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Abstract-- Arid and semi-arid regions may experience
extended dry periods with little or no precipitation, which
can cause winter cereal seeds that have already begun to
germinate (and to draw water from the soil) to dry and
wither. Even in the event that rains resume after an
extended period of dryness, it is generally observed that
most, if not all, of the dried seeds are unable to draw water
and germinate once again. This phenomenon related to the
drying of germinating seeds is called “alatav” in Turkish.
This study was conducted to identify the first water uptake
rates (WU) of three cereal species and their genotypes (the
Gerek and Sultan genotypes of bread wheat, the Kunduru
and Dumlupinar genotypes of durum wheat, and the Karma
and Presto genotypes of triticale) for a period of 50 hours,
and to determine their germination rates (GR) at the second
water uptake after the seeds are dried for three weeks. The
GR value of the Dumlupinar genotype remained above 0%
for the longest period (until the 40" hour, at which time the
WU was 64.3%); it was followed by the Kunduru and
Gerek genotypes (WU value of 78.2% at 37" hour and
86.5% at the 36™ hour, respectively). There was a negative
correlation between WU and GR (r = -0.7545*) for all of the
genotypes. Therefore, the relationship between GR and WU
is a considerable importance for improving our
understanding of cereals species’ and their genotypes’
response and resistance to alatav.

Keywords-- Alatav, cereals, germination, time, water
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I. INTRODUCTION

According to recent estimations, nearly 25% of all
agricultural areas across the world are exposed to water
stress [1]. For the germination [1, 2, 3, 4] and early
development periods [5, 6, 7] of cool-climate cereals
grown in these areas, one of the most important limiting
factors is water [2]. The often irregular and limited
amount of rain in semi-arid climates can adversely affect
the germination of seeds [8]. The timing of sowing the
crops in such regions is therefore important [9]. For this
reason, farmers generally plant their seeds in either dry
soil before the first [10] or in heavy and moist soils after
the first rain. After the first rain, seeds planted in dry soil
will begin to absorb water and expand within a few
hours.
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However, in case there are no additional rains, and the
weather remains dry and warm (thus increasing soil
evaporation), these seeds will not be able to continue
absorbing water. When seeds are planted after the first
rain, the seeds will begin to rapidly absorb water from the
moist soil. However, the lack of further rains and
continued warm and dry weather can also stop the
expansion and growth of seeds planted after the first rain.
In both of these planting methods, seeds whose
germination is interrupted by adverse weather conditions
will remain within the soil in a swollen, partly
germinated or dry state [11], for a period of time that
may last for weeks, or even months. In certain cases,
seeds that have absorbed water and expanded can begin
to rot due to soil fungi [12]. These adverse environmental
conditions that affect the germination of seeds after their
initial water uptake and growth are called “alatav” in
Turkish. This phenomenon, which can be observed in all
semi-arid regions across the world, has the potential to
prevent the germination of seeds in many fields across
Turkey, and to thereby cause significant losses in yield.

Germination is one of the most important stages in the
life of a plant; it is also the period that serves as the first
indication of a plant’s vigor and vitality [13, 14, 15].
Germination generally begins after wheat seeds first
absorb an amount of water equal to nearly 50% of their
dry weight [16]. Germination is considered to be
complete after the embryo and the roots have fully
emerged from the seed [17]. In case the germinating
seeds of a certain genotype dry up due to adverse
environmental conditions, would it be possible for these
seeds to germinate once again after they are re-exposed
to water? It is indeed possible. Seeds of different
genotypes differ from one another with respect to their
ability to germinate at varying levels of water availability
[16, 18]. In addition, the duration of contact with soil
water during the first rain (or first water uptake) is also
an important parameter for germination. The amount of
water absorbed by the seed during germination, and the
behavior of the seed during the first hours [19] after it
begins to absorb water significantly affect a seed’s
germination properties [20].
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Furthermore, extending the duration of contact with
water not only allows the seed to absorb more water and
to increase its rate of expansion, but it is also effective
for ending the dormancy of the seeds. For this reason,
seed varieties that demonstrate rapid intake of water and
early germination may be more sensitive to “alatav.”

To date, numerous studies have been conducted on the
water uptake, the imbibitions, the soaking, and the
germination characteristics of cereals. However, there are
only a limited number of studies evaluating the ability of
seeds to germinate once again after they have remained
dry for different periods of time following their initial
uptake of water (in a manner that mimics the exposure of
seeds to the environmental condition called “alatav”). For
this reason, the researchers of the current study
investigated the germination ratio of different seeds
belonging to six genotypes from three different species of
cereals following their first and second uptake of water.

Table-1

Within the context of this study, the researchers
allowed seeds of each genotype to first absorb water for 1
to 50 hours, and then dried these seeds for a period of
three weeks. The researchers then attempted to germinate
these seeds once again in order to determine the
differences between the genotypes’ germination ratios
following exposure to a dry period.

Il.  MATERIALS AND METHODS

A total number of six genotypes of three cereal species
were used in this study. The six genotypes were Gerek
and Sultan genotype in Bread wheat, Kunduru and
Dumlupinar genotype in durum wheat and Karma and
Presto genotype in Triticale. All of genotypes are widely
sown under rain-fed conditions in Turkey. Genotypes
were provided by Eskisehir Anatolian Agriculture
Research Institute (ATAEM) in Turkey. Kernel traits of
the genotypes of three cereal species were quite different
as shown in Table-1.

The kernel characteristics of genotypes of three cereal species.

Cereals Initial moisture 1009 kernel Seed color Protein (%) PSI M-SDS
(%) weight (g) : (%) (ml)
Bread wheat (2n = 42)
Gerek 10.35 35.47 W 12.09 70.89 32.16
Sultan 10.64 36.05 LwW 10.22 75.22 33.64
Durum wheat (2n = 28)
Kunduru 10.23 46.60 LR 15.21 43.70 12.63
Dumlupinar 10.49 54.52 R 13.92 51.55 27.29
Triticale (2n = 42)
Karma 10.09 34.14 DR 10.80 63.29 27.44
Presto 10.32 35.11 DR 10.78 68.28 26.30
$W — white, R — red, LW — light white, LR — light red, DR — dark red
The study was arranged in a split split plots in WUj = (FWj — IWj) x 100
randomized complete blocks design (where species were IWj

main plots, genotypes were sub plots, and hours were
sub-sub plots) with three replications in a dark room with
air conditioning. In each replication, there were 50
groups of seeds for each genotype and each group had 50
seeds. 50 seeds of each group for the initial weight (IW)
were weighed before imbibition. 50 seeds of each group
were placed on four layers of filter paper placed in petri
dishes with a diameter of 5 cm. The Petri dishes were
watered with 6 ml of distilled water and covered by
plastic paraffin. Then the dishes were incubated in dark
room with air conditioning regulated to maintain a
constant 25° + 1°C for 50 hours [21, 22]. Once an hour,
all groups were taken out from dark room and their 50
seeds were dried by paper towel and their final weights
(FW) of 50 were determined. WU percentage was
calculated by the formula showed below [22, 23].
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Where; WU — water uptake (%), FW — final weight
(9), IW — initial weight (g), j — trait per hour.

In order to have them completely dried, the weighed
seeds were kept on a paper towel at 25°C (x 1°C) with
43% air humidity for 3 weeks. After 3 weeks, all groups
were put on four layers of filter paper in petri dishes and
watered and the petri dishes were again. They were
covered by plastic paraffin and kept in the same room for
4 days under the conditions described above. At the end
of 4 days, germination counts of groups were performed.
The seeds that had coleoptile, radicle and seminal roots
were counted as germinated (Fig—1:A).
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Fig-1: The pictures of germinated (A and B) and non-germinated (C and D) of some seeds.

In some seeds, the radicle has not observed on
germination of second imbibition because it had emerged
in the first imbibition and then died. Those seeds had
only coleoptile and seminal roots, and so they were also
counted as germinated (Fig—1:B). If the seeds did not
have collectively coleoptiles and seminal roots (Fig—1:C)
or no one (Fig-1:D), they were considered as non-
germinated. In the cases where germination was
observed, germination rate (GR) was calculated by
following formula;

NGj
50

GRj = x 100

Where; GR — germination rate (%), NG — number of
germinated seeds, 50 — number of total seeds.

In a randomized complete block factorial design
arrangement with three genotypes, the effects of water
uptake time (from 1 to 50 hours) after second imbibition
on germination rate were investigated. The collected data
were subjected to statistical analysis using MSTAT-C
software. When the F-test indicated a statistical
significance at P < 0.01 or P < 0.05 probability levels,
mean comparisons were made by LSD.
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I1l.  RESULTS

According to the variance analysis shown in Table-2,
water uptake (WU) and germination rate (GR) were
significantly affected by the cereal species (C), the
imbibitions times (T), the C x T interaction and the
genotype (G) x T interaction in cereal species (P < 0.01).
The WU was significantly affected by G and C, while
GR was not.

With a mean WU value of 105.2% at 50 hours, the
triticale species had the highest WU value (Table-3).
With respect to mean WU, triticale was followed by
bread wheat (70%). It is interesting to note that although
durum wheat had the lowest mean WU value (54.1%)
among the three cereal species; it also had the highest GR
value (47.3%). Bread wheat had the second highest GR
value. Although triticale had the highest mean WU value,
it also had the lowest mean GR value. No significant
relationship was observed between the WU and GR
values of the cereals.

As can be seen in Table-3, the Karma and Presto
genotypes of the triticale species had the highest mean
WU values among all of the genotypes (110.3% and
100.2%, respectively).
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However, while these genotypes had higher WU
performances than the genotypes of other species, their
mean GR values were not similarly higher. Although the
Kunduru and Dumlupinar genotypes of durum wheat had
the lowest mean WU values, they still had the highest
mean GR values (47.5% and 47.2%, respectively).

It was interesting to note in the study results that the
WU and GR values of all genotypes were inversely
related (r = -0.7545*%). Moreover, this inverse
relationship between WU and GR values was higher and
more pronounced between the genotypes of the same
species (P < 0.01).

Table-2:

Analysis of variance of water uptake (WU) and germination rate (GR) of seeds as affected by cereal species (C) and their genotypes (G) and
imbibition times (T).

Source DF Num WU GR
Replication 2 49.684 195.64
C 2 205474 ** 7474 **
Error—1 4 40.762 67.9
G[inC] 3 9904.3 ** 1347.3
Error —2 6 55.036 323.71 **
T 49 11837 ** 27227 **
CxT 98 479.31 ** 218.23 **
GxTJ[inC] 147 85.614 ** 39.801 **
Error -3 588 48.2 20.43
C. Total 899
Table-3:
The mean water uptake (WU) and germination rate (GR) of three cereal species and their genotypes.
Variable Water Uptake (%) Germination Rate (%)

Cereal species

Triticale 105.2 37.4

Bread wheat 70.0 41.3

Durum wheat 54.1 47.3

Mean 76.4 42.0
LSD (0.05) 14 1.9
Genotype

Karma 110.3 36.1

Presto 100.2 38.7

Gerek 68.9 447

Sultan 71.1 37.8

Kunduru 62.6 475

Dumlupinar 45.6 47.2

Mean 76.5 42.0
LSD (0.05) 2.0 2.6
CV () 9.1 10.7
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While bread wheat had the highest WU value in the
first hour of imbibition, triticale had a higher WU value
starting from the second hour, triticale’s WU value
increased rapidly, parallel to the imbibition time, and was
the highest at 50 hours (Table—4). The WU value of
durum wheat increased at a slower rate in comparison to
the other two species. The triticale species reached a WU
value equal to 50% of its dry weight in five hours.
Triticale was followed by bread wheat, which reached a
WU value equal to 50% of its dry weight in nine hours,
while durum wheat reached a WU value equal to 50% of
its dry weight in 16 hours.

The GR value of durum wheat decreased below 90%
after the 10" hour of imbibition, and continued to
decrease with each additional hour of imbibition until
reaching 0% at the 40™ hour.
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The WU value at this imbibition time was 74%
(Table-4; Fig-2). The GR value of bread wheat
decreased below 90% at the 9" hour of imbibition, while
that of triticale decreased below 90% at the 7™ hour of
imbibition. Bread wheat seeds stopped germinating after
reaching a WU value of 88.2% in the 36" hour of
imbibition, while triticale seeds stopped germinating after
reaching a WU value of 135.2% in the 35" hour of
imbibition. The increase in WU values was associated
with a rapid decrease in GR values in all genotypes of
bread wheat, durum wheat, and triticale. According to the
correlation between GR values and WU values until the
imbibition hour at which no germination was observed,
the correlation values for bread wheat, durum wheat, and
triticale were r = —0.8857**, r = -0.8694** and r = —
0.9070**, respectively.
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Table—4:
The water uptake (WU) and germination rate (GR) of seeds of three cereal species from 1 hour to 50 hours.

Water uptake (%) Germination rate (%)

Time (h) Bread w. Durum w. Triticale Bread w. Durum w. Triticale
1 6.5 3.2 5.9 99.3 100.0 100.0
2 18.2 11.0 21.7 99.0 99.7 100.0
3 255 16.1 37.0 96.0 99.7 95.7
4 28.8 215 42.7 94.7 100.0 97.7
5 36.3 25.6 51.6 94.7 98.7 96.7
6 38.3 26.6 58.7 93.3 96.7 94.0
7 42.7 30.3 60.9 91.7 95.3 92.0
8 44.6 33.1 68.4 93.0 95.7 87.3
9 50.5 36.9 722 91.3 94.0 86.0
10 52.6 39.8 75.4 88.7 90.3 87.7
11 52.1 37.9 79.0 88.3 88.0 82.3
12 52.6 38.0 81.6 86.0 84.3 81.0
13 58.1 44.2 87.4 82.7 81.3 81.0
14 58.6 452 80.1 81.0 81.3 79.0
15 60.8 47.3 93.2 82.0 78.7 74.0
16 61.1 50.4 96.6 76.0 78.3 71.0
17 62.4 499 95.0 717 79.7 65.7
18 63.6 48.2 100.5 68.0 76.7 57.0
19 63.9 50.1 91.7 63.7 713 52.3
20 66.1 52.6 96.5 61.0 72.7 46.0
21 66.2 52.5 102.0 54.7 70.3 41.3
22 67.3 54.7 101.1 49.7 73.0 39.0
23 69.5 57.6 104.2 48.0 67.0 30.3
24 70.8 57.9 110.7 38.3 61.3 26.7
25 74.3 56.4 109.9 35.0 57.0 25.7
26 72.0 57.2 112.4 30.7 50.3 23.7
27 72.7 58.9 112.2 30.0 45.3 17.0
28 79.2 63.1 114.7 19.0 38.3 13.0
29 77.1 60.2 118.1 15.3 31.3 8.0
30 80.5 61.7 120.2 12.0 29.7 7.3
31 81.1 64.0 128.7 8.7 22.0 4.7
32 84.7 63.7 128.8 9.7 19.3 3.0
33 81.2 60.4 134.7 6.3 13.3 17
34 89.5 66.3 134.7 2.7 10.3 0.7
35 83.6 66.6 135.2 0.7 6.0 0.3
36 88.2 68.2 129.7 0.7 4.7 -
37 87.2 69.5 132.1 - 2.0 -
38 88.0 66.6 133.4 - 1.0 -
39 86.4 71.4 135.3 - 1.3 -
40 92.8 74.0 141.0 - 0.3 -
41 94.5 70.4 142.0 - - -
42 93.0 77.1 138.9 - - -
43 96.1 77.3 143.2 - - -
44 96.5 69.6 141.6 - - -
45 95.7 714 143.8 - - -
46 97.4 735 146.1 - - -
47 97.4 71.0 141.2 - - -
48 97.4 78.8 141.7 - - -
49 99.2 78.5 146.0 - - -
50 98.3 77.8 141.8 - - -

mean 70.0 54.1 105.2 57.31 59.2" 53.4!

LSD (.05 7.9 5.1

"The mean of germinated seeds per hour only
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Fig—2: The final germination times of cereal species and their water uptakes (WU).

As can be seen in Table-5, the genotypes with the
highest WU values were the Karma and Presto genotypes
of triticale (110.3% and 100.2%, respectively). The WU
of the Karma genotype reached a value greater than 50%
of its dry weight at the 4™ hour of imbibition, while
Presto achieved the same WU value at the 4" hour of
imbibition. These genotypes were followed by the Gerek
and Sultan genotypes of bread wheat, whose WU reached
values greater than 50% of their dry weight at the 8" and
9™ hours of imbibition, respectively. In comparison to the
other genotypes, the durum wheat genotypes required
longer imbibition times to reach a WU value of 50%. The
Kunduru and Dumlupinar genotypes of durum wheat
were also different from one another in this respect: the
Kunduru genotype seeds reached a WU value of 50%
after the 12" hour of imbibition, while Kunduru genotype
seeds reached the same value after the 26™ hour of
imbibition, thus demonstrating a significant difference
between the two.
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Dumlupinar was also the genotype that retained the
ability to germinate for the longest period of time. Seeds
of this genotype could still germinate (GR 0.7%) at the
40" hour of imbibition, when the WU value was 64.3%.
However no germination was observed with this
genotype past the 40" hour of imbibition. Also, the
Kunduru genotype fully lost its ability to germinate three
hours earlier than the Dumlupinar genotype. The
Kunduru genotype had a GR value of 1.3% at the 37"
hour of imbibition, at which time the WU value was
78.2%. In terms of the longest period for which the
ability to germinate was preserved, the Kunduru
genotype was followed by the Gerek genotype of bread
wheat (89.2% WU at 36™ hour) and the Presto genotype
of triticale (136.8% WU at 35" hour). The Sultan and
Karma genotypes did not germinate after the 33" hour of
imbibition (at WU value of 80.1% and 136.5%,
respectively); they were thus the genotypes that lost the
ability to germinate within the shortest imbibition period

(Fig-3).
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Table-5

The water uptake (WU) and germination rate (GR) of genotypes of three cereal species from 1 hour to 50 hours.

Water uptake (%)

Germination rate (%)

Bread w. Durum w. Triticale Bread w. Durum w. Triticale
Time (h) GR SL KN DM KR PR GR SL KN DM KR PR
1 6.4 6.7 4.2 2.1 5.5 6.3 1000 987 100.0  100.0 100.0 100.0
2 18.0 184 128 9.1 21.3 221 1000 98.0  100.0 99.3 100.0 99.3
3 26.4 245 177 145 36.4 37.6 98.0 940  99.3 100.0 96.0 95.3
4 29.4 282 250 180 43.7 417 97.3 920 1000  100.0 97.3 98.0
5 38.6 339 308 205 54.9 48.3 96.0 93.3 980 99.3 96.7 96.7
6 39.6 371 327 204 69.0 485 94.7 920 953 98.0 94.7 93.3
7 439 416 365 242 66.3 55.6 92.7 90.7 947 96.0 91.3 92.7
8 431 461 389 274 76.3 60.4 94.0 920 947 96.7 85.3 89.3
9 51.4 496 445 292 77.8 66.5 92.7 900 933 94.7 80.7 91.3
10 50.5 546 467 328 82.5 68.2 88.7 887 880 92.7 84.7 90.7
11 52.4 517 436 322 87.4 70.6 90.7 860  89.3 86.7 80.0 84.7
12 53.1 522 434 326 96.7 66.4 89.3 827 880 80.7 76.0 86.0
13 57.5 588 515 369 97.7 77.2 86.7 787 807 82.0 76.7 85.3
14 56.3 609 523 382 90.8 69.4 87.3 747  80.0 82.7 74.7 83.3
15 56.5 650 573 372 1106 75.7 90.7 733 773 80.0 71.3 76.7
16 54.0 68.2 594 414 1119 81.4 85.3 66.7 780 78.7 64.0 78.0
17 60.2 647 604 394 1121 77.9 82.7 607 820 77.3 64.0 67.3
18 61.8 654 568 395 1145 86.6 78.0 580 780 75.3 54.7 59.3
19 61.6 66.2 59.7 405 95.6 87.9 72.0 553 727 70.0 50.0 54.7
20 62.8 69.3 617 435  101.0 92.0 72.0 500 733 72.0 46.7 45.3
21 63.5 688 595 456 1113 92.7 640 453 747 66.0 40.0 427
22 63.9 707 644 450 1028 99.3 59.3 400 747 71.3 36.7 41.3
23 68.0 710 667 485 1095 99.0 553 407  70.0 64.0 29.3 31.3
24 68.3 733 683 476 1176 103.7 40.7 360 647 58.0 26.0 27.3
25 73.8 748 648 481 1197 100.1 38.0 320 587 55.3 20.0 313
26 67.8 761 651 493  117.8 107.0 36.0 253 493 51.3 19.3 28.0
27 69.9 756 670 508  118.8 105.5 37.3 227 460 447 14.7 19.3
28 76.0 825 720 543 1234 106.0 27.3 107 373 39.3 12.0 14.0
29 75.1 790 705 499 1237 112.6 227 8.0 33.3 29.3 4.7 11.3
30 79.0 819 686 547 1256 114.8 16.0 8.0 32.7 26.7 4.0 10.7
31 78.2 840 746 534 1339 123.6 14.0 33 21.3 22.7 47 47
32 82.8 867 721 552 1338 123.7 16.0 33 20.7 18.0 2.7 3.3
33 82.3 80.1 69.1 517 1365 1329 11.3 1.3 9.3 17.3 1.3 2.0
34 88.4 906 774 552  139.3 130.1 5.3 - 8.0 12.7 - 1.3
35 80.9 863 757 575 1335 136.8 1.3 - 6.7 5.3 - 0.7
36 89.2 872 808 556 1224 137.0 1.3 - 2.7 6.7 - -
37 86.5 879 782 608 1289 135.3 - - 1.3 2.7 - -
38 87.3 886 743 590 1364 130.3 - - - 2.0 - -
39 81.9 909 804 624 1363 134.4 - - - 2.7 - -
40 89.6 959 836 643 1454 136.6 - - - 0.7 - -
41 94.7 942 825 583 1482 135.9 - - - - - -
42 91.7 944 902 640  146.0 131.7 - - - - - -
43 98.3 940 882 665 1512 135.3 - - - - - -
44 95.4 976 768 624 1399 143.4 - - - - - -
45 96.1 953 80.8 620 1392 148.4 - - - - - -
46 1008 940 830 640 1422 150.1 - - - - - -
47 96.6 982 802 618 1427 139.6 - - - - - -
48 97.8 970 941 634 1457 137.6 - - - - - -
49 100.7 977 928 642 1456 146.4 - - - - - -
50 97.2 99.3 920 637 1442 139.4 - - - - - -
mean 68.9 711 626 456  110.3 100.2 621" 573" 6401 59.0" 546" 55.3"
LSD (05 11.1 7.3

TThe mean of germinated seeds per hour only

GR - Gerek; SL- Sultan; KN — Kunduru; DM — Dumlupinar; KR — Karma; PR — Presto
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Fig-3: The final germination times of six genotypes of cereal species and their water uptakes (WU).

IV. DISCUSSION

According to the study data, the WU and GR values
were considerably affected by the species of cereal, the
genotypes, the duration of first imbibition, and by the
interaction of these parameters. While genotypes had a
significant effect on WU values, their effect on GR was
not significant. Numerous studies have demonstrated a
close relationship between the WU values and the
behavior of seeds during the first hours of imbibition [19,
20]. With regards to the WU values at the initial hours of
imbibition, triticale was the cereal species that showed
the fastest and highest level of water absorption, while
durum wheat showed the slowest and lowest level of
water absorption. Ashraf and Abu Shakra (1978) [16]
previously reported that the absorption of an amount of
water equal to 50% of a seed’s dry weight had the effect
of triggering germination in wheat seeds. According to
the current study results, triticale seeds reached a WU
value of 50% in five hours, while bread wheat and durum
wheat seeds reached a WU value of 50% in nine and 16
hours, respectively.

With every hour of imbibition, the WU value of all
species increased, while their GR values rapidly
decreased. As such, the GR value dropped to 0% for
durum wheat, bread wheat, and triticale following 40, 36,
and 35 hours of imbibition, respectively. There were
considerable differences between the different cereal
species with respect to their WU values at the final
germination time.

18

The water uptake of durum wheat at the final
germination time was 16.1% less than that of bread
wheat, and 45.3% less than that of triticale. These
differences between the final germination times of the
different species were more significant than the
correlation calculated between the WU and GR values.

Many previous studies have reported significant
differences in the water uptake levels of different species
[14, 15, 16, 18]. The results of the current study were
parallel to the findings of previous studies. Among the
different genotypes, the Karma and Presto genotypes of
triticale had the highest WU values, but also the lowest
GR values. In contrast, the Kunduru and Dumlupinar
genotypes of durum wheat had the lowest WU values and
the highest GR values. The Dumlupinar genotype, in
particular, retained its ability to germinate despite 40
hours of imbibition. With respect to the ability to
germinate despite lengthy imbibition, the Dumlupinar
genotype was followed by the Kunduru genotype with 37
hours; the Gerek genotype with 36 hours; the Presto
genotype with 35 hours; and the Sultan and Karma
genotypes with 33 hours.

In conclusion, the study results demonstrated that at
any given time of imbibition, different cereal species
displayed different WU and GR values. This difference
was observed between different genotypes of the same
species as well. The researchers concluded that these
differences stemmed from genetic factors that determine
the characteristics of wheat seeds.
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For instance, the seeds of the Kunduru and
Dumlupinar genotypes of durum wheat, which had the
slowest and lowest water intake, have a red and harder
structure, a higher 1000 seed weight, and higher protein
content than the seeds of the other genotypes (Table 1).
Torada and Amano, Yucel et al. and Huang et al. [14, 15,
24]. reported that red colored seeds in wheat were more
resistance than white colored seeds to early germination.
The study data thus indicated that the genotypes of
durum wheat are the cereals that are the least threatened
by the risk of “alatav.” Therefore, it might be useful and
beneficial to conduct further studies regarding seed
characteristics that lengthen the period of water intake,
and that allow the seed’s vitality to be preserved until the
second uptake of water.

V. CONCLUSIONS

The results of this study are promising in that they
show that possible solutions against the risk of alatav can
be produced at the level of species and genotypes. In
addition, it might be possible to obtain further significant
results within the context of this study by including more
genotypes and different types of soil conditions into the
study design.
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