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Moisture desorption and absorption
isotherms for seeds of some cultivars of
Triticum aestivum and Triticum durum wheat

A. V. Moharir and Nam Prakash

Nuclear Research Laboratory, Indian Agrnicultural Research Institute, New Delhi 110012, India

Moisture desorption and absorption isotherms for 50
seeds each of cultivated varieties belonging to Triticum
aestivum and Triticum durum in five replications were
recorded at 30°C and 85% RH (relative humidity).
Hysteresis loops were established for all varieties from
the average seed masses, normalized to equal curve
heights for meaningful and effective comparison. It is
observed that the total area enclosed under the nor-
maiized hysteresis curves for different varieties is
different. Curiously enough, the hysteresis loops for
seeds of well-known cultivated rainfed varieties enclose
smaller area compared to the hysteresis loops for seeds
of varieties cultivated under irrigated high-fertility
conditions. Percentage hydration of seeds after one
cycle of dehydration and rehydration indicates that
seeds of well-established rainfed varieties have small
negative values, whereas the values are positive
and high for the seeds of irrigated varieties.
Further, the rates of both dehydration and
rehydration for seeds of rainfed varieties are
smaller compared to those for the seeds of irrigated
varieties, It is believed that this observation offers
considerable potential as a laboratory test for
screening, or at least short-listing, of varieties to
the advantage of wheat breeders, agronomists and
seed scientists, particularly working for agricul-
ture in arid and semi-arid regions.

A———

MosT materials of plant origin and the seeds exhibit
sigmoidal hysteresis in the absorption and desorption of
water'. These curves vary in their shape and extent due
to the differences 1n moisture-absorbing and moisture-
holding potentialities. Babbitt>> and later Hubbard et
al. plotted the hysteresis effect in moisture sorption of
wheat over the full range (0—100%) of relative humidity
(RH) for the first time and observed the maximum
hysteresis effect between 12 and 44% RH without any
consistent differences in the extent of hysteresis with
temperature changes. Wheat, whole or with pericarp
and seed-coat removed, reached near-equilibrium mois-
ture contents within 40h and the increase thereafter
was slow. These results for wheat were confirmed later
by Pixton and Warburton®: a bulk of the moisture
absorption in wheat is believed to take place in the
first 4-6 h. Most of the hysteresis studies on materials
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of plant origin have been confined to equilibrium mois-
ture contents 1in relation to different relative humidities,
water potentials and moisture tensions. Hysteresis have,
however, seldom been studied with respect to the time
of absorption and desorprtion, keeping temperature and
relative humidity constant™*>?, It is known that full
or partial hydration of seeds of many crop species,
followed by subsequent dehydration as a pre-sowing
treatment (called ‘priming’) not only increases the rate,
uniformity and level of seed germination but also imparts
drought, heat, frost and salinity resistance to the plants
emerging from the ‘primed seeds’ under field condi-
tions”™"'. Several cycles of priming on leaves of different
plants at 30°C have been reported™” to result in the
decrease of hysteresis and, finally, its disappearance’.
Furthermore, investigations have been reported in the
literature showing that the rate of moisture loss from
excised plants of drought-tolerant cultivars is lower
than that from the drought-susceptible ones®’' ™. In
the background of this knowledge, interesting data on
moisture hysteresis with respect to the time of ab-
sorption and desorption for seeds of some well-known
wheat cultivars belonging to Triticum aestivum and
Triticum durum are presented and discussed in this

paper.

Materials and methods

Seed materials

Seeds of 17 cultivated wheat varieties belonging to
Triticum aestivum, grown in 1991 crop season at IARI
farm under standard agronomic practice of irrigated and
rainfed cultivations, were collected from the Division
of Seed Science and Technology, IARI. Seeds of two
uncultivated species Triticum vavilovii and Triticum
sphaerococcum were obtained from the Division of Plant
Physiology, IARI. Seeds of 18 cultivated wheat vaneties
belonging to Triticum durum, grown in 1991 crop season
at P.K.V. Akola, Maharashtra farm were acquired from
the Senior Wheat Breeder. In addition, seeds of MACS-9
variety grown at the Regional Station of IARI at Indore,
Madhya Pradesh, were also collected.
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Initial seed conditioning

Fifty seeds each of all the varieties in five replications
were taken in small petri-plates. The seed lots were
conditioned to maximum vapour absorption of moisture
for 50h at 30°C and 85% RH within the chest of an

incubator in darkness.

Inttial mass of seeds

The imitial masses of conditioned seed lots were obtained
by weighing individually on Dhona single-pan electrical
balance up to the fifth place of decimal.

Moisture desorption

Conditioned replicates of seeds of all varietics were
allowed to dehydrate at 30°C in an incubator and the
progressive loss in the masses of seed replicates was
recorded at two-hour intervals for 10 h. The seeds were
further left to dehydrate overnight at 30°C for 15h
within the incubator and their dry masses measured
again the next morning. The series of masses of seeds
in averages of five replications during the dehydration
cycle are given in Columns 3-8 of Table 1, Part A
and Part B, for varieties of Triticum aestivum and
Triticum durum, respectively.

Rehydration of seeds

The dry seeds (Table 1, Column 8, Part A and Part B)
were then subjected to rehydration by exposing them
in darkness to 85% RH at 30°C within the chest of the
incubator. The progressive increase in the masses of
seeds as a result of moisture absorption with respect to
time was again followed at two-hour intervals for 10
h. The series of masses of seeds in averages of five
replications during the rehydration cycle are given in
Columns 9-13 of Table 1, Part A and Part B. The
seeds were then left at 30°C and 85% RH for 50 h for
maximum rehydration for 50 h and their saturated masses
are given in Column 14 of Table 1, Part A and Part B.

Normalization of dehydration and rehydration
isotherms

The average masses of seeds during the dehydration
(Columns 3-8, Table 1, Part A and Part B) and rehydra-
tion cycles (Columns 9-13, Table 1, Part A and Part
B) were independently normalized to equal! curve heights.
Masses of seeds during the dehydration cycle (Columns
3-8, Table 1) were normalized by dividing each mass
value with the average mass of initially saturated seeds
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(Column 2, Table 1, Part A and Part B). Likewise, the
average masses of seeds during the rehydration cycle
(Columns 9-14, Table 1, Part A and Part B) were
normalized by dividing each mass value with the average
mass of fully saturated seeds after rehydration (Column
14, Table 1, Part A and Part B). Serial numbers 2, 4,
6, 8,...,38 in Part A and serial numbers 40, 42, 44,
..., 74 In Part B of Table 1 give the normalized average
masses of seeds of individual wheat varieties studied.

Hysteresis curves and area enclosed by them

Hysteresis curves for seeds of each variety were estab-
lished from the normalized mass values from dehydration
and rehydration cycles. Curves for only two Triticum
aestivum varieties, namely, K-65 and Sonalika, are
reproduced in Figures 1 and 2, respectively. Likewise
Figures 3 and 4 represent the hysteresis curves for the
two Triticum durum varieties MACS-1967 and AKW-
381, respectively. The X- and Y-axis intervals were
uniformly maintained constant for all the hysteresis
curves drawn. The areas enclosed by the hysteresis loops
for seeds of each variety were measured with the help
of a compensating planimeter and the data are given
in Column 3 of Tables 2 and 3 for Triticum aestivum
and Triticum durum varieties, respectively.

Agronomic production conditions

Column 2 in Tables 2 and 3 gives the agronomic
production conditions for the respective varieties of the
two species Triticum aestivum and Triticum durum.

Results and discussion

Extent of hydration of seeds

A critical observation of the data (Columns 2 and 14,
Table 1, Part A and Part B) shows that the masses of
saturated seeds before dehydration and after rehydration
vary within the same seeds, indicating basic differences
in their extent of hydration. In 8 of the 17 Triticum
aestivum varieties, the average mass of saturated seeds
after rehydration (Column 14) decreased from their initial
saturated mass before dehydration (Column 2) cycle. In
all other varieties, there is a varying but definite increase
in the mass of saturated seeds after rehydration cycle,
indicating increased hydration of seeds. Such an increase
in the extent of hydration after successive cycles of
dehydration and rehydration with progressive loss
of hysteresis has been previously shown'-in respect of
wheat and ragi leaves. For the varieties of Triticum
durum (Columns 2 and 14, Table !, Part B), however,
there is a decrease in the average mass of saturated
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Figure 1. Normalized hysteresis cunve lor the wheat vanety K-65
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Figure 2. Normalized hysteresis curve for the wheat vanety Sonalika.

seeds in all the varieties after one cycle of dehydration
and rehydration. The percentage decrease/increase in the
extent of this hydration of seeds was computed for all
the varieties and the data are given in Column 4 of
Tables 2 and 3 for varieties of aestivum and durum,
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Figure 4. Normalized hysteresis curve for the wheat vanety AKW-381

respectively.

It may be interesting to observe from Columns 2 and
4 of Table 2 that for Triticum aestivum varieties, the
extent of hydration of seeds is positive and higher in
value for cultivars recommended for cultivation™ under
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Table 2. Data on hysteresis loops, percentage hydration of seeds and status of produc-
tion conditions 1n respect of Triticum aestivurm wheat varieties

Increase/decrease
Agronomic Area under in hydration over
Name of production noisture mitial mass of Moisture

S| wheat conditions  hysteresis loop conditioned seeds retention
No. variety (#) (em?) (%) index

1 K-65 TS-RF 19 36 (L) (=) 0.616 8.01 (L)

2 C-306 TS-RF 22.20 (L) (-)0.740 (L) 9.39

3 K-8027 TS-RF 22.42 (-) 0671 11.06

4 WIL-410 LS-RF 23.74 () 0.410 13.36

5 Mukta TS-RF 2446 (-) 0.270 11 45

6 WL-711 TS-IR 25.35 (+) 0.322 12.76

7 WH-147 TS-IR 28.66 (-} 0.401 13.71

8§ K-8020 LS-IR 28.68 (-)0.281 12.94

9 DL-153-2 TS-RF 28.80 (-) 0.088 12.47
10 NI-5439 TS-RF+IR 31.24 (+) 0.233 1470
1T K-68 TS-RF+IR 35.72 (+) 0.043 15.98
12 TWP-72 TS-RF 38.80 (+) 0.466 21.56
13 Kalyan-Sona  TS-IR 39 64 (+) 0.386 20.31
14 HD-2009. TS-IR 42.50 (+) 0.658 21.38
15 Sonalika LS-IR 63.94 (+) 1608 27.91
16 HD-2329 TS-IR 64.14 (+) 0.994 27 65
17 WH-157 TS-IR 6570 (H) (+) 1.805 (H) 28 22 (H)
18 Range of varnation

(max.—min.) 46.34 2.545 20.21

TS —timely sown; LS —late sown; (+) - increase; () —decrease; (#)— Information received
from Senior Wheat Breeder, P. K. V. Akola, Maharashtra and from Twenty-five Years of
Coordinated Wheat Research (eds Tandon, J. P. and Sethi, A. P.), All India Coordinated

Wheat Research Project, 1986; (L) — lowest value within samples, (H) — highest value within
samples,

Table 3. Data on hysteresis loops, percentage hydration of seceds and status of production
conditions in respect of Trittcum durum wheat vaneties

Increase/decrease
Agronomic Area under in hydration over
Name of production moisture inittal mass of Moisture

Sl wheat conditions hysteresis loop conditioned seeds retention
No.  varety (#) (cm®) (%) index

1 AKW-1811 New genotype

TS-IR 15.25 (L) (-) 0.9300 8 49

2 AKW-1071 TS-IR 15.86 () 0.9662 (L) 8.14

3 NP4X4 TS-RF 16 14 (-)0.5104 577 (L)

4 DWR-162 TS-IR 17.GO (09129 7.74

5 B-Yellow TS-RF+IR 17 95 () 0.7336 7.12

6 MACS-1967 TS-RF 19.26 (-)0.7475 6.80

7 B-Red TS-RF+IR 19.30 (-)0.7519 8.31

8 Meghdoot TS-RF 21.57 (-) 0.5936 7.59

9 Raj-1555 TS-IR 2160 (~)0.7787 6 49
10 JU-12 TS-RF 21 80 (-)0.3504 8 99
11 AKW-3018 TS-RF 2616 (—) 0 9053 661
12 MACS-2496 TS-IR 26.92 (-) 0 4463 12 88
13 MACS-9 (Akola) TS-RF 27.10 (-)0.0614 13 88
14 MACS-9 (Indore) TS-RF 27.43 () 03154 810
15 N-59 TS-RF 31.95 (~) 003821 (H) 13.54
16 Raj;-911 TS-IR 32 80 (~) 06243 12 36
17  A-9-30-1 TS-RF 35.40 (-) 01235 1509
18 AKW-38} TS-IR 40 92 (-)0 1604 16 19 (H)
19 NP-401 TS-RF+IR 43.42 (H) (-}0.2119 13 20
20  Range of vanation (max.—min) 28 17 1.0043 10 42

N R R e tondn e e e e

TS —tumely sown; LS - late sown; (+)—increase; (-} ~decrease, (¥) - Inforination received from
Senior Wheat Breeder, P. K. V. Akola, Maharashtra, (L) - lowest value within samples, (H) - highest

value within sampies
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irrigated high-fertility conditions and 1s negative for

cultivars recommended for cultivation™ under rainfed
low-fertility conditions. For varieties recommended for
cultivation under both irrigated medium-fertility condi-
tions and rainfed low-fertility conditions, the percentage
hydration of seeds has intermediate values, e.g. 51 No.
10 and 12 in Table 2. However, for varicties of Triticum
durum (Columns 2 and 4, Table 3) it may be observed
that percentage seed hydration has negative values for
all the varieties studied and the values progressively
decrease from —0.03821 to —0.9662.

Hysteresis curves

In Ficures 1-4, the curves ABD and DCA were estab-
lished during dehydration and rehydration cycles of
seeds, respectively. Segments AB and DC of these
curves were followed at two-hour intervals. The
asymptotic parts BD and CA of these curves represent
the interval given to seeds in coming to dry-mass point
D during dehydration and maximum saturation point A
after rehydration beyond C. In fact, two asymptotic ends
of the dehydration and rehydration isotherms nearly
compensate each other. A bulk of moisture desorption
and rehydration in wheat seeds takes place within the
first few hours and then gradually extends very slowly.
The hysteresis curves in general are, therefore, very
extended. It 1s expected that the extrapolated two
asymptotic segments and the area under them would
not significantly affect the general behaviour of the
hysteresis curve or alter the total area under the hysteresis
loop. Therefore, within reasonable limits of accuracy,
moisture hysteresis for seeds of wheat can be con-
veniently accomplished by following the changes in the
mass of seeds for only 10-15h (10h in the present
case) during dehydration and rehydration cycles. Further,
the normalization of the hysteresis curves facilitates
comparison between varieties more effectively.

Area enclosed under the hysteresis curves for
seeds *

On arranging the varieties within both the species in
increasing order of their hysteresis loop area (Column
3, Tables 2 and 3), it is observed that for Triticum
aestivum varieties the values vary within a range of
46.34 cm®, from the lowest of 19.36 cm” to as high as
65.70 cm®. Correspondingly, this range of variation in
area under the hysteresis loops for cultivars of Triticum
durum is only 28.17 cm®, with values varying from the
lowest of 15.25 cm® to the highest of 43.42 cm’. It may
further be observed that seeds of well-known cultivars
classified under rainfed low-fertility cultivation® have
smaller area under their hysteresis loops compared to
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e

that for seeds of cultivars classified for cultivation under
irrigated high-fertility conditions™, For varieties cul-
tivated under both irrigated and rainfed conditions of
production™, the hysteresis loop areas have intermediate
values, e.g. SI No. 10, 11 in Table 2 and Sl No. 5, 7
in Table 3. Whereas this observation is also generally
true in well-established varieties of Triticum durum
(Table 3), the segregation between rainfed and irrigated
varieties on the basis of the area under hysteresis loop
is not as sharp as in the case of Triticum aestivum
varieties (Table 2). This is believed to be due to the
fact that Triticum durum has relatively very short breed-
ing history compared to Triticum aestivum.

Data on seeds of Triticum durum in Table 3 indicate
that three irrigated vaneties AKW-1811, AKW-1071 and
DWR-162 show the smallest area under their moisture
hysteresis loops and yet are reported” to perform poorly
under rainfed field conditions. It may be pertinent to
reason here as to why these should do s0? An explanation
to this effect can be sought and visualized in the shape
of the hysteresis loops for these wvarieties, which are
distinctly different from that for other varieties. Such a
hysteresis curve for only one variety AKW-1811 1is
reproduced in Figure 5 for comparison. The rate of
dehydration for these three varieties is higher compared
to other varieties within the species. Similarly, the rate
of rehydration of seeds is also inittally low and gradually
becomes very high, with the result that the dehydration
and rehydration isotherms intersect each other, It 1is,
therefore, quite likely that wide variations in differential
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v ".
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Figure 5. Normalized hysteresis curve for the typical wheat vanety
AKW-1811.
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rates of dehydration and rehydration across the pericarp
and seed matrix may be responsible for their actual
performance in the field. The rest of the varieties within
durum generally support the hypothesis that the seeds
of all rainfed drought-tolerant varieties of wheat not
only have smaller areas under their hysterests loops but
also have smaller rates of dehydration and rehydration
compared to those for the irrigated varieties.

Further, it may be curiously observed from Sl No.
I3 and 14 in Table 3 that seeds of the same variety
MACS-9, grown independently at Akola, Maharashtra;
and Indore, Madhya Pradesh enclose nearly the same
area under their moisture hysteresis loops, whereas the
values of their seed masses, moisture retention index
and percentage hydration are quite difterent. Unfor-
tunately, we had only one variety common to both these
places and therefore, it would be difficult to conclude
if the area under the moisture hysteresis loops for seeds
is independent of the environmental growth conditions
and is a genotypic character. However, it would be our
endeavour to explore this relationship in future.

Data on seeds of uncultivated species Triticum vavilovii
and Triticum sphaerococcum indicate that with hysteresis
loop area values of 43.0 and 49.44 cm®, respectively,
they fall closer to the irrigated varieties of both Triticum
aestivum (Table 2) and Triticum durum (Table 3) than
to those for the rainfed varieties within the species.
Further, with values of + 1.299 and + 1.212, respectively,
for percentage hydration of seeds of these uncultivated
species, they lie more parallel to the irmgated varieties
of both aestivum and durum.

Moisture retention index

Drawing analogy from the studies on hysteresis In
magnetization of materials in physics, an index that
represents moisture retention during dehydration and
rehydration of the seed matrix as computed for different
varieties by dividing the area under the hysteresis loops
by the average mass of their saturated seeds. The values
of the moisture retention indices (MRI) thus calculated
are given in Column 4 of Tables 2 and 3 for varieties
of Triticum aestivum and Triticum durum, respectively.
It may be curiously observed that on.the basis of this
index, the segregation of rainfed and irmrigated varieties
within aestivum becomes more sharp. Whereas the
general trend in Triticum durum is also similar, the
segregation between rainfed and irrigated varieties sull
remains not so well distinct.

Correlation of moisture retention index with
hysteresis loop area and seed hydration

The area under the hysteresis loop for seeds of wheat

CURRENT SCIENCE, VOL 68, NO. 3, 10OFEBRUARY 1995

varieties shows significant positive correlations of 0.9502
and 0.6749, respectively, with moisture retention index
within individual species and also + 0.8767 for mixtures
of varieties of aestivum and durum taken together.
Similarly, MRI shows significant correlations with per-
centage seed hydration after one cycle of dehydration
and rehydration within individual species and between
mixtures of varieties of both species of wheat taken
together. The data on correlation coefficients are given
in Table 4, and it is obvious that higher values of MRI
correspond to higher values of seed hydration.

A lower rate of moisture loss from excised plants
has been correlated with drought resistance in spring
wheat and sorghum varieties® ™, and it is generally
believed that varieties that retained water best ranked
highest in heat and drought tests™. Contrary to this, the
data on seed hydration in Column 4 in Tables 2 and
3 suggest thar varieties for irrigated cultivation, such
as Sonalika, WH-157 and AKW-381, absorb more mois-
ture after one cycle of dehydration and rehydration and
the rate at which rehydration proceeds in them is much
higher. As a result, the rehydration isotherm upon nor-
malization falls much below the dehydration isotherm,
with consequent increase in the area under the hysteresis
loop. It may thus be concluded that for the seeds of
all rainfed varieties, the rates of both dehydration and
rehydration are much lower compared to those for the
seeds of irrigated varieties. This conclusion for seeds
of wheat varieties is similar and parallel to the differences
observed in excised plants’ ™ of drought-tolerant and
susceptible varieties. Apparently enough, there appears
to be a continuing relationship between the behaviour
of the seeds and the behaviour of the plants raised from
them in the field, and i1t would be our endeavour to
explore this relationship in details in future experiments.
For the present, it is concluded that the seeds of
best-known rainfed wheat varieties show small moisture
retention, small area under their moisture hysteresis
loops and smaller values of percentage seed hydration
compared to the seeds of irrigated varieties.

Several physiological indices have been reported to
correlate with drought resistance without any practical

Table 4. Comrelations of moisture retention index with area under
the hysteresis curves and percentage hydration of seeds

Percentage
increase/decrease
of seed hydration

Area under the

Wheat specics hysteresis curve

Triticum aestivurm r = (09502 r = 0 B806
n=17 p > 0.001 p > 0001
Trittcum durum r = 06749 r = 05811
n=19 p > 001 p > 001
Tritscum aestivum and r = Q8767 r= {0 R673
Trittcum durum combined p > 0.001 p > 0001

n = 16
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success ", Field tests for resistance to drought so far
are not efficient and practicable due to several biotic
factors®”. The development of laboratory tests has been
visualized to be the only practical answer”. In this
context., the measurement of area enclosed by the nor-
malized moisture hysteresis curves for seeds of wheat
varieties during their dehydration and rehydration cycles
appears to have considerable potential as a laboratory
test for screening varieties for cultivation or at least
short-listing of genotypes for field-testing in arid and

semi-arid regions.
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