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Abstract

This study was carried out to determine the effects of exogenous applications of three humic acid types (HA1, HA2,
HAZ3) and their concentrations (250 and 500 mg L) on seed germination of ten halophytes. The species included Aeluropus
lagopoides, Arthrocnemum macrostachyum, Cyperus conglomeratus, Desmostachya bipinnata, Halocnemum strobilaceum,
Halopeplis perfoliata, Halopyrum mucronatum, Phragmites karka, Sporobolus ioclados and Urochondra setulosa whereas,
treatments used were (1) thermoperiod (10/20 and 20/30°C); (2) photoperiod (12/12h, light/dark; and 24h dark) under non-
saline conditions. Effects of humic acids on alleviation of seed germination were also studied in response to 1) the individual
and combined effects of NaCl treatments (reported to cause 50% germination inhibition in species tested) and 2)
photoperiod (12/12h, light/dark; and 24h dark). In non-saline conditions, humic acid did not alleviate seed germination
under the sub-optimal thermoperiod (10/20°C) in most halophyte seeds studied except for that of HA1 in A. lagopoides
(34%), A. macrostachyum (15%), D. bipinnata (12%) and H. perfoliata (20%). Humic acid did not improve seed
germination in either photoperiod under non-saline conditions at the optimal thermoperiod (20/30°C). In the presence of the
light (12/12h; light/dark photoperiod), humic acid alleviated seed germination of U. setulosa under saline conditions but not
in any of the other test species. Under saline condition and complete darkness, the lower concentration treatment (250 mg L-
1y of all three humic acid types significantly improved seed germination of A. lagopoides, C. conglomeratus, D. bipinnata,
H. perfoliata, P. karka and U. setulosa. Under saline conditions and absence of light, higher concentration (at 500 mg L) of
all humic acid types alleviated seed germination in S. ioclados however, no effect of either humic acid type was observed on
seed germination of H. strobilaceum. In conclusion, HA could partially substitute the light requirement for seed germination

of test species under saline conditions.
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Introduction

About 7% of the world’s total land area is affected by
salinity. In Pakistan, more than 6.3 million ha of
agricultural land has become saline (Yensen, 1995;
Flowers & Colmer, 2008). This has led to decrease in
crop yield especially in arid and semi-arid regions
(Yensen, 1995; Tester & Davenport, 2003; Ashraf &
Foolad, 2007; Flowers & Colmer, 2008). Halophytes are
naturally resistant to high soil salinity and appear to have
an obligate salt requirement for optimal growth however,
most are sensitive to saline environment sat seed
germination (Bewley & Black, 1982). Most halophytes
can resist considerably higher levels of salinity compared
to salt sensitive crops at the germination level. Osmotic
and/or ionic effects of salinity on seed germination have
been studied at physiological, biochemical and molecular
levels (Mahajan & Tuteja, 2005; Munns & Tester, 2008).
Halophyte seed germination is usually higher in the
absence of salinity (Khan et al., 2001; Bu et al., 2008;
Guan et al.,, 2009). Considerable variation in salt
resistance at germination has been reported for some
halophytes from low (Halopeplis perfoliata, Mahmoud et
al., 1983), to substantially high levels (Salicornia
herbacea,1700 mM  NaCl).Seed germination of
Sarcocornia fruticosa, Arthrocnemum macrostachyum
and Halocnemum strobilaceum was inhibited by osmotic
rather than ionic effects under saline conditions (Pujol et

al., 2000). Whereas, inhibition of seed germination in
Aristida adscensionis, Artemesia ordosica (Tobe et al.,
1999) and Prosopis strombulifera (Sosa et al., 2005) was
caused by ion toxicity. Inhibition of seed germination
could occur due to disturbances at various stages such as
imbibition, cell-wall loosening, mobilization of food
reserves and radicle elongation (Khajeh-Hosseini et al.,
2003; Kaya et al., 2006).

Other environmental extremes affecting seed
germination include light and temperature (Zehra et al.,
2013). Phytochromes are reported to be involved in light
responses of photoblastic seed during germination
(Fenner & Thompson, 2005). Halophytes vary in their
optimal light and temperature requirement for seed
germination (Gul et al., 2013).Sub-optimal temperatures
also inhibited seed germination possibly by altering ion
flux and enzyme kinetics (Tlig et al., 2008). Most sub-
tropical halophytes germinate best at moderate (20/30°C;
night/day) thermoperiods while cooler (10/20°C)
temperature regimes are inhibitory for seed germination
(Khan & Gul, 2002; Gul et al., 2013).

Exogenous application of chemicals could alleviate
seed germination of halophytes under sub-optimal
photoperiod and thermoperiod and salinity regimes (Gulzar
& Khan 2001; Masciandaro et al., 2002; Bartels & Sunkar,
2005; Yamaguchi & Blumwald, 2005). Application of
GA3, Kkinetin, thiourea, nitrate, ethephone, fusicoccin,
proline, and betaine alleviated seed germination of
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halophytes (Gulzar & Khan, 2001; Ahmed et al., 2014).
Humic acid could also be used to improve seed germination
and improve our understanding of underlying mechanisms
of salt resistance of halophytes at this critical stage of life
cycle (Khalesro et al., 2015). Humic acid is the main
organic constituent of municipal waste compost (Senesi et
al., 1996).Higher seed germination due to humic acid under
saline conditions is attributed to improved soil
quality(higher microorganism population, nutrient status,
water holding capacity, organic content (Mcdonnell et al.,
2001). Humic substances are previously reported with
similar effect to plant hormones (Nardi et al., 2002;
Pizzeghello et al., 2013). Applications of humic acid
increased seed germination of parsley, celery and leek at
various temperature regimes (Walker & Bernal, 2004) and
of barley, cowpea, wheat, bean, watermelon, geranium,
cucumber and marigold seeds under saline and non-saline
conditions (Hartwigsen & Evans, 2000; El-Hefny, 2010;
Szczepanek & Wilczewski, 2011; SilvaMatos et al., 2012).
Literatu research between “1966-2016” using the ISI web
of knowledge and using the key words “humic acid”AND
“halophyte” revealed only 11 research articles.

The present study investigated: 1) the effects of three
humic acids on seed germination of ten sub-tropical
halophytes in response to various thermoperiod and
photoperiod regimes with and without NaCl treatments.

Materials and Methods

Seed collection and storage: Seeds of ten halophytic
species (Aeluropus lagopoides, Arthrocnemum
macrostachyum, Cyperus conglomeratus, Desmostachya
bipinnata, Halocnemum  strobilaceum,  Halopeplis
perfoliata, Halopyrum mucronatum, Phragmites karka,
Sporobolus ioclados and Urochondra setulosa), were
collected from their populations. The list of test species
and experimental conditions used in this study are given
in Table 1. Seeds were detached from inflorescence,
surface sterilized with 0.85% Clorox (commercial
NaOCl), air dried and stored in a plastic bottle at 4°C.

Extraction of humic acid (HA) from coal: Coal samples
were thoroughly washed, oven dried for 24 h at 105°C
and ground to mesh size #100. Humic acid was extracted

Table 1. List of selected ten halophytes
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from coal (10g) added to 50 ml of 0.25 M NaOH and
allowed to mix on an orbital shaker for 24 h. The samples
were centrifuged at 1000 r.p.m. and filtered thrice to
separate from residue. The filtrate was acidified to pH 1
with the help 6 M HCI and precipitates allowed to settle
overnight before centrifugation to recover the humic acid
crystals. The crystals of humic acid were washed with 20
ml of 0.5% hydrochloric-hydrofluoric acids (HCL-HF)
solution and then repeatedly rinsed with distilled water to
eliminate inorganic impurities. After drying the purified
HA for 24h at 105 °C the yield of HA was calculated.

Seed germination tests: All germination experiments
were carried out in 50 x 9 mm, air-tight, plastic Petri
plates. Seeds were treated with three humic acid types;
HA1 and HA2 (derived from mined coal) and HA3 a
commercially available (Sigma Aldrich-53680-10G)
form of humic acid. Four replicates of twenty-five seeds
each filled with 5 ml of respective test solution were
used in this study.

Experiment-1

Effect of humic acid and thermoperiod on seed
germination of halophytes under non-saline conditions:
Seeds of each of the ten above-mentioned halophyte
species, were placed in programmed incubator sat 10/20
and 20/30°C (12/12h; night/day) thermoperiod and allowed
to germinate in distilled water with and without HA1, HA2
and HA3 at 250 and 500 mg L. Seed germination was
recorded every alternate day for 20 d.

Experiment-2

Effect of humic acid and photoperiod on seed
germination of halophytes under non-saline
conditions: The treatments consisted of non-saline with
three concentration (0, 250 and 500 mg L) of different
types of HA (HAL, HA2, HA3). The seeds were placed in
the Petri plates and immersed with test 5ml solutions
under programmed incubators (Percival, Boone, USA)
with optimal regime (20/30°C - night/day), photoperiod
(12/12h, light/dark; and 24h dark) (25pmol photons m™
s'; 400-700 nm Sylvania cool white lamp).

with the detail of experimental conditions.

Species SAL PP TP (°C) Reference

Aeluropus lagopoides 0, 500 L/D 10/20; 20/30 (Gulzar & Khan, 2001)
Arthrocnemum macrostachyum 0, 500 L 10/20; 20/30 (Khan, 1999)

Cyperus conglomeratus 0, 100 L/D 10/20; 20/30 (El-Keblawy et al., 2009)
Desmostachya bipinnata 0, 500 L/D 10/20; 20/30 (Gulzar et al., 2007)
Halocnemum strobilaceum 0, 500 L/D 10/20; 20/30 (Qu et al., 2007)
Halopeplis perfoliata 0, 500 L/D 10/20; 20/30 (Rasool et al., 2016)
Halopyrum mucronatum 0, 300 L 10/20; 20/30 (Noor & Khan, 1995)
Phragmites karka 0, 500 L/D 10/20; 20/30 (Zehra et al., 2013)
Sporobolus ioclados 0, 300 L/D 10/20; 20/30 (Gulzar & Khan, 2003)
Urochondra setulosa 0, 200 L/D 10/20; 20/30 (Gulzar et al., 2001)

Sal-salinity (mM NaCl); PP- photoperiod (L: 12 h /12 h light and dark, D: 24h dark); TP- thermoperiod (°C) (based on mentioned references)
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Table 2. Analysis of variance showing effect of humic acid types (HAT) and concentrations (HAC) on final seed
germination of test species under 12 h photoperiod (dark/light) at different thermoperiods (TP) .

Species HAT HAC TP HAT*HAC HAT*TP HAC*TP HAT*HAC*TP
A. lagopoides 382" 154™ 989" 69" 86™" 36™" 29"
A.macrostachyum 138™" 236" 3ns 102" 67" 245" 56"
C. conglomeratus 4764 2" 3724 2" 844 10" 7
D. bipinnata 39™ 23" 266™" 6™ 5ns 17 5
H. strobilaceum 108™" 11 5ns 5 50" 19" 5
H. perfoliata 2945 1407 1764 311 307 2m 51"
H. mucronatum 15" o 96" 5 7 12" 7
P. karka 16™ 1ns 62" 13" 4ns ons 5
S. ioclados A 285™" 651" 8" 36™" 341 A
U. setulosa 6™ 32 441" 17 45 6" s

Experiment-3

Effect of humic acid and photoperiod on seed
germination of halophytes under non-saline and saline
conditions: The treatments consisted of two NaCl
concentrations (non-saline and inhibitory, concentration as
mentioned in Table 1) with three concentration (0, 250 and
500 mg LY of HA (HA1, HA2, HA3). The seeds were
placed in the petri plates and immersed with test solutions
under programmed incubators with optimal temperature
regime (20/30°C - night/day), photoperiod (12/12h,
light/dark) (25umol photons m 2 s™!; 400-700 nm Sylvania
cool white lamp). Seeds of test species (light sensitive seeds
Table 2) were also germinated in complete darkness where
germination of seeds kept under 24h darkness was noted
only once after 20 days. Seeds were considered to be
germinated with radical emergence (Bewley & Black, 1994).

Statistical analysis: Germination data were arcsine
transformed before statistical analyses to test for
homogeneity of variance. Three-way analysis of variance
(ANOVA) were performed with the help of SPSS version
11.0 for Windows (SPSS Inc., 2006) to determine the
individual and interactive effects of various parameters as
follows:

1. HAtypes x HA concentrations x thermoperiods

2. HA types x HA concentrations x photoperiods

3a. HA types x HA concentrations x NaCl treatments (in

12/12h; dark/light photoperiod)

3b. HA types x HA concentrations x NaCl treatments (in
24 dark photoperiod)

The post-hoc Bonferroni test was also carried out to
determine differences between individual treatment
means. ANOVA and Bonferroni tests were conducted at
p<0.05, on a maximum total of 100 values for seed
germination (in 4 replicates with 25 sub-replicates each).

Results
Experiment-1

Effect of humic acid and thermoperiod on seed
germination of halophytes under non-saline conditions:
The three-way analysis of variance (ANOVA) indicated
significant effects (p<0.05) of HA type and its interaction
with HA concentration and thermoperiod, except for U.

setulosa (Table 2) HAZL significantly (p<0.0) mitigated
inhibitory effect of thermoperiod compared to un-treated
controls at 10/20°C on seed germination of A. lagopoides
(34%; 250 mg L1 HA), A. macrostachyum (15%; 500 mg L-
1), D. bipinnata (12%; both 250 and 500 mg L?) and H.
perfoliata (20%), respectively (Supplementary Table 1)
However, HA inhibited seed germination of C.
conglomeratus and P. karka at 10/20°C, while germination
remained unaffected in case of S. ioclados, H. strobilaceum,
H. mucronatum and U. setulosa (Supplementary Table 1).

Experiment-2

Effect of humic acid and photoperiod (12/12h;
light/dark and 24h dark) under non-saline conditions
at 20/30°C: The three-way analysis of variance
(ANOVA) indicated significant effects of photoperiod
(except for A. lagopoides and P. karka ) among all test
species while there were no interactive effects of all three
parameters taken together (Table 3). Two interactions of
HA type with HA concentration and of HA type with
photoperiod (except for C. conglomeratus) were also non-
significant. In general, humic acids showed no alleviation
of seed dormancy in response to photoperiod under non-
saline conditions and except for C. conglomeratus (in
12/12h; light/dark photoperiod) compared to un-treated
controls (Supplementary Table 2).

Experiment-3

a. Effect of humic acid and salinity treatments on seed
germination in light (12/12h; dark/light) at 20/30°C:
Three-way ANOVA of HA type, HA concentration, NaCl
treatments and their interactions showed significant
(p<0.05) individual and combined effects on seed
germination of A. Igopoides, C. conglomeratus, D.
bipinnata, H. perfoliata ,S. ioclados and U. setulosa (Table
4). Salinity effects were highly significant (p<0.001)
among all test species as in case of HA type except for H.
mucronatum, which remained generally unaffected by HA
type, HA concentrations and their interactions (Table 4).
However, HA concentration did not affect seed
germination of A. macrostachyum, H. mucronatum
(Supplementary Table 2), P. karka and U. setulosa. Among
all species tested, the substantial alleviatory effect of HA
(particularly 500 mg L) under saline conditions, was
observed only in U. setulosa with either an inhibitory effect
or no effect in the other species (Figs. 1-8).



2082

SONIA BANO ABBASI ET AL.,

Table 3. Analysis of variance showing effect of humic acid types (HAT) and concentration (HAC) on final seed
germination of test species under 12 h photoperiod (dark/light) and 24 hours darkness.

Species HAT HAC PP HAT*HAC HAT*PP HAC*PP HAT*HAC*PP
A. lagopoides 1.6M 8.5™" 1.5™ 0.3™ 0.4™ 5.6 0.3™
C. conglomeratus 15.4™ 0.5" 40.6™" 0.7" 41" 0.3ns 0.4"
D. bipinnata 1.6M 2.6 13.6™" 0.9™ 0.2 2.6 0.4™
H. strobilaceum 1.0m 7.9™ 891" 0.6™ 2.2™ 1.6™ 0.2
H. perfoliata 1.6M 11.3™ 3425 0.6™ 0.1m™ 0.8™ 0.5™
P. karka 2.8" 0.3" 22,2 1.7 1.3m™ 0.5™ 2.1™
S. ioclados 0.3™ 1217 8.8™ 0.3" 0.5™ 5.5™ 0.3"
U. setulosa 0.2 1.5™ 3.5 0.7™ 0.4™ 0.7m 1.2m

Table 4. Analysis of variance showing effect of humic acid types (HAT) and concentrations (HAC) on final seed
germination of test species under 12 h photoperiod (dark/light) under salinity.

Species HAT HAC SAL HAT*HAC HAT*SAL HAC*SAL HAT*HAC*SAL
A. lagopoides 151" 146™" 5596 39™ 118™ 48 34
A. macrostachyum 7.0™  2NS g™ 6" 6" 9™ 3
C. conglomeratus 158™ 36" 2172 38™ 64" 8™ 6™
D. bipinnata 107 54™ 1360™ 7 13" 7 5
H. strobilaceum 0™ 6™ 191" 1ns 4ns 1ns 2
H. perfoliata 617"  404™" 3472 19" 101™ 71 26"
H. mucronatum 1ne 1ns A7 2ns ons 1ns ns
P. karka 23" 1ns 639" 19" 6" 4ns 4qns
S. ioclados 69™" 16717 5828 61" 33™ 888" 19"
U. setulosa 15" 3m 362" 7 33 258" 29"

Table 5. Analysis of variance showing effect of humic acid types (HAT) and concentrations (HAC) on

final seed germination of test species under 24 h darkness under salinity.

Species HAT HAC SAL HAT*HAC HAT*SAL HAC*SAL HAT*HAC*SAL
A. lagopoides 36" 871" 471 11 7 585" =

C. conglomeratus 1535 12" 2249™ 44" 507 62 35

D. bipinnata 107 18" 28 4ns ons 11 3

H. strobilaceum 2" 1117 55" 5* 1rs 37 o

H. perfoliata 26™ 199" 290" 31 1 163 g

P. karka 52" 15" 517 49" 227 59" 25***

S. ioclados 24 296" 1137 Qns 17 1059™* 1ns

U. setulosa o 18" 240" 14 28" 22" 4rs

Experiment-3

b. Effect of humic acid and salinity treatments on seed
germination in dark (24h complete darkness) at
20/30°C: Three way ANOVA indicated significant effects
of HA concentration and salinity treatments and their
interaction on seed germination of all halophyte test
species under complete darkness (except for D. bipinnata,
S. ioclados and U. setulosa) (Table 5). In general, all HA
types (250 mg L) enhanced seed germination of A.
lagopoides (60%) (Fig. 1), C. conglomeratus (20%) (Fig.
2), D. bipinnata (20%) (Fig. 3), P. karka (60%) (Fig. 6),
H. perfoliata (10%) (Fig. 5) and U. setulosa (60%) (Fig.
8), except of S. ioclados (20%) (Figure 7) where high
concentration of HA (500 mg L) was more effective in

comparison with untreated seeds for each species in
complete dark along with salinity. However, HA showed
no effect on seed germination of H. strobilaceum (Fig. 5).

Discussion

Humic acid was reported to improve seed
germination of many cultivated species (Sera and Novak,
2011; Turkmen et al., 2004; Antosova et al., 2007;
Namdaran-Gooran et al., 2014; Akinci, 2009; Patil &
Wadje, 2010; Masciandaro et al., 2007; Ebrahimi & Miri,
2016). However, inhibitory effects of HA were also
reported for germination of barley seeds (Cavusoglu et
al., 2015), with no effect in lettuce and tomato (Piccolo et
al., 1993; Turkmen et al., 2004; Antosova et al., 2007).
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Table 6. Summary of the effects of humic acid (HA1) on seed germination responses of ten halophytic species
under sub-optimal salinity (50% inhibition), photoperiod (24h dark) and temperature (10/20°C).

Seed germination

Species High salinity Complete_dark and Sub-optimal
saline temperature

Aeluropus lagopoides l

Arthrocnemum macrostachyum ND

Cyperus conglomeratus
Desmostachya bipinnata
Halocnemum strobilaceum
Halopeplis perfoliata
Halopyrum mucronatum
Phragmites karka
Sporobolus ioclados

Urochondra setulosa

=i | | = |

= | ==

ND

e = | = | ==

) ) )

Arrow indicate the significant increase (upward) or decrease (downward compared to their respective controls. Horizontal lines
indicate no change while ND indicates species not use in that particular experiment

Experiment-1

Humic acid and theromoperiod effects: The influence of
HA during seed germination at sub-optimal temperature
and photoperiod was also determined. HA1 partially
alleviated the effects of the lower temperature regime
(10/20°C) on seed germination of A. lagopoides and A.
macrostachyum whereas, HA2 and HA3 mitigated this
effect in case of U. setulosa and P. karka. No effect of HA
was found on seed germination of A. macrostachyum, D.
bipinnata, H. strobilaceum, H. mucronatum and S. ioclados
at 10/20°C. Humic acid is reported to increased seed
germination of parsley, leek, celery, tomato, lettuce, basil,
radish and garden cress vegetable species in a wide range
of temperatures (Yildirim et al., 2002). Sub-optimal
temperatures either delay seed germination or induce seed
dormancy by altering hormonal balance. The kinetin-like
hormonal property of HA appears to overcome damaging
effects of sub-optimal temperatures on seed germination as
in case of sugar beet (Akeson et al, 1980). Seed
germination inhibition at low temperature was associated
with problems in binding of nitrate with and activation of
phytochromes involved in GA production (Kendrick &
Kronenberg, 2012). HA possibly increases the nitrogen
contents of seeds there by skipping the role of phytochrome
receptors (Keuskamp et al., 2010; Bouwmeester &
Karssen, 1989) as also reported in Spergula arvensis
(Karssen et al., 1988).

Experiment 2 - Effects of humic acid and photoperiod:
Humic acid appeared to inhibit seed germination of all

test species under both thermoperiods tested possibly due
to the presence of phenolic compounds (Pellisier, 1993;
Halley & Pellisier, 1997) as in case of some conifers and
leguminous species (Muscolo et al., 2013). Another
possible reason could be the decrease in water potential as
a result of high water binding ability of humic acid (Pettit
et al., 2004).

Experiment-3a

Effects of humic acid, photoperiod and salinity in
response to light (12/12h; light/dark): Application of
HA improved seed germination of garden cress, wheat,
parsley, celery and leek was under NaCl treatments
(Yildirim et al., 2013; Masciandaro et al., 2002; Al-Erwy
et al., 2016), but not in case of onion (Yildirim et al.,
2014). On the contrary, inhibitory effects of HA were
recorded in Dracocephalum moldavica and Satureja
hortenssis (Khalesro et al., 2015). In the present study,
humic acid improved the final germination of U. setulosa
by 2 folds under saline conditions particularly in the
higher HA concentration (500 mg L) tested. Effects of
HA appeared to be related to ROS signaling (Bailly et al.,
2008) for radicle emergence during seed germination
(Cordeiro et al., 2011). In addition, alleviatory effects of
HA on processes such as respiration, cell division,
minerals uptake on seed germination under saline
conditions, indicate hormone-like activity (Pettit, 2004).
HA enhanced the ethylene production under saline
conditions via the ETHYLENE RESPONSE FACTOR1
(Mora et al., 2012).
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Fig. 1. Effect of humic acid types (HA1, HA2, HA3) and HA concentrations
(0, 250, 500 mg L) on seed germination of Aeluropus lagopoides under
non-saline and saline conditions (affecting 50% germination inhibition,
reported for each species) at photoperiod a)12/12h; light/dark, b) 24h dark;
20/30°C. Bars indicate means (+ SE; n = 4 replicates with 25 seeds each)
while different letters over bars indicate significant (p<0.05) differences
among humic acid concentrations (Bonferroni test).
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Fig. 2. Effect of humic acid types (HAL, HA2, HA3) and HA concentrations
(0, 250, 500 mg L) on seed germination of Cyperus conglomeratus under
non-saline and saline conditions (affecting 50% germination inhibition,
reported for each species) at photoperiod a)12/12h; light/dark, b) 24h dark;
20/30°C. Bars indicate means (+ SE; n = 4 replicates with 25 seeds each)
while different letters over bars indicate significant (p<0.05) differences
among humic acid concentrations (Bonferroni test).
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Fig. 3. Effect of humic acid types (HAL, HA2, HA3) and HA concentrations
(0, 250, 500 mg L*) on seed germination of Desmostachya bipinnata under
non-saline and saline conditions (affecting 50% germination inhibition,
reported for each species) at photoperiod a)12/12h; light/dark, b) 24h dark;
20/30 °C. Bars indicate means (+ SE; n = 4 replicates with 25 seeds each)
while different letters over bars indicate significant (p<0.05) differences
among humic acid concentrations (Bonferroni test).
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Fig. 4. Effect of humic acid types (HAL, HA2, HA3) and HA concentrations
(0, 250, 500 mg L) on seed germination of Halocnemum strobilaceum
under non-saline and saline conditions (affecting 50% germination inhibition,
reported for each species) at photoperiod a)12/12h; light/dark, b) 24h dark;
20/30 °C. Bars indicate means (+SE; n = 4 replicates with 25 seeds each)
while different letters over bars indicate significant (p<0.05) differences
among humic acid concentrations (Bonferroni test).
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Fig. 5. Effect of humic acid types (HA1, HA2, HA3) and HA concentrations
(0, 250, 500 mg L) on seed germination of Halopeplis perfoliata under non-
saline and saline conditions (affecting 50% germination inhibition, reported
for each species) at photoperiod a)12/12h; light/dark, b) 24h dark; 20/30 °C.
Bars indicate means (+ SE; n = 4 replicates with 25 seeds each) while
different letters over bars indicate significant (p<0.05) differences among
humic acid concentrations (Bonferroni test).
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Fig. 6. Effect of humic acid types (HAL, HA2, HA3) and HA concentrations
(0, 250, 500 mg L*) on seed germination of Phragmites karka under non-
saline and saline conditions (affecting 50% germination inhibition, reported
for each species) at photoperiod a)12/12h; light/dark, b) 24h dark; 20/30 °C.
Bars indicate means (xSE; n = 4 replicates with 25 seeds each) while
different letters over bars indicate significant (p<0.05) differences among
humic acid concentrations (Bonferroni test
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Fig. 7. Effect of humic acid types (HA1, HA2, HA3) and HA concentrations
(0, 250, 500 mg L%) on seed germination of Sporobolus iocladosunder non-
saline and saline conditions (affecting 50% germination inhibition, reported
for each species) at photoperiod a)12/12h; light/dark, b) 24h dark; 20/30°C.
Bars indicate means (+ SE; n = 4 replicates with 25 seeds each) while
different letters over bars indicate significant p<0.05) differences among
humic acid concentrations (Bonferroni test)
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Fig. 8. Effect of humic acid types (HAL, HA2, HA3) and HA concentrations
(0, 250, 500 mg L*) on seed germination of Urochondra setulosa under non-
saline and saline conditions (affecting 50% germination inhibition, reported
for each species) at photoperiod a) 12/12h; light/dark, b) 24h dark; 20/30°C.
Bars indicate means (£ SE; n = 4 replicates with 25 seeds each) while
different letters over bars indicate significant (p<0.05) differences among
humic acid concentrations (Bonferroni test).
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Supplementary Table 1. Effects of humic acid type (HA1, HA2, HA3) and HA concentration (0, 250, 500 mg L)
on seed germination of ten halophytic species at different thermoperiod (TP; 10/20 and 20/30°C).

. . C HAL HA2 HA3
Species TP 0 250 | 500 250 | 500 250 | 500
A, lagopoides 1020 43+1bc 77+la  52+0b 27+1d 20£0d 25+1d 40%0c
2030 92+la 94+0a 85+dab 79+lbc 65+lc 29+0e 40+0d
A macrostachyum 1020 52£0ab  53dab 64222 53:ldb 48:0b 52:0ab 480D
' 2030 7ltla 45+1c  60+0b 5l1+1b 20+0d 53+1d 52+0b
C.oonglomeratws 1020 0¥0C  00c  3x0b  0%0c  0%0c  0%0c  15x0c
' 2030 67+la 5l+lbc 48+0c 68+0a 63+0ab 68+0a 69+la
D. bipinnata 1020 21+lab 33+4a  35+3a 13+1b 20+2ab 25+3ab 20+2ab
' 2030 60+0a 56+4a  5ltd4a 39+1b 39+1b 32+0b 28+0b
. strobilaceum 10/20 80+0a 80+0a 80+0a 8l+0a 8l+0a 80:0a 80%0a
2030 92+0a 85+3a 9l+5a 85+la 80+0a 93+la 800a
H. perfoliata 10/20 80+0b 100:t0a 93+la 55+1d 60+0cd 69+1lbc 52+0d
20/30 100+0a 100+0a 100+0a 80+0b 72+0b 80+Ob 69+1b
T 10/20 88+0a 83+2a 96+2a 89+la 84+d4a 100:0a 95:la
20/30 100+0a 100+0a 100+0a 92+0a 96+2a 95+la 97+la
> karka 10/20 47+1b  36+0b  39+4b 49+lab 41+0b 52+0a 52+0a
2030 8ltla 37+2b  4l+2b 75+la 68+0a 7l+la 69:0a
. ioclados 1020 13+lab 8+4b  11+3a 20+0a 16+0a 12+0ab 9+1b
' 2030 6ltla  13+1b  19+1b 16+0b 8+0c 25+1b 24%0b
U, setulosa 1020 59+la 60+2a  17+1b 11+1b 8+0c  8+0c  8%0c
2030 85tla 76+6a  20+0b 80+2a 25+1b 60+d4a 30+0b

Supplementary Table 2. Effect of humic acid type (HA1, HA2, and HA3), HA concentration (0, 250, 500 mg L) and
photoperiod (12/12h; light/dark and 24h dark) on seed germination of ten halophytic species at 20/30°C.

Species C HA1l HA2 HA3
P PP 0 250 | 500 250 | 500 250 | 500
A. lagopoides L 92+0a 94+2a 85+7ab 78+1a 65+1c 29+1e 40+0d
D 69+1a 65+2a 0+0c 41+1b 0+0c 49+1b 0+0c
C. conglomeratus L 67+1a 51+1hbc 48+0c 68+0a 63+1ab 68+0a 68+0a
D 53+1ab 0x0c 0+0c 45+1b 64+0a 56 +0ab 43+0b
D. bipinnata L 60+0a 56 +4 ab 51+4ab 39+1bc 39%0bc 32+0¢c 28+0¢c
D 9+1a 0+0b 0+x0b 0+0b 0+0b 0+0b 0+£0b
H. strobilaceum L 92+0a 85+3ab 91+5ab 85+1ab 80+0hb 93+1a 80+0b
D 24+0a 17+3ab 4+1c 12+0b 0x0d 13+1b 0+0d
H. perfoliata L 100£0a 100x0a 100+0a 80+0b 72+0bc 80%0hbc 69+1c
D 28+0a 27+1a 27+1a 20+x0a 0+x0c 8+0b 8+0b
P karka L 8l+1la 37+2c¢ 41+2c 75+1ab 68+0b 71+1ab 69+0b
D 4+0a 35+3a 0+x0c 21+1b 3l+1la 41+1a 37+x1a
S_ioclados L 6ltla 13+ 1hbc 19+1b 160D 8x0c 25+1b 24+0hb
D 25+1a 0+0c 0+x0c 7+1b 4+0Db 7+1b 4+0Db
U. setulosa L 85+1a 76 +6ab 20£0¢c 80+2a 25+1c 60+4b 30+0c
D 82+2a 72+5ab 21+2b 72+1a 15+1c 68+0Db 25+1b

Values are means + SE

Supplementary Table 3. Effect of humic acid types (HA1, HA2, HA3) and concentrations (0, 250, 500 mg L) on
seed germination % A. macrostachyum of and H. mucronatum in non-saline (NS) and saline (S)
condition at 12 h photoperiod with 20/30°C.

Species ST ¢ HA1 HA2 HA3
0 250 | 500 250 | 500 250 | 500
A. macrostachyum NS 71+1 45+1 60 +0 51+1 20+0 53+1 52+0
S 56 + 0 59 +1 45+1 313 491 52+0 36%0
H. mucronatum NS 1000  100#0 100+0 92+0 96+2 95+1 971
S 29+3 28 +3 3240  37+3 25+1 2440 24+0

Values are means + SE



EFFECT OF HUMIC ACID ON SEED GERMINATION UNDER SALT STRESS

Experiment-3b

Effects of humic acid, photoperiod and salinity in
response to darkness (24h dark): Under saline
conditions, lower dose (250 mg L) of humic acid had a
positive effect on seed germination of photoblastic seeds
except for H. strobilacium, while higher doses (500 mg L)
of humic acid had negative effects on seed germination.
This dose-specific response of HA was also reported for
some other species (Masciandaro et al., 2002; Ebrahimi &
Miri, 2016). The alleviation of photoblastic seed
germination by humic acid from complete darkness could
be a hormone-like activity (Pizzeghello et al., 2001;
Sutcliffe & Whitehead, 1995). Photoblastic seeds had
higher ROS in the presence of light (Leymarie et al., 2012).

Humic acid could alleviate salt induced seed dormancy
in the absence of light for most of the halophytic species
tested. Biochemical and molecular studies could further
elucidate the underlying mechanisms of these responses.
Results obtained in this study could have practical
applications for growing cash crop halophytes using direct
seeding method (Table 6). However, field trials need to be
conducted to evaluate the feasibility of using humic acid on
a larger scale.
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