
MARDI Res.  Bul l .  4 ,  l :  (16 20)

LEAF TEMPERATURE AND PHOTOSYNTHESIS OF
TROPICAL C3 PLANT, ELAEIS GUINEENSIS

HONG T .K .  and  R .H .V .  CORLEY
Acceptetl Jor public'atiort ort l0 Februar1,, 1976

RINGKASAN

Suhu opt ima untuk fotosint is is  pacla pokok kelzrpa sav' i t  (Elaeis guinccnsis Jacq. .y
berhubung rapat  dengan suhu maksima nal lngan (mar imurn shadc tcmpcrature)  dalam kagasan
lembab t ropik,  tc tapi  daun-daun yang tcrdcdah kcpada rnatahar i  rnungkin melebih i  l0 ' ( -  c l i  atas
suhu naungan. Fotosint is is  o lch c laun-daun misalnya mungkin hanya .  50 peratus 4ar ipada
kadarnya pada suhu opt ima, tc tapi  kepent ingannya padl i  s .e luruh fotosint is is  'canopy" belurn
diketahui .

INTRODUCTION

Photosynthesis of C3 species from the tropics ancl subtropics has not receivecl much
at tent ion.  Wi th in the Gratn inae,  a d iv is ion is  of ten made into ' temperate 'species,  wi th the
C3 photosynthetic pathway, and "rropical" species with the C4 pathway. The Ca spectes
general ly  have h igher  temperature opt ima for  photosynthesis  (CooeIR ancl  TAINToN 1968).
and TRrnnRNF, and CooPIrR (1969) showed that  the pr imary carboxylat ing enzymes for  the
two pathways also differed in their tenrperature optinja. f{owever, the clivision into tropical ancl
temperate species is only valid to the extent that very few ternperate C4 species have been
found (LoNG et  a l . ,  1975);  in  the t ropics and subtropics there are probably numerous C3 grass
species.  For  exantp le,  of  96 genera occur ing in  Malaysia (GILLILAND 1971) only  4 l  are l is tet l
by DowNroN (1975) as inc luding Ca species.  Outs ide the Graminae,  Ca p lants appear to be
rare, and so far have only been identif ied in 12 other families. Thus the behaviour of Cr
species in environments with high ambient temperatures is of considerable importance.

PBARCY et al., (1974) studied Phragntites cotnnturtis growing in the very high
temperatures of Death Valley, California, and found that leaf temperatures rvere always lower
than air temperature (up to SoC lower at midday). Thus even at air temperatures above 45oC,
leaf ternperature usually did not greatly exceed the optimum for photosynthesis of 30'C.

Ambjent temperatures are not so high in the humid tropics (maxinrurn shade ternperatures
of 30 35'C are common). but relative humidity is usually high; also air movernent is often
very low, so leaf boundary layer resistance wil l be l i igh; thus both transpirational and
convectional cooling of the leaf wil l be l imited. We observed leaf temperatures in the oil palm
(Elaeis gttineensis Jacq) considerably above air temperature; since the oil paln.r appears to be a
C3 species (on the basis of leaf anatomy). we investigated the effect of leaf tentperature on
photosynthesis.

MATERIALS AND METHODS

All measurements were made on palms of Ihe tenera (thin shelled) fruit type, in South
Johore, Malaysia. Seedlings were grown out of doors in polythene bags of soil, watered claily
and ferti l ized monthly.
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Leaf  ten tpera tures  were  nreasurcd  u ' i th  c r rpper ,J r ) r l s ta r t ta l t  t l l e r t t toeot tp les .  l l tesscc l  aga i t rs t

the  lower  sur face  o f  the  lea f  by  the  spr ing  ac t i t - ,n  o f  the  leac l  w i res .  so  t l ra t  t l re ie  rvas  l i t t le

in te r t 'e rence w i t f t  a i r  l tove l t le l t  a rou t t {  t l re  po i l t  o f  t t teasute t t tcn t .

ClO2 uptake was l-neasured with an infra red gas analyser ttt atl o1.ren systell l , Llsll lg all ali

sealed leaf  ch i rn iber  (W() t .  l '  e t  a l . .  196()1.  The chanrber  was watef  iackcted fot  contr t - r l  o f  leat '

tentpetature.  We were not  able to cal ibrate the systcnl  accurate ly  i r r  absolute teI t l ts ,  but

corirl i t ions were niaintairrecl as c()nstarrt as pi,rssible tl 'rroughottt each series of rcaclings and

resul ts  expresscd in arb i t rary uni ts .  A 500 W incandcscent  lan ip rvas used as l ig l ' r t  source,  and

photosynthetically active radiation (l '}hAR) was nleasufed at chartrbei height with a Larlrbda

( luantum sensor.

The teniperature optinlunr for photosynthesis was deterrnirted fitttn a series of

nleasurements on o1e leallet of leaf twu (where leaf I is the ttrost recently opened leaf.; at a

rapge of leaf temperatures, niade over a period of 2 or 3 l iours. Rate of CO2 uptake was

plt-,tted against leaf temperature, a quadratic curve wes fltted to each set of' data by least

sqgares, anil the tentpcrature giving nruriruum C)C), uptake was estinrated i iorn the curve by

dift 'er errtialieln.

Wind speeds were nteasured over half  minute intervals with a sensit ive cup anenlol l letel

T, lai solar radiat ion was ttreasured \. \ ' i th a Lambda pyranometer sensor.

Stoniatal dit lusion resistance was rtleasured with a l-.arlbda l. l 15S porotr.reter

RESULTS

' Ie rnpera ture  
op t i rna  were  de ter rn ine .d  fo r  n ine  one-year  0 ld  see, . l l i ngs .  A t  a  P I rAR leve l  o f

t t00  g  e i r rs tg rn  rn"2  s  l .  t l re  rnean op t ima l  ten lpera tu ie  l vas  19 .1 'C (1  I  sc ts  r r t  tne lsu te l t te r r ts .

s tanr la r t l  e r r r r r  t  1  2o  )  l . - i sLre  1  s i rows typ ica l  se ls  o t '  r0su l ts  f  o r  t \ \ r )  secd l i r lgs .  A l though

quar l ra t i c  curves  gave a  s ta t i s t i ca l l y  good f i t  to  the  c la ta  (gcr rc ra l l y  accgur t i ing  l i r r  r iea i l v  90

prercent  L r l  the  var ia t ion  in  ra te  o f  CO2 uptake) .  i t  aprpears  f ro rn  l ' - t .q r t ru '1  tha t  thc ' re la t ionsh ip

is  nL j t  t ru ly  quadra t ic .  Rather .  photosynthes is  reaches  a  p la teau leve l .  cx tendt t tg  as  t t tueh as  5 'C

above the  " ( )p r l t r ' i un t "  o f  the  curve .  and then decreases ,  o l ' ten  very  abr r - rp t l y  (e .g .  pa l r t l  2  in

I " igure  1) .  Rates  o f  over  90  percent  o f ' the  rnar in rurn  w 'e le  geucra l l y  ob ta incd  up  to  a t  leas t

- l , Jo( - ] .  Above about  40"C.  C02 up take was very  much rednced,  o f ten  to  z t ' ro  o r  n ( ' t r t i \e  leve ls .

Measurer r ren ts  o f  lea f  te r r rpera ture  in  seed l ing  pa ln is  showcd la rge  l luc tua t ions  ove t  po i iods

ot '  a  fcw t r rL ru tes .  The r r ra jo r  fac to r  a f fec t ing  lea f  te lnpera ture  was so la r  rad ia t i t ,n .  a t td  to  a

lesser  e r tend w in t l  speed.  Regress ions  o f  the  lea f l /a i r  te rnpera ture  t l i f fe rc r rcc  (A t .  i r r  
o {  

1  o r t

ra i l ia t ion  (1 .  Wrr fz )  a r rd  w ind  speed (V .  rn  f t )  accounted  to r  near ly  80  pcrcent  o f  thc  var t r t ton

in  A t  io r  n ros t  secd l ings  s tud ied .  A  typ ica l  cxample .  combin ing  da ta  f ronr  th ree  seec l l ingsr  \ !as : -

1 . 6  V  ( R ' ?  =  0 . 7 8 .  1 3 1  d . f . )At = 0.4 + 0.0088 I

Wind speeds c i id  not  exceed 1.5 rn s l ,  and leaf  tenlperature was a lways htgher than atr

ter l rperature unless inc ident  radiat ion rvas below abr , ,ut  350 W ni2.  In  fu l l  sunshine (800 l l00

w , r t2 )  leaf  tentperature w,as at  least  3oC above a i r  tenlperature.  The h ighest  leaf  ternperatd ie

recorded was 41.6"C.  l luC above a i r  tenrperature,  and At  cornr lonly  exceeded +8"C.  The

seedl ings studied here were i r r igated dai ly  by a spr ink ler  systern,  ant l  i t  is  unl ike ly  that  they

were sul'fcrirrg fronr watcr strcss. Measrrrenrents o1- stomatal iesistance tnade on other ticcasiotts

shorved that  t l ie  s to l l ra ta reruainet l  fu l ly  open througirout  the day.
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Figure I. Pltotos),nthetic rates (arbitraryt units) of two oil palnt seedlings plotted against
leaf temperarure. The poitlts represent individual nteasurentents, rhe lines fitted cun;es.
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Measurenrents on the upper.  fu l ly  exposecl ,  leaves of  6 year  o ld pal rns gave s i l l t i lar  resul ts .
Leaf  ten.rperatures of  up to 38 'C weie recorded.  and At  cornntonly exceeded 6oC. Here a lso
there was no reason to believe that the pahns were suffering fronr water stress. since heavy rain
had fallen on several days irnmediatelv betbre the nteasurernents were nrade.

DISCUSSION

The optimal tentperature for oil palm photosynthesis is appreciably higher than optinta
reported for C3 species frotrt temperate climates, ancl is close to norrnal maxintum shacle
temperatures in the hurnid tropics. However. leaves erposed to the sun ntay be over 10oC
hotter than shade temperature. These high tenrperatures can be attributed partly to low wind
speeds (rarely more than 1 nt s 1 in Malaysia. which only reduces leaf ternperature by about
2"C compared to sti l l  air) and also probably to the xerornorphic nature of the oil palm leaf.
Stomatal resistance to diffusion of water vapour is rarely lower than 2.5 s cm I . encl usually
averages about 3.5 s crrf 1 in well watered pahns; cuticular resistance normally exceeds 100 s
cm 1. Thus it is l ikely that transpirational cooling of the leaf is relatively inefficient. In
addi t ion,  s tomatal  c losure occurs at  a i r  ternperatures above about  32oC (Rlns 1961,  Conl ly
1973). at least in palms under some degree of water stress. There was no eviclence for such
closure in this study, but even higher leaf temperatures could be expected where such closure
does occur.

At a leaf temperature of 40"C. photosynthesis is probably reduced on average to about
50 percent of the maximum rate (CO2 uptake at 40'C by different seecll ings rangecl front zero,
clr negative values, up to 90 percent of the maxinrum). However. the importance of this uncle r
field conditions is diff icult to assess. A nrature stand of oil palnrs has a leaf area inclex of
about  5,  and leaf le t  angle d is t r ibut ion is  probably p lagl lophi le  (Conr- t . \ '  in  prcss) .  Thus i t  can
be expected that the majority of leaflets wil l not be exposed to clirect sunligirt. Further, in the
humid tropics the sky is often overcast during wet seasons. while during dry seasons
photosynthesis ntay anyway be restricted by water stress and stornatal closure (Rt,t,s 1961).

Stomatal closure during the dry season can be preventetl by irrigation (Dt suARt:ST
1967). but our results with seedlings indicate that irrigated palms wil l sti l l  develop high leaf
telnperatures. Thus under irrigation leaf tenrperature might have a significant l imiting effect on
oil palnt productivity. Various possibil i t ies for overcorning this could be considered.

With sonre plantation crops shade trees are planted; one of the ntain iunctions of the
shade is  to reduce leaf  temperatures in  the crop (e.g.  Hnnlr tn lD 1968).  Rt ' ls  (1963) showed
that relative growth rate and net assimilation rate of oil pahn seedlings were not reduced by
quite heavy shading, but mature oil palms generally fail to produce fruit under the heavy shade
of either older palnrs or forest, and shading lras not been considered for the crop beyond the
nurscry (seedl ing)  s tage.

An alternative would be to try to seiect for palms with a less xeromorphic leaf structurei
but in a prelir l inary trial we found litt le evidence for heritable variation in stomatal resistance
(CoRLI iY and TutN G.Y. ,  unpubl ished).  Before fur ther  such work is  undertaken,  a deta i led
study of leaf ternperature throughout the canopy of both irrigated and unirrigated pahns would
appear worthwhi le .
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SUMMARY

Tlre opt imal  temperature for  photosynthesis of  the oi l  palm ( .Elacis guincensis. lacq) is

olose.- to normal  maximum shade temperatures in the humid t ropics,  but  leavcs exposc<i  to thc

sun may be over 10"C above shade temperature.  Photosynthesis by such leaves is  probably only

50 percent  of  the rate at  the opt imal  temperature,  but  the importance of  th is in terms of  rv l to lc

canopy photosynthesis is  not  known.
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