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ABSTRACT  
 
Lifespan of leaves is usually associated to grain yield in sunflower. During the grain filling 
period, demand of grains converges with a decreasing green coverage. The source-sink ratio 
(SSR) allows estimating a carbon budget between the organs vegetative and reproductive of 
the plant. The aim of this work was to study the effect of the source-sink ratio during the grain 
filling period on the leaf senescence in sunflower. Sunflower hybrid VDH 487 was sown in a 
field trial, and maintained in good conditions of water and nutrition. The SSR was increased 
in three moments (head removal), and decreased in one (shading), during the grain filling 
period. Senescence was evaluated from the decrease in the levels of chlorophyll, fluorescence, 
carbohydrates and dry matter, in leaves 15, 20 and 25 (from the bottom). The progress of all 

25 
(p<0.05). The increase in the SSR delayed leaf senescence measured trough all variables 

general terms, delay was greater when plants were submitted to longest periods of high SSR. 
Conversely, a decrease in SSR advanced senescence. Depending on the leaf and the studied 

In this work, we verified, by manipulating SSR, that leaf senescence is not fixe in time. As in 
most monocarpics, grain filling played an essential role in senescence.  
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INTRODUCTION  

Lifespan of leaves is usually associated to grain yield in sunflower. Senescence is a 
genetically programmed process which produces cell disruption and finally its death after 
nutrient recycle to younger or storage tissues (Gan and Amasino, 1997; Buchanan-Wollaston 
et al., 2003). It is influenced for both genetics and environmental variables. As it generally 
occurs at the end of the lifespan it is associated to a decrease in photosynthetic activity, 
macromolecules degradation, loss of chlorophyll, decrease in nitrogen content, etc. (Smart, 
1994; Buchanan-Wollaston, 1997). Some, or all, of these processes can be used as traces of 
senescence progress (Moschen et al., 2012). Loss of chlorophyll is probably the feature the 
most used to characterize leaf senescence, but carbohydrates and photosynthesis are also 
mentioned in literature (Crafts-Brandner et al., 1984; Sadras et al., 2000).  

Reproductive growth in annuals is related to leaf senescence since senescent leaves increase 
after flowering (Thomas and Stoddart, 1980; Gan and Amasino, 1997; Yoshida, 2003). Thus, 
demand of grains converges with a decreasing green coverage during the grain filling period. 
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The source-sink ratio (SSR) allows estimating a carbon budget between the organs vegetative 
and reproductive of the plant. Imbalances of SSR can accelerate leaf senescence (Rajcan and 
Tollenaar, 1999). In oilseeds species, including sunflower, experiments preventing grain 
formation showed a delay in leaf senescence (Lindoo and Nooden, 1977; Ho et al., 1987). In 
maize, there are contradictory findings in literature. While in most works an increase in the 
SSR resulted in advanced leaf senescence (Rajcan and Tollenaar, 1999; Allison and 
Weinmann, 1970), some others showed an advance or a delay in leaf senescence (Thomas and 
Smart, 1993). In all of these cases, carbohydrates metabolism plays a principal role (Wingler 
et al., 2006).  

During the grain filling period both the source and the sink adjust their relative magnitude in 
response to environmental and own of the plant factors. Thus, not only SSR could change as it 
progress through the period, but we can hypothesize that it effect on leaf senescence could 
also be modified. No reports were found about the effect of the changes in SSR in different 
moments of the grain filling period on leaf senescence.  

The aim of this work was to study the effect of the source-sink ratio during the grain filling 
period on the leaf senescence in sunflower.  

 
MATERIALS AND METHODS  

ring the 2012/13 season. Hybrid VDH 487 (Advanta) was sown the 22 
Oct. Emergence occurred 9 days after sowing. Plant density was 5.7 plants m-2. The 
experiment was conducted under good nutritional and water conditions. Weeds and insects 
were controlled. Phenological stages were recorded according Schneiter and Miller (1981). 
Flowering occurred the 9 Jan. and physiological maturity the 12 and 16 Feb. in control and 
shading treatments, respectively. Time was expressed on a thermal time basis by daily 
integrat
following treatments were applied in a factorial combination of different levels of source-sink 
ratio (SSR) in a randomized block design with three replicates: (i) head removal in stages R6, 
R7 and R8, (ii) 50% reduction of solar radiation in R7 stage by shading, and (iii) untreated 
control. Each plot consisted of four 10m long rows spaced at 0.7m. Daily mean temperature 
and solar radiation and rainfall were measured in a weather station located 400 m from the 
experiment. Target leaves (15, 20 and 25 from the bottom) were selected based on the 
representativeness of the profile of the plant.  

Leaf initiation in the apex was measured every 48 to 72h from emergence after apex 
dissection under stereoscopic microscope of three plants per plot. Results from the progress in 
time of the number of leaves were adjusted to a linear regression model, from which the 
initiation date at the apex of target leaves was estimated.  

Dry matter of target leaves was measured every 15 days in three plants per plot. Samples were 
cut from the plant and oven-
weighed.  

Soluble carbohydrates were measured every 15 days according to Dubois et al. (1956), from a 
50mg sub sample of leaves dry matter after milled. Absorbance at 490nm from both the 
sample and the glucose standard was measured with an spectrophotometer (Bausch & Lomb, 
Spectronic 20, USA). 19th International Sunflower Conference, Edirne, Turkey, 2016 
Quantum yield of PSII was measured every 10 days with a handheld fluorometer (FluorPen 
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Chlorophyll was measured every 5 to 16 days after extraction with 2,3 N, N 
dimetilformamida from 6 discs of 0.5 cm diameter taken from each leaf. Absorbance at 
664.5nm and 647nm was measured with a spectrophotometer (Bausch & Lomb, Spectronic 
20, USA). Chlorophyll content was estimated according Inskeep and Bloom (1985).  

The timing of the evolution of each of the variables in which its value fell to 80% of its 
maximum value was considered as an indicator (event) of the onset of senescence evaluated 
with that variable in each target leaf. In the case of chlorophyll are also considered the 20% 

ed to senescence events, was 
ordered on a unique thermal time scale. The sequence of events was considered modified 
when the occurrence of at least two of them was reversed compared to the sequence set in the 
control (for evaluation of SSR effect) or compared to any of the remaining two leaves (for 
evaluation of the effect of leaf age).  

Data of dry matter, carbohydrates, chlorophyll and quantum yield in each sample date were 
processed by analysis of variance procedures. Sequences of senescence related events were 
assessed by the method of analysis of variance using an unique model including treatments 
and leaves. Differences between the mean values were evaluated from the test of least 
significant difference (LSD, p <0.05). All analyzes were performed with the statistical 
analysis program Infostat Professional v.1.1 (Di Rienzo and Robledo, 2002).  

 

RESULTS  

Meteorological conditions during the experiment:  

being lower only in March. Contrarily, daily mean radiation did not differ significantly from 
the historical (18.3 vs. 18.5 MJ.m-2.d-1). In December and January, radiation in 2012-13 was 
lower than the historical, while in February it was higher (Table 1). Rainfall was higher than 
the historical, especially in December and January (134% and 40%, respectively, Table 1).  

Characterization of the effect of treatments on the target leaves.  

Dry matter:  

In leaf 15, after the application of R6 and R7 treatments the loss of dry weight was delayed, 
while in S it was not affected (Fig. 1.A). In leaves 20 and 25, head removal produced an 
increase in dry matter (R6) and/or the delay in weight loss in advanced stages (R6, R7 y R8). 
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Shading accelerated weight loss (Fig. 1 B y C). The weight of the leaves towards the end of 
the cycle was higher as the demand was interrupted before (R6>R7>R8>C).  

Chlorophyll:  

After head removal in R6 and R7 a delay in chlorophyll degradation was observed in leaf 15 
p

20 was near 0.04 mg/cm2. Head removal also delayed chlorophyll degradation in this leaf, 
while in S it was advanced (Fig. 1.E). The same was observed in leaf 25, although 
degradation in S was faster than in leaf 20 (Fig. 1.F).  

Quantum yield of PSII (Qy):  

Head removal in R6 and R7 delayed decrease in Qy in leaf 15 (Fig. 1.G). In leaf 20, head 

advanced Qy fall, which attained 

65% lesser than the  

Soluble carbohydrates (HCS):  

leaf 15. When treatment was applied in R7, HCS of the C was already reduced to the half of 
the maximal value; a  

In leaf 20, head removal allowed in the three treatments (R6, R7 y R8) maintained higher 
concentration of HCS for a longer period than C, and in the cases of R6 and R7 also delayed 
t
end of the drop in HCS (Fig. 1.K). In leaf 25 the response was rather similar to that of leaf 20 
(Fig. 1.L). 
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Effect of SSR on the sequence and the moment of occurrence of the events:  

In leaf 15, chlorophyll, Qyield, dry matter and carbohydrates were the first events in the control. More 

treatments did not affect neither the sequence nor the moment of occurrence of the events, in comparison 
with the control (p>0,05, Fig.2 R7, R8 y S), excepted R6 where Qyield was delayed (p<0,05, Fig. 2, R6).  

In leaf 20, chlorophyll, Qyield and dry matter were the first events occurred in C treatment (p<0.05). 

p<0.05, Fig. 3 C). In R6, a delay in all events was observed 
with excepti

p<0.05, Fig. 3 R6). In R7, dry matter and 
p<0.05, Fig. 3 R7). The carbohydrates was the only 

p<0.05, Fig. 3 R8). Shading 
p<0.05, Fig. 3 S). SSR treatments did not 

affect the sequence of events in leaf 20, according to our evaluation parameters (see materials and 
methods).  

p<0.05), occurred 
ot differ from the previous events 

(p> p<0.05, Fig. 4 C). Treatment R6 delayed all the events, 
p<0.05, Fig. 4 R6). When treatment was applied in R7 

either dry matter or carbohydrates were delayed from the control (p<0.05, Fig. 4 R7). In R8, also Qyield 
was delayed (p<0.05, Fig. 4 R8). SSR decrease by shading, advanced all the studied events (p<0.05) save 
chlorophyll and yellowing, being dry matter and Qyield the events 
comparison with C, p<0.05, Fig. 4 S). SSR treatments did not affect the sequence of events in leaf 25.  

Effect of the leaf age on the sequence and the moment of occurrence of the events:  

Life duration of leaf 15 was 
event, p<0.05, Fig. 5). Sequence of events in leaf 15 and leaf 25 was similar. In leaf 20 carbohydrates 
occurred between yellowing and dead, in contrast with leaves 15 and 25 in which it occurred before 
yellowing (p<0.05, Fig. 5). In leaf 15, all the events occurred before than in leaves 20 and 25 (p<0.05). In 

p
before, even if difference was not significant (p>0.05, Fig. 5). 

SSR effect on the events related to the senescence according to the time of the filling period:  

The increase in SSR by removing the head at different times of the grain filling period lead to a delay in the 
occurrence of all events studied in this work except the fall of chlorophyll to 80% of its maximum value (Fig. 
6.A, B, C, D, E and F). Depending on the event, the time at which the increase in SSR occurred, and the leaf, 

rall, the event lasted more when the time between the application of 
the treatment and the occurrence of the event was higher. It can be observed in certain events as the fall of the 
dry matter, yellowing and leaf dead, an approximately linear relationship between both variables (Fig. 6.C, D 
and F). In other events, such as the fall of carbohydrates, the delay was approximately constant at changes 

Conversely to an increase in SSR, its reduction by applying a shade, advanced all the events studied in this 

hydrates, Fig. 6.E). 
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The period between treatment application and the occurrence of the events in leaves 20 and 25 was longer 
than in leaf 15 (Fig. 6.A, B, C, D, E y F). Even, in this last leaf some events occurred previously to the 
application of certain treatments, and therefore did not appear in the corresponding figures (Fig. 6.A, B, 
C, D y E). The delay or advance in the occurrence of events by effect of SSR increasing or decreasing, 
respectively, in the leaves 20 and 25, was generally similar excepted in Qyield and dry matter, where leaf 
20 was affected more than 25, in treatment R6, and conversely, leaf 25 was more affected than leaf 20 in 
shading treatment (Fig. 6.B and C). 
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DISCUSSION  

The increase in SSR by head removal delayed leaf senescence measured through all the variables used as 
possible senescence indicators in this study. This occurred in a greater or lesser extent in the 3 leaves 
studied and in spite of the time of the grain filling period in which occurred the increase in SSR (Fig. 1). 
Ho and Below (1989) and Purohit (1982) also observed a delay in leaf senescence after head removal by 
measuring chlorophyll content. Sadras et al. (2000) reported comparable results working also with leaf 
nitrogen and dry matter concentration. The absence of the reproductive sink in annuals prevents grain 
demand and consequently nutrient remobilization from leaves. This will allow keep longer cell structure 
and functionality. Otherwise, the lack of the head in sunflower was related to a prolongation of roots 
functionality, which was associated to leaf duration (Lisanti et al., 2012). Conversely, a decrease in SSR 
by shading produced an advancement of leaf senescence measured through all studied variables. The 
decrease of incident radiation causes a decrease in photosynthesis which could be the cause of the onset 
of senescence.  

When we classed our events in a unique thermal time scale we established a sequence. Even if each event, 
as observed for the complete evolution of the respective variable, mostly delayed or advanced with an 
increase or a decrease in SSR, respectively, the sequence established remained irreversible not only to 
changes in SSR, but also to the moment of these changes (Fig 2, 3 and 4) and to the age of the three 
studied leaves (Fig 5). From these results we could assume that once triggered, leaf senescence would 
follow the same metabolic signaling pathway.  

In other attempt to classify senescence events in sunflower, Moschen et al. (2012) observed that N 
content in leaf 25 occurred much earlier than our first event, the drop of chlorophyll to 80% of its 
maximal value. In our work, the first event was the only one remaining stable after changes in SSR and in 
leaf age, although in several cases (especially in leaf 15) this event occurred before the application of the 
treatment. From these results we could guess that changes in SSR did not prevent senescence triggering, 
but they shortened or lengthened senescence period.  

As change in SSR was before, the effect on the occurrence of an event was mostly higher. The exceptions 
were chlorophyll drop to 80% (above mentioned) and carbohydrates drop (Fig. 6). This was probably 
related to integrating carbohydrates functions in senescence regulation (Wingler and Purdy, 2006).  

 

CONCLUSION 

 this work demonstrates that SSR during the grain filling period can advance or delay leaf senescence in 
sunflower. This effect did not involve the onset but the subsequent evolution of senescence. The sequence 
of studied events related to senescence was not modified by changes in SSR. Senescence in lower leaves 
occurred earlier than in upper leaves but preserving the same sequence of events. 
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