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To mitigate the detrimental effects of salinity stress on vegetable crops, various
approaches, including the applying of organic inputs during different growth stages,
such as germination, are employed. This study, conducted in 2023, aimed to assess
the influence of humic acid pretreatment on the germination characteristics and
growth parameters of cucumber (Cucumis sativus) under salt stress. Two
experiments, one in the laboratory and the other in a greenhouse, were carried out
using a factorial design based on a completely randomized design with three
replications. The experimental factors included humic acid priming at four
concentrations (0, 50, 100, and 200 mg/I"%) and salinity at five levels (0, 25, 50, 100,
and 150 mM NaCl). The results in the laboratory and greenhouse environment
showed that humic acid exerted a positive impact on various germination and growth
attributes of cucumber, including germination percentage, germination rate, seedling
length, dry weight, vigor index, and chlorophyll a, b, and total under salt-stressed
conditions compared to the control. In laboratory environment; the treatment with
200 mmol/l humic acid and no salt exhibited the highest germination rate (87%) and
seedling length (12.66 cm). In greenhouse environment; the interaction between
salinity and humic acid revealed that humic acid concentrations exceeding 100 mg/I
! could alleviate the adverse effects of salinity stress on total chlorophyll. However,
at concentrations of 100 and 200 mg/I”* humic acid, Salinity up to 50 mM could not
reduce this trait. In conclusion, the cost-effective and easily applicable method of
priming cucumber seeds with humic acid presents a potential strategy to mitigate the
impacts of salinity stress in regions with saline water or soil.
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EXTRACT ABSTRACT

Introduction

Salinity is the most significant environmental stress that
limits plant productivity by affecting morphology,
physiology, and biochemistry of plants, especially in
semi-arid and arid regions. Salinity disrupts and
eventually delays seedling growth by delaying seed
germination and reducing the germination rate. To
mitigate the detrimental effects of salinity stress on
vegetable crops, various approaches, including the
application of organic inputs during different growth
stages, such as germination, are employed. Seed
priming stands out as a quick, easy, low-cost, and
effective strategy for improving germination, seedling
growth parameters, and overall plant defense against
abiotic stresses in many crops. It is defined as the pre-
sowing seed treatment during which seeds are immersed
in water or chemical solutions and are dry until further
use. The aim of this study was to assess the effect of
priming with humic acid on modulating the effect of
salinity stress on the germination and growth indices of
cucumber (Cucumis sativus L. cv. Saba hybrid) seed.

Materials and Methods

This study, conducted in 2023, aimed to assess the
influence of humic acid pretreatment on the germination
characteristics and growth parameters of cucumber
(Cucumis sativus) under salt stress. Two experiments,
one in the laboratory and the other in a greenhouse, were
carried out using a factorial design based on a
completely randomized design with three replications.
The experimental factors included humic acid priming
at four concentrations (0, 50, 100, and 200 mg/I'!) and
salinity at five levels (0, 25, 50, 100, and 150 mM
NaCl). The data for all measured parameters were
analysed using the analysis of variance procedure of
Statistical Analysis System (SAS), version 9.1. Means
were compared by Duncan’s multiple range test at the
0.01 probability level for all comparisons.
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Results and Discussion

The results in the laboratory and greenhouse
environment showed that humic acid exerted a positive
impact on various germination and growth attributes of
cucumber, including  germination  percentage,
germination rate, seedling length, dry weight, vigor
index, and chlorophyll a, b, and total under salt-stressed
conditions compared to the control. In laboratory
environment; the treatment with 200 mmol/I humic acid
and no salt exhibited the highest germination percentage
(87%) and seedling length (12.66 cm). In salinity stress,
due to the reduction in the water potential of the
environment around the seed, it took longer for the seed
to provide enough water, thus delaying the germination
time. However, by priming cucumber seeds with humic
acid, the germination rate increased. In greenhouse
environment; it was found that humic acid increased the
survival of photosynthetic tissues and, by affecting the
metabolism of plant cells, increased the chlorophyll of
cucumber leaves. The interaction between salinity and
humic acid revealed that humic acid concentrations
exceeding 100 mg/I could alleviate the adverse effects
of salinity stress on total chlorophyll. However, at
concentrations of 100 and 200 mg/I"* humic acid,
Salinity up to 50 mM could not reduce this trait.

Conclusion

Considering the results of this experiment and the fact
that cucumber cultivation is not recommended in areas
where irrigation water is saline, it is possible that the
effects of salinity can be mitigated by using a cheaper
and easier method of priming cucumber seeds with
humic acid, especially at concentrations of 100 and 200
mg/L. However, to definitively recommend this
strategy, it is necessary to investigate biochemical traits
such as defense enzymes, repeat studies, and determine
more accurate levels of humic acid. Therefore, if these
results are finally confirmed in additional experiments,
this method can be suggested to farmers so that they can
increase the production conditions of this product in
greenhouses and fields.
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Table 1- Analysis of variance for the measured traits of Cucumis sativus under the influence of Humic acid and

salinity treatment in a laboratory setting

[t [} (]
“ % = = - x %" c '}x % xl‘ g = g
A 5 ,% .5 rtse2 4E£ i85 »% 48
S Q\) = 3 % =S S 3 = 1 > £ = 3 = 3 5
5 A 3 ) © - 2 -5 2 D o — = 5 @ D 8 02 =
et e L 32 \, o - 5 5= > 8 s = =
S oV =8 P we 32 gg JcoE 32 TE OLE LS
. 0. 5 = S : Ny = . £ 3 = =
) \332’ 3”3 ¥ E b3 _‘}88 13% 3 & %E 3 8
. = E 8 3 - S e
E & = © 3%% Fg g 8 =
<5 o D [<5) E
» o = = 0}
s gt Al
e 3 2750  16.05" 412" 426" 0.03™ 263" 30067  2028"  516.11"
Humic acid
s 4 4859 3001 161”  1789" 013" 350" 137961  81.95”  685.83"
Salinity
e g X :
TEEmTes 12 059"  0.64" 010"  031™ 0.05" 0.09™ 510.34" 8.24" 18.88"™
Salinity x Humic acid
st
30 0.97 0.25 0.02 0.21 0.01 0.39 195.8 477 77.91
Error
(1) O s < o
e 11.63 4.90 4.72 6.63 9.86 7.33 9.86 7.42 7.33

CV (%)

ns, * and ** are non-significant, significant at the five percent and one percent probability levels, respectively

.M):&)M}J@JW'&»J})\J&MLN}@MR%JJ4,:»:;5%1%}%:‘:‘”3

Continued table 1 Y g aals!
= = - S = £ 2 .
3% .8 B 2 2 %2 %
. < T 5 ' = a2 o q;') X IS :
ey gg; 4 3> 4 = 3 = 5 = 5 Z y S 2
Ol S pe _ 9 > Cgi‘ QE‘ 5 g -5 2 j,<_( 34
ST w3 1S 978 ~& 8 & 5% b3
S.0.V =2 3 @ ) w5 i 2 o 168 2
DF \, = ? 3 Ee] £ ¥ 35 o 9 B 3
3 3 ¥ E ¥ g S = = £ 3
- > < o k=] .
s & g g g 3 g ¢
[9p] %) o o o
&‘,ﬁa | - . - - . - -
I 3 0.00002 0.00001 0.000002"  0.0049 0.0005 0.0022 0.03 0.62
Humic acid
Ls)y 4 0.00017™ 0.00008™ 0.000016™  0.0137”  0.0010™  0.0071" 0.02" 0.29"
Salinity
ESon st ol X (5555
o I . 12 0.000003" 0.000001™  0.0000002™  0.0001™  0.00002™ 0.0001"™ 0.001™ 0.02"
Salinity x Humic acid
s
30 0.000003 0.000002 0.000001 0.0006 0.00005 0.0005 0.002 0.02
Error
S - 10.06 15.81 11.04 17.22 23.14 20.85 11.33 7.97

CV (%)

ns, * and ** are non-significant, significant at the five percent and one percent probability levels, respectively
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Table 2- Comparative analysis of mean measured traits of Cucumis sativus under the influence of Humic acid and
salinity treatment in a laboratory setting

3 3 3 %, 4 5 8 0 =
S - 28 yE55 4 Eg b, SF 7 ES
h % _‘:,\} CIC) 3 S = 2.5 ~ £ = 3 £ =
s 2~ L~ D~ 1\%2\% 3‘_3'50 ‘3 A9 o &’E%
o gan ¥ o€ 5 E ‘),Q'G.E ) 3,_5 kg%g_ > £ 8
Treatments 3 =2 322 3 8% ESE y J e 7 3 =5 L ES
b8 v 5 Y g L8ss 3 T cE {I3EF gt
13 i R 3°7° % 8 ge =°g8
ESon pop ol
Humic acid
(mg/ L)
0 8.89¢ 2.65°¢ 6.24° 0.522 52.222 6.40%0 73.66°
50 10.34° 3.21° 7.13° 0.43? 43.922 5.67° 78.00%¢
100 10.982 3.782 7.207 0.51° 51.812 8.06° 83.33%®
200 11.178 3.702 7.46% 0.442 44.402 8.22% 87.002
Sosh
Salinity (mM)
0 (Control) 12.15% 3.827 8.33° 0.572 57.692 10.36° 91.662
25 11.33° 3.50° 7.83° 0.41°¢ 41.95b¢ 6.99° 82.5°
50 10.64°¢ 3.39° 7.25° 0.582 58.802 8.14% 80.83°
100 9.474 3.08° 6.38¢ 0.48% 48.58% 6.55° 75.83%¢
150 8.13¢ 2.88¢ 5.24¢ 0.33¢ 33.42° 3.13¢ 71.66°

Bl gr (5513 e SV BB oy i (613 e pelan 53 (Sl g T bl Ly &S e g (51l (sl S0k
Means with common letters according to Duncan test at a significant level of 5% have no significant difference.

Continued table 2 Y Jgde aslsl
3 o - a5 3 = 3 = ) 4 5
168 238 138 78z ~8s ~8s Lgg | 12
bl 4 2 2 r2 2 j o Moz JTeoE 2 o= 83 N
S5 433 4 75 wgsE J2E£ 925 o EE 3 re JF 2
Treatments v 3.3 Y, E W g5z Y8 YEs 12% i} \, =S
c gz Vo2 ) 28 Maez o~ Bz (o 5= 8 3
Mo o A $ W £ A%N Z w <L o 2 E o
E e
Humic acid
(mg/ L)
0 0.017c 0.008b 0.008b 0.125c 0.025¢ 0.10b 0.43b 2.34a 6.72¢c
50 0.018bc 0.009b 0.009ab 0.144b 0.031b 0.11ab 0.45b 2.21b 8.13b
100 0.019ab 0.01ab 0.009ab 0.161ab 0.036ab 0.12a 0.54a 1.89¢ 9.22a
200 0.020a 0.01a 0.009a 0.165a 0.039%a 0.12a 0.50a 2.00c 9.80a
s
Salinity (mM)
0 (Control) 0.024a 0.01a 0.01a 0.197a 0.046a 0.15a 0.45b 2.18ab 11.15a
25 0.020b 0.01b 0.009b 0.162b 0.036b 0.12b 0.44b 2.26a 9.39b
50 0.018c 0.009bc 0.008bc 0.147bc 0.032bc 0.11bc 0.46b 2.17ab 8.65b
100 0.017c 0.009c 0.007cd 0.131c 0.027cd 0.10cd 0.48b 2.10b 7.24c
150 0.014d 0.008d 0.006d 0.107d 0.021d 0.08d 0.55a 1.85¢ 5.90d
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Means with common letters according to Duncan test at a significant level of 5% have no significant difference.
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Figure 1- Comparison of means illustrating the interaction effect of humic acid x salinity on the mean germination time
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Figure 2- Comparative analysis of means depicting the interaction effect of humic acid x salinity on the Coefficient of
Germination Rate
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Table 3- Analysis of variance for the measured traits of Cucumis sativus under the influence of Humic acid and salinity
treatment in a greenhouse environment

~ 5 Q a5 ‘L 2¢c x £ = ES =
i v 38z Bz SEz 32 3%0 3 3F 3
SOV a7 g}:—;g 3%% JES 5 5E 128 W = 7?5
. 0. ot 3 =9 (- . i) 9Q
DF < i e * & 328 38 b s g 8
ESn g Lo . - . . .
T 3 0.0001" 0.00002 0.00009" 0.09 0.09** 7.19 3.16 1.17
Humic acid
“s‘w 4 0.0013™  0.00013"  0.00068™ 0.02" 0.03ns 8.75™ 1.51" 3.18™
Salinity
[ | x ‘
_"_”A't'“ “_5)’“_ 12 0.0002™  0.000008™  0.00024™ 0.02" 0.03* 1.15"™ 0.22™ 0.67™
Salinity x Humic acid
Lot
30 0.0007 0.000006 0.00006 0.01 0.01 1.07 0.21 0.47
Error
(1) O s o b
e - 5.36 13.25 5.53 13.77 10.74 11.28 10.71 14.00

CV (%)

Continued table 3

o3 &S 5 o ys iy Jlad o 3l gme 3 re b 55 4wk 3 NS
ns, * and ** are non-significant, significant at the five percent and one percent probability levels, respectively

Y Jgds aalsl
—_ o @ £ - = £
= b =)) . A )
> = = S o= D > AN
DS e e EE@ % E %2 ) = °§§> 2 q;;
&sl5 S 2 20 I \2 2 \2 ‘T 9 £
S.0.V =2o 5 5 0 o o ) o
DF = = 2 “ 2 Y 5 2 @ g 3 8
5 5 g g
Son gon ol e . o o o .
T 3 0.042 0.004 0.051 0.000006 0.000001 0.000002
Humic acid
‘5”“ 4 0.061™ 0.014™ 0.016™ 0.000023™ 0.000003™ 0.000010™
Salinity
L | x 5
_"_’"A'L"M ‘_5”'"_ 12 0.0017™ 0.001™ 0.001™ 0.000002™ 0.000001™ 0.0000007*
Salinity x Humic acid
[I
£ 30 0.0004 0.0005 0.0003 0.000006 0.000002 0.0000003
rror
(1) O iS5
e - 4.16 18.86 4.95 5.23 4.86 10.56

CV (%)
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ns, * and ** are non-significant, significant at the five percent and one percent probability levels, respectively
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Table 4- Comparative analysis of mean measured traits of Cucumis sativus under the influence of Humic acid and
salinity treatment in a greenhouse environment

n D NG E NG 3 o P~ P~ —
JE 35 3E g pEO2E 35 38
we 9% 4% 4% 0B 35 w2z iz is
Treatments w2 5 2 3 2 E £ e 9‘3 = 9‘9 - 9‘9 %
"W 9E O3 “E =8 15 1§ 18
e =~ & > & = o o n o
<
S0
Humic acid
(mg/ L)
0 0.014c 0.0094b 0.0053c 0.81b 1.22a 8.32b 3.72¢c 4.60b
50 0.015b 0.010a 0.0056bc 0.87b 1.14a 8.90b 4.14b 4.76ab
100 0.016a 0.010a 0.0062a 0.85b 1.18a 9.70a 4.45b 5.24a
200 0.015b 0.009ab 0.0059ab 1.00a 1.03b 9.78a 4.80a 4.97ab
Soss

Salinity (mM)
0 (Control) 0.017a 0.010a 0.0071a 0.84a 1.19a 10.47a 4.78a 5.69a
25 0.016b 0.010a 0.0063b 0.92a 1.10a 9.51b 451a 4.99b
50 0.014c 0.009b 0.0054c 0.89%a 1.17a 8.38¢c 3.91b 4.47b
100 0.014c 0.009b 0.0053c 0.84a 1.19a 9.03bc 4.12b 4.91b
150 0.014c 0.009b 0.0047d 0.93a 1.08a 8.48¢c 4.07b 4.40b

AL o (Sl Sme M| B s s ) Gold e c]a.u)é Qgil: 03051 ool S e oy - (611 ‘5u¢n§3\:,a
Means with common letters according to Duncan test at a significant level of 5% have no significant difference.

Continued table 4 F Jgd aels!
\53;2" \\i?g" \féczﬁ" 13% 13% 13%
i % LEE w vEE owovEE S nE_ 0 n 2
Treatments %\YbEE) Zwes 3w gy f)§9 «3‘%9 § 8=
s A2 E @ 2E < nN2E GZ G 2 G, 2
58 5° 200 s T8 T3
oo gt !
Humic acid (mg/ L)
0 0.41d 0.12a 0.28c 0.156b 0.017b 0.138a
50 0.48c 0.13a 0.34b 0.161ab 0.018ab 0.142a
100 0.51b 0.10b 0.40a 0.162ab 0.020a 0.142a
200 0.53a 0.13a 0.40a 0.164a 0.020a 0.144a
Soxs
Salinity (mM)
0 (Control) 0.56a 0.15a 0.41a 0.178a 0.024a 0.154a
25 0.52b 0.15a 0.37b 0.165b 0.021b 0.144b
50 0.49c 0.13b 0.36b 0.157c 0.018c¢ 0.139bc
100 0.44d 0.11b 0.33c 0.154c 0.017cd 0.136¢
150 0.38e 0.06¢c 0.31d 0.151c 0.015d 0.135¢

Al e gyl re oMzl B M;:@d)hs'.uch_ﬂ); L}Ql: Q}aﬂwlﬁlﬁefj:.&n 2y, slols ‘5Lasb:§jl:»
Means with common letters according to Duncan test at a significant level of 5% have no significant difference.
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Table 5- Comparative mean analysis depicting the interaction effect of humic acid and salinity on the measured traits of
Cucumis sativus in a greenhouse environment

Lol

€ —_ —_ . A —_
Treatments - 2 2 2 2 > 2 © 5,
JEowg  23E5 0 35 35 .2 .5 25 S
- S 25 » 8 42 2 s 3 5e Jg wEi HEd
i‘ < & 1S 1 B 5 o / 3 \2 {2 s N N = x9S > B =0
- 3z ¥ 2 b= > 2 ) > 38 w2 5 R
123 3> 3% L5 > 5 33 w § ? 2 & « 28 0w =g
P EE 9= 3 O v £ i~ 2 £ = = = S—= s =
g SE £ 3 5 5 5 3 £ = S
T 3 o = & & <) 2 8 =
[92] < 0 =
0 0 1.29ab 0.77de 0.0068abcd 0.010abc 0.017ab 0.16a 0.18a 0.37e 0.53cd
0 25 1.23abc 0.81cde 0.0060cdef  0.010abcde 0.016bcde  0.14bcd  0.16bcde 0.31hi 0.46fgh
0 50 1.22abcd 0.82cde 0.0052fgh 0.008f 0.013gh 0.13cde 0.15def 0.28i 0.41ij
0 100 1.27abc 0.78de 0.0054efgh 0.009e 0.014def 0.12e 0.14fg 0.23j 0.341
0 150 1.11bcde  0.89bcde 0.0034i 0.009e 0.012h 0.12e 0.13g 0.21j 0.29m
50 0 1.17abcde  0.85bcde 0.0073ab 0.011a 0.018a 0.16a 0.18a 0.39bcde 0.55bc
50 25 1.03cdef 0.98bcd 0.0065abcd  0.010abcde  0.016bc 0.14abc  0.16abcd 0.33gh 0.49¢f
50 50 1.21abcd 0.82cde 0.0050fgh 0.009cde 0.014def 0.13cde 0.15def 0.34fg 0.48efg
50 100 1.14abcde  0.87bcde 0.0047fgh 0.010bcde 0.014efg  0.14bcde  0.15def 0.32gh 0.45gh
50 150 1.17abcde  0.84bcde 0.0046h 0.009de 0.014fgh 0.13de 0.14fg 0.29i 0.40jk
100 0 1.20abcde  0.84bcde 0.0075a 0.010abcde  0.017ab 0.14bcd  0.16abcd 0.43a 0.59a
100 25 1.19abcde  0.83bcde 0.0068abcd 0.010ab 0.017ab 0.15abc 0.17abc 0.42ab 0.56ab
100 50 1.37a 0.73e 0.0057defgh 0.009de 0.015cdef ~ 0.13de 0.14efg 0.42abc 0.53cd
100 100 1.10bcde 0.90bcde 0.0053fgh 0.0098cde  0.015cdef  0.13cde 0.15def 0.39cde 0.47fgh
100 150 1.06bcdef  0.94bcde 0.0061cdef 0.010abc 0.016bc 0.15abc  0.17abcd 0.37ef 0.38k
200 0 1.11bcde 0.90bcde 0.007abc 0.010abc 0.017ab 0.15ab 0.17ab 0.43a 0.59a
200 25 0.96ef 1.06ab 0.0062bcdef  0.010bcde  0.016bcde  0.13cde  0.15cdef 0.41abc 0.56abc
200 50 0.87f 1.21a 0.0059cdef 0.010abcd 0.016bcd 0.15ab 0.17abc 0.40abcd 0.55bc
200 100 1.25abc 0.80cde 0.0058cdefg 0.008f 0.014fgh  0.14bcd  0.16bcde 0.38de 0.51de
200 150 0.99def 1.03abc 0.005fgh 0.009cde 0.014def  0.13cde 0.15def 0.36¢ef 0.44hi

B e gyl gme M) BB O, (g yls e c]a..: B Qgil: 03051 ool oS e Cog - (611 ‘51.»:&__%\:.4
Means with common letters according to Duncan test at a significant level of 5% have no significant difference.
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Figure 3- Comparative analysis of means illustrating the interaction effect of humic acid and salinity on Plumule length
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Figure 4- Comparative analysis of means depicting the interaction effect of humic acid x salinity on Seedling length
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