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PEOTOSYNTEESIS AND YIELD OF WHEAT GROWN UNDER

DIFTf, Rf, NT Tf,MPERATURE Rf, GIMES

Agtts Koryonto

Frculty of Agricrtturc, Lampn,E UniYersity' Batrdrr Ltmpung

ABSTRACT

PHOTOSYNTEESIS AND YTELD OF WIIEAT Gf,'OWN UNDER

DItrFERENT Tf,MPERATURE REGIMES. AGUS KARYANTO' Response

of maturing plants to high tempetature stress may be determined by shoot/root

intoactionititat ."diate-senescence. This study elucidated the photosynthesis ard

yield of wheat (Triticum destit m L ) under different shoot/root temperatures'

Pl-,, *"r" subjected to 22t22"C, 22112"C, 32122"C, ai 32l32'c shoo'root

,egr.". to. z iay after anthesis until they matured viable leaf area was greatly

rJuced by high root temperature al high or low shool. temperature Photo-

synthesis, stomata.l conductance, aod chlorophyll variable fluorescence were

d""r""ri ,o." by high root than by high shoot temperalure High root

t".p"*t. p.otoi"d Jnescence and less grain yield' Low grain.mass under high

sioiVroot temperature was caused by small seed size due to shon grain-filling

Jr."tion -a inadequate photospthare. [n conclusion' root temperature is

in ofu"a n shoot senescence, which in tum may regulate photosynthate

partitioning and gain development

Key words: Shoot/root temperatures, wheat, photoslnthesis'

ABSTRAK

FOTOSINTESIS DAN SASIL GANDUM PADA BERBAGAI

KISARAN SUHU TUMBUE, AGUS KARYANTO' Respons terhadap stres

suhu tinggi pada fase reprodultif tanamao ditandai dergan cepatnya proses- pe-

nuaan 
-ienelitian ini bertujuan uotuk mengetahui laju fotosintesis dan hasil

ianaman ganaum (ft tianm iestiwm L.) yurg tumbuh pada bsb&gai Tu'T.:"h"
tajuVakai lerlakuan suhu tajuk/akar 22122"C, 22/32'C, 32/22'C' der, 32/32'c

Ji.rt"i 'l tt"tl setelah anthesis sampai m8t&ng fisiologis' Luas daun 
-sangat

berkurang akibat tingginya suhu akar, dan ini tedadi baik pada suhu-taJuk yang

tinnri ."i o* t-aail Penurunan lalu fotosintesis' konduksi stomata' dan variabel

itffiasi ttorofl lebih banyak disebabkan oleh perlakuan suhu tinggi pada akar

daripada perlakuan suhu tiaggi pada tajuk' Suhu tinggi mempercepat proses

l9
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Denuaan dar menurunkan hasil biji Rendahnya hasil biji pada perlakuan suhu

Lluf ulu, y-g ,i"ggi disehabkan oleh kecilnva uluran biji akibal. pendekrya masa

oensisian biii dan terbatasnya folosinlat' Suhu akar temyala eral kartannla oengan

;;;il;.il;;,",rL vani pada akhimva dapal mempengarutu pendistribusian

fotosintat dan perkeolbangan biji

Kats kuEci: Suhu tajuvakar, gandum. fotosintesis'

INTRODUCTION

Photo*ntlute Prcduction bY wheat

leares depends on the late of photosrl-

thesis. \iable lc.af area, and du:ation ol leaf

furction (Simmofls, 1987) P€ak net

photoErthesis per unit are3 usually occlrs
aftel leaves reach marimum arca (Ra*son

et al.. 1983). Under stsess conditions,

clrrrenl photosrJndute supPlies dectease and

ptant must rely on Previousl] stored

assrmrtales for gtarn ftlling {Simmons.

1987).
HiSh tempemture afrecls Photo$I_

thate ptoduc[on geady b] decreasing

pholo*athesrs and leal longeviiy and incre'

asing resDlrauotr l'wardlas €l ,/. 1980)

SEess from high temperature dltitrg
reDroducNe doelopment fi2] decr€se

srain-filbng period and yield Response of
wtreat to hgh temperanrIe. $hethei of
shoots or roots, is siqnaled by accelemtion

af senescetrce. which is probably mediated

by rools during grain filling (Kuro,anaEr

,nd PauIEen- 1988). k\r r(xlt teflperature

was interpreted as ptotectile efiects on high

teEperahrre injury to shoots (Cbaisom_

pongpan e, o/., I98o).
Adverse effec$ of high tempera'

tuJe on photoslrthate Producdon and lie
apparEnt imporirnce of Photoslnthate
partitiodng o root alrd shoot res?onses

Dromptd tie present stu4. Objectives Eare

lo ascenarn photoqmthetic rales and th€ir

relationship to partitio ng of photosrn_

thate under diferent shoorr@t temperaturc

,egimes du.ing reproduct € period of

20

MATERIALS AND Mf,THODS

Everiment was conducted at

Aqronoml Department. Kansas State

ll;irersrn. Manhattrn. Kansas. USA. Hard

red spnne qhear culE\3r Len plJnts $ere

hvdr;Doaicdh erown in pols. rnside gio\rlh
.irrnxr.. contar"ing Hoagland solutron

(H@gland and Amor! t950) The solution

iras adrusted lo PH 5.0 semseekh and

replaoi qeekly and supPlied with

continuous aentron. Photoperiod was

16-hour da,y'8-hour flight Liglt intensity

was 420 pmol m-t s_r PAR (?hotoEntie_

ticallv Actile Radiation) Relative humidity

*r, +o-SO% during the dal a d 6O'7oYn

during the night. and teBperatule was

22/17'C day/ntghl uP to 7 day afler

arthesis.
Started at 7 da} afte, znthesis

plants were randon ) dishbuted among

mntsollcd enllronmetrt chambers wth 
'ourternperarure reglmes unul the! tnatured'

shoot/root Eeatmenls of 22/22 and 32/32'C

were set tty the arr temperature of the

chambers. Shoot tempsatures fat 22132 afid

32122"C were also s€t b-v the air

temp€rah c. and differenlial root temp€ra_

ture were oblarned by immelsitrg planl

containem in large l2nk of watel at the

d€sir€d temperatlre. wift 22'C air. 32"C

rmt tcmDecature \rss mal[rained br helting

the tanks on large hot plates ard $rlh 12oC

arr. 22'C rooi temperatu.e was maintained

b! refngsraled clrcular coils inside lhe

tanks. Roor lemperalures \tere mntrollcd by

a Tlrcmrist€mp TcmlJerahrre Regulator

(Model 61, YSI Co.. lnc Yelorv Spring
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Ohio). and shoot and root temperatures rrcre
monitored hourly by a 24-point thermograph.

The rate of photosl'nthesis. stomatal
aonduclance. and intcmal CO, concentmtio
ol llag lea\cs scre measured al ttcckl] rnrenal
b\ me3ns of Ponable Phoroslnthcsrs S]'srem LI
rl(ru r l.i"Cor. Ltncoln. Nebrasl,a). Armospheric
COr dunog measurement qas 1r,O to 38u uL
L- . relali\e humidr! $a< 40od and rrradrance

iras abor€ 420 pmol photon mJ s-r

Chlorophlll fluoresc€nce \:t?s measurd on
drk-adapled flag leaves br using Flooromctcr
SF.20 (Rrchard Branc*er tus.. LId., Oflatla.
Cairada). Initial (Fo), mrximum (Fm), and
fx.al fiuorelcencc lrcre record€d. and chlo-
roph\ll \ariable fluores.ence rFv) iras
calculated as dle differcncc betlrr€n manimum
and i tial fluoresc€nce.

ll€ arc.a of rrable lea\es. \rtuch lrer!
seleded \rsuall) on lie basis of color. s€s
measured with a LI 3000/3100 merer (Licor.
Lincoln. Nebraskal Samples for grain mass

lras also taken at weekly intenal from ? to 35

day after ,fthesis.

RESULTS AND DISCUSSION

Resr ts of this study $ggest direcl
roles for roots in monocarpic senesaencc al
nonnal lempcmftue ard in accelcralcd
senesccncc al clcratcd tcmpcraturc. TIle are3 of
\ rablc lca\es decreased slo\ esl during
matuation when both shoo! and rool
temperatures were low (Fig. l). Increasing th€

shool temprranfe to 32"C accelerakd loss of
leaf area but high root temp€mtue 11?s

clnsiderably mo.e itrjurious and caused viable
le3ves to senesce quickly,

Pholosynthetrc rates of pknts gmwrl

Rrtl low shmurcol temperature,22l22oc, vete
high ald declined ordy sligitty during
maturation (Fig. 2) Ircreasing the shoot

tmperature (32l226C) lorrercd photosvntftesis

slighdy, but rates were still high when planls

maturd. High ]mt temperature (22l12'C) rlzs
nore injurious than high shoot temperature to
photoslnthesis, and no actifity $as detected

affer 35 da) Combirung lugh shoot and high
root temperaturc (32l12"C) $as most

damaging and acrr'I[ declined stcadllv to
undetectable levels aftcr 28 day.

Slomatal conductance separaled distrn_

ctl\ into two regimes. Conductance $?s high
'whcn root temperature was low and lvas lo*
whcn root temperallre lras h,gh (Iig 2).

Internal CO: concenlration difclgd little
among temperaturc treatments or samplin8 date
(Fie.2).

ChJoroph)ll !anable fluorescence (Frl
sas nearl)'llable and dirrunrshci onl) slightl)
from the ffr.t to the lasl dates in plalrts grorrn

at 22l22"C (Fig. 3). Warmrng either tlrc shmls
or rhc rools ro J2'C decrcated F\ .iflilail)
until the last date. nhcn Fv fell markedly in
ptants eith high root temperaturc. Tte .atro of
l'aflable/firarimum fluores(ence (T\/Fm)
declined concomrtand\ *rth lhe dcclinc in Fv
Thc dccline in F1 as well as Fr'/Fm resulted
from , marked reduction in the level of Fm
along with a slight incr$s€ in the ]ield of Fo
(dala not shoPn). The decline in the
photosynthedc rate and vanable fluorescence

likely resulted liom ultrastructural chnges in
the chlorcplast of senescing lea\es during high
tempemture sEess Mae et ol.. 1987). High
slomatal conductiviry_ of plant $o11'Il with low
root temperah[e undoubtedly was necessa4 for
the high photos_\.nthetic ralcs that E!rc
observed and. bv delaying sencscence. may
have p.olonged leaf viabililY.

crain $oirIll after anthe6is reslondod
favorably to lotr tempratures and adversely to
high temperature *hen shoot and imt wete
undcr the came Iemperalure regimeq tFrg.+1.
Holding shoots and roots at 22"C rnaintained
high mass of gain. High shmt/root
temperature iras only sliShdy more damaging

than high rcot tetuperature alo.e large Slain
,JJ.ass at 22122'C can b€ attribuled to tlrc high
mte of photolnthesis aIld long duralion of leaf

fuoction Thc r2l12'C rEgime had an opposrle

effect Hasteniflg l@f sencscence by
high shmt^igh root t€mp€rature was also

observed as decreasing rariable
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nrrcrescence Higb tentPerature prab€bl]

caused lotl root acli\1t) and slo$ed sl'n$e-

9s of otoklntn lfl root 3nd lranslocauon ot

c\tokiEn to shoots (Kurqvanagl aflo

P;ulsen. t98e), shlch induced senesc-ence

of leales and cessation of glalo develop_

ment (Herzog, 1982)
lntesusauons of high lempemture

muo 10 Phn; ha\t mostlr emphasiz€d

elieals on photosFfetlc sources and

renroductr\e su s tAl'Khatib and Padsen'

l99u: Choudhuri and W1rdlaw l978I i-he-

Dresent rcsults demonstrate that reslonse ot
',*ts to tueh Emperalure should also D€

consrdercd. Thc dala Iodrcate that planl

rnirn t\ hlqh temperatu'e is tnfluenc'ed tf
t,'ntr root teirperarure as "ell 

as high shml

tciro.zature Root (soll) rcmp€ranrre ls

toser thur tiar of shoot lairl temperature

during the reProdud e Period of rheat bi'jl

.'stri be lueh mough to augment mlurv

Thi root ternperature nnght be intolveo rn

shoot sencscence ad bc lnditectly regulatc

Dhotostnthate parrtloning and $aln Felo'

ir i. not ctear. howe\er. thzl rooG medrate

Dlant response to lngh temperature'

attl,ough ,t s.e.s appareft thal ihelr role ls

.s imDortant as those of shoots and sprxes

rn *h;al (Kurolanagi and Pauls'n lqE-6)

More imponand), perhaPs is the Possorltw

that loot temperature miEhr be modlned

more easih tl|an air temlrra$re' Ground

coyer. hllage. irrigalion. and other cdhfar

oracuces ared soil lemperarure \rhereas
'feo ,t any melhods are practical lor

manipulatng alr lemp€raure {(ooper'

1971. Niclsen, t974,
ln mmluslotr. shooL senescence $tucn

rcduced lhe rale of pholosmthesis and lls

rclaled actl\llter and. hence lhc p-holo'

Jrmr ,rpptt ro rl" gt^'n i! morc affected

temperaruri of fie rool than thal ol ue

shoot.
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DAYS AFTER ANTHESIS
PhotoErlthetlc rate, stomatal conductance, afld internal CO, concenuation of *heat
plants growlr under four shoot/root temperatue reglmes after anthesis- Vertic€l

lines are I SE; lines that arD not shown are shortcr lian sl1nbols.

l,aju fotosiatesis, kondutsi slomat4 dar kadar CO, dalam tlaun taDalnan Sandllm

)ang tumbui pada empat macam suiu alGt/tajuk setelah penyertukan. Garis

vertikal adalai i SE; garis yang tidat aafiPak lebih kecil daripada simbol.
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DAYS AF'TTR ANTHESIS
Chlorophyll vatiable fluorescence (Fv) and ratio of F!/Fm of $heat pknts gro$n

undcr iour shoot/root temPeralure regimcs alier anthesis. vcrtrcal lines are 1 SE;

lincs tbat are not sho$! are shorler than slrbols

Variab€l ilumiMsi klorolil Gv) dalr rsbah F\'/Fm pada tana.man Sandum ya'g

tumbLh pada empal macirm sunu akar/lajuk selelai penyetbukan. Garis vertikal

adalah t SE; garis yang tidrk nampal lebih ke.il daripada simbol'
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trigure 3,

Grmbar J.

CHLOROPHYLL VARIABLE FLUORESCENCE
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trigure 4.

Grmba t.

DAYS AFTER ANTHESIS

Mass of grain of wheat plants gro11,rl under follr shoorroot temperaare regimes
afteranthesis. r/ertical lines are t SE; lines that are not sho\r.n are shorter than
slmbols.

Berat tering blii pada tanaman gandum yang hrmbui pada empal nucam suhu
akarlajuk setelah penyerbukan. Garis vertikal adalal tSE; garis yary tidak nampa.k
lebih kecil daripad, simbol.
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