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Aim: The study was done to determine the effect of humic acid on germination, morphological 
properties, and photosynthesis pigments of Trifolium alexandrium L. under salt stress.
Methods: This study was conducted in a as a completely randomized design was humic acid 
(0,0.009mg Li−1). The second factor was salt stress (0,0.75,1.5,3dSm−1). Seed germination, 
vigor index, allometric coefficient, radicle and pedicle length, totally dry and fresh weight, and 
photosynthetic contents were measured. 
Findings: The minimum and maximum germination rate (4.00 and 4.90seed/day) and 
vigor index (1.79 and 6.33) were related to 3dSm-1 and H+3dSm-1 treatments, respectively. 
The germination percentage did not show a significant difference (p<0.05). The radicle and 
pedicle lengths, allometric coefficient, germination rate, and vigor index in the zero treatment 
were more than the H treatment, but they decreased with increasing salinity. The minimum 
and maximum radicle (0.79 and 2.30cm), pedicle lengths (0.79 and 2.55cm) and dry weight 
(0.0014 and 0.0026g) were related to the 3dSm-1 and H+3dSm-1 treatments, respectively. The 
highest chlorophyll a (0.31 mg g-1 fresh weight), carotenoid (0.07 mg. g-1 fresh weight) and 
total chlorophyll (0.48mg. g-1 fresh weight) were related to H+1.5dS. m-1. The highest amount 
of chlorophyll b (0.34mg. g-1 fresh weight) was observed in H+3dS. m-1.
Conclusion: Humic acid had different but positive effects on the plant’s quantitative 
properties and germination characteristics in salinity stress.  The use of this fertilizer in 
salinity stress for salinity-sensitive plants can be helpful, but a more comprehensive survey 
in the field is recommended.
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Introduction
Soil salinity is one factor limiting plant 
productivity and growth in Iran’s rangelands 
[1,2]. The effects of salinity on plant growth 
depend on the plant species. A certain salinity 
level may lead to a decrease in the yield of a 
plant species, while it is not restrictive for 
other plants because different plants have 
different salinity tolerances [3]. To quantify 
the effect of salinity on the plant, a limit 
should be defined from which the plant yield 
decreases. The yield reduction threshold is 
the amount of salinity after which the yield 
reduction begins [4,5].
Salinity stress harms soil microbial population, 
soil characteristics, and nutritional balance 
in plants, so organic acids can reduce the 
adverse effects of salinity and improve 
the growth situation for plants [6-9]. Due to 
environmental considerations, using various 
organic acids to improve the quantitative 
and qualitative of plant products has become 
widespread.  Studies have shown that tiny 
amounts of organic acids significantly affect 
the soil’s physical, chemical, and biological 
properties and, consequently, increase plant 
production  [10]. 
One of these organic acids is humic acid, 
which causes stable insoluble complexes 
with trace elements [11]. This compound can 
directly positively affect plant growth and 
increase nitrogen, potassium, calcium, and 
phosphorus by the plant [12, 13]. 
Trifolium alexandrium L. (Leguminoceae) is 
one of the valuable forage plants due to its 
high forage production potential (700-1000 
kg ha-1) and ability to improve soil’s physical 
qualities and fertility (such as nitrogen 
fixation) [14-15]. In recent decades, berseem 
clover cultivation has been highly welcomed 
due to its rapid growth and high production 
of fresh forage with remarkable quality and 
quantity. This plant has low resistance to 
salinity, and its relative resistance threshold 
to salinity is 1.5 dS.m-1 [16]. Due to the 

importance of this plant, the use of organic 
fertilizers can be important in reducing 
salinity stress. We contrast humic acid and 
salt stress treatments to address the following 
question: Does humic acid reduce the effects 
of salt stress on germination properties of T. 
alexandrium L. (Leguminoceae) The objective 
of this study included: The study of the effect 
of humic acid on the germination, growth, and 
photosynthetic pigments of T. alexandrium L. 
under salt stress.  We hypothesized that the 
use of humic acid reduces salinity stress in T. 
alexandrium  L.

Materials & Methods
Germination medium 
This research was conducted as a factorial 
experiment in a completely randomized 
design (four replications). The seeds 
were prepared from Isfahan Pakan Bazr 
Co., Iran. First off, seeds were disinfected 
using a 3% sodium hypochlorite solution. 
Then, the seeds were disinfected with 
2% Benomyl  fungicide solution and again 
were rinsed with distilled water to prevent 
the attack of fungi [8]. All Petri dishes were 
disinfected with alcohol and were placed in 
an autoclave. In each petri dish, 10 numbers 
of seeds were set on Whatman filter paper 
(7.5 cm). The treatments were humic acid 
with concentrations of 0 and 0.009 mg.l-1 
and salinity at levels of 0, 0.75, 1.5, and 3 
dS.m-1. In each petri dish, an 8 ml solution 
was added. Petri dishes were closed with 
parafilm to prevent evaporation, and then 
they were transferred to the germinator 
devices (temperature 25°C, humidity 70%, 
16h light, and 8h darkness).
Calculation of plant properties
The germinated seeds counted 24 h after 
transferring them into the Petri dishes. 
Germination seeds were daily counted and 
recorded [17, 18] until the germination was 
completed. On the 6th day, the radicle and 
pedicle length (using a caliper), the dry 
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and fresh weights (using a digital balance 
with 0.0001 g precision) of the seedlings 
were measured. When the number of the 
germinated seeds was fixed on the 14th day, 
some of the germination properties were 
measured according to Eqs (1) to (3):

           	                                               (1)

In the equations, SG, Ni, and Di are germination 
rate, number of germinated seeds each day, 
and counted day, respectively (19).

	                                        (2)
 

where GP is germination percentage, n is the 
total number of the germinated seeds, and N 
is the total number of the germinated seeds 
in each petri dish [20].

SVI = mean of initial stem length + the mean 
of initial root length) × viability  	                    (3)

The seedling vigor index (SVI) was 
determined at the end of the growing period 
after calculating the pedicle and radicle 
lengths [21]. In this respect, viability is the 
final germination percentage. The allometric 
coefficient was calculated through Eq 4 [22]: 

Allometric coefficient = radicle length/pedicle 
length           	                                                                  (4) 

The radicles and pedicles were placed in the 
oven (70℃ for 48h). Then the dry weights 
of radicle and pedicel were determined. 
To measure chlorophyll contents and 
carotenoids, 100 mg of fresh tissue was 
pulverized inside a porcelain mortar with 
5ml of 80% acetone and centrifuged. The 
solution was transferred to centrifuge 
tubes, and the remnant in the mortar was 
washed twice with 5ml of 80% acetone, the 
solution of which was added to the tubes. 

After that, the tubes were centrifuged (10 
min, 6000 rpm), and the solution was set to 
a 250 mm flask. The volume of the solution 
was adjusted to 25 ml with 80% acetone. 
Chlorophyll contents were measured at 
wavelengths of 470, 663, 645 nm, using 
a spectrophotometer (WPA-S2000) (23). 
The contents of chlorophyll were measured 
according to the Eqs. (5) to (7). Total 
chlorophyll was calculated by the sum of 
chlorophyll a and b [23].

Chlorophyll a =19.3 × A663-0.86 ×A645) 
V/100 W                                                          (5)

Chlorophyll b = (19.3×A645-3.6 ×A663) V/1
00W                                                                        (6)

Carotenoides= 100(A470)-3.27 (mgchl.a)-104 
(mgchl.b)/227                                                                   (7)

V = volume of filtrated solution (upper solution 
of centrifuges)
A = absorption of light at wavelengths of 663, 
645, and 470 nm
W = wet weight of the sample (g)
Statistical analysis
The statistical processing was mainly 
conducted by analyzing variance (one-
way ANOVA), using SPSS version 20. 
The normality of data was tested using 
Kolmogorov–Smirnov. Homogeneity of 
variance among treatments was tested using 
Levene’s test. Duncan test post hoc analysis 
was performed to define which specific 
mean pairs were significantly different.

Findings and Discussion 
Effect on germination indices
The results of ANOVA (Table 1) showed that 
the main effects of salinity (p<0.01) and 
humic acid (p<0.05) and the interaction 
effects of salinity and humic acid (p<0.01) on 
germination rate and seed vigor index were 
significant. However, salinity and humic 
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acid’s direct and interaction effects were not 
significantly influential on the germination 
percentage (p≥0.05). 
The results showed that interaction effects 
of humic acid and salt stress (Figure 1) had 
a significant effect on the germination rate 
under salt stress (p<0.01). The germination 
rate in treatment without salinity and 
humic acid (zero) was 4.3 Seed.day-1. With 
the addition of humic acid, the germination 
rate of the plant increased (4.4 Seed.day-1), 
but the difference in the germination rate 
was found to be non-significant between 
zero and H treatments (p>0.05). With 
increasing salinity up to 1.5 dS.m-1, the 
germination rate did not decrease, which 
could be related to the tolerance threshold 
of the plant to the salinity stress (≤1.5 
dS.m-1), but in the 3 dS.m-1 treatment, the 
germination rate of the plant decreased 
significantly (p<0.01). The minimum value 
of seed germination rate was related to 
treatment 3dS.m-1, and the highest (4.9 seed.
day-1) germination rate value was observed 
in H+3dS.m-1 treatments. 
The seed vigor index in the zero treatment was 
2.55, and in the H treatment, the index was 5.12, 
which had a significant increase (p<0.01). A 
significant decrease in the seed vigor index (up 

to 68.18%) was observed with the increasing 
salinity concentration from 0.75 to 3 dS.m-1. 
However, there was no significant difference 
in the seed vigor index between H+3 dS.m-1 
and H+1.5 dS.m-1 treatments (p>0.05). The 
minimum seed vigor index was measured in 
the treatment of 3dS.m-1 (1.79). The seed vigor 
index was maximum in the H+3dS.m-1 (6.33) 
followed by H+1.5 dS.m-1(6.32) treatment. The 
lowest germination percentage (97.5%) of T. 
alexandrium L. was measured in the treatment 
of H+1.5 dS.m-1. However, the germination 
percentage did not show significant differenc�-
es among the humic acid and salt stress treat�-
ments (Figure 2).

Figure 1) Effects of humic acid and salt stress on 
seed germination rate and vigor index. Error bars 
represent the standard error of the mean. H=humic 
acid

Table 1) Analysis of variance of seed germination and seed vigor index 

Mean square

Seed vigor indexGermination 
percentage

Germination
RatedfSource of variation

0.22*1.56n.s0.059*1Humic acid

3.02**1.56n.s0.46**3Salt stress

0.59**1.56n.s0.01**3Humic acid× Salt stress

0.061.560.0224Error

14.301.253.32CV (%)

** p<0.01, * p<0.05, n.s p>0.05 
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Figure 2) Effects of humic acid and salt stress on seed 
germination percentage. Error bars represent the 
standard error of the mean. H=humic acid

Plant growth decreases with increasing 
salinity in the environment due to 
physical and chemical  effects or due to 
toxic and osmotic effects of salts in saline 
solution. In fact, with increasing osmotic 
pressure due to increased salinity in the 
environment, the dewatering stage of 
the seed is disrupted, and the osmotic 
pressure increases. As a result, the 
dewatering stage of the seed is disturbed, 
but the high concentration of anions and 
cations (especially sodium and chloride) 
in the environment causes seed poisoning 
and prevents seed germination. 
The study of Canellas et al. [24] showed 
that germination is directly related to 
the amount of water absorbed by seed, 
and salt concentration of the medium 
delays germination. Salinity prevents seed 
germination by reducing water availability 
or interfering with plant growth regulators 
[24-26]. Chachar et al. [27] reported that 
increasing salinity (0, 50, 100, 150, and 200 
mM) reduced cottonseed germination. In 
200 mM NaCl, the germination percent was 
the lowest (78.7% compared to 86.8% on 
average for the other salinity treatments). 
Also, seedling growth, root length, root 
fresh, and dry weights were severely 
affected . 
In the present study, the use of humic 
acid caused a significant increase in the 
germination rate of plant seeds in salinity 
stress conditions. Due to  its  low molecular 

weight, Humic acid is rapidly absorbed by 
plant seeds and increases the absorption of 
nutrients such as Nitrogen and Phosphorus. 
As a result, it stimulates the germination 
of plants [28]. Canellas et al. [29] showed 
that humic acid could reduce the adverse 
effects of salinity on germination and initial 
growth of Cotton through a decrease in the 
osmotic potential and increased availability 
of nutrients. The researchers reported that 
this organic matter could increase seedling 
establishment and ultimately increase the 
final yield of the plant. 
The results showed a significant effect of 
humic acid on plant vigor under salinity 
stress. The mechanism of humic substances 
in stimulating the seed germination of plants 
is not known precisely, but researchers [7,30] 
have shown two effects: 1. Direct effect, 
including the production and action of plant 
hormones [30] and 2. The indirect effect 
on nutrient uptake and plant growth [7]. 
Humic acid increases the seed vigor index 
of seedlings by increasing the Nitrogen and 
Calcium content of seedlings [8]. 
Effect on growth properties
The results of ANOVA (Table 2) showed that 
the main effect of humic acid, salt stress, and 
the interaction effect of humic acid and salt 
stress had significant effects on the growth 
of T. alexandrium L. (p<0.01). 
The results showed that the radicle length of 
the plant was 0.52 cm in the zero treatment 
and showed a significant increase (p<0.01) 
in the H treatment (without salinity stress). 
Also, a comparison of 0.75 dS m-1 and zero 
treatments showed that the radicle length 
in the zero treatment was less than the 
0.75 dS.m-1, which could indicate the plant’s 
tolerance to salinity (≤1.5 dS.m-1).
The radicle length decreased significantly 
with increasing salinity so that the minimum 
value (0.79 cm) was related to the treatment 
of 3 dS.m-1 (Figure 3). In salinity stress 
conditions, the addition of humic acid 
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increased the plant’s radicle length, and 
the maximum radicle length (2.30 cm) 
was related to H+3dS.m-1 treatment. The 
increasing radicle length indicates that 
humic acid reduces the effect of salt stress on 
the radicle length. (Figure 3). A similar trend 
was observed for the pedicle length (Figure 
3). The highest pedicle length was observed 
in H+3 dS.m-1 (2.55 cm) which followed by 
zero (2.50 cm) and H (2.50 cm) treatments. 
The lowest value (0.79 cm) was observed in 
the salinity level of 3 dS.m-1 (Figure 3).
The allometric coefficient in treatment 
H (4.80) was higher than treatment zero 
(4.66), but there was no significant difference 
between the two treatments (p<0.05). With 
increasing salinity stress (from 0.75 to 3 
dS.m-1), the allometric coefficient decreased 
significantly so that the minimum value 
(0.73) was measured in the treatments of 
3dS.m-1 (Figure 4).
We founded a similar result for the fresh 
and dry weights of the plant. The amount of 
fresh (0.039 g) and dry (0.0022 g) weights 
in the zero treatment was less than the H 
treatment, but the differences between 
the two treatments were not statistically 
significant (p<0.05). Fresh (0.0223 g) and 

dry (0.0014g) weights of the plant decreased 
gradually with the increase of salinity 
dosage and were minimum for the 3 dS.m-1 
treatment (Figure 5).

Figure 3) Effects of humic acid and salt stress on the 
radicle and pedicle lengths. Error bars represent the 
standard error of the mean. H=humic acid

Figure 4) Effects of humic acid and salt stress on 
the allometric coefficient. Error bars represent the 
standard error of the mean. H=humic acid

Table 2) Analysis of variance of some growth properties 

Mean square

Total dry 
weight

Total fresh 
weight

Allometric 
coefficient

Pedicle 
length

Radicle 
LengthdfSource of variation

0.00001**0.00042**6.34**0.22**5.26**1Humic acid

0.00001** 0.00032** 11.69**3.05**6.68**3Salt stress

0.00001**0.00036**5.01**0.57**2.82**3Humic acid×Salt 
stress

0.000010.000010.910.060.0324Error

2.500.3110.8010.002.72CV (%)

** p<0.01

(%)

(%)
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Figure 5) Effects of humic acid and salt stress on 
the fresh and dry weights. Error bars represent the 
standard error of the mean. H=humic acid

Radicle and pedicle growth reduces by 
salinity due to the inhibitory effects of salt 
on the cell division and enlargement in the 
growing point [29]. With increasing salinity, a 
reduction in the radicle and pedicle lengths 
was observed. With increasing salinity 
stress, ion toxicity resulting from increasing 
Na and Cl ions disrupts plants’ biological and 
metabolic activities, ultimately reducing the 
growth and destruction of the plant organs 
[3]. Salinity stress by high concentrations of 
Na and Cl destroys the osmotic balance in 
the plant cells, and as a result, water leaves 
the plant tissues. Under salinity stress, 
excessive energy is consumed to produce 
organic matters. These organic substances 
are used to create osmotic balance, and 
therefore, the shoot and root weight and 
consequently the plant biomass is reduced 
[1,3]. Plant dry weight is affected both by 
reduced vegetative growth and reduced 
photosynthesis efficiency. In this regard, the 
root is the first organ directly stressed due 
to the direct absorption of elements [29].
Humic acid has hormonal-like properties, 
increases root volume, and thus absorbs 
more nutrients [31, 32]. Cordeiro et al. [32] 

investigated the effect of humic acid on 
the root growth of Zea mays. They showed 
that 3 mm humic acid in the presence of 
nitrate caused the development of roots and 
subsequently increased the fresh and dry 

weight of roots. Humic acid, due to increased 
activity of hormones involved in cell division, 
photosynthesis, protein synthesis, and 
various enzymatic reactions, and increased 
enzyme activity such as phosphorylase and 
phosphatase, increase plant yield. Also, 
the accelerating effect of humic substances 
on plant growth, primarily stem growth, 
may be due to root H+-ATPase activity and 
root and stem nitrate distribution, which 
in turn leads to changes in the distribution 
of cytokinins and polyamines. Therefore, 
it affects the growth of the plant stem [33]. 
One of the leading causes of cellular damage 
during seed exposure to salt stress is reactive 
oxygen. Reactive oxygen accumulation in 
plant cells injuries cells membranes. To 
avoid reactive oxygen injury in cells, anti-
oxidative enzymes like peroxidases, catalase, 
and ascorbate peroxidase are produced. All 
of these enzymes are triggered by humic 
substances under salt stress conditions 
(32,33). 
Effect on photosynthetic pigments
The results of ANOVA (Table 3) proved that 
the main effect of humic acid, salt stress, 
and the interaction effect of humic acid and 
salt stress had significant effects on the 
photosynthetic contents (p<0.01).
In treatment H, the amount of chlorophyll 
a was 0.09 mg.g-1 fresh weight, which 
significantly increased compared to the 
zero treatment (p<0.01). The amount of 
chlorophyll a in the treatments of zero and 
0.75 dS.m-1 was 0.07 mg. g-1 fresh weight, 
indicating that the plant’s photosynthesis 
does not decrease at a salinity level below 
the tolerance threshold (Table 4). However, 
with increasing salinity stress, chlorophyll 
a showed a significant decrease (p<0.01). 
Interaction effects of humic acid and salt 
stress showed that the maximum effect of 
humic acid in chlorophyll a (0.31 mg. g-1 fresh 
weight) was in the H+1.5 dS.m-1 treatment 
(Table 4). Similarly, the amounts of chlorophyll 

(%)
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b and carotenoid in the H treatment were 
more than the zero treatment. Salinity 
stress significantly reduced chlorophyll b 
and carotenoid compared to the H and zero 
treatments (p<0.01).
The highest amount of chlorophyll b  
(0.34 mg.g-1 fresh weight) was observed 
in the treatment of H+3 dS.m-1. The lowest 
chlorophyll b content (0.02 mg.g-1 fresh 
weight) was measured in the treatments of 
3 dS.m-1. The maximum values of carotenoid 
(0.07 mg.g-1 fresh weight) and total 
chlorophyll (0.48 mg g-1 fresh weight) were 
measured in the H+1.5 dS.m-1, and the lowest 
amounts related to the 1.5 dS.m-1 treatment 
(Table 4). 
Increasing salinity reduces the plant’s 
potential for photosynthesis. Accumulation 
of sodium and chloride ions in the leaves 
reduces photosynthesis in the plant 
by closing the stomata and reducing 
chlorophyll. The amount of chlorophyll and 
photosynthetic pigments are the essential 
factors in the photosynthetic capacity of 
the plants because they directly affect 
the speed and amount of photosynthesis 
and, ultimately, the production of biomass 
[24,34]. It is also an essential point  that water 
availability is one of the main factors limiting 
the photosynthesis and growth of plants. 

Salinity prevents the absorption of water by 
the seed [6]. Therefore, it affects the seedling 
growth of plants by less mobilization 
of reserve nutrients, preventing cell 
division, injuring hypocotyls, and limiting 
photosynthesis [13]. In the present study, the 
highest chlorophyll a (the primary pigment 
of photosynthesis), carotenoid, and total 
chlorophyll was related to H+1.5 dS.m-1 
treatment. In other words, the maximum 
efficiency of humic acid in this regard was 
related to a salinity level of 1.5 dS.m-1. While, 
the highest values of germination rate, 
allometric coefficient, radicle and pedicle 
lengths, fresh and dry weights of the plant 
were measured in H+3 dS.m-1. However, there 
is no positive relationship between the plant 
tolerance to salinity and germination phase 
and the following stages of growth, such 
as photosynthesis, the greater tolerance to 
salinity during germination is associated 
with lower photosynthesis rates [35].
Our results showed that humic acid had 
different effects on photosynthetic pigments 
under salinity stress. Humic acid increases 
nutrient uptake by essential chelating elements 
and increases fertility and production in plants 
[36, 37]. Canellas et al. [24] reported that humic 
acid increased yield in maize due to increased 
photosynthesis and nutrient uptake. Jing-Min 

Table 3) Analysis of variance of the photosynthetic pigments 

Mean square

Total chlorophyllCarotenoidChlorophyll bChlorophyll adfSource of variation

0.17**0.06**0.25**0.29**1Humic acid

11.27** 0.04**1.27**5.35**3Salt stress

0.81**0.02**0.63**0.10**3Humic acid×salt stress

0.000.000070.000.00724Error

5.574.786.518.74CV (%)

** p<0.01
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et al. [38] showed that with increasing water and 
use of humic acid, the amount of root activity, 
chlorophyll contents of Populus spp increased. 
Perhaps an increase in chlorophyll contents 
of the plant occurs due to the cytokinin-like 
properties of the material that reduce the 
damage of the chloroplasts and increases root 
growth and the number of photosynthesis 
pigments in leaves [24]. 
Humic acid, through its positive physiological 
effects, including the effect on plant cell 
metabolism and increasing leaf chlorophyll 
concentration, causes tissue persistence [30]. 
Humic acid has a vital role in increasing the 
absorption of nutrients in plants through 
chelating properties. The mechanism of 
action of humic acid is mainly the formation 
of a complex between humic acid and mineral 
ions, the effect of humic acid on respiration 
and photosynthesis, and stimulation of nucleic 
acid metabolism. Increasing the salinity level 
from 0.75 to 1.5 dS.m-1 caused a 28% decrease 
in chlorophyll a content and a 50% decrease 
in chlorophyll b content.  At the same time, 
the highest chlorophyll content of the plant 
was related to the combination of salinity and 
humic acid treatments. Perhaps an increase in 
chlorophyll contents of the plant occurs due 
to the cytokinin-like properties of the material 
that reduce the damage of the chloroplasts 

and increases root growth and the amount of 
chlorophyll and photosynthesis pigments in 
leaves [38]. 

Conclusion
Generally, this study showed that humic acid 
had a practical effect on seed germination 
of T. alexandrium L. under salt stress. It was 
revealed that treatment humic acid+3 dS.m‑1 
had the highest effect in the study. A high level 
of salt stress (3 dS.m‑1 dosage) had a more 
negative effect on the attributes, such as the 
plant’s radicle and pedicle lengths. Regarding 
the increase of seed germination indices, 
plant attributes, and chlorophyll contents 
by applying humic acid in high salt stress 
conditions, probably higher concentrations 
of humic acid would provide better results. 
In the present study, we examined the 
application of humic acid in lab conditions; 
further studies could be done to study the 
effect of humic acid in soil conditions. Due to 
the unsuitable management of rangelands in 
Iran, one of the most critical problems is the 
lack of information about the use of humic 
acid to decrease salinity in the soil. Therefore, 
more studies are necessary about the role of 
humic acid to mitigate the effects of salinity 
in the soil and promote the plant’s resistance 
to salt stress. 

Table 4) Effects of humic acid and salt stress on the chlorophyll contents

H+3 dS.m-1H+1.5 dS.m-1H+0.75dS.m-13 dS.m-11.5 dS.m-10.75 dS.m-1H0Characteristic 
(mg.g-1 fresh weight)

0.10±0.01b0.31±0.03a0.30±0.02a0.05±0.02e0.06±0.01de0.07±0.01d0.09±0.00c0.07±0.00dChlorophyll a

0.34 ±0.02a0.18±0.03b0.10±0.02b0.02±0.02e0.03±0.01e0.06±0.01d0.14±0.02b0.09±0.02cChlorophyll b

0.06±0.01a0.07±0.01a0.05±0.02b0.03±0.00c0.02±0.02d0.03±0.01c0.05±0.00b0.04±0.00bCarotenoid 

0.44±0.01a0.48±0.01a0.41±0.02b0.08±0.00d0.08±0.01d0.13±0.02c0.23±0.00c0.05±0.00eTotal chlorophyll

Values within a row followed by the same letters are not significantly different (p<0.05, means± SE). H=humic acid
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