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Abstract

~Environmén_tal and plant factors affecting photosynthesis in sunflower were studied in controlled

environments and under field conditions. The response to temperature had a broad optimum around

27°C indicating that temperature is unlikely to limit photosynthesis of the crop under normal summer
growing condmons As found for most crops, carbon dioxide was the main factor limiting photo-
synthesis under’ ‘optimum conditions of temperature and irradiance. Photosynthetic rates varied

" with the'ageand po»mon of the leaf on the main stem. The maximum rate achieved by any leaf was

- obtained by fitting an exponential relationship of the form P = 4(1 —e~5%), which gave an adequate

. description of the light response curve. The photosynthetic rate of leaves increased to a maximum
. just prior to full leaf expansion and then declined. An increasing rate of photosynthesis was also

characteristic of the leaf profile up the main stem, culminating in highest rates in the upper part of
the leaf canopy.

< These data indicate that the larger recently developed active leaves, which are produced on the
upper part of the stem, have the greatest potential photosynthetic capacity and are most effective in
supplying carbon assimilates at all stages during the development of the crop.

In-the field, rates of photosynthesis for individual leaves were of the same order of magnitude
and followed the same pattern as those recorded in controlled environments. Also, their diurnal
patterns of photosynthesis and stomatal conductance were relatively unaffected by reduced water
potentials as low as —2-0 to —2.5 MPa during the middle of the day.

The partitioning of dry matter in sunflower into the various above ground parts was characterized
and at physiological maturity the seed represented 559 of the dry weight of the inflorescence but
only 33 % of the dry weight of the total plant. There was a linear increase with time in the oil content

~ of the seed following fertilization, reaching a maximum at about 20-25 days, several weeks before

the seed reached physiological maturity. -
These data can provide the necessary response functions required for the photosynthetic submodel

_ of a more comprehensive model to predict the yield and adaptation of sunflower under varying

environmental conditions.

Introduction

The successful cultivation of sunflower as a summer-growing oilseed crop in
Australia will depend on our ability to increase its tolerance to disease, temperature
and moisture stress, which are features of many of the dryland cropping areas in which
it is grown.

This improvement and the development of more appropriate cropping strategies
will require a better understanding of the crop’s development and its response to the
major enyironmental variables, radiation, temperature and water, which control its
growth.  Numerous models simulating the growth of crops have been developed in
recent years and these can be used to predict crop adaptation. A common limitation
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appropriate functions required to deve
interception of radiation, can

Opy photosynthesis and the partitioning of photo-
synthate, : :

» although such a function is needed for
any accurate model of canopy photosynthesis. Also, a better uﬁderstanding is needed
of the variation in photosynthet_ic rate resulting from changes in temperature and

1 week after the emergence of the designated leaf, between three add five plants were taken from
each group, and the appropriate leaf was inserted in a leaf ch:

amber. Net photosynthesis was
measured at 650 mg m-3, CO, in air, at five levels of irradiance from 35i

80 %_of full sunlight) to 35 W m~* of PAR (400-700 nmy, “In-addition,

chamber similar to that described by McPherson and Slatyer (1973)>. Leaves wete hradiatéd by

Temperature was monitored at the. legf surfaces
using thermocouples and was varied over the range 10-45°C by contrélling the temperature of the
water circulating through the walls of the assimilation chamber,

The levels of CO, were controlled through absorption by a column of soda lime or by injection
of air enriched to 6000 mg m~3, CO, in air, into a CO,-free air stream. Before entering the leaf
chamber, the air was thoroughly mixed and dried and then passed through a humidifier. A micro-

W rate (approximately 2 litres min~t) and-

calculated. Stomatal and internal CO, conductance (£’, and k') were then derived asthe reciprocals
of stomatal and internal CO, resistance (/r'g and 1/"). ’

Measur_ement of Photosynthesis in the Field

—

The variety Peredovik was grown in field trials during successive Summers at Armidale, N.S.w.

(30°31°8., 15 1°39°E.) on chocolate basalt soils, Meteorological data were collected from a permanent
station within 50 m of the experimental site. Data for crop development, rainfall, evaporation and

. soil moisture for the first season only are given in Fig. 1 as this is the only trial for which detailed
_ results are reported in the paper. : :

of adequate experimental data to define the -
lop submodels to predict processes such as the -

er leaves. At weekly intervals, commencing

0Wm-2 (approximately.-- -"‘_ A

<

Photbsxnthesis in Sunﬂower

. Theer '.s.were éstablished with weekly: hagvest plots in:four gandcxngd_bloe;l;s;slo::iie; gixsrtum

<ot The c;otie expérimental: area:: The centralarea ‘was ‘-‘-s,?_‘;_f“ Plant m.easu;e; . 165 it
- ::lff:g ?ﬁe fnon-destructive analysis of crop ‘gm.Wth, A tz;)r;m;:;xatt‘ll :pgar?ﬁhoof e e

' was-used and fertili ;P,K) was applied prior to and during of the .
- "was.usved'al;id ?Lgl;irps(l\fvere s)prayed to control weeds and disease and the soil gmastu:’e;lst;;l;:“\;\;z
- gosﬁtirr?rw;ékly using aneutron moisture probe to detem;inbc:3 1123 lev:;oc:lf :;r:;ize tzxi o
o . is of individi ‘ d using. labelled ca _ ;
S ' individual leaves was measured using labe i he
a Pth?iSYn:l?l];S&S l;); lltfllél\Vilﬁam ef al. {1973). The technique involved equsm%hz ser:ag S:;c;c:tlion
,-:;zt?i?ﬁdi‘;f‘ to: 14CO,-labelled air for a brief Peric;:i ﬂEZ(; sgea;lm(il . t:::l’:v raesn;((l);;l;i the ugtake o Co;

O ARt fbel T e h specific activity of the labelled a nown, the upta co;

“gp(’l”m?@gr}pg'gfl%ctt’lgg(‘)suArztcbﬁl%':éaléﬂa&' -"To reldate this met‘hod ofhditerhn;n:;g ﬁl;_o:ge
; :;Sﬁggib?zé infrared analysis method, comp;ri’sags Wef{e m]:ct!:) ::1;?5 .I}ot_ 12 3x((:1r2  on the
o SYRLLESES AU .- ditions. _.f['he_gst enve_r.e' ¢ , Y= 3x(r” :
Same Jeaves ggder i(—ieﬁ‘tgg iggthod and ¥ = IRGA method) 1p§ilcated an 2Zemsnmattl1?:db;}; (t)l::
ﬁsQ'OQJvéing?ffygp;pm)dmZtely 23 % “This suggests that in this case tl}e CO; me
éloig; i?;prbxiﬁxated a measurement of gross rather than net photosynthesis.
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i easure-~
On eight cloud-free days during the main period of canogy dlevcz.lognll)el:ltd ggz;yz j.‘; 1:; 1-81)1; ﬁber e
— e . i ! ther leaf, depe T,
‘every leaf or every o -
e et ot al‘O:!md mﬁdzﬁcﬁg:;; rt}l,ae diurnal pattern of phofosyn?h.esm was also gstabl;f:te:-
i SF-]ECfeddat l‘;l(])l a:',;;nd the time of its maximum photosynthetic apthltyb;>go n:ga;%gxi )p oto-
- leaf'm t0 ﬁal?‘l{]ouﬂy intervals on comparable plants 'tbroughmllt thetde;ze ( o o
e f photosynthesis of each leaf was replicated at least wd s o ot o
measu;‘?ment tct; ls}ize of the leaf. On all occasions measurements were l:mll e 125 e e ¢
s Dorm . ' diation, because the leav
i the beam of solar ras n, . ree o
e surfa.ce pe?he: (g;‘;i:rntgux densities were at saturating levels for photosynthesis excep y
heliotropism. ! i . 1
tudying diurnal trends. 4 before
= l§te v e dz;yz:ep:rzs; of ybo%h upper and lower surfaces of the leaves were r:c?;;eg petore
hy Dlﬂ.ustll‘::sil: sl]fsit:lg a v;nﬁlated diffusion porometer (Lambda Instrurpents) a
photosyn!
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principles described by Kanemasu et al.
two leaf surfaces act as resistances in
reciprocal. .

On specific days throughout the growth of the crop,
was measured using a pressure chamber of similar desi

: t ) e o is.. Constd ‘- withs units: 3 ZW“1 _determines the rate at which
(1969). Leaf resistance r, was calculated assuming that the” = . - net photosynthesis.. Constant B, Wl.th,. umtsi_.(I:::1 o ) i oo oo urve 26 tho
parallel, and leaf conductance (k) was derived from the. i " -the maximum value of photosynthes1slls aplsa oache I;hctochemical efficioncy torm in
e e o o i ogou o
irradiance increases from zero is ana vy !
- the hyperbolic relationships (Acock et al. 1971) a.md eql.lalcs1 /iéB vggljihwnﬁnismiged e
7alu . by an iterative procedu
- Values of 4 and B were fitted i : o) expoctod] and
" resi ' the sum of [(observed —expecte pec
residuals: - These were calculated as oxpe S eatiafactory
» N » igni i -5 bles. The relationship gave
] : : ' : »d for significance using chi-square ta . relat S
Plant height and the dry weights of the various crop components, leaves, petioles, stems, inflores- - - were testedf? gg:;lata Cbtainon ot 65 mem=3. COy in air, and the chi-square et
cences and seeds were measured by harvesting a sample of the crop (12 plants) at weekly intervals. ~-- .~ - e - fit t'0>1'2_0 sets of oy . between the abserved values and the fitted curve were
throughout the growth of the crop from establishment to physiological maturity (a. period. of‘_»_ 105 : ind,xqated' that the difference :

: ined
days). ~ significant (P<0-05) in only 18 cases. However, a less satisfactory fit was obtaine
The oil content of the seed was also measured at 7- .

the diurnal pattéfﬁ'of leaf water potentia.l« o
gn to that used by Scholqnder et al. (1964).

Analysis of Growth and Oil Development A o LT

~r o

: : . : = . : : ical data
day intervals during the development of the oo ~ at higher CO, coneentration. Ex?,mples~ of this relat_lonshlp fitted tq typ
seed using an n.m.r. spectrometer (Newport Instruments). For this purpose, 10-g samples of oven- N o f‘or leaves 8 and 20 are shown in Fig. 3. :
dried seed were used following calibration of the machine using a comparable weight of sunflower oil. . - CoTT T . ) :
. N . e ] ) . ‘ oo E : 7 s N - ' . Fig. 3. Net photosynthesis
Results - . ST C ) _ of sunflower measured
Controlled Environment Studies . T . ' :

over a range of irradiances
(I) from zero to 350 W
m~% (400-700 nm)
(approximately 80% of
full sunlight) for two
typical leaves 8 and 20, at
a CO; concentration of

(@) Effect of temperature on Dphotosynthesis

The optimum temperature for leaf 8 at fuil expansion was around 27°C. Leaf 20,

- which was approaching full expansion, responded similarly to temperatures below
27°C but had a broader temperature optimum between 27 and 35°C (Fig. 2). The ’
Tates of photosynthesis of both leaves were considerably lower for

. Net photosynthesis {mg CO, m2 s71) /

> W m2 (400-700 nm)
irradiance and 650 mg B
m=3, CO; in air.

. (¢) Effect of CO, concentration on photosynthesis

i i sed with incfeasing CO, con-
t photosynthesis of sunflower }eaves increg - .
ceniiti(fn as il;liustrated for leaf 20 (Fig. 4): Only small absolute _cgﬁ:;:ncgets ;?g;:f-
photosynthesis were apparent at low irradiance, below 25 W m .

4
]
T

temperatures 650 mg m~3, CO, inf air,
and a temperature o
below 20°C and fell markedly above 40°C, - : - 27°C. Bquations represent
. ’ - the lines of best fit, using
0.9 ¥ L = gross photosynthe§is (Ps)
F ) : ) °* ' - S R (net photosynthesis-+dark
:': - ) . h respiration). Fitted curves:
% o8 =D Leaf 20,
E ~ P = 102-4 (l __e-o-oonz)_
S - . - o g 100 150 200 250 300 350 Leaf 8,
e Fig. 2. /nthesis - - : ’ - — 65.8(1 —e~-0-01367),
£ *r O;gsuﬂﬂ(.l::;rp;%:!t;;:y: g:f;ls ) . Irradiance (W m%, PAR) P =65-8(1—e g
::: 20, measured over a range :
£ o6l of temperatures at 350 .
-5
=3
s
z

. : =3, CO, in

o4 y L L L L y ey levels, above 50 W m™?, increases in CO, concentration above. 40? mg mons,e - ;v "
1 ® 2 = % - © “ . - - air, ga,we significant increases in net photosynthesis (Fig. 4a). Simi all; rels‘pht reSPONSe -
Temperature (°C) ‘ we;'e obtained for three other leaves. The maxmlllumnv?lllugsigfrzzl tSiegnli% omt (11)1 Tor.

’ , : tration are show . 40. .

curves of leaf 20 at each CO, concentratl ; ; oncentrations

(b) Effect of irradiance on Dhotosynthesis - ences were found among the rates of net photosy ntheSIS at.?;l.fligz:;gzg :;oncentration

. . . s ~ - . . i reased with i :

The relationship between net photosynthesis and irradiance was asymptotic but the rate of increase of net photosynthesis dec

(Fig. 3) and an appropriate function for describing the data (V. J, Bofinger, personal
communication) was:

: ; hotosynthesis
} (d) Effect of leaf age on p
- . . _ : . . ; ves 2, 8, 14 and 20 at
F=d e " The maximum values of net I?ho‘tosynﬂlleSls raecm;‘;?eit:c}; iiaFig. 5. These values
where P = ‘gross’ photosynthesis, 7 = irradiance, and 4 and B are constants, - : weekly intervals throughout their life cycles are p
Constant A represents the maximum

- . ; i i urves as described
rate of gross photosynthesis which, for fitting " : - were derived by fitting exponential functions to light response ¢
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; _|,§C4 (al)iﬁl;le:: ;)lfo(ticg;nicl)‘nc.entranon on photosynthesis of sunflower leaf 2() at
- ( esis measured over a range of irradi
:gx;:::xa:;ly gg"/., (f)if full sunlight for four CO. concentrago;asn(‘r:z: f:i?) zeLr?n:;
e best fit using the equation P. — A(]—a-8 xi
net photosynthesis at 350 W m=2 (400-700 flm) i(elasuiedlﬁt f<()bu)r %%leum
LU, con-

Ceﬂttauoﬂs- Each point 18 the mean 0‘ fou[ Ieaves 1[ om dlﬁelent plallts. ~ 1 t]ca]

reme}ined fairly constant for the third and fourth weeks
?]o?;?mum‘ rate ot: photosynthesis was attained when the leat:
10 ?fof gls lfﬁmxu;mm leaf area. Leaf 14 showed similar .
Or the first 3 weeks but these continued to
ncrease t,
the fifth week when the leaves had expanded to approxx?

before declining. This
area was between 80 and
ates of photosynthesis to
a maximum rate at about
mately 809 of their final

- peaked at approximately 65% of its maximum area. - C :
- - .Such variations in the rates of photosynthesis can be attributed to the develop-
_mental pattern of the sunflower. Different plants were used for each week’s measure-
. ments and even in a group of plants grown under identical conditions there was
6fte’n variation both in the number and ultimate size of leaves. In the case of leaf 14,
the average size at the eighth week was larger, though not significantly, than for the
hree- previous weeks. - In: the absence: of water stress it is unlikely that the leaves
‘would recommence expansion again. after full maturity; - it. seems by chance. that
 larger leaves-were used at week 8. : o

“area. Leaf 20 was similar to leaf 14 in ity maximum photosynthetic rate but the rate
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Fig. 5. Effect of leaf age on photosynthesis in sunflower. Maximum values of net photosynthesis
measured over the active life of leaves 2, 8, 14 and 28 at a CO; concentration of 650 mg m~3.
" Vertical lines denote twice the standard error.

" Fig. 6. Leaf area measured over the active life of leaves 2, 8, 14 and 20. Vertical lines denote twice
the standard error.

The values of the constant B increased as the leaf aged for all leaves except leaf 14,
but this was associated with a large amount of variation within the data which made
it difficult to identify significant differences. In this context, an increase in B indicates
that the leaf is light saturated at lower irradiances.
~ The CO, stomatal conductance (k) and internal conductance (k") of the leaves
were obtained at the same time as the photosynthetic rate, and the values shown in
Fig. 7 were recorded at the highest irradiance [350 W m ™2 of PAR]. Although there
were nalarge differences, there was a general trend of stomatal conductance increasing
as the leaf approached its maximum area and then decreasing as it approached
senescence. The internal conductance of the various leaves was one-half to one-third
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Steimnt st 5t

Otf" the value for stomatal cond
=a ter the leaf reached maximum size and progressed to senescence; -

(¢) Influence of leaf position on Pphotosynthesis
The mean size of each leaf
_ on five pl
leaf 14 is shown in Fig. 8. Th i ate
:czrour%d 20 cm? and their shape was ovoid
Juvenile leaves with an area less than 200 ¢m?:

Fig. 7
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. . s and i I ’
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Fig,

8. Leaf area profile and i
e, values for maximum net photosynthesis at

te i iti
m of sunflower plants measured over the course of development from roret positions on

gemﬁga@ion to flowering,

. the uppermost le
ad: aves reduced t '
green bracts which form the base of the compound inflorescence, H;)v::veefuzie:el

number of leaves on a pl
ant was somewhat vari
abl
and as many as 40 were recorded, ? and extremes of . fow as 23
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uctance and showed Jess variation and also decli'ne;i

ypical of those selec'ted for studying

Photosynthesis in Sunflower

- .In addition to the leaf area profile shown in Fig.:8, the maximum rates of photo-
synthesis attained by leaves at four levels in the canopy are also shown. These data
are the maxima derived from photosynthesis-time relationships in Fig. 5. Leaves 14
and. 20 achieved maximum rates of photosynthesis approximately 509, higher than
‘the-maximum rate for leaf 2 and approximately 20 % higher than the rate for leaf 8.

: »Fz‘.elyd Studies .
"~ "“(a) Photosynthesis "

A 'Photosynthesis of sunflower plants grown under typiéal érop conditions was
monitored throughout the major period of the crops’ development during two

successive seasons in the field. The course of photosynthesis for all leaves in both

‘trials followed a similar pattern of increasing to a maximum after emergence then
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Fig. 9. Course of photosynthesis in sunflower for four leaves (2, 8, 14 and 20) and the photosynthetic
output (leaf area X photosynthesis rate) for the whole plant, using the 14C0, method for estimating
photosynthesis of sunlit leaves. BE, buds emergence. FA4, first anthesis.

declining prior to senescence. For this reason, oflly data for specific leaves from the
first trial will be presented. Fig. 9 shows the course of photosynthesis for leaves 2,
8, 14 and 20 from the seedling stage prior to floral initiation until the completion of
anthesis approximately 50 days later. Leaf 20 achieved the highest rate of photo-
synthesis in this trial on day 71 but, on this occasion, it was possible to measure the
rates of only leaves 16 and above due to a deterioration in the weather before
measurements could be completed. The photosynthetic output (ug CO, s™*) of the
entire plant was obtained by summing the product of area and photosynthetic rate
for each leaf on the plant and could therefore be obtained only for days on which all
leaves were measured. It is a measure of the CO, fixed by the plant per unit time,
and increased to a maximum just prior to anthesis (Fig. 9). However it is likely to
be an overestimate because all photosynthetic measurements were made on sunlit
leaves.

The rates of photosynthesis of all active leaves present on plants on two successive
occasions (day 45 and days 71-77) during the growth of the crop are shown in Fig. 10.
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On day 45, about the time of bud emergence, maximum photosynthesis was recorded -
on the larger fully expanded l'eaves (6-14). One month later,-at the time of first

anthesis, the region of maximum: photosynthesis had moved upwards and included
leaves 15 through 27, representing the active central portion of the canopy. In both

cases the older lower leaves at the bottom of the canopy and the smaller immature. .

leaves at the top had lower rates of photosynthesis. Part of this reduction is due to
the lower rates of leaf conductance in these portions of the canopy as illustrated in.
Fig. 11. The leaf conductances observed for the active leaves at all sampling periods

were relatively high (3-5 mm s™1) with an indication of higher valiies around the
time of anthesis. . - :

Z'T ' ' Fig. 10
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The diurnal pattern of photosynthesis, leaf conductance and water potential of
leaf 10 was studied on day 50 of trial 1 when that leaf was approaching peak activity.
The data indicate that the rate of photosynthesis followed the irradiance (as measured
by photon flux density) rather closely (Fig. 12a). The maximum rate of photosynthesis
recorded was 2-16 mg CO, m™2 s~ with mean values in the middle;of the day of
about 175 mg CO, m~2 5™, Because these values overestimate net photosynthesis
by about 23 %, they can be taken as an approximation of gross photosynthesis.. The
pattern of leaf conductance showed the lowest rates in the middle of the day with
variation over the day from 6-5 to 1.8 mm s™'. Average values on this occasion
were slightly lower than those reported in Fig. 11 for similar leaves, possibly because
of different weather conditions or of variability in the plant material. :

The leaf water potentials measured on similar plants adjacent to those used for
measuring photosynthesis were greater than —0-2 MPa at dawn and decreased to

Fig. 10. Profile of photo- -7

Y : mmum b-el‘ow —2'-6..Mi’a at appréklmafely' if‘»h'-’.zzfter solarénoo(in_(fl"i.gg. ;[212
';ﬁl‘mi;imhm- diurnal values on twa subsequent:days were higher (—1- and —L-2 T,

respectively), but the form of the response ng’t-he'same.. ‘
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diance, leaf conductance and leaf water potentfal or

d at the stage of peak activity on day 50. Time is

|
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‘ i 'ph thesis, irra
Fig. 12. Diurnal pattern of photosyn 3
leag&' 10 of a field-grown sunﬂm_wer Crop measure:
Australian Hastern Standard Time.

(@) Photosynthesis, irradiance and leaf conductance. The
. ] o
?lggrfssfphv(:;(t’:zn?:zzﬁal Fitted curve ¥ = 7-657—0-0157X+6-083x107X2 (r 0-86,
ea . _
P<0-001).

14C0, method used provides an estimate

rtitioning of Dry Matter
" The paftitioning of dry matter into the xfarious abo_ve-g_roun;l pIzir:ctsiacl)]f tl;:a?lggt,
ing the growth of the crop in trial 11 is illustrated in Fig. 1 - Ini N y,ain oy
dufull]gt t crgzl;sed at the fastest rate but, after 40 days from sowing, t e mt Stem
welgun'::d for an increasing proportion of the total above-gl'qunddq:;lytgelc%::a;l There
:vc:s little senescence of leaves until about day 69, but at no time did the
account for a significant part of the total dry weight.




.. The maximum rates in field trials
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the’lt'?e dril1 weights of Ieave§, petioles and the stem all reached a maximum at or about
me the plant reached its maximum height, between 60 and 70 days after sowing

under the conditions of the trial. Following initiation the inflorescence grew slowly

glrl; ‘f;';g;l ia;l})' jggﬂacli)oui Ol(;) d;ys af;cjer bud emergence, there was a linear increase in
. ay 100, after which the rate of i i i i i

maturity was reached at about day 120, ° mcrease’ feclned wnd physwl'oglcal

it ieigec:;ngl;?egtd'evelopitég soon after first anthesis at about day 78 aﬁd there

. 1ght increased rapidly in parallel with the increase i ei the
‘ : . _ L in weight

inflorescence. At physiological maturity the seed represented about 55g"/4:§ ttll::
o

weight of the inflorescence but only 339 i
somte dovclopmens woe, y 337 of the dry weight of the total plant at the
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fert"fl?e f‘ynthescils of o.il in the seed.s (cypselae) commenced almost immediately afté.r
fert éfy ion ax}11 t)the oil ﬁercentage increased to the maximum level (50%,0-5goil g1
welgt) over the next 20-25 days, several weeks befor A
' 3 ¢ the séed reached i
final dry weight. The progress of seed and oil development is illustrated in Fi; IIZS

Discussion

The rates of photosynthesis re in thi
_ ' ported for sunflower in this paper support i
evidence for the high photosynthetic capacity of this species (’V\grrenp%ilsoﬁr‘;‘;gg;s
. were in the range 1-50-2-00 mg CO, m~2 -1
These rates approximate gross photosynthesis and are comparalfle to2 the rsates.

Photosynthesis in Sunflower

-observed under controlled conditions. * The"optimum temperatures obtained. for

photosynthesis were also in the same range as those obtained by El-Sharkawy and
Hesketh (1964) and Hiroi and Monsi (1966).. El-Sharkawy and Hesketh suggested

. that the optimum temperature for net photosynthesis occurred at higher temperatures’

for leaves with higher rates of net photosynthesis.. In these data, leaf 20 has a higher
potential rate of photosynthesis than leaf 8 and also has a much wider temperature

. optimum: for photosynthesis and was less affected by supraoptimal temperatures.
- - The efféct of CO, concentration on photosynthesis was similar to that reported in

many other species (El-Sharkawy et al: 1968; Ludlow and Wilson 19714) and indicated
that, at the optimum temperature, CO, concentration is the main factor limiting
photosynthesis. - However, because. there is no economic method of increasing CO,

_concentration’in the field, it has little significance as regards increasing the yield of
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sunflower. The ambient CO, concentration, however, is continuously increasing at
the rate of approximately 1-4 mg m~3, CO, in air, per annum (Monteith 1973) and,

_using the data obtained in this study, an increase in photosynthetic rates.of 0-2%,
per annum could be expected. However, this is insigpificant compared to the reduction
in photosynthetic rate which occurs due to the decrease in CO, concentration in the
canopy. If, as suggested (Monteith 1965), it could be reduced from 580 to 500 mgm ™3,
CO, in air, it would mean a decrease in photosynthesis for sunflower of up to 209,
although Monteith suggested that the decrease was probably closer to 109 on
average. Therefore the photosynthetic rates obtained in these controlled environment -
studies should possibly be reduced by 109 if they are to be used in modelling photo-
synthesis in a field crop. )

Modellers of erop growth have often assumed that the relationship between
irradiance and photosynthetic rate for the leaves in a canopy can be assumed to be
relatively constant (Monteith 1965; de Wit 1965; Duncan ef al. 1967). Our data
show that this is not a valid assumption and that the photosynthetic rate varies with
both the age of a leaf and its position on the plant. The maximum rates of photo-
synthesis attained by any leaf were estimated by fitting an exponential relationship to
the light response curves, rather than the more usual hyperbolic relationship which
gave unsatisfactory results. This is in agreement with Peat (1970) and Biscoe et al.
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- sink at this stage. This is not true for leaves around leaf 20, which are active during

- point to the apex. This is true for plants grown under co\:htrolled conditions (‘Fig.-»S), i
“and in the field (Fig. 10). The relationships between leaf area, photosynthetic rate -

S ai

s R 7 English ez al:

he dét’éfminéﬁoﬁ;ﬁf leaf water'potentia I-‘I‘ovig_v:ejr,v if the leaf Wate;pqtggttgl}. 5

» d for photosynthesis measurements were also below: —Z-Q MPa, the
rates ofph ynthesis, dbtaine_d were: hxgher than ‘might be expected fotls;;c;h on:;
lééfrf\ba'fe'rpbtéhtials. Recent work' of Millar _(1,97..1)',, Begg and Turner ( 1 t) an .
Hsiao, et al. (1976) concerning osmotic adaptatxox} in leaves §ugge$ts-,that p ;m S T?;in |
adﬁpt to stress'and can function effectively- at: quitg;'AloW .le'af watgr po?entla s: ;
shénomenon: of osmoti¢-ada tation may help to explain’ the- appreciable rates 91
tosynthesis found in this' stu tively 10W leaf water potentidls. Stomata
L e e L e - marked ‘extént in these trials as the minimum

(1975), who used an equation of the form P = a—bp! in preference to-a hyperbolic-
type relationship. The relationship used in this study is defined by’ two parameters -
analogous to the two parameters of the hyperbolic relationship, and also overcomes
the problems associated with the dimensionless constant p in the abave relationship.
The photosynthetic rate of leaves under. controlled conditions.and: in- the. field. -~
increased after emergence up to a maximum just prior to maximum leaf area and then
declined. Stomatal condutctance (k') also followed a similar pattern. with maximum:
values at the time of maximum photosynthesis. . Variation in internal conductanee:
(x'5), however, was less pronounced and did not appear-to be-sufficient to*account
for the marked decline in the rate of photosynthesis after the Iéaf reached its maximuni
size. A similar pattern was found in bulrush millet by McPherson and: Slatyer (1973):
and in tropical grasses and legumes by Ludlow and Wilson (1971). -+ - B
The hypothesis of Woodward and Rawson (1976) and Rawson and Woodwar,

able’l.i; Rel.ét‘ti‘onghip&ﬁetWei‘m lzéaf area, photosynthetic rate and photosynthetic
' cayééity for leaves. at different positions in the canopy of sunﬂowgr fora Al}ield-y

Py © % grownerep - - - o
(1976), based on work with sunflower, soybean and tobacco, suggests that the photo- . - Leaf . Leafarea :  Max. photosynthesis. Max. potential
synthetic rate of a leaf will decline if there is no active sink to utilize the photosynthate. L No. . (cm?) (mg CO, m™2s~%) ~ photosynthetic C_alDaCItY
Their work with sunflower (Rawson and Woodward 1976) suggested that the photo- : b ’ e (ug COz 5™)
synthetic rate did not decline as rapidly as it did in tobacco due to thé existence of- — 077 1.7
a larger sink. However, from their data, it appears that maximum photosynthesis . ‘ ég 097 12-8
was reached much earlier during leaf expansion than in these studies although they: S s T 4 284
did not show data from full leaf expansion onwards. The data presented-in this paper- : 41-1

show a decline in photosynthetic rate for all sunflower leaves af or shortly after. full

3580 1-15
leaf expansion which, according to the above hypothesis, suggesfs the lack of an active .

Despite the high photosynthetic capacity of sunflower, the crop is not p;rtn.;uiarl}f(‘
efficient in’ partitioning carbon assimilates into-the developing seed. At the t‘un;ci ?
physiological:maturity, in the current trials 58 %.of ~th?’ dry welghtrwas_c.:oqtame tn
the: inflorescence. but only a.little over half of this-(56 %) was seed. This represen s1
a harvest indexof 33 % which is lower than most values reported for modern cerea
. varieties (Syme-1972; - Fischer and Kertesz 1976). The most effective way tc;1 mcn‘eazi
~“the ‘proportion of the assimilate allocated to th.e seed would be to decrease the 'wixtg ¢
- and bulk of the stems and at the same time increase the number and/or weight o
per i nee. - o . .
:i;é’:{;;}:;o;‘?;é% found for oil in this expéri_x_nent is clo§e to the maximum achle\éed
. "for the cultivar Peredovik but ¢onsistent with the expectation for crops matured under
= cool conditions with moisture non-limiting: : :

the seed-filling stage. However it seems possible that, for the lower leaves, the Tack of
an active sink in the form of an inflorescence not only causes an early decline in leaf
photosynthesis but also restricts their maximum rate of photosynthesis; a
“In addition to the variation in photosynthetic rate of sunflower Teaves with age,”
there is also a considerable variation in their photosynthetic capacity because of -
variations in size and maximum rate of photosynthesis. Values of leaf area and D
photosynthetic rate at any stage in development increase from the base: of the plant - _
to-a maximum at about 75% of final plant height. Leaf area declines above this. -

and photosynthetic capacity of leaves taken at different positions up the main stem:
are given in Table 1. . L

The photosynthetic capacities are calculated on the assumption that the leaf still -
has its maximum photosynthetic rate when its leaf area is maximum but this is not .- -
always the case. These capacities therefore represent the maximum potential capacities v
of these leaves.” Table 1 shows clearly that the largest upper leaves which mature just
prior to anthesis have the greatest photosynthetic capacity. McWilliam ez al. (1974)
have also shown that these leaves are also responsible for supplying most of the
photosynthate required by the developing seed. 5

The diurnal study of photosynthesis showed a close relationship with the photon
flux density and there was no evidence of a decline in photosynthesis in the middle of
the day even though the leaf water potentials decreased below —2.-0 MPa' during ; ' ;
this period. This contrasts with Boyer’s (1970) pot study which indicated that ) S
potentials below —0-4 MPa caused a linear decling in photosynthetic rates. The !
measurements of photosynthesis in this study were made on plants adjacent to those
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