4.7 140.2 5.1 156.7 97.5 26.1 2.7 76.1
Fosazveisidaisernad 100.0 77.2 - - - - - 1413.0 - 1556.5 963.2 - - -
$oonzunssidgnd - 1000 687 275 38 - - - - - - - - -
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d’ = v A jj Aa jj ~ 9 ns/} = a = =
MINN 8 WIAFINN uamwwumm"lu (LATD) 493N UNUIUI SNLALADU FINIAN DN ADU

NOADNIIU W.A. 2548

1IN INAIU YIAFINN WIAFINN

A A 1 1 ya = ﬁs‘“ﬁ
uaau JIUAIU ’mu“lmu VIAFINTNITIY 2 A
szgzmIizilgn , - , TMTTOT
(gm”) TRTRIO (gm")
(LAI)
o 9 Y -2 -2 -1
9U 529917 (gm") 30 gm kgrai
FuMsnzilgn
GRUAGEY 86.67 - 86.67 56.67 14333 229.33 0.28
Mausianla
Ay 160.00 70.00 230.00 60.00 290.00  408.00 2.56
ADUMIIALIAY?
WE]P(%fﬂfJL! 196.67 196.67 393.33 100.00 493.33  789.33 1.89
naY 147.78 133.33 236.67 72.22 308.99  494.22 1.58
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