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Abstract

Ex situ conservation of jute mallow genetic resources depends on a reliable estimate of how long stored
seeds remains viable. Comparative longevity assays based on controlled deterioration conditions only
deliver meaningful contrasts when every sample enters storage at the same moisture content. This
study constructed moisture sorption isotherms at 20°C for (MIX; Corchous olitorius) and (TOT 4157; C.
capsularis) by equilibrating seeds over non-saturated LiCl solutions at around 40, 50, 60 and 70% relative
humidity, and identified the RH at 20°C that yields an equilibrium moisture content equivalent to that
attained at a standard accelerated ageing benchmark (45°C/ 60%RH). Linear interpolation across 20°C
isotherms identified Corchorus olitorius accession MIX (59.71%) and C. capsularis accession TOT 4157
(59.83%) RH at 20°C as the equivalent moisture environment that yields the same equilibrium moisture
content as 45°C/ 60% RH. Three accessions of each species were then equilibrated at the resultant eRH/
20°C for each species, transferred for 24 hours to 45°C/ 60% RH, then sealed at 45°C and withdrawn for
germination tests across 120 days. C. olitorius accessions were shorter-lived (58.9-84 days) than those
of C. capsularis accessions (52.2-112.1 days). The slightly higher moisture affinity observed in C.
olitorius is likely associated with increased rates of deterioration, unlike that of C. capsularis. The findings
highlight the central role of precise moisture-temperature management in maintaining postharvest
quality of jute mallow germplasm, providing guidance for genebank management, cold-chain storage
and commercial applications.

Introduction

Jute mallow (Corchorus spp.) is an important crop which serves both as a vegetable and fibre crop and
is cultivated in many parts of Africa and Asia (Ngomuo et al. 2017; Isuosuo et al. 2019). There are over
100 species belonging to the genus Corchorus, yet only two species, C. olitorius and C. capsularis, are
commercialized (Zhang et al. 2019). As an opportunity crop, jute mallow is characterized by the limited
development relative to their potential (N'Danikou et al. 202443; Sileshi et al. 2025), thus, it has a poorly
developed value chain. As a vegetable, jute mallow contributes significantly to nutrition security,
especially in many regions of sub-Saharan Africa (Van Zonneveld et al. 2023). Beyond its role in
traditional diets, jute mallow is also cultivated for bast fibre production, mainly in Asia forming the
backbone of the global fibre industry after cotton (Del Rio et al. 2009; Zhang et al. 2019). Despite this
focal dual economic importance, the continued conservation and use of jute mallow are critically
dependent on understanding its storage longevity, which remains a major limitation under ambient
tropical conditions.

As jute mallow and crop wild related-species genetic resources are increasingly conserved in ex situ
collections, the cost of maintaining viability through periodic regeneration cycles becomes a
predominant operational concern (Balasupramaniyam et al. 2025). FAO Genebank Standards for
orthodox seeds specify equilibration in a controlled condition of 5-20°C and 10—-25% relative humidity,
followed by storage at -18°C + 3 (base collection) and 5 + 3°C (active collection), with viability monitoring
scheduled at intervals informed by species-specific longevity (FAO 2014, 2022; Hay et al. 2022b). For
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most underutilized crops, including jute mallow, those intervals are extrapolated from a handful of model
species (Kaweya et al. 2026; N'Danikou et al. 2024b; Shango et al. 2026; Van Zonneveld et al. 2021,
2023) and rarely reflect intra-specific variability. Comparative longevity phenotyping addresses this gap
by ranking accessions on a deliberately short experimental timescale, using elevated temperature and
relative humidity to accelerate ageing while preserving the rank order that would be observed under
genebank conditions (Hay et al. 2022a; Balasupramaniyam et al. 2025). However, the use of these
storage conditions for wild species and understudies crops such as jute mallow is still debatable (Hay
and Probert 2013; Ghamkhar et al. 2025; Hay et al. 2025)

The most widely used comparative deterioration regimes, formalized by the Royal Botanic Gardens Kew
(Balasupramaniyam et al. 2025; SER/INSR/RBGK 2023; Newton et al. 2014), holds equilibrated seeds at
45°C and 60% RH inside sealed foil pouches and tracks germination decline over time. The framework
draws on the viability equation by Ellis and Roberts (19804, b), which models the decline of probit-
transformed germination as a linear function of storage time, with intercept (K;) and slope (1/0). The
parameter sigma (o), the period required for viability to drop by one probit, captures the temperature-
moisture sensitive component of longevity and is therefore the quantity of greatest interest for genebank
planning (Wolkis et al. 2025; Klepka et al. 2025).

A critical, sometimes overlooked, prerequisite for comparative deterioration is that all samples should
enter storage at the same MC (Hay et al. 2022a; Mavi and Demir 2007; Newton et al. 2014). This may be
attributed by the binding of water molecules to seed macromolecules weakens at higher temperatures,
as the seeds equilibrated at a higher temperature reach a lower MC than the same cohort equilibrated a
lower temperature (Hay et al. 2008, 2022). Hay et al. (2025) and Wijnker et al. (2025) highlights the
importance of developing species-specific regeneration protocols and post-harvest practices to avoid
unnecessary costs and most importantly the risk of genetic drift of the stored accessions in genebanks.

Despite the clarity of the species importance and framework, published longevity data for jute mallow
are scant. The two species evaluated here, Corchorus olitorius and C. capsularis, are widely held in the
World Vegetable Center Genebanks, and their relative storability is not formally documented. We
addressed this gap through a two-step experiment (i) we determined the equilibrium moisture
environment at 20°C that matches MC achieved at 45°C/60% RH using one accession per species and
(i) we quantified the longevity of three accessions per species at the resultant MC using probit
regression analysis. Our objectives were (1) to demonstrate the feasibility of an isotherm- aligned
controlled deterioration condition (CDC) protocol for jute mallow (2) to compare the storage longevity of
three accession each for C. olitorius and C. capsularis and (3) to quantify intra-specific variation that
genebanks should consider when scheduling viability monitoring for jute mallow

Materials and Methods
Seed materials
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Accessions of Corchorus olitorius and C. capsularis were sourced from the germplasm base collection
(-18°C) at the Africa’s Vegetable Genebank maintained by the World Vegetable Center (WorldVeg),
Eastern and Southern Africa (ESA). Partial sorption isotherms were developed on two species
representative baseline accessions (MIX and TOT 4157). Accessions used in this study were selected
based on initial quality, which should be over 85% viability and have sufficient seed amount for the
experiment. Following these criteria, three accessions were selected per species for the storage

experiments (Table 1). The initial viability for the tested accessions was confirmed to be above 97% prior

the experiments.

Table 1

List of the accessions used in the present study

S/N  Species Accession Regeneration Storage Genebank Country of
name year years code origin

1 C. olitorius ~ MIX* 2015 11 RVIO00644 Tanzania

2 C. olitorius ES 2016 10 RVI000642 Tanzania

3 C. olitorius  SUD 4 2015 11 RVIO00675 Sudan

4 C. TOT 4157* 2015 11 RVI002592 Vietnam
capsularis

5 C. TOT 6278 2017 09 RVI002609 Vietnam
capsularis

6 C. ALV MN 059 2011 15 RVI002659 Unknown
capsularis

RVI = Regional Genebank Vegetable Introduction Number, * = accessions used to determine sorption
isotherms.

Moisture Sorption Isotherm Experiment (Step 1)

Estimation of initial water activity and moisture content

Seed packets were withdrawn from - 18°C storage freezers and equilibrated at room temperature
(21.7°C) before opening to avoid condensation for initial MC and water activity (a,; expressed as
equilibrium relative humidity, eRH, where eRH = a,, x 100) determination. The seeds of jute mallow are
known to have physical dormancy (Ibrahim et al. 2013). Thus, the samples were mechanically scarified
using sandpaper (silicon carbide waterproof abrasive paper electrocoated) to break physical dormancy.
Water activity was determined at 20°C (Hay et al. 2023), using a water activity station (HygroLab 3,
Rotronic AG, Basserdorf, Switzerland). The moisture contents were determined gravimetrically, using the
‘low constant temperature’ oven method (ISTA 2023), drying samples of three replicates of 3-5 g seeds
at 103°C for 17 £ 1 h. Upon removal from the oven, the seeds were allowed to cool for about 1 hina
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glass desiccator with silica gel at room temperature before re-weighing. Seed moisture contents are
expressed on a fresh weight basis (% f.wt.) (Hay et al. 2023).

Determination of moisture sorption isotherms

Fifteen grams (15 g) of seed samples for each species were equilibrated at around 40, 50, 60 and 70%
RH at 20°C using non-saturated lithium chloride (LiCl,) solution in a glass desiccator for 14 days (Hay et

al. 2008; Gomez Barreiro et al. 2025). The LiCl, solutions were prepared and kept at 20°C according to
Hay et al. (2008), a week before the start of the experiments. Another 9 g of seeds of each species were
equilibrated at 60% RH and 45°C, using another non-saturated LiCl, solution preparation described by
Hay et al. (2022a)d mez Barreiro et al. (2025), and were left to equilibrate for a week at a constant 45°C.
After equilibration, measurements of water activity and moisture content were performed.

Seed Storage Experiment (Step 2)

A non-saturated LiCl, solution was prepared for the second experiment following the same procedure
described above (Step 1) for the equilibration of seeds at 20°C and a separate LiCl, solution prepared at
60% RH and 45°C (Hay et al. 2022a). After equilibration of seeds at 20°C for 14 days, the samples were
placed at 60% RH and 45°C for 1 day (24 h) following Hay et al. (2022a), yielding 10.43% and 10.23% MC
for C. olitorius (MIX) and C. capsularis (TOT 4157), respectively. Afterwards, each seed sample (= 0.23 g)
was hermetically sealed in a laminated aluminium foil pouch (12 packets per accession, each with 100
seeds) and placed in an incubator at 45°C for accelerated ageing (AA). Seed storage experiment was
determined using standard protocol (Hay et al. 2022a; Newton et al. 2014). For each accession, the 12
packets of seeds were removed from the experimental storage at predetermined intervals of 0, 1, 3, 5, 9,
20, 30, 40, 50, 60, 75 and 120 days. An additional 6 packets of 3 replicates for each species’ accessions
were made for gravimetric moisture content determination at the outset and the end of the experiment.

Seed germination testing

Seed germination was assessed using four replicates of 25 seeds per accession (ISTA 2023). The seeds
were sown on wet tissue papers (top-of-paper method) with 6 ml of distilled water per Petri dish. They
were incubated at a constant 20°C under an 8 h light/12 h dark cycle (Memmert IPP750 Plus, Memmert
GmbH + Co. KG, Schwabach, Germany). Germination was recorded at 5, 7 and 14 days, with seeds
considered germinated when the radicle had emerged by at least 2 mm (ISTA 2023).

Statistical analysis

All analyses were carried out in R statistical software (version 4.5.3; R Core Team 2025). The isotherm
data were analysed in a restricted 40-60% RH range using linear regression (with 70% RH omitted) since
the range of water activity used in this study represented a linear portion of the isotherms (relevant to

Page 5/20



genebank storage conditions) and the available RH data were insufficient to fit a full isotherm model

(Hay et al. 2022; Vijayan et al. 2025). Model fit was assessed using the coefficient of determination (R?)
and the significance of the regression slope. Seed survival data (ability of seeds to germinate after a
given period during storage) were fitted by probit regression analysis (Ellis and Roberts 1980a), thereby
fitting the seed viability equation to estimate the period for viability to fall to 50% (ps;), K; and sigma (o)
(Eq. 1). Also, the squared Pearson correlation (R?) between observed and predicted germination
proportions by the model was performed. Following Wolkis et al. (2025), probit analysis was carried out
fitting full models and reduced models in which survival curves were constrained into first, an
independent, a common intercept (K;) then common slope (1/0) and lastly, a common line (common
intercept and slope). Approximate tests (F-test; P < 0.05) were used to compare models and determine
the best fit to accept. The analyses were carried out using R codes from Wolkis et al. (2025). Plots and
summaries were built using packages ‘ggplot2’ and ‘dplyr’ in R software (Wickham et al. 2023).

R sV BN k |

where o is the standard deviation of the frequency distribution of seed deaths in time, K; is the probit
viability of the seed lot at the beginning of storage. Estimates of time for viability to fall to 50% (ps,) were

used as the measure of seed longevity using Eq. 2.

Results

Moisture sorption characteristics of jute mallow
accessions

A linear increase in seed moisture content with rising eRH was observed at 20°C for both species,
especially over the limited 40-60% RH range (specifically targeting genebank storage conditions)

(Table 2). In the analysis, we omitted 70% RH data points, but were shown in the plots thus the results
are based on 40, 50 and 60% RH (Fig. 1). Correspondingly, a,, increased from approximately 0.43 to 0.70
in both species, confirming a strong positive relationship between MC and a,,. The relationship between
MC and RH was nonlinear only when 70% RH included, but linear in the restricted 40-60% RH range with
a steeper increase observed at higher RH levels, consistent with the typical sigmoidal orthodox moisture
sorption behaviour (Fig. 1a, b). For C. capsularis (TOT 4157), MC rose from 8.2% at 40% RH to 12.61% at
70% RH, while C. olitorius (MIX) showed a similar trend, increasing from 8.33% to 13.2% across the same
RH range (Table 2). At 60% RH and 45°C, accession MIX of C. olitorius produced an estimate of 10.43%
moisture content and 59.71% eRH when projected onto 20°C. In contrast, the estimates for accession
TOT 4157 of C. capsularis was 10.23% MC and 59.83% RH at the junction point of both 20°C and 45°C
(Table 3). Temperature had a measurable effect on equilibrium MC (Fig. 1a, b). At 60% RH, increasing
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temperature from 20°C to 45°C resulted in a slight reduction in MC in both species accessions. In TOT
4157, MC decreased from 10.55% to 10.23%, while in MIX, it decreased from 10.91% to 10.42% (Table 2).

Table 2
Equilibrium moisture content (eMC), equilibrium relative humidity (eRH) and water activity (a,,) of C.
olitorius (MIX) and C. capsularis (TOT4157) accessions at 20°C and 45°C across different RH levels.

Values are presented in means and standard deviation in parentheses.

Species Accession T(°C) RH (%) MC (%;f.wt) eRH (%) Water activity (a,,)
C. olitorius MIX 20 40 8.33 (0.05) 44.07 (0.2) 0.44
50 9.49 (0.04) 53.07(0.42) 0.53
60 10.91(0.03) 63.17(0.31) 0.63
70 13.20 (0.24)  70.97 (0.49)  0.71
45 60 10.42 (0.16)  61.87 (0.54)  0.62
C. capsularis  TOT 4157 20 40 8.20 (0.02) 43.11(0.67) 0.43
50 9.26 (0.05)  51.96(0.29) 0.52
60 10.55(0.04)  62.46 (0.5)  0.62
70 12.61(0.14) 69.98(0.39) 0.69
45 60 10.23(0.11) 62.2(0.25) 0.62

Water activity standard error was so small that why weren't included (< 0.000)

The intercept and slopes of the experimental isotherm showed a slight difference between the two
species accessions (Table 3). The fitted linear sorption parameters showed C. olitorius (MIX) exhibited a
slightly lower intercept (2.34) than C. capsularis (TOT4157) (2.97), indicating a weaker inherent affinity
for MIX moisture at lower water activities as compared to the latter. In contrast, the slope accession MIX
of C. olitorius was slightly higher (0.14) compared to TOT 4157 of C. capsularis (0.12), indicating a
greater change in seed moisture content with increasing relative humidity. The linear regression between
eRH and MC at the 40-60% RH range showed a strong positive correlation (R? > 0.99) for both species,
with a statistical significance (p < 0.05) relationship.

Table 3

Linear regression parameters of seed moisture content on equilibrium relative humidity in C. olitorius
and C. capsularis at 20°C and 40, 50 and 60% RH. 70% RH was left out in the analysis. Standard error
(s.e.) indicated in parentheses

Species Accession eRH (%) MC (%;f.wt.) Intercept Slope R2 P
C. olitorius MIX 59.71 10.43 (0.03)  2.34(0.18) 0.14(0.00) 0.99 0.01
C. capsularis TOT 4157  59.83 10.23(0.01)  2.96 (0.05) 0.12(0.00) 1 0.02
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Prediction of seed longevity

Linear mixed-effect model and Two One-Sided t-tests (TOST; p < 0.01) confirmed that the moisture
content did not differ significantly (p > 0.05) between the first (0 — day) and last sampling (120 - day)
times for these storage experiments, for all of the seed samples were equilibrated in the same
environment (Table 4). Each treatment replicate was an independent aluminium foil pouch to minimize
the inflation of significance and therefore a single t-test pooling across all accessions would conflates
the variation hence the mixed model used. Seed survival curves for Corchorus olitorius accessions and C.
capsularis accessions followed the expected negative cumulative normal distribution (Fig. 2) (Ellis
2022). Within species, fitting Eq. 1, it was possible to accept a common estimate for 1/6 among
accessions for only C. olitorius species accessions without a significant increase in residual deviance (F-
statistical probability < 0.05, Table 6), indicating that longevity is accession-dependent. However, K; did
not differ significantly among C. capsularis accessions (p > 0.05), suggesting uniform seed quality at the
onset of storage. Also, significant differences in 1/0 (p < 0.05) revealed variation in deterioration rates,
indicating that longevity is accession-dependent. The rejection of one-line models further confirms that
seed survival trajectories cannot be generalized across accessions. Both K; and 1/0 did not show a
significant difference between the tested species accessions when common intercept and common
slope were constrained against an independent model (F-statistical probability > 0.05; Table 7).

Table 4

Equilibrium moisture content of jute mallow accessions at conditioning (day 0) and after 120 days of
storage from sorption isotherm projection. Values are mean and standard deviation (in parentheses)
across three replicates.

Species Accession Initial MC Final MC MC Target Reached Held
(% f.wt) (% f.wt) Change (%
f.wt) (% p-value p-
f.wt) value

C. ES 10.45(0.07) 10.43(0.07) -0.02(0.12) 10.43 0.004 0.037
olitorius

MIX 10.44(0.12) 10.49(0.13) 0.05(0.14) 0.009 0.02

SUD 4 10.44(0.07) 10.45(0.03) 0.02(0.04) 0.003 0.005
C. ALV MN 10.22(0.10)  10.2(0.04) -0.02(0.06) 10.23 0.009 0.014
capsularis 059

TOT 4157 10.25(0.08)  10.24(0.06) -0.01(0.08) 0.008 0.017

TOT 6278 10.16(0.13)  10.22(0.10)  0.06(0.04) 0.015 0.001

Reached target reports the larger of two one-sided t-test (TOST) p-values comparing day 0 MC to the
derived sorption target and Held target reports the larger TOST p-value comparing day 0 to day 120 MC in

storage.

Seed longevity (psg) varied within both C. olitorius and C. capsularis species accessions but did not vary

between the tested C. olitorius and C. capsularis species accessions (Tables 6 and 7). All accessions
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noticeably maintained high viability before showing a progressive loss of germination over time (Fig. 2).
For example, TOT 6278 noticeably showed a superior longevity (112 days) as compared to the rest of the
accessions tested in both C. olitorius and C. capsularis accessions. Also, ALV MN 059 showed a poor
storage lifespan (52 days) as compared to the rest of the accessions (Table 4). Overall, C. capsularis
accessions maintained higher germination throughout the storage period, whereas germination of C.
olitorius accessions declined slightly more rapidly (Table 4, Fig. 2).

Corchorus olitorius (a) and Corchorus capsularis (b). Each species was stored at different MCs

(10.43% and 10.23% MC for C. olitorius and C. capsularis, respectively).

Table 5

Estimated parameters of the survival curves for Corchorus olitorius (10.43% MC) and C. capsularis
(10.23% MC) with standard error (s.e.) of the estimates in parentheses (from fitted curves shown in

Fig. 2
Species Accession K; (NED) 1/(c)g(NE)D; Sigma (c; Psg (days) R2
day™ ") days)
C. olitorius ~ ES 3.06(0.32)  -0.04(0.00) 26.9(3.37) 82.2(4.12)  0.99
MIX 2.27(0.22)  -0.04(0.00) 25.93(2.87) 58.9(3.18)  0.97
SuD4 2.17(0.19)  -0.03(0.00) 38.7(4.59) 84 (5.50) 0.98
C. ALV MN 1.93(0.18) -0.04(0.00) 26.93(2.86) 52.2 (2.99) 0.98
capsularis 059
TOT4157  2.46(0.23)  -0.03(0.00) 32.96(3.84) 81.2(4.76)  0.92
TOT 6278 2.04(0.18) -0.02(0.00) 55.06(8.39) 21102.517) 0.92

K ; represents the intercept (initial probit seed viability before experimental storage), sigma (0)= standard

deviation of seed death at a given time, slope or beta (1/0) = sigma inverse or a direct measure of how
quickly seed viability declines with larger o indicates slow rate of viability loss and vice versa, ps; (half-

life) = time for viability to decline to 50% widely used as a benchmark for comparing how long seeds

remain viable, NED = normal equivalent deviates (probit units).
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Table 6

Comparison of four nested models for seed survival curves using Eq. 1, among
accessions within Corchorus olitorius and Corchorus capsularis, A for Model fits
(Deviance table) and B for F-tests during storage at 45°C over 120 days

(A) Model fits
Corchorus olitorius
(1) Independent
(2) Common K;

(3) Common o

(4) One line
Corchorus capsularis
(1) Independent

(2) Common K;

(3) Common o

(4) One line

(B) F-tests for nested model comparisons

Corchorus olitorius

(2) Common K; vs (1) Independent

(3) Common o vs (1) Independent

(4) One line vs (2) Common K,;

(4) One line vs (3) Common ¢
Corchorus capsularis

(2) Common K; vs (1) Independent

(3) Common o vs (1) Independent

(4) One line vs (2) Common K,;

(4) One line vs (3) Common ¢

Deviance

15.907
22.685

23.518
48.012

31.585
35.254

49.677
102.15
A df

2

df

30
32

32
34

30
32

32
34

6.391

777
17.864

16.664

1.742

8.592
30.361

16.901

AIC

98.635
101.452

101.051
121.848

121.233
120.102

134.743
180.467
P

0.005

0.003
<0.001

<0.001

0.192

0.001
<0.001

<0.001

AIC = Akaike Information Criterion, F = F-statistics, A df = change in degree of freedom
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Table 7

Comparison of four nested models in Eq. 1, for seed survival curves between Corchorus
olitorius and Corchorus capsularis during storage at 45°C over 120 days.

(A) Model Deviance df AIC Adf F P
(1) Independent 150.162 68 302.315
(2) Common K; 154.770 69 304.041
3) Common o 154.681 69 304.255
4) One line 155.115 70 302.466

(3)
(4)
(B) F-tests model comparisons
(2)

2) Common K; vs (1) Independent 1 2.087 0.153

(3) Common o vs (1) Independent 1 2.046 0.157

(4) One line vs (2) Common K,; 1 0.154 0.696

(4) One line vs (3) Common o 1 0.194 0.661
Discussion

Our two-step findings deliver a moisture-matched comparison of seed longevity of C. olitorius and C.
capsularis accessions consistent with FAO Genebank standards framework and with the comparative
deterioration approach standardized by the Millenium Seed Bank Partnership (FAO 2014, 2022; Hay et al.
2022a; Newton et al. 2014). The use of non-saturated LiCl solutions allowed us to set precise eRH
targets in both 20°C and 45°C environments, while the linear regression of MC against eRH within the
restricted 40-60% RH (for genebank storage) window was sufficient to identify the equivalent
equilibrium environment (59.71% and 59.83% RH at 20°C, for (MIX) C. olitorius and (TOT 4157) C.
capsularis, respectively) without requiring the full isotherm model fits.

Temperature influenced the sorption profiles, with seeds exposed to 45°C stabilizing at lower MC
compared to those at 20°C under similar RH conditions (Fig. 1a, b; Table 2). Moisture content decreased
with increasing temperature at constant water activity (Fig. 1). This inverse relationship between
temperature and equilibrium moisture content (EMC) aligns with the Clausius-Clapeyron principle and
has been widely reported for orthodox seeds (Iglesias and Chirife 1976; Vertucci 1990; Vertucci and
Leopold 1987). At an elevated temperature, the vapour pressure deficit between the seed surface and
the surrounding air increases, thereby reducing the net moisture absorbed. For instance, at around 60%
RH, both species exhibited a downward shift in EMC when held at 45°C, with the effect more pronounced
in MIX of C. olitorius (Fig. 1a). Such findings emphasize the importance of considering both RH and
temperature simultaneously when defining safe and acceptable storage conditions, or experimental seed
storage conditions. The optimal conditions for seed storage are those that, from a thermodynamic or
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kinetic perspective, minimize any deteriorative reactions (Vertucci 1990, 1993; Vertucci and Leopold
1987).

The moisture sorption behaviour of orthodox species typically follows a reverse sigmoidal trend
(hygroscopic behaviour), where water is progressively adsorbed as environmental humidity rises (Hay et
al. 2022b; Rezaei et al. 2023). In our experiment, specifically targeting genebank storage conditions, we
used a few (target 40, 50 and 60 RH range), and therefore it wasn't possible to get a full reverse sigmoid-
shaped curve (Fig. 1), but with an inclusion of 70% RH, the nonlinear pattern emerges. The phenomenon
was also documented in Vijayan et al. (2025) where only the linear part of the isotherm was used and
could therefore not be fitted the full isotherm equation. However, the seed moisture content increased
progressively with rising RH as expected, and as reported in several orthodox species (Rosa 2021; Zhu et
al. 2021; Rezaei et al. 2024). Hay et al. (2022) and Zhu et al. (2021) highlights that at a low RH, water is
tightly bound to polar sites, while at higher RH levels, multilayer adsorption and capillary condensation
contribute to the sharper increase in MC. At 20°C, both species accessions displayed equilibrium
moisture content in the range of 8—13% across the tested RH levels, consistent with the reported
hygroscopic nature of seeds (Table 2). The derived partial isotherms resembled the characteristic Type Il
curve with an inclusion of 70% RH as described by Hay et al. (2022b) and Rezaei et al. (2023).

A comparison of the two species accessions revealed subtle differences in moisture uptake at
equivalent RH. At 59.71% RH, C. olitorius (MIX) reached a slightly higher level of 10.43% MC whereas C.
capsularis (TOT 4157) equilibrated at approximately 10.23% MC at 59.83% RH (Fig. 1a, b). These
differences may reflect inherent compositional variation between the species, likely in seed coat
structure, lipid content and surface area available for water sorption. SER/INSR/RBGK (2023), an online
seed information database (SID), reports a provisional oil content of 12.7% for C. olitorius and 13.2% for
C. capsularis. Qil content generally affects moisture relations, but not in isolation (Demir et al. 2011; Zhu
et al. 2021), which makes oil-rich seeds absorb less water at a given RH as compared to starchy seeds
due to the hydrophobic nature of lipids (Jones and Earle 1966). Although the differences are small, they
may have practical implications for seed storage behaviour, as higher MC at given RH can accelerate
seed deterioration. Also, Vertucci (1993) reported that the way water binds within seeds and the impact
of bound water on cellular physiology play a key role in shaping both the nature and kinetics of seed
deterioration.

Seed longevity is a critical factor for both agriculture and biodiversity conservation. Seed longevity
during storage differs widely across species, influenced in part by seed composition (Ellis and Hong
2007). It is further shaped by the combined effects of environmental conditions during maturation and
harvest, the timing of harvest and post-harvest handling practices such as the duration and drying
conditions, as well as pre-storage environment (Kochanek et al. 2009; Probert et al. 2009; De Vitis et al.
2020). When comparing the two species accessions, the tested Corchorus species did not show
significant difference in performance (p > 0.05) (Table 7). The observed variation in seed longevity within
(p < 0.05; Table 6) Corchorus olitorius and C. capsularis demonstrates the importance of the intra-specific
differences in determining seed storage abilities. C. olitorius maintained higher viability during the early
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storage phase before declining sharply beyond 50 days. The MIX accession deteriorated most rapidly
(58.9 days), suggesting lower inherent longevity or a higher sensitivity to moisture-related ageing. In
contrast, ES and SUD 4 retained viability for a longer duration, indicating a stronger physiological
resilience (Table 5). The shallower slope of SUD 4 curves implies a lower rate constant for seed death,
which is often associated with superior seed membrane integrity and enhanced repair mechanisms
during storage (Walters 2015; Nagel et al. 2019). A similar trend was observed in C. capsularis, where all
accessions maintained high viability up to approximately 25 days, followed by a progressive decline.
Among these, ALV MN 059 exhibited the fastest loss of viability (52 days), probably due to the longest
storage time (from 2011) while TOT 4157 (81.2 days) and TOT 6278 (112 days) demonstrated prolonged
viability during storage (Table 5). The trend within the accessions of each species underscores the
significance of intra-specific diversity for genebank management. For instance, C. olitorius (accession
MIX) and C. capsularis (accession ALV MN 059) showed a rapid viability loss, suggesting they may
require a quick and shorter regeneration cycles or stricter storage protocols. In contrast, C. olitorius (SUD
4) and C. capsularis (TOT 6278) exhibited greater longevity and could be prioritized for long-term
conservation, as they are more likely to survive longer under conventional genebank storage conditions.
These differences underscore a considerable intra-specific variation (Fig. 2) in seed longevity, potentially
influenced by seed coat properties, ecotypes, lipid composition and antioxidant defence systems. The
intraspecific variation observed is large enough to matter for genebank management as genebank
curators routinely schedule viability monitoring interval using species-level averages, yet the present data
suggest that accessions of the same species may require different monitoring intervals. Thus, where
resources permit, accession-specific longevity estimates derived from this study can be embedded into
the viability monitoring schedule, increasing operational efficiency and reducing the risk of late detection
of viability loss for jute mallow germplasm.

The limitation of present study includes the focus on limited accessions per species and limited range of
RH as we mainly targeted useful genebank conditions. The study used only three levels of RH (40, 50 and
60%) to capture the partial moisture sorption behaviour for MIX and TOT 4157 accessions as
representatives of C. olitorius and C. capsularis in a linear part of the isotherms which is of the core
interest for genebanks. The increase in MC and a,, at higher RH levels is critical because seed
deterioration rates increase rapidly above certain thresholds (typically a,, > 0.6). In this study, both
species accessions approached a,, values of 0.7 at 70% RH, which may place seeds risk of accelerated

ageing, fungal growth and overall reduced viability i.e we omitted 70% RH in the analysis as it is of little
or no interest in genebank management. Therefore, extending the present study comparison to a wide
panel of jute germplasm, multiple harvesting seasons and natural ageing environment would clarify how
robust the C. olitorius and C. capsularis contrast is across genetic and environmental background. The
variation in seed longevity within Corchorus species accessions is attributed to many interactive effects,
ranging from genetics, seed development, how seeds are processed, and the length of time before
storage and to date we know very little about this interaction with storage lifespan of seeds (Merritt et al.
2014; White et al. 2023). Also, its critical to note that predictions of seed longevity should be interpreted
with caution as estimates are extrapolated from seed viability models (Hay et al. 2014; De Vitis et al.

Page 13/20



2020; Kaweya et al. 2026; Shango et al. 2026), and particularly in the context of long-term storage as
seed lots used aren’t from the same regeneration year. The present study nonetheless provides a
defensible baseline against which future Corchorus longevity phenotyping can be calibrated.

Conclusion

The two-step experiment aligned the moisture content at 45°C/60% RH with an equivalent equilibration
RH at 20°C where 59.71% RH; C. olitorius (MIX) and 59.83% RH; Corchorus capsularis (TOT 4157) is
feasible and reproducible for the two species. Comparative controlled deterioration showed that C.
capsularis accessions outlived C. olitorius accessions on average, with significant detectable intra-
specific variation that warrants accession-specific viability monitoring schedules. The also study
highlights the higher moisture affinity observed in MIX of C. olitorius tracks its faster deterioration,
indicating that sorption behaviour can be used as a candidate proxy for longevity screening in jute
mallow germplasm. These findings indicate that accession and species-specific moisture relations
should be considered when developing storage protocols for Corchorus germplasm, and for wild species
and other traditional African vegetables, where the use of conventional practices of other crops remains
prominent.
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Figure 1

Relationship between eRH and seed moisture content for (a) Corchorus olitorius (accession MIX) and (b)
C. capsularis (accession TOT 4157) at 20°C and 45°C. The data are represented in means and standard
error. The black straight line represents the linear regression of data collected at 40, 50 and 60% and
20°C (hollow-blue circles), while red filled circle points indicate data collected at 60% and 45°C. The
horizontal dashed-line connects the 45°C value to the 20°C regression, and the vertical dotted line
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indicates the estimated eRH at 20°C required to reach the same MC. The round blue-hollow circle that is
left out of others, indicate data collected at 70% RH, at 20°C, which was omitted in the analysis.
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Figure 2

Survival curves with the accessions for each species at 45°C for 120 days of storage

Corchorus olitorius (a) and Corchorus capsularis (b). Each species was stored at different MCs

(10.43% and 10.23% MC for C. olitoriusand C. capsularis, respectively).
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