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Abstract

The objective was to assess the effect of chemical desiccation on seed germination and stora-
bility in three sunflower female inbred lines and to point at possible indicators for optimal per-
formance time . Desiccation was performed with Diquat (2 l ha-1) applied at 7-day intervals from 
the end of flowering to harvest maturity . There were 6 treatments and control (untreated) . Ger-
mination was tested 2 and 21 months after harvest . The highest germination was recorded when 
the desiccation was performed 35 days after flowering . Results showed that optimal moment for 
applying chemical desiccation when there is no negative effect on the seed germination is specific 
for each sunflower genotype . Seeds with a high level of germination (>90%) can be stored for 19 
months without significant loss in germination, namely, it was not negatively affected by chemical 
desiccation . Seed moisture and growing degree-days can be used as reliable indicators for optimal 
desiccation time .
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Introduction

Desiccation as an agrotechnical measure 
has been introduced in agricultural practice 
several decades ago, with the goal of acceler-
ating plant drying which would ensure that 
the crop is ready for an early harvest . The 
measure is advantageous in cool climates 
where spring crops often mature in late fall, in 
time when weather conditions are unfavoura-
ble for harvest (Miklič et al ., 2001) . By drying 
out green portions of the plant, chemical des-
iccation makes mechanized harvesting easier 
(Miklič et al ., 2012) . Desiccation is especially 
beneficial in seed production of crops such as 
sunflower (Čanak et al ., 2011) and soybean 
(Zuffo et al ., 2019) . The optimal moment for 
performing desiccation is at physiological 

maturity when seeds reach maximal viability 
and vigour . Harvesting before reaching phys-
iological maturity could shorten grain filling 
period, reduce seed size or affect its chemical 
composition (Kappes et al ., 2012; Albrecht et 
al ., 2013) . Determination of physiological ma-
turity is of essential importance, and different 
indicators such as seed moisture (Kaya et al ., 
2004; Miklič et al ., 2006; Vallejos et al ., 2011), 
maximum dry weight (Vallejos et al ., 2011) 
and oil content (Kaya et al ., 2004) can be 
used as guidelines . However, since the envi-
ronmental factors highly influence sunflower 
development, heat unit summation (growing 
degree-days) is commonly used for measur-
ing the time between phenological stages and 
for maturity classification (Kaya et al ., 2004, 
Baum et al ., 2019) .
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Desiccation can be performed with a range 
of desiccants that differ in their mode of action . 
In sunflower desiccation, Diquat is frequently 
used . This desiccant diverts energy from pho-
tosynthesis and induces production of perox-
ide radicals, causing cell damage and desicca-
tion (Esfahani et al ., 2012; He et al ., 2015) .

In seed used for cultivation, the percentage 
of germination is one of the most important 
characteristics (Kumar et al ., 2011) . Germi-
nation is a complex process which starts with 
the uptake of water and is completed with the 
appearance of the radicle . In an agronomical 
sense, it refers to seedling emergence from the 
soil (Nonogaki et al ., 2010) .

Another important characteristic of cul-
tivated seed is its storability . Seed storability 
refers to the ability of the seed to be stored for 
a prolonged period of time without loss of vi-
ability and is affected by the harvest stage . This 
seed characteristic is important not only from 
the point of managing seed stocks in seed com-
panies but also impacts the effectiveness of seed 
preservation in gene banks (Babić et al ., 2015) .

Objective of this study was to assess the 
effect of chemical desiccation on sunflower 
seed germination and storability, and to point 
at possible indicators for determining optimal 
performance time .

Materials and methods

Testing was carried out using three female 
inbred lines of sunflower (designated as G1, 
G2 and G3) developed at Institute of Field and 
Vegetable Crops, Novi Sad, Serbia . There were 
6 desiccation treatments and control . Desic-
cation was performed with herbicide Reglone 
forte (Diquat 150 g l-1) with a dose of 2 l ha-1, 
applied at 7-day intervals from the end of flow-
ering (DAF-days after flowering) to harvest 
maturity . Desiccant was applied with a knap-
sack sprayer . Basic plot size was 22 .4 m2 . The 
control for each genotype was taken from un-
treated plants in harvest maturity .

Seed samples from several sunflower heads 
were collected directly before each desiccation 

treatment in order to test the moisture content 
in seed at the time of treatment . Seed moisture 
was determined in the laboratory by the con-
ventional gravimetric method . When harvest 
maturity was reached (seed moisture ≤ 11%), 
12 heads were taken from each treatment for 
analysis . The analysis of seed oil content was 
performed by the Soxhlet method . Meteor-
ological data were received from the local 
meteorological station . Growing degree-days 
(GDD) for each day were calculated using the 
following equation:

GDD = (Tmin + Tmax) / 2 – Tb

where Tmin is minimal daily temperature, Tmax 
is maximal daily temperature and Tb is base 
temperature . Base temperature for sunflower 
development of 8°C was determined accord-
ing to Bazin et al ., (2011) . The cumulative de-
gree-days were then determined by summing 
the daily degrees from the end of flowering to 
harvest maturity .

Germination was tested 2 and 21 months 
after harvest, while in between the two testing 
dates seed was stored in storage under uncon-
trolled conditions . The test was conducted 
in six replicates of 50 seeds on soil substrate 
in the greenhouse at a temperature of about 
25°C, with regular irrigation . Germination was 
counted after 10 days (ISTA, 2018) .

For determining the effect of desiccation 
date on germination, the first testing date was 
considered, whereas the effect of desiccation 
date on seed storability was assessed based on 
differences in the germination of both testing 
dates . Data were analyzed using 3-factorial 
analysis of variance . Means were compared us-
ing LSD test at the 5% level of significance . With 
the purpose of determining possible indicators 
of optimal desiccation time, germination per-
cent was regressed on GDD, seed moisture and 
seed oil content for every genotype (Table 1) . 
Polynomial (quadric) regression was the most 
suitable . For statistical analysis software, Statis-
tica 10 was used .
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Results and discussion

Effect of desiccation date on germination 
was determined using the first testing date (af-
ter 2 months) . The highest mean germination 
of each genotype was obtained at desiccation 
date 35 DAF, and no significant difference in 
germination was observed afterwards (Table 2) .

In the genotype G1, at 28 DAF seed mois-
ture was 11 .85% (Table 1), and from that mo-
ment onwards, no significant increase of ger-
mination was recorded . At that time plants 
already reached harvest maturity and chemical 
desiccation was no longer economically justi-
fied .

In the genotype G2, the stability of ger-
mination was determined from the treatment 
35 DAF, at seed moisture of 13 .45% . Howev-
er, since high germination level (>90%) was 
reached already at 28 DAF, at seed moisture of 
24 .44%, chemical desiccation could have been 
performed at that time .

In G3, no significant difference in germi-
nation was determined among treatments 35 
DAF (at the seed moisture of 24 .15%), the sub-
sequent treatment and control .

Furthermore, in all tested genotypes no 
significant difference was registered between 
treatments with the highest germination and 
the control . These results suggest that when 
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Table 1. Growing degree-days (GDD), seed moisture and seed oil content at different desiccation 
dates (DAF-days after flowering) of sunflower genotypes (G1, G2 and G3)
Tabela 1. Suma aktivnih temperatura, sadržaj vlage semena i sadržaj ulja u različitim momentima 
desikacije (DAF- dana posle cvetanja) genotipova suncokreta (G1, G2 i G3)

Desiccation 
date

GDD
(°C)

Seed moisture (%) Seed oil content (%)
G1 G2 G3 G1 G2 G3

7 DAF 98 .50 69 .30 75 .50 74 .41 35 .66 29 .56 32 .52
14 DAF 198 .40 59 .15 57 .10 59 .69 43 .73 35 .87 39 .04
21 DAF 289 .40 44 .00 42 .33 50 .47 41 .56 41 .40 43 .45
28 DAF 404 .50 11 .85 24 .44 30 .41 40 .77 39 .68 45 .57
35 DAF 503 .20 11 .19 13 .45 24 .15 37 .24 40 .29 46 .38
42 DAF 581 .10 9 .59 8 .29 17 .55 37 .73 40 .34 46 .99
Control 664 .90 9 .38 8 .96 8 .61 37 .03 39 .89 46 .83

Table 2. Germination (%) of sunflower genotypes (G1, G2 and G3) at different desiccation date 
(DAF-days after flowering) and testing date 
Tabela 2. Klijavost (%) genotipova suncokreta (G1, G2 i G3) u različitim momentima desikacije 
(DAF- dana posle cvetanja) i testiranja

Desiccation 
date

After 2 months After 21 months
G1 G2 G3 Mean G1 G2 G3 Mean

7 DAF 78 .0 86 .7 51 .7 72 .1 72 .3 78 .3 63 .3 71 .3
14 DAF 80 .3 88 .7 69 .7 79 .6 72 .0 76 .3 65 .7 71 .3
21 DAF 78 .7 87 .0 90 .0 85 .2 79 .0 88 .0 82 .3 83 .1
28 DAF 81 .7 91 .3 86 .3 86 .4 75 .0 90 .7 84 .7 83 .4
35 DAF 85 .0 97 .0 92 .3 91 .4 79 .0 95 .3 93 .7 89 .3
42 DAF 80 .3 93 .3 92 .0 88 .6 82 .3 95 .7 93 .7 90 .6
Control 85 .3 94 .7 93 .7 91 .2 90 .0 95 .0 97 .7 94 .2
Mean 81 .3 91 .2 82 .2 84 .9 78 .5 88 .5 83 .0 83,3

LSD (P=0 .05); T = 1 .217; D x T = 3 .219; G x D x T = 5 .576; T-testing date; D-desiccation date; G-genotype
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sunflower reaches a certain stage of maturity, 
chemical desiccation has no negative effect on 
germination . Szemruch et al . (2017) indicate 
that optimal time for chemical desiccation of 
sunflower can be when the moisture content is 
in the range of 27-30% . On the other hand, Kaya 
et al . (2004) consider that sunflower seed reach-
es physiological maturity when the moisture 
content is between 30-40% . Miklič et al . (2001) 
reported that germination was the highest when 
desiccation was performed at seed moisture of 
45% (21 DAF) . These different results from oth-
er authors and results from our work suggest 
that the optimal moment for desiccation could 
be specific for each sunflower genotype .

The effect of desiccation date on seed stora-
bility was assessed based on differences in ger-
mination on both testing dates . Comparing the 
mean values of two testing dates, a significant 
decrease of germination after the storage peri-
od was recorded (Table 2) .

However, comparing the mean values from 
each desiccation date individually, only at des-
iccation date 14 DAF significant germination 
decrease after the storage period was deter-
mined . When each genotype was individually 
observed, different results were obtained . Sig-
nificant reduction in germination in genotype 
G1 was determined at treatments 7 DAF, 14 
DAF, 28 DAF and 35 DAF . This can indicate 
that genotype G1 can be stored without loss in 
germination from the treatment 42 DAF (9 .59% 
seed moisture) when it has reached harvest ma-
turity . In genotype G2 there was no significant 
reduction of germination during storage period 
from the treatment 21 DAF, onward . Seed mois-
ture at that time was 42 .33% . Mahesha et al . 
(2001) reported that early harvest may acceler-
ate the loss of viability during storage compared 
to conventional harvest dates . In the genotype 
G3, significant reduction of germination after 
the storage period was determined only at the 
treatment 21 DAF . Storage of this genotype 
from the treatment 28 DAF, at seed moisture of 
30 .41%, onwards, didn’t cause germination loss 
during the storage period . After reaching high 
germination, storage period did not significant-
ly affect the germination of the tested genotypes, 
leading to the conclusion that seeds with high 

germination level (>90%) can be stored for 19 
months without significant loss in germination . 
In agreement with this, Deshmukh et al . (2004) 
reported that seeds harvested at physiological 
maturity had the highest germination through-
out the storage period .

Figure 1. Regression analysis of growing-degree days 
(GDD) effect on germination percentage of sunflower 

genotypes (G1, G2 and G3)

Grafikon 1. Regresiona analiza uticaja sume aktivnih 
temperatura na klijavost genotipova suncokreta  

(G1, G2 i G3)

Possible indicators for optimal desiccation 
time were analyzed using regression analysis 
and showed a different trend with respect to 
the seed germination . Different response in 
germination on the same indicators in analysed 
genotypes was also recorded . When GDD was 
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increasing, the germination percentage also 
increased (Figure 1) . The GDD accounted for 
59 .4%, 74 .2% and 92 .5% of accompanying re-
sponse in germination in genotypes G1, G2 
and G3, respectively .

With decreasing seed moisture, germination 
percentage was increasing (Table 1, Figure 2) . 
Regression analysis showed that the seed mois-
ture accounted for 56 .6% to 91 .3% of the varia-
tion in germination in the analyzed genotypes . 
Miklič et al . (2006) reported that coefficients of 
determination (germination by the seed mois-
ture) in sunflower ranged from 72% to 96% .

Figure 2. Regression analysis of seed moisture effect 
on germination percentage of sunflower genotypes 

(G1, G2 and G3)
Grafikon 2. Regresiona analiza uticaja sadržaja 

vlage u semenu na klijavost genotipova suncokreta 
(G1, G2 i G3)

Trend lines of seed oil content effect on ger-
mination had similar direction as GDD, with 
an exemption of G1 where the trend line was 
slightly convex (Figure 3) . In genotypes, G1 
and G2 very low percentage of variation in ger-
mination was explained with seed oil content 
(16 .5% and 32 .1%) . However, in genotype G3 
seed oil content had a high response in germi-
nation (96 .5%) .

Coefficients of determination determined 
in the analysis of seed moisture and GDD ef-
fect on germination were in a similar range . In-
fluence of seed oil content on germination was 

Figure 3. Regression analysis of seed oil content effect 
on germination percentage of sunflower genotypes  

(G1, G2 and G3)
Grafikon 3. Regresiona analiza uticaja sadržaja ulja 

u semenu na klijavost genotipova suncokreta  
(G1, G2 i G3)

Čanak P . et al .
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lower and with a higher variation . Determina-
tion of these indicators is fast and simple which 
is of practical importance . The results present-
ed herein indicate that GDD and seed moisture 
are more reliable indicators of the optimal time 
for desiccation than seed oil content .

Conclusion

Chemical desiccation performed in the 
optimal moment doesn’t have a negative effect 
on seed germination . This optimal moment 
is specific for each sunflower genotype . Seeds 
with a high level of germination (>90%) can be 
stored for 19 months without significant loss in 
germination, namely, it was not negatively af-
fected by chemical desiccation . Seed moisture 
and growing degree-days in sunflower can be 
used as reliable indicators of the optimal time 
for chemical desiccation .
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EFEKAT HEMIJSKE DESIKACIJE NA KLIJAVOST I  
ČUVANJE SEMENA SUNCOKRETA

Petar Čanak, Milan Jocković, Bojana Vujošević, Milosav Babić,  
Bojan Mitrović, Dušan Stanisavljević, Vladimir Miklič

Sažetak

Cilj rada bio je da se ispita uticaj hemijske desikacije na klijavost i čuvanje kvaliteta semena 
tri inbred linije suncokreta, kao i da se ispitaju mogući indikatori za optimalno vreme izvođenja 
desikacije . Za desikaciju je korišćen Dikvat (2 l/ha) u intervalima od 7 dana od završetka cvetanja 
do žetvene zrelosti . Obavljeno je 6 tretmana i kontrola . Klijavost je ispitivana 2 i 21 mesec nakon 
žetve . Najveća klijavost je zabeležena pri desikaciji 35 dana posle cvetanja . Rezultati pokazuju 
da je optimalni momenat za izvođenje hemijske desikacije, u kom nema negativnog uticaja na 
klijavost, specifičan za svaki genotip suncokreta . Seme visokog kvaliteta (>90%) moguće je čuvati 
19 meseci bez značajnog smanjenja klijavosti, takođe, kod takvog semena nije bilo ni negativnog 
uticaja hemijske desikacije . Vlaga semena i sume aktivnih temperatura se mogu koristiti kao 
pouzdani indikatori optimalnog vremena za izvođenje hemijske desikacije .

Ključne reči: čuvanje kvaliteta semena, desikacija, klijavost, suncokret, vlaga semena
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