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Summary -
A growth analysis study on the effects of two contr rasting environments on the

yield of field grown sunflower (Helianthus annuus L) cultivated in Camplnas, Sao
Paulo State, Brazil, was undertaken. -

‘Accumulation of dry matter, NAR, RGR, LAI, LAD LAR were dexermlned in two difer
ent seasons of cultivation, in a randomlzed experlmental design with 5 replica-
tions. Higher values for Lhose parameters were obtained in the wet season.

Although total seed weight in the wet season was higher, the difference between
seed yvield of wet and dry season was only about 400 kg/ha probaDlv due to the
.excess of rain and cloudy days during flowerlng period in the wet season ,leading
to an increase of empty seeds and decrease in photosynthetic level. The plant
grown in the dry season was much more efficient because it allocated less for
growing, concentrating the efforts in seed vield.

The earlier leaf senescence observed in the ary season was responsible ~for the
- greater decrease in NAR

Both LAI and LAD gave hlgher values in the wet seaéoﬁ_ at flowering.
Regression analysis showed good fit to all parameters studled except for NAR in

the drv season.

Introduction

The study of sunflower phv5101ogy in Brazil is practlcally inexistant, although
this culture has a great potential (Sichmann et al. 1970) in our condltlons and
its cultivation since long time is concentrated mainly in the small and medium
seize propertles (Ungaro, 1987) C

It is erected that the pattern of plant growth varyv between tropical and tempe~
rate regions due to the differences in seasonal variation and c11mat1c - factors
such as temperature and light energy 1ntercepted '

The sunflower in Brazil has been mainly cultivated in the dry season, following
the main crop, although the cultlvaclon in the wet season is alsc pos;1ble,> and
gives, better seed production.

The present studv is a contribution for the better unde*standlng of the comport
ment and develonment of this. culture, with the compalrlson of two seasons, ver}
d ifferent in their climatic conditionms. ’

In recent vyears, growth analysis studles of Helianthus annuus L have been" conduc
ted by Warren Wilson (1967), Robelin (1967), Rajan et al (1973), Eze (1973},
Bianchet et al (1982; 1982 b), Merrien- et al (1983), concluded thatex1stcomp1e‘
interations between light and temperature effects on NAR, LAR, RGR and leaf area;
sunflower has a relatively high NAR, TDM; LAl and LAD are factors of medium
importance in seed production; the leaf surv1val in the fllllng period largelvw
- influence the seed production.

Materials and Methods

The experiment was conducted under field condltlons at Campinas, Sao Paulo State,
Braz1l durlng the year of 1983/84, with Helianthue annuus cv. IAC—Anhandy (ob-

61



;ained by mass stratificated selection in Peredovick variéty), in two planting
dates: 11 October 1983 (wet season) and 30 March 1984 (dry season).

It was applied 400 kg/ha of the formulae 4-20-20 (N-P-K) at' sowing and 100 kg/ha
of amonium Sulphate 35 days after emergency. The seedlings were hand thinned to ‘
stablish a final stand of 60 000 plants/ha. In the dry season treatment, to the
basic formulae was added 1,0 kg of boron.

The. samples were collected each 7 days, starting in the first true leaves pair
stage (¥ 7 days after emergency), untill the physiological maturity of the seeds
(* 90.d§ys after emergency). At each sampling date, 5 samples of 5 plants  each
(0,80 m* of area per sample) were collected at random. These plants were separe-
ted into leaves, stem and capitulum, and fresh weight and stem lenght were recor
ded. -

The leaf area was estimated by punching out leaf discs of known area  randomly,
including the midrib, as described in the work of Eze (1973). ‘

The dry weight was determined after drying the samples in a temperature of 60°cC |
untill constant weight. |

. The following parameters were weekly determined in the two planting. seasons: to
tal dry matter (TDM); leaf dry matter (LDM), stem dry matter (SDM), capitulum
dry matter (CDM), seea dry matter, leaf area index (LAI), relative growth rate
(RGR) , net assimilation rate (NAR), leaf area rate (LAR) and leaf area duration
(LAD) . They were- obtained according to Buttery (1969) and Eze (1973).

Regression analysis were used in the results interpretation, according thichols
and Calder (1973). '

Results

The montly mean values of temperature and rainfall during the two growing  ~ sea-
sons are shown in Table 1. There were only slight differences in temperature
between the two seasons, except for the end of plant cycle in the dry season.
The rainfall at flowering period was too high in the wet season and- inexistant
in the dry season. ‘ -

The duration of vegetative period was practically the same for both seasomns.

In the wet season, the total dry matter, leaf dry matter and stem dry matter was
twice the obtained in the dry season (Figures 1 and 2). The ratio seed produc-
tion/TDM was 0,19 in the dry season and 0,29 in the wet season. Thepre was a high
rate of dry matter accumulation in the vegetative phase which, in the beggining
of the seed Ffilling period, decreased in both seasons. The leaf dry ‘matter
‘reached the maximum value at flowering 'period. The stem dry matter reached the
maximum value at the end of flowering period. The head dry matter continued to
increase untill near the physiological maturity. The final plant height was
2.05 m in the wet season and 1.35 m in the dry season. ‘

In the dry season, the absence of rain after the beggining of the flowering pe-
riod (Table 1) resulted in premature leaf senescence. '

The NAR and RGR were maximum at the beggining of vegetative period, decreasing
after 22 days from emergency (Figures 3 and 4&). In the wet season, decreases in
the NAR values occurred in a slower rate, but starts much earlier tham in  the
dry season. In the dry season there was a rapid decrease in NAR values after
flowering period. Almost the same pattern can be seen for relative growth rate.

The LAI and LAD on tﬁe wet season plants was consistently higher than the dry
season plants (Figures 5 and 6). :

The LAR for the wet season treatment was above 2,0 at the beggining of the
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Table 1. Meteorological data for the two growing

seasons.
. max. . min, T m;:lzl'ﬁ” T
- temp. (OC) temp. (°C), {oun)
Oct. 26.5 16.5 90.1
Nov. 28.5 . 17.3 140.2
Dec. 27.5 " 18.8 277.1
Jan, 30.8 19,3 187.7
Feb, 32,6 20.0 36.1
Mar, 29.9 18.7 80.6
Apr, 26,9 16.9 152.6
Mai. ‘27 2 15.8 56.0
Jun. ‘26,2 13,0 ’ 0.0
Jul, 26.4 13.4 0.0 s
OBS: The mounth assmaled correspond to che flowermg
period,




-season while ‘in dry season treatment, LAR remained below 1.5. After 15 days, LAR
was p;§c;iCa11y the same for both treatments (Figure .

Rggréssidn analysis showed good fit to all parameters studied, except for NAR in
" the dry season. “

Discussion

The duration of vegetative period was practically the same for both seasons ,
which agrees with the results obtained by Yegappan et .al.(1980). Although TDM in
' the wet season was twice the obtained in the dry season, and. the LAI was more
than twice, the seed yield did not followed this proportion, due probably to the
- excess of rain and cloudy days during the flowering period, resulting in lack of
polinization and to the increase in photosynthetic level.Puech et al.(1975)found
that sunflower grown at 607 of normal insolation suffered 367 reduction of yield
_ if the shadding was limited to only 27 days during flowering period and seed de-
velopment. In our experiment we had 23 cloudy days during the flowering period.

The ratio seed production/TDM is not high (0.3 to 0.4) appearing to indicate. a
defect in the assimilators translocation to the seeds (Blanchet et al. , 1982) .
We found lower ratio in the wet season and greater one in the dry season. Kes-
teloot et al.(1978) found that there was a visible relation between vigour and
productivity. Otherwise, Blanchet et al.(1982) suggest that maybe a short stem
should be preferable, because.it also requires assimilates for its development.
Probably the good seed production obtained in the dry season of this experiment
could be explained, also, by the lower growth of the stems , leaving relatively
more for the formation of other plant parts. The comparison between total dry
matter accumulation in both seasons lead us to believe that the plant development
~in the dry season was much more efficient for seed production because it alloca-
te less for growing and development, concentrating the efforts in the reproduc-
tive organs, . -

At the-beggining of the seed filling period , the total dry matter accumulation
rate decreases due to two reasons: A9 the photosyntates-are transformed mainly
in o0il and protein, which requires a great use of emergy due to.respiration; b)
in sunflower there is an early ageing of the foliar apparatus which becomes less
active at the.onset of flowering (Rawson and Constable, 1980; Blanchet and Mer- . -
rien, 1981). In this experiment, we observed that the dry matter accumulation ra

te decreased after flowering, sometimes becoming negative, in spite of a high
LAI as found by Blanchet et al.(1982). » '
Blanchet et al.(1982) observed that both stem and leaf reached the maximun -

amount of assimilates at flowering ; after this period, should occur a small de-
crease probably due to the transfer to the seeds.- In our experiment we suppose
That it happened in the same way for the leaves; otherwise, the stem continued
to accumulate a little longer than the leaves. The head dry matter continued to
~increase untill near the physiological maturity (end of the experiment).

.According to Williams (1946), drougt conditions may be expected to depress NAR
"value on any basis. Otherwise, Merrien et al.(1981) stated that water . deficity
. is much more important to leaf area than to its assimilation activity.High water
deficit results in an earlier leaf senescence, beggining in the older  leaves,
leading to a net assimilation rate decrease (Merrien et al., 1981b) , but the
activity of the upper leaves .is capable of making up for the lack of the lower
- ones(Vrebalov, 1972; Rodrigues Pareira, 1974). In the present paper, the results

obtained for NAR in the dry season agree with Merrien et al.(1981b). Although

the drought condition occurred from the end of flowering to the end of plant
cycle , even after 15 days of drought the NAR was high (0.12g.dm—4day—1); afrter
that, it decreased to negative values, corresponding to-.a period in which - we
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observed'a premature leaf senescence. The rapid decrease of NAR values observed
in.the last two weeks of the dry season experiment could be explained ‘also by
lower leaf assimilation activity after flowering, since, in the wet season, NAR

‘values  also decreased after flowering.

Although many authors pointed out the influence of temperature in the NAR (Heath
and Gregory, 1938; Williams, 1946; Warren Wilson, 1966; Hodgson, 1967). we
suppose that in our experiment there was no influence of this component between
the two seasons, since the mean temperature had only small differences through
out the seasons. An exception was observed at the final stage of the dry season,
when the mean temperature was above 200C. Reviewing those experiments showing
the influence of temperature in NAR we observed that when the mean temperature
was less than 20°C the variation in NAR between the experiments was greater.

Sunflower shows a high photosyntetic capacity during the vegetative phase; after
the flowering, this performancy tends to be attenuated (Blanchet and Merrien ,
1981). This can be observed by the analysis of the studied parameters in both
'seasons. Much of the decline occurred in NAR and RGR in the wet season treat—
' ment can be attributed to a rise in self-shadding ‘(increasing LAI). Several
factors, besides self-shadding, may be expected. to decrease net photosynthesis,
such as the increase in seed formation (Howell, 1962) and senescence of the
leaves themselves (Buttery, 1969). '

The difference in LAR values between wet and dry season could be explained by
the lack of water stress in the wet season plants, allowing them to a fully leaf
expansion. After 28 days from emergency, total dry matter variation was propor-
tional to the leaf area variation, because both seasons showed almost the same
LAR values. The LAI in the wet season was much -higher than in the  dry season
plants resulting in a consistently higher LAD in the wet season.

" Conclusions

1.The plaﬁf developed in the dry season was much more efficient than the plant
developed in the wet season. ' '

2.At the beggiﬁing of the seed fiIling'period,’the'TDM accumulation decreases.
3. The decrease in NAR after flowering in the dry season was due, mainly, tc -the
earlier leaf senescence and less temperature.

4.After 28 days from emergency, the TDM variation was proportional to :the leaf
area variation. : ’
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