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Abstract 
An experiment was conducted in research field of Firoozkooh sugarbeet elite seed production station in 2004 to study the 
effects of different planting and harvesting dates on quantity and quality of sugarbeet monogerm seed. The experiment 
was a split plot experiment based on a randomized complete block design with four replications. The planting date at three 
levels (March 18, April 15 and April 29) made the main plot and harvesting date at four levels (harvesting 15, 30, 45 and 
60 days after 50% flowering) constituted the sub-plot. After harvesting and threshing, raw seed yield, seed distribution in 
terms of diameter and thickness and germination percentage were measured. The results showed that the change in plant-
ing date significantly affected the occurrence of 50% greening, stem-bearing and flowering in terms of days after planting 
and intercepted growing degree days (GDD) at 1% probability level, so that the delay in planting date decreased the num-
ber of days to 50% greening, stem-bearing and flowering. The main effects of planting and harvesting dates and their inte-
ractions had a significant effect on raw seed yield at 1% probability level. The highest sugarbeet raw seed yield (1164 
kg/ha) in Firoozkooh was obtained by planting seed-bearing plants in March 18 and harvesting them 45 days after 50% 
flowering. The delay in planting date significantly decreased the loss caused by seed polishing, while harvesting date sig-
nificantly affected the proportion of undersized seeds so that it decreased as the harvesting date was retarded. The results 
indicated that the studied factors did not significantly affect the proportion of standard (with diameters of 3.5-4.5 mm) and 
oversized seeds (with diameter of >4.5 mm). Delayed harvesting date significantly increased seed germination rate while 
the change in planting date had no effect on this trait. 

Keywords: Sugarbeet seed; planting date; harvesting date; yield; grain growth; Firoozkooh. 

Introduction 

Planting date is regarded as one of the most 
effective factors on yield and other traits of a 
crop (Aliari et al., 2000). Determining an appro-
priate planting date is one of the most important 
requirements of farming planning to realize max-
imum yield with an optimum quality (Ezueh, 
1982). Planting date affects vegetative and repro-
ductive stage duration and creates a balance be-
tween them as well as other production factors 
and in turn, determines the quality of harvest and 
yield (Dhingra and Sekhon, 1988). Rena et al. 
(1991) recommended three principles of mini-
mum temperature required for germination, 

growth period duration and required day length 
as the criteria for selecting planting date. Pro-
longed growth period increases the yield by pro-
longing the period of transferring assimilates to 
grains and other storage parts of the plant. Al-
though this capability genetically occurs in a 
plant, early planting can be used as an approach 
for partly prolongation of the vegetative stage 
duration which can in turn affect the final yield of 
the crop. 

Kaw et al. (1978) showed that early planting 
of seed-bearing stecklings increased seed yield 
quality. Faoro et al. (1985) indicated that direct 
production method had no effects on flowering 
date of seed-bearing plants; however, in indirect 
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or transplanting method of steckling planting in 
early-February, more flowers were produced. 
Also, Podlaski (1990) showed that early planting 
of steckling (late-March) increased seed yield 
and the effect was stronger in dry years. Moreo-
ver, Podlaski (1987) indicated that delaying the 
planting date from late-April to late-May in 
Ukraine decreased seed yield from 1.62 to 1.40 
t/ha and 1000-seed weight from 13.8 to 13.2 g. In 
a study on the effect of planting date on sugar 
beet seed yield in Ardabil, Iran, Sadeghzadeh 
Hemayati (2001) showed that delaying the plant-
ing date from mid-March to late-March and ear-
ly-April decreased the gross seed yield from 
1235.09 kg/ha by 19.5 and 44.4%, respectively. 
In the study, net seed yield decreased from 
880.15 kg/ha in mid-March planting to 675.6 and 
476.36 kg/ha in late-March and early-April plant-
ings. Delayed planting in 2001 led to the coinci-
dence of seed growth period with increased envi-
ronmental temperature which in turn, increased 
the portion of undersized seeds (<3.5 mm in di-
ameter) and decreased net seed yield. He con-
cluded that delayed planting dates postpones 
phenological growth stages of sugarbeet seed-
bearing plants and increases the likelihood of 
coincidence of plant reproductive growth stage 
with adverse environmental conditions (high 
temperature and low relative humidity). In this 
respect, Gizbullin et al. (1992) reported that the 
duration of vegetative growth stage was shorter 
in regions where sugarbeet plants encountered 
drought stress in this stage and hence, the plants 
became drought-adapted. 

One of the main problems in sugarbeet seed 
production is to determine an appropriate har-
vesting date for seed-bearing plants. Flowering 
lasts 35-50 days because of the indeterminate 
growth habit of sugarbeet flowering stems (Wood 
et al., 1982). Late harvesting reduces seed yield 
because of the falling of seeds from lower parts 
of the plant (Sroller, 1984). On the other hand, 
early harvesting decreases germination potential 
which in turn, decreases the yield of the har-
vested seed (Cook and Scott, 1998). The maturity 
of sugarbeet seed-bearing plants depends on such 
factors as planting density, steckling size, harvest 
method and finally, spraying of such chemicals 
as vexal, succinique acid and reglon on plants 
(Scroller et al., 1985). 

In an experiment with periodical sampling and 
laboratory analysis in 1981-1983, it was shown 
that dry matter increased during seed maturity 
and germination percentage enhanced (Scroller et 

al., 1985). Also, Elwira et al. (1999) reported that 
seeds which had been harvested two weeks earli-
er than their normal maturity time had lower 
germination capacity and field green coverage. 
The seedlings grown from such seeds had lower 
weights at 2 to 4-leaf stage than those grown 
from mature seeds. Also, Grimwade et al. (1987) 
reported that the quality of sugarbeet seeds im-
proved as final seed maturing stage was ap-
proached. In addition, late-harvest led to the de-
crease in electrical conductivity of seed extract 
(Durrant and Loads, 1990). Also, Lexander 
(1980) reported that as the seeds matured, their 
germination capacity increased due to the de-
crease in the concentrations of inhibitors. To de-
termine sugarbeet seed maturity time in terms of 
heat units, it was shown that plants need 456-
612°C heat over the base temperature (7.2°C) 
from flowering until seed maturing stage (Ro-
quigny and Lejonse, 1988). 

Considering the effects of climatic factors on 
sugarbeet seed production and designation of Fi-
roozkooh region as a sugarbeet elite seed produc-
tion site and also, novelty of breeding research of 
this strategic crop, the current study was the first 
research in the region to determine planting date 
of sugarbeet seed-bearing stecklings. The objec-
tive this study was to determine a planting date 
which assures the uniform maturity of the crop 
besides avoiding the adverse effects of late-
winter coldness. 

Materials and Methods 

The study was carried out in Firoozkooh, Iran 
(latitude of 35°43′ N., longitude of 52°44′ E. and 
altitude of 1976 m.) in 2004. Firoozkooh region 
with a total precipitation of 245.5 mm and mean 
annual temperature of 9.6°C is regarded as a re-
gion with cold dry climate. The soil texture of the 
study field was loomy with pH of 7.6 and satu-
rated extract electrical conductance of 0.54 dS/m. 

The experiment was a split plot based on a 
randomized complete block design with four rep-
lications. Planting date of the seed-bearing steck-
lings made the main plot at three levels including 
March 18, April 15 and April 29 [the second and 
third dates were cultivated 40 and 80 growth de-
gree days (with base temperature of 3°C) after 
the first planting date, respectively] and harvest-
ing date constituted the sub-plot at four levels 
including 15, 30, 45 and 60 days after 50% flo-
wering. Each plot consisted of five planting rows 
6 m in length with an inter-row spacing of 60 cm 
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and intra-row spacing of 50 cm, among which 
marginal rows were designated to pollinating (pa-
ternal) parent and three middle rows were desig-
nated to sterile parent. The cultivar was a mono-
germ hybrid. 

During the experiment, various phenological 
traits including 50% greening, stem-bearing and 
flowering and after seed harvesting, quantitative 
traits including seed classification in terms of 
diameter by circular screen (including undersized 
seeds with diameters of <3.5 mm, standard seeds 
with diameters of 3.5-4.5 mm and oversized ones 
with diameters of >4.5 mm), seed classification 
in terms of thickness by long screen (including 
seeds with the thickness of <2.2, 2.2-3.25 and 
>3.25 mm) and qualitative traits including in vi-
tro viability were measured. Considering that the 
seeds harvested 15 days after 50% flowering 
were technically immature and could not be 
graded in the laboratory, the first level of the har-
vesting date was eliminated from seed qualitative 
and technological traits and were not taken into 
account. 

The data were analyzed by software SAS and 
the means of main effects were compared by 
Duncan Multi-Range Test. To estimate the trend 
of grain growth, 10 plants/plot were randomly 
selected after flowering and seed samples were 
collected from different plant parts and then, 150 
seeds were immediately counted in laboratory. 
Then, their fresh and dry weights were measured. 
To measure the duration of effective grain-filling 
period and grain-filling rate, the equation [1] was 

used. 

[1] EFPbY ×= 
where, Y was single-grain weight (mg), EFP was 
the duration of effective grain-filling period 
(day), and b was grain-filling rate (mg/day). The 
factor b was measured by equation [2]. 

[2] ∑
∑ ∑

∑ ∑











−

×
−=

n
x

x

yx
xyb

2
2 )(

)()( 

where, x was sampling days and n was sampling 
frequency (five times in this experiment). 

Results and Discussion 

Plant Growth Stages 

The results of the study showed a significant 
effect of planting date on the realization of phe-
nological stages of the growth of sugarbeet seed-
bearing plants. Indeed, this effect was mainly on 
days from planting until 50% greening and stem-
bearing of the plants (Tables 1 and 2). In other 
words, although the second planting date (April 
15) was 30 days and the third one (April 29) was 
45 days after the first one (March 18), 50% 
greening of the second and third planting dates 
was 8.25 and 11.75 days after that of the first 
one, 50% stem-bearing was 29.25 and 34.25 days 
after that and 50% flowering was 27.7 and 35.7 
days after that, respectively (Table 2). Consider-

Table 1. Summary of analysis of variance of plant phenological traits 

Source of 
variation df 

Means of squares(1) 

50% greening  50% stem-bearing  50% flowering 

Day GDD  Day GDD  Day GDD 

Replication 
Planting date 
Error 

3 
2 
6 

2.444 
145.583** 

1.361 

140.496 
2430.790** 

57.442 

 0.083 
2349.083** 

0.417 

12.650 
13260.814** 

55.385 

 0.083 
1309.750** 

0.083 

29.767 
2244.391** 

29.767 

Coefficient of variation (%) 6.73 5.04  1.15 2.27  0.34 0.61 
(1) * and ** show significance at probability levels of 5 and 1%, respectively. 

Table 2. Mean comparison of plant phenological traits at planting dates 

Studied levels of 
planting date 

50% greening  50% stem-bearing  50% flowering 

Day GDD  Day GDD  Day GDD 

March 18 
April 15 
April 29 

24.00 a 
15.75 b 
12.25 c 

124.0 c 
154.2 b 
172.8 a 

 83.75 a 
44.50 b 
39.50 c 

387.9 a 
321.0 b 
273.3 c 

 104.3 a 
77.00 b 
70.00 c 

908.6 a 
911.3 a 
869.0 b 

(1) The figures with the same letter(s) in each column did not show significant difference at the 
level of 5%. 
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ing the importance of temperature as the most 
effective climatic factor on planting date deter-
mination and consequently, on growth duration 
and yield potential of a crop (Pal et al., 1996), the 
required temperature for the realization of vari-
ous phenological stages of the growth of sugar-
beet seed-bearing plants was taken as the base 
temperature in the current study too, but the sta-
tus was different and as the growth proceeded, 
the difference in total required temperature grad-
ually decreased. On the other hand, when the dif-
ference in total growth degree-days required for 
the realization of 50% greening increased as the 
planting date was delayed (despite the decrease in 
days after planting), the stem-bearing stage was 
accompanied with gradual decrease in total tem-
perature required for the stem-bearing of 50% of 
plants and even, regarding the flowering of 50% 
of plants, the first and second planting dates 
stood in a same statistical level (Table 2). This 
could be partly explained by accumulative or to-
tal thermal unit system according which various 
crops need a certain total heat to realize their dif-
ferent growth stages and there is a significant 
relationship between intercepted heat and crop 
growth and phenological development (Rajput et 
al., 1987). Temperature is one of the factors 
which affects sugarbeet seed maturing duration. 
According to Wood et al. (1982), the required 
time for seed maturity lengthens as temperature 
increases so that sugarbeet seed matures within 
40-60 days after flowering peak under day/night 
temperatures of 20/12°C. The time from pollina-
tion initiation to seed maturity is affected by 
temperature so that the mean time is 71 days (61-
90 days) at 19°C and 57 days (44-69 days) at 
24°C (Snyder and Hoagboam, 1963). Wood et al. 
(1982) showed that flowering period lasted 35-50 
days because of indeterminate growth of sugar-
beet flowering branches. 

Seed Yield 

Planting and harvesting dates significantly af-
fected sugarbeet raw seed yield at 1% probability 
level (Table 3). The effect of planting date was so 
that the delay in planting until April 15 did not 
significantly affect raw seed yield but its delay 
until April 19 reduced raw seed yield by 61 and 
56% compared with planting dates of March 18 
(632.6 kg/ha) and April 15 (562.1 kg/ha) to 249.1 
kg/ha. Also, the delay in harvesting date from 15 
and 30 days after 50% flowering to 45 days after 
50% flowering significantly increased raw seed 

yield respectively by 240 and 87% from 235.1 
and 427.1 kg/ha to 800.4 kg/ha, but another 15 
days delay in harvesting date (i.e. 60 days after 
50% flowering) significantly decreased raw seed 
yield by 42% (Table 4). However, as can be seen 
in Table 5, the effect of harvesting date was more 
pronounced than that of planting date so that de-
laying planting date from March 18 to April 15 
only decreased raw seed yield by 11.1%. By a 
further delay in planting date (i.e. April 29) the 
raw seed yield decreased by 60.6%, while early 
harvesting sugarbeet seed-bearing plants 15 and 
30 days after 50% flowering decreased raw seed 
yield by 70.6 and 46.6%, respectively compared 
with the treatment of harvesting 45 days after 
50% flowering. On the other hand, delaying har-
vesting date to 60 days after 50% flowering de-
creased raw seed yield by 42.4% (Table 5). 

In a study on the effect of planting date on su-
garbeet seed yield in Ardabil region, Iran, Sa-
deghzadeh Hemayati (2001) showed that retard-
ing planting date from early-March to late-March 
and early-April decreased gross seed yield 
(1235.09 kg/ha) by 19.5 and 44.4%, respectively. 
Also, Thielebein and Bornshcheuer (1961) and 
Scott (1968) observed that early planting of 
stecklings played effective role in root develop-
ment and rapid growth of shoots, bolting, flower-
ing and seed maturity. By retarding planting date 
from late-April to late-May in Ukraine, Podlaski 
(1987) showed that seed yield decreased from 
1.62 to 1.40 t/ha and 1000-grain yield decreased 
from 13.8 to 13.2 g. 

In total, the results of the study showed signif-
icant decrease in raw seed yield due to the de-
layed planting date as well as advanced or de-
layed harvesting date compared with 45 days af-
ter 50% flowering. The results indicated that the 
highest sugarbeet raw seed yield in Firoozkooh 
was obtained by planting seed-bearing plants in 
March 18 and harvesting them 45 days after 50% 
flowering (1164.0 kg/ha) or harvesting at mid-
August. Also, delayed planting as well as ad-
vanced or delayed harvesting compared with 45 
days after 50% flowering significantly decreased 
sugarbeet seed yield (Table 5). 

Seed Size Rating 

Planting and harvesting dates significantly af-
fected the loss caused by sugarbeet seed polish-
ing at 1% probability level (Table 3). The in-
crease in the loss caused by seed polishing was 
brought about by the increase in the share of
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Table 3. Summary of analysis of variance of grain yield, grain classification on the basis of diameter, thickness and seed viability 

Source of variation df Means of squares(1) 

Loss due 
to seed 

polishing 
(%) 

Raw seed 
yield(2) 

Classification on the basis of seed diameter (%)  Classification on the basis of seed thickness (%) Germination 
rate 
(%) 

Undersized 
seeds 

(<3.5 mm) 

Standard 
seeds 

(3.5-4.5 mm) 

Oversized seeds 
(>4.5 mm) 

 Undersized 
seeds 

(<2.2 mm) 

Standard seeds 
(2.5-3.25 mm) 

Oversized 
seeds 

(>3.25 mm) 
Replication 
Planting date (P) 
Main plot error (Ea) 
Harvesting date (H) 
Interaction P × H 
Sub-plot error (Eb) 

2 
2 
4 
2 
4 
12 

86.429 
4375.231** 

29.493 
575.317** 

52.550 
29.459 

38800.522 
666747.790** 

24908.315 
662886.653** 

170564.373** 

21250.066 

22.979 
9.651 
33.924 

159.883** 

182.185** 

20.756 

31.946 
79.014 
70.777 
76.273 
33.967 
84.212 

63.234 
128.407 
125.422 
88.884 
139.259 
73.368 

 40.502 
43.886 
10.303 
51.283 
38.254 
14.819 

0.260 
25.509 
103.271 
25.614 
37.262 
39.966 

0.711 
121.021** 

0.395 
9.056 
2.134 
3.179 

142.786 
515.346 
211.736 

1301.458* 

128.183 
199.452 

Coefficient of variation (%) 13.37 30.29 17.75 16.53 45.40  24.28 16.872 61.30 22.88 
(1) * and ** show significance at 5 and 1% levels, respectively. 
(2) Raw seed is the bulk of sugarbeet seed from which the empty seeds and external materials have been eliminated. 

Table 4. Summary of analysis of variance of grain yield, grain classification on the basis of diameter, thickness and seed viability at main factor levels and their interactions 

Source of variation Means of squares(1) 

Loss due 
to seed 

polishing 
(%) 

Raw seed 
yield(2) 

Classification on the basis of seed diameter (%)  Classification on the basis of seed thickness (%) Germination 
rate 
(%) 

Undersized 
seeds 

(<3.5 mm) 

Standard 
seeds 

(3.5-4.5 mm) 

Oversized seeds 
(>4.5 mm) 

 Undersized 
seeds 

(<2.2 mm) 

Standard seeds 
(2.5-3.25 mm) 

Oversized 
seeds 

(>3.25 mm) 
Planting date (P)           
March 18 
April 15 
April 29 

24.570 b 
31.475 b 
65.740 a 

632.6 a 
562.1 a 
249.1 b 

25.741 a 
44.607 a 
26.674 a 

53.110 a 
54.580 a 
58.817 a 

21.148 a 
20.946 a 
14.507 a 

 18.284 a 
13.968 b 
15.318 ab 

36.893 a 
39.512 a 
36.670 a 

0.477 b 
1.123 b 
7.127 a 

60.819 a 
54.664 a 
69.716 a 

Harvesting date (H)           
15 days after 50% flowering 
30 days after 50% flowering 
45 days after 50% flowering 
60 days after 50% flowering 

34.030 b 
38.257 b 
49.499 a 

427.1 b 
800.4 a 
462.4 b 

30.288 a 
22.026 b 
24.709 b 

52.599 a 
55.487 a 
58.421 a 

17.244 a 
22.489 a 
16.867 a 

 13.867 b 
15.200 ab 
18.503 a 

39.318 a 
37.511 a 
35.947 a 

1.981 b 
2.772 ab 
3.973 a 

48.968 b 
63.383 ab 
72.848 a 

Interaction P ×  H           
P1 × H2 
P1 × H3 
P1 × H4 

P2 × H2 
P2 × H3 
P2 × H4 

P3 × H2 
P3 × H3 
P3 × H4 

22.08 d 
23.37 d 
28.25 d 
23.73 d 
28.25 d 
42.44 c 
56.27 b 
63.15 b 
77.80 a 

464.5 d 
1164.0 a 
709.7 c 
489.4cd 
950.7 b 
507.8 cd 
327.3 de 
286.7 de 
169.8 e 

33.20 ab 
23.42 cd 
20.60 cd 
36.00 a 
15.98 d 
21.84 cd 
21.66 cd 
26.68 bc 
31.68 ab 

47.33 a 
55.47 a 
56.52 a 
51.50 a 
52.17 a 
60.07 a 
58.96 a 
58.82 a 
58.67 a 

19.47 ab 
21.11 ab 
22.87 ab 
12.90 b 
31.85 a 
18.08 ab 
19.37 ab 
14.51 b 
9.640 b 

 19.53 a 
18.53 ab 
16.79 abc 
9.830 c 

11.75 bc 
20.32 a 

12.23 bc 
15.32 abc 
18.40 ab 

35.17 a 
36.47 a 
39.04 a 
41.33 a 
39.69 a 
37.52 a 
41.45 a 
36.37 a 
31.29 a 

0.267 c 
0.467 c 
0.700 c 
0.400 c 
0.723 c 
2.247 c 
5.277 b 
7.127 ab 
8.977 a 

41.80 c 
88.44 ab 
72.22 ab 
46.00 bc 
49.11 bc 
68.88 ab 
59.11 abc 
72.60 ab 
77.44 a 

(1) The figures with the same letter(s) in each column did not show significant differences at 5% probability level. 
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pericarp wastes relative to seed. Therefore, de-
layed planting significantly increased the share of 
pericarp wastes due to the lack of enough time 
for the growth of seeds so that it formed up to 
65.74% of total seed (Table 4). On the other 
hand, with the delay in harvesting date, pericarp 
wastes had enough time for the growth and it in-
creased to about 50% of total seed in the treat-
ment of harvesting 60 days after 50% flowering 
(Table 4). In fact, the results indicated that to de-
crease the share of pericarp wastes in total prod-
uct, it is necessary to plant stecklings as soon as 
possible and if planting date is delayed for any 
reason, the harvesting should be carried out as 
soon as possible; however, the constraints caused 
by the sharp decrease in yield prevents such a 
management practice, though the decrease in pe-
ricarp wastes via early planting seems more rea-
sonable and practical. Pericarp grows better un-
der cool conditions but the buds and true seeds 
are damated by such conditions (Wood et al., 
1982). Pericarp growth under cool conditions 
thickens seed coat and increases the accumula-
tion of hardening material between pericarp and 
seed cap (Snyder and Hoagboam, 1963). Cool 
conditions toughens seed cap and increases the 
concentration of germination inhibitors (Wood et 
al., 1982; Junttila, 1976). 

Sadeghzadeh Hemayati (2001) showed that 
delayed planting under Ardabil conditions in-
creased the percentage of undersized seeds (with 
diameters of <3.5 mm) which in turn decreased 
net seed yield by coinciding the seed growth pe-
riod with the rise of environmental temperature. 
In the current study, however, the planting date 
was shown not to significantly affect this trait 
(Table 3). It was showed that the significant de-
crease in the percentage of undersized seeds 
(with diameters of <3.5 mm) with the delay in 

harvesting date from 30 to 45 and 60 days after 
50% flowering provided enough chance for the 
growth of seeds (Tables 3 and 4). As day/night 
temperatures decreased during the seed maturing 
period, sugarbeet seed yield increased due to 
production of oversized seeds (Scott et al., 1973). 
Considering that seed filling period prolongs un-
der cool conditions, the plants produce more and 
larger seeds which are effective in increasing the 
yield (Wood et al., 1982; Snyder and Hoagboam, 
1963). The results of the current study showed 
insignificant effect of planting and harvesting 
dates on the percentage of standard and oversized 
seeds (Table 3). 

Seed Viability 

The results of this study showed that planting 
date did not significantly affect sugarbeet seed 
germination percentage, but the delay in harvest-
ing date up to 60 days after 50% flowering signif-
icantly increased germination percentage (Tables 
3 and 4). However, since the delay in harvesting 
date from 45 days to 60 days after 50% flowering 
increased raw seed yield by 42.4% (Table 5), 
then the former harvesting date was used to real-
ize the maximum seed yield with seed vigor. In a 
study on the effect of the temperatures of 19 and 
24°C during pollination and seed maturity on 
seed vigor, Snyder and Hoagboam (1963) 
showed that the seeds grown under higher tem-
perature had higher germination rate, although 
the plants which had grown under lower tempera-
ture (19°C) produced the highest seed yield. In 
fact, cool conditions were appropriate for peri-
carp growth, but it damaged germination and true 
seed (Wood et al., 1982). Pericarp growth under 
cool conditions thickens the seed coat and in-
creases the accumulation of hardening material 

Table 5. The percentage of raw seed yield variation compared with maximum yield at planting and harvesting levels 

Main factors level Raw seed 
yield 

(kg/ha)(1) 

Variation percent 
compared with 
maximum yield 

Interaction of 
planting date × 
harvesting date 

Raw seed yield 
(kg/ha) 

Variation percent 
compared with 
maximum yield 

Planting date 
March 18 (P1) 
April 15 (P2) 
April 29 (P3) 
Harvesting date 
(days after 50% flowering) 
15 days (H1) 
30 days (H2) 
45 days (H3) 
60 days (H4) 

 
632.6 a 
562.1 a 
249.1 b 

 
 

235.1 c 
427.1 b 
800.4 a 
462.4 b 

 
- 

-11.1 
-60.6 

 
 

-70.6 
-46.6 

- 
-42.4 

P1 × H1 

P1 × H2 
P1 × H3 
P1 × H4 

P2 × H1 
P2 × H2 
P2 × H3 

P2 × H4 
P3 × H1 
P3 × H2 

P3 × H3 
P3 × H4 

192.4 e 
464.5 d 
1164.0 a 
709.7 c 
300.4 de 
489.4 cd 
950.7 b 
507.8 cd 
212.5 e 
327.3 de 
286.7 de 
169.8 e 

-83.5 
-60.1 

- 
-39.0 
-74.2 
-58.0 
-18.3 
-56.4 
-81.7 
-71.9 
-75.4 
-85.4 

(1) The figures with the same letter(s) in each column did not show significant difference at the level of 5%. 
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between pericarp and seed cap (Snyder and 
Hoagboam, 1963). Also, Grimwade et al. (1987) 
reported a linear relationship between seed bulk 
maturity and vigor. Elwira et al. (1999) reported 
that seed vigor (at 14th day of germination test) 
and field green percentage were lower in seeds 
which had been harvested two weeks before 
normal time. Temperature affects seed size, 
weight and number, too. The plants grown under 
lower temperature produced larger, heavier and 
more mature seeds whereas seed cap was sepa-
rated more easily under higher temperature (Al-
caraz et al., 1986). 

Grain Growth Pattern 

The results indicated that delayed planting led 
to significant increase in grain filling period and 
significant decrease in grain filling rate and high-
est seed weight (Tables 6 and 7). Indeed, since 
grain filling rate in late planting was one-third of 
that in early planting, the 50% increase in effec-
tive grain-filling period in late planting compared 
with that in early planting was not able to com-
pensate the decrease in grain filling rate and fi-
nally, the highest single-grain weight decreased 

Table 6. Summary of analysis of variance of grain growth components and maximum grain weight 

Source of variation df Means of squares(1) 

Effective grain-filling period 
(GDD) 

Grain filling rate 
(mg/GDD) 

Maximum grain weight 
(mg) 

Replication 
Planting date (P) 
Main plot error (Ea) 
Harvesting date (H) 
Interaction P × H 
Sub-plot error (Eb) 

3 
2 
6 
3 
6 
27 

17530.188 
326194.313* 
54378.563 

793932.965** 
158056.174** 

27476.493 

0.001 
0.057** 

0.001 
0.012** 

0.003** 

0.001 

0.707 
145.787** 

0.626 
78.872** 

21.495** 

1.239 

Coefficient of variation (%) 22.06 20.74 14.40 
(1) * and ** show significance at probability levels of 5 and 1%, respectively. 

Table 7. Means comparison of grain growth components and maximum grain weight at main factor levels and 
their interactions 

Studied levels Means of traits(1) 

Effective grain-filling period 
(GDD) 

Grain filling rate 
(mg/GDD) 

Maximum grain weight 
(mg) 

Planting date (P) 
   

March 18 
April 15 
April 29 

624.81 b 
723.63 ab 
906.25 a 

0.0178 a 
0.0128 b 
0.0059 c 

10.782 a 
7.661 a 
4.746 a 

Harvesting date (H) 
   

15 days after 50% flowering 
30 days after 50% flowering 
45 days after 50% flowering 
60 days after 50% flowering 

412.67 c 
919.58 a 
970.83 a 
694.17 b 

0.0155 c 
0.0082 a 
0.0112 a 
0.0138 b 

4.918 c 
6.301 b 
9.737 a 
9.963 a 

Interaction P ×  H 
   

P1 × H1 

P1 × H2 

P1 × H3 
P1 × H4 
P2 × H1 
P2 × H2 
P2 × H3 
P2 × H4 

P3 × H1 
P3 × H2 
P3 × H3 
P3 × H4 

265.00 f 
675.00 de 
761.00 cde 
798.25 cde 

266.00 f 
974.50 bc 

911.50 bcd 
742.50 cde 
707.00 cde 
1109.25 ab 
1267.00 a 
541.75 e 

0.0206 a 
0.0120 bc 
0.0194 a 
0.0193 a 
0.0195 a 

0.0085 cde 
0.0098 bcd 
0.0136 b 
0.0064 de 
0.0042 e 
0.0045 e 

0.0086 cde 

5.199 ef 
7.629 cd 
14.748 a 
15.252 a 
5.124 ef 
6.646 de 
8.862 bc 
10.012 b 
4.131 f 
4.628 f 
5.601 ef 
4.626 f 

(1) The figures with the same letters in each column did not show significant difference at the level of 5%. 
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by about 56% (Table 7). The effect of harvesting 
date was so that its delay from 15 days to 45 days 
after 50% flowering increased effective grain-
filling period by 135%, but further delay in har-
vesting date decreased it by 28.5% (Table 7). On 
the other hand, the harvesting date of 15 days 
after 50% flowering had the fastest grain filling 
rate and delayed harvesting reduced it (Table 7). 
Meanwhile, because effective grain-filling pe-
riods were at the same statistical level under har-
vesting dates of 30 and 45 days after 50% flower-
ing and their grain filling rate did not show con-
siderably significant difference, the harvesting 
date of 45 days after 50% flowering had the 
highest single-grain weight (Table 7). Grimwade 
et al. (1987) showed that the produced fruits of 
sugarbeet were able to germinate about 20 days 
after pollination, but the fruits which received 
500 heat units up to about 55 days after germina-
tion had the highest germination rate. On the oth-
er hand, fruit weight and the protein and starch 
contents of sugarbeet seeds had an ascending 
trend up to about 55 days after germination. 
Therefore, it could be concluded that the physio-
logical maturity of seeds occurred about 55 days 
after inoculation and/or receiving 500 heat units. 
Also, in a study on the hybrids of the cross of 
tetraploid male-sterile parent with diploid polli-
nating parent, Kirsanova and Babyazh (1988) 
showed that the highest mature embryo number 
occurred about 28 days after pollination. Regard-
ing the ascending trend of alive seed number of 
sugarbeet, Longden and Johnson (1984) reported 
that the number of alive seeds was increasing up 
to about 14-42 days after flowering and it 
reached its peak 56-84 days after flowering. 
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