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ABSTRACT

Humic acid compound contains many nutrient elements which improve soil fertility buildings and enhance
plant growth as well as reducing the negative effects caused by salinity. Therefore a green house experiment
was conducted throughout two successive seasons (2009/10 and 2010/11) to find out how far humic acid can
reduce the negative effects of salinity on growth, flowering and chemical composition of chrysanthemum plants.
The plants were grown to maturity in pots filled with clay soils and were subjected to four salinity levels (0,
2000, 4000, 6000 mg L™) combined with foliar application of four humic acid solutions (0, 1.0, 1.5 and 2 %)
which applied two time every season. Application of saline water alone led to significant reductions in all
vegetative growth and flowering parameters. The same trend was also observed concerning total carbohydrates
and protein as well as N, P and K concentrations while proline and Na increased as a result of increasing
salinity. On the other hand, all aforementioned growth parameters except for the content of proline and Na
tended to increase by humic acid application. The interaction effect between salinity and humic acid was
significant; growth parameters of the plants treated with humic acid were significantly higher under all salinity
levels. These results indicates that improving nutritional status of chrysanthemum plants grown under saline
condition was effective in reducing the negative effects induced by salinity.
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Introduction

Chrysanthemums, often called mums or chrysanths, are of genus (Chrysanthemum) constituting
approximately 30 species of perennial flowering plants in the family Asteraceae which is native to Asia and
northeastern Europe. Chrysanthemum indicum L. are herbaceous perennial plants growing to 50 — 150 cm tall,
with deeply lobed leaves with large flower heads that are generally white, yellow or pink in the wild.
Chrysanthemum plants have been shown to reduce indoor air pollution by the NASA clean air study (Wolverton
et al., 2007). Extracts of chrysanthemum plants (stem and flower) have been shown to have a wide variety of
potential medicinal properties, including anti-HIV-1, (Hu et al., 1994 and Collins et al., 1997) antibacterial
(Sassi et al., 2008) and antimycotic (Marongiu et al., 2009).

Soil salinity is one of the most important problems in dry and semi dry climate areas of the world (Maas
and Grattan, 1999).0One-third of the world’s arable land has been affected by soil salinity (Lazof and Berstein,
1999). Salts tend to accumulate in soil surface due to intensive evaporation conditions and insufficient leaching
process (De Pascale and Barbieri, 1997). Accumulated salts deteriorate some soil physical and chemical
properties. Salinity is a major abiotic stress reducing the yield of wide variety of crops all over the world (Tester
and Davenport, 2003). Higher salt concentration in soil prevents plant growth (Mer et al., 2000) and growing
plants can be died by the excess salt concentration (Donahue et al., 1983). Salt stress in plants influence some
basic plant metabolic process such as, photosynthesis, energy and lipid metabolism and protein synthesis (Parida
and Das, 2005). Salinity adversely affects plant by inducing injury, inhibiting growth, altering in plant
morphology and anatomy, often being a prelude to tree mortality (Kozlowski and Pallardy, 1997). Nahed et al.,
(2011) on Matthiola incana and Azza et al., (2011) on Schefflera arboricola L. reported that, stem length, stem
diameter and dry matter were decreased by increasing salinity stress.

Humankind has realized for thousands of years that dark-colored soils with high humus content are more
fertile than light-colored soils. It has long been recognized that humic substances have many beneficial effects
on soils and consequently on plant growth. Humic substances are the most widely distributed organic products
of biosynthesis on the face of the earth, exceeding the amount of carbon contained in all living organisms by
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approximately one order of magnitude. The major functional groups of humic acid include carboxyl, phenolic
hydroxyl, alcoholic hydroxyl, ketone and quinoid (Russo and Berlyn, 1990).

The mechanism of humic acid in promoting plant growth is not completely known. However, increasing
cell membrane permeability, oxygen uptake, respiration, photosynthesis, phosphate uptake and root cell
elongation of plant growth factors have been proposed by some authors to explain positive effect of humic acid
(Cacco and Dell Agnolla, 1984 and Russo and Berlyn, 1990). In addition, humic acid has beneficial effects on
nutrient uptake by plants and was particularly important for transportation and availability of micronutrient
(BOhme and Thi lua, 1997).

Some researchers indicated that humic acid can be used as a growth regulator to regulate hormone level,
improve plant growth and enhance stress tolerance (Piccolo et al., 1992). Humic acid may stimulate shoot and
root growth, and improve resistance to environmental stress in plant, but the physiological mechanisms has not
been well established (Delfine et al., 2005). TUrkmen et al., (2004 a, b) reported that humic acid may promote
much growth of seedlings in salty condition.

Therefore, the objective of this study was to investigate the response of Chrysanthemum indicum plants
grown under saline conditions to foliar application of humic acid to gauide proper nutritional management for
saline soils.

Material and Methods

The experiment was carried out at the greenhouse of National Research Centre, Cairo during two successive
seasons of 2009/10 to 2010/11. The main objective of this study was to investigate the different levels of humic
acids application to decrease the negative effect of salinity on growth, flowering and some chemical constituents
of Chrysanthemum indicum L.. The soil was clay in texture and composed of sand 55.77%, silt 5.35%, clay
38.88% with pH 7.63, EC 0.74 dS m*, CaCO; 2.3%, organic matter 1.51%, Ca 2.9, Mg 0.3, Na* 2.3, K" 1.2, CI
2.5, SO~ 2.6 mg Kg™ soil. The analysis carried out according to the methods described by Chapman and Pratt
(1961).

Uniformly shaped Chrysanthemum indicum L. cv. Zambawela (yellow flowers) were cultivated in pot 30
cm diameter filled with 10 kg of soil that had passed through 2 mm sieved. The seedlings were planted in early
September 2009 and 2010. The plants were under normal photoperiods at September, Oct., Nov., Dec., Jan.,
Feb. and March. And the plants were under normal temperature (outdoor conditions) throw both seasons. The
experiment included 16 treatments which were the combinations of four salinity levels (0, 2000, 4000 and 6000
mg L) and foliar application four of humic acid solution (0, 1.0, 1.5, 2%). The available commercially fertilizer
used through this experimental work was Kristalon (NPK 19:19:19) produced Phayzon Company, Holland. The
fertilizer rate (5.0 g/pot) used in four doses after 4, 8, 16 and 20 weeks from sowing seedlings were irrigated for
4 weeks with tap water. Then, three salinity levels were prepared (2000, 4000 and 6000 ppm) by adding a
mixture of sodium chloride and calcium chloride at a ratio (1:1) by weight for irrigating seedlings. Tap water
was used for control 2 L of water (either fresh or salinity water) was added to each pot every three days through
the course of this study (7 months). The potassium humate used in this study is produced by alkaline treatment
of Victoria brown coal and is commercially available in Australia (18% K-humate). Plants were sprayed with
twice freshly prepared solution of potassium humate at (1.0, 1.5 and 2.0%) in addition to the untreated plants
which were sprayed with tap water. The plants treated with K-humate two times of 30 days intervals starting on
15™ November in both seasons. A completely randomized design was used, each treatment was replicated six
times. Plant height (cm), number of branches/plant, root length (cm), stem diameter (cm), number of flowers,
flower diameter (cm), pedicel length (cm) and fresh and dry weight of all plants organs (roots, shoots and
flowers) (g) estimated at the end of experiment. Total carbohydrates percentage was determined according to the
method of Dubios et al., (1956). The proline concentration was determined using fresh material according to
Bates et al., (1973). Nitrogen percentage was determined by the modified micro Kieldahl method as described
by Pregl (1945). Protein percentage was estimated by multiplying percentage of nitrogen by the factor 6.25
according to A.O.A.C. (1980). Phosphorus, potassium and sodium were determined according to the method
described by Cottenie et al., (1982). The obtained results were subjected to statistical analysis of variance
according to the method described by Snedecor and Cochran (1980) and the combined analysis of the two
seasons was calculated according to the method of Steel and Torrie (1980).

Results and Discussion
Growth Characters:
Vegetative growth characters were significantly decreased by increase salinity levels compared to control,

where no salts were added (Table 1). Plant height, stem diameter, root length and number of branches per plant
were decreased by (5.36, 17.40 and 27.83%), ( 5.08, 14.82 and 21.77%), (5.00, 13.33 and 45.98%) and (5.85,
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17.15 and 25.52%), respectively as a results of irrigation with saline waters having the concentrations of 2000,
4000 and 6000 mg L™, respectively compared with control.The depressive effect on plant height by salinity
might be mainly attributed to reduction in cell division and enlargement, water stress induced by salinity, also
causes of stomata which reduced the supply of carbon dioxide of photosynthesis. In this respect, (Lewis et al.,
1980) reported that natural hormones might be affected due to the saline conditions leading to unbalanced
growth of the plant, consequently, the decrease in number of branches / plant. Holloway and Alston (1992)
mentioned that increasing salinity level decreased water permeability and osmotic potential. The depressive
effect of high salinity levels on the above mentioned plant traits are in parallel with those of El-Khateeb et al.,
2010; El-Dabh et al., 2011 ; Azza etal., 2011.

The obtained data in Table (2) also cleared that, shoots and roots fresh and dry weight were significantly
depressed gradually by increasing salinity levels. This effect was pronounced in plants grown under higher
salinity level (6000 mg L™). Shoots and roots fresh weights were decreased by 37.17 and 35.20% respectively,
while shoots and roots dry weight were decreased by 40.40 and 39.54% respectively, compared to plants
received non saline water.

The depressive effect of salinity on fresh and dry weight of shoots and roots might be attributed to the
inhibitory effects induced by salinity on many metabolic processes including enzyme activities, protein and
nucleic acid synthesis and chloroplasts. Ashraf and O’leary (1996) pointed out that CO, uptake was decreased
by increasing salinity level, and the decrease in CO, uptake was parallel by a reduction in transpiration and
stomatal conductance. They also suggested that the change in stomatal resistance under saline conditions may be
responsible for reducing photosynthesis and water use efficiency. Similar findings were also registered by
Nahed et al., (2011) on Matthiola incana and Azza et al., (2011) on Schefflera arboricola.

On the other hand, foliar application of humic acid had a significant stimulatory effect on growth
parameters of Chrysanthemum indicum plants. Humic acid solution of 2 % was the most effective treatment
which had the highest values of plant height, stem diameter, root length and number of branches / plant. The
increments were 46.39, 39.53, 139.47 and 50.52% respectively, compared with untreated plants. Shoots and
roots fresh and dry weights were significantly increased by increasing the concentration of humic solution
(Table 2). The highest values of shoots and roots fresh weight were obtained when plants treated with 2.0 %
humic acid solution. The increments were (104.9, and 86.4 %) respectively, while shoots and roots dry weight
were increment by (124.0 and 104.7%) respectively, compared with untreated plants. The use of humic acid has
been reported to have beneficial effects on plants. This result may be due to the role of humic acid as a nutrient
supplying which increase soil fertility and increase the availability of nutrient elements as reported by David et
al., (1994). Chen and Avaid (1990) reported that humic substances have very pronounced influence on the
growth of plant roots and enhance root initiation which known root stimulator. Humic acid improve growth of
plant foliage and roots. Vaughan (1974) proposed that, humic acids may primarily increase root growth by
increasing cell elongation or root cell membrane permeability, therefore increased water uptake by increased
plant roots. It can produce root systems with increased branching and number of fine roots, as a result
potentially increase nutrients uptake by increase root surface area (Rauthan and Schnitzer, 1981).

The interaction between different treatments (salinity + humic acid) were almost significant for vegetative
growth characters. The highest values due to the irrigation with salinity water + humic acid due (2000 ppm
salinity + 2.0% humic acid) for stem diameter, fresh and dry weights of shoots. While the interaction between
untreated plants and humic acid at 2.0% gave the highest values of other parameters. These results are inline
with those reported by Chen and Aviad (1990), Cimrine et al., (2001). It is possible that the positive effect of
humic acids on plant growth could be mainly due to hormone like actives which were reported by Piccolo et al.,
(1992).

Flowering Characters:

Increasing the levels of salinity from 2000 to 6000 ppm significantly decreased all flowering characters
(number of flowers / plant, flower diameter (cm), pedicel length (cm), fresh and dry weight of flowers (g))
compared with control plants (Tables 3,4). The lowest values of flowering parameters were obtained from plants
treated with 6000 ppm salinity. The decrements were (32.55, 11.53, 24.94, 49.62 and 46.76%) respectively,
compared with control plants. This reduction in flowering parameters may be due to the inhibition of
photosynthesis of plants via the changes of chlorophyll contents and components and damage of photosynthetic
apparatus (Lyengar and Reddy, 1996). It also inhibits the photochemical activities and decreases the activities of
enzymes in the Calvin cycle (Sairam and Tyagi, 2004). This result is in line with Zapryanova and Atonassova
(2009) on Tagetes and Ageratum plants and Nahed et al., (2011) on Matthiola incana plants.

All flowering characters followed the same trend of the growth parameters. Generally, humic acid caused
an increase in flowering parameters. Furthermore, the application of humic acid at 2.0% gave the highest values
of growth parameters. The increment were 82.06, 19.64, 50.17, 163.58 and 209.66% from number of flowers /
plant, flower diameter, pedicel length, fresh and dry weight of flowers respectively, compared with untreated
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plants. This result may be due to the role of humic acid as a source of nutrients and increasing the soil fertility
which consequently increased the growth of flowers of Chrysanthemum indicum plants. Our results here in
harmony with those gained by Abd EI- Al et al., 2005.

The results of the effect of the interaction between salinity and humic acid on flowers characters presented
in Tables (3,4). These results indicated that the highest number of flowers / plant, flower diameter, pedicel
length, fresh and dry weight of flowers were obtained from untreated plants & humic acid at 2.0% followed by
low level of salinity (2000 ppm) and humic acid at 2.0%.

Chemical Constituents:
Total carbohydrates:

Total carbohydrates were gradually decreased as salinity of the irrigation water increased (Fig. 1). The
reduction in total carbohydrates as salinity levels increased may be related to respiration processes since the free
sugar was the main sugar pattern involve in the mechanism of respiration (Bernstein et al., 1972). However, the
observed reduction in total carbohydrates content in shoots and roots resulting from salinity treatments go in line
with that was found by many authers in increasing total carbohydrates content as a result of using different
salinity levels in many plants (Azza et al., (2011) on Schefflera arboricola L. and Nahed et al., (2011) on
Matthiola incana plants.

On the other hand, foliar application of humic acid increased total carbohydrates of shoots and roots of the
plants compared with untreated plant and the best result was obtained with 2% humic acid solution. Data
emphasized that total carbohydrates content increased when plants treated with humic acid, the highest value of
this parameter was obtained plants treated with humic acid at 2.0 %, compared with control plants. Chen and
Avaid, (1990) pointed out that, humic acid aid in correcting plant chlorosis, thus enhancement of photosynthesis
density. These increments lead to positive effects on growth parameters and increased total carbohydrates
content of plants. These results were in accordance with those obtained by Sahar et al., (2009).

The interaction between two factors (salinity x humic acid) showed an increase in total carbohydrates
percentage compared with salinity treatments.

Proline Content:

Data in Fig. (2) illustrated that, in both seasons, salinity induced a marked increase in proline concentration
in different organs of Chrysanthemum indicum plant (shoots and roots), this increase was positively correlated
to salt levels. In this connection, AcKerson, (1984) stated that osmotic adjustment within the cytoplasm is
maintained by synthesis of compatible solutes, some of which such as proline have deleterious effects on
metabolism and growth at high concentrations. Moreover, Bellinger et al., (1991) proposed that the increase of
in free proline in salt-stressed plant tissues could be interpreted as a tolerance mechanism of osmotic regulation
and / or accumulation of the excess of ammonium produced by salt stress. Similar result was also obtained by
Azza et al., (2011) on Schefflera arboricola plant and Nahed et al., (2011) on Matthiola incana plants.

Data also clearly show that, proline content was significantly reduced by increasing the level of humic acid.
This result may be due to the role of humic acid in increasing the soil content of organic matter which reduces
the negative effect of salts, also proline increase with increasing salinity as reaction to resist salinity (Erik et al.,
2000).

The interaction between humic acid and salinity was significantly increased under medium and high salinity
levels when sprayed with 1.0 and 1.5 % humic acid solutions.

Protein Content:

Protein content followed the same trend obtained previously in total carbohydrates and was also gradually
decreases by increasing the salinity level. In this regard, Larsen (1982) mentioned that salinity depressed protein
content, which might occur through a faint incorporation of acid and / or protein hydrolysis which might cause
accumulation of toxic products.

Meanwhile, protein content gave the highest values by higher levels of humic acid. The increased in protein
content of Chrysanthemum indicum plants due to humic acid application, these increments might have
influenced plant growth directly through its effects on ion uptake or by the effects on growth regulators. These
results were in line with those obtained by Sivakuman and Devarajan (2005).

As for the interaction between salinity and humic acid application, the highest values of protein content
were observed in plants irrigated with 2000 mg L™ and sprayed with 2.0 and 1.5% humic acid solutions
respectively.
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Minerals compostion:

Figs. (4-7) salinity treatments decreased leaf N, P and K concentrations due to the fact that water stress
inhibits plant growth through inhibition of various physiologcal and biochemical process including
photosynthesis, respiration, hormones, nutrient uptake and metabolism (Kramer and Boyer, 1995). These results
are in agreement with those obtained by Azza et al., (2008) on Taxodium disticum plant and Nahed et al., (2011)
on Matthiola incana plants.

In this connection, Hanafy Ahmed (1996) pointed out that salinization impaired N accumulation and
incorporation into protein and raised total free amino acid accumulation in plant growth under saline conditions.
Also, it can be suggested that amino acids can act as components of salt tolerance mechanism and build up a
favorable osmotic potential inside the cell in ordered to compact the effects of which replaced nitrate in the
vacuoles. The reduction in P uptake under saline conditions could be explained on the fact that high
concentration of Ca in saline soils decreased P solubility combined with salinity induced decreased root growth.
Jungk (1991), reported that when plants grown in soils, any reduction in root elongation will reduce the
available P to the plants since P movement in the soil towards the roots is mainly by diffusion and higher P
concentration may needed to supply the total demand. In respect, it is interesting to note that the change in Na*
concentration in every plant organs due to chloride salinity levels showed completely an opposite picture to that
previous reported fork. Actually such results reflect to great extent the competition between the uptake of the
two cations i.e. Na* and K*. Such competition might be due to the existence of general carrier for their
absorption by the roots. The metabolism of Na * increases and K" decreases in plants stressed by salt (De
Lacerda et al., 2003).

The results in the same Figs showed that, all minerals content (N, P and K) under investigation were
gradually increased by increasing humic acid concentrations, but Na content was decreased. These results were
in line with those obtained by Sivakumar and Devarajan, 2005 and Sahar et al., 2009. These increments led to
positive effect on growth parameters and increased nitrogen and phosphorus concentrations. Additionally,
humic acid maintained high level of acid phosphate activity which led to increase phosphate activity holds for
increased phosphorus uptake by plants (Malcum and Vanghan, 1979). Humic acid have been reported to
enhance mineral nutrients uptake by plants, because it affects the permeability of membranes of roots (Mesut et
al., 2010).

The results also showed that, adding different levels (1.0, 1.5 and 2.0 %) of humic acid could alleviate the
harmful effect of salinity. These results might be due to the fact that humic substances are renowned for their
ability to: chelate soil nutrients, improve nutrient uptake especially phosphorus, sulfur and nitrogen, stimulate
soil biological activity and act as a storehouse of N, P, S and Zn (Richard, 2004).

Therefore, it can be concluded that foliar application of humic acid to the plants grown in region irrigated
with saline water could alleviate salinity stress of Chrysanthemum indicum plants seedlings.

Table 1: Effect of different levels of Humic acid on plant height (cm), stem diameter (mm), root lenght (cm) and number of branched/plant Chrysanthemum indicum plant irrigated with
different concentrations of salinity. (Average of two seasons 2009/2010 and 2010/2011).

Humic Salinity ppm (A)
acid % Tap | 2000 4000 | 6000 [Mean Tap | 2000 | 4000 | 6000 [Mean Tap | 2000 |4000 | 6000 |Mean Tap |2000 |[4000 | 6000 |Mean
(B) | water | | water | water | | | water |
Plant height (cm) Stem diameter (cm) Root lenght (cm) Number of branches / plant

Tap [103.30 [97.55 | 9253 | 885 (9545 | 0.46 | 0.44 | 0.42 | 040 | 0.43 | 1550 |14.00 |12.30 | 11.00 |13.20 (42.00 [40.33 [39.00 |37.67 |39.75
water
1.0 [145.50 [136.70 |122.33 [108.67 [128.30 | 0.61 | 0.58 | 0.53 | 0.48 | 0.55 | 32.33 |29.50 |21.23 |17.13 |25.05 |63.67 [58.33 |51.33 |45.00 [54.58
1.5 [148.33 [140.30 |127.70 [114.43 [132.69 | 0.63 | 0.60 | 0.55 | 0.49 | 0.57 | 34.45 |31.00 |24.45 |18.23 |27.03 |64.33 [60.00 |52.67 |46.33 [55.83
2.0 |158.00 [152.25 |130.20 [118.60 [139.76 | 0.63 | 0.66 | 0.56 | 0.51 | 0.60 | 41.85 |37.50 [26.40 | 20.67 [31.61 [69.00 [66.33 [55.00 |49.00 |59.83

Mean [138.76 [131.70 |118.19 [08.55 0.60 [ 057 | 0.52 | 0.47 31.03 [28.00 |21.10 | 16.76 59.75 [56.25 [49.50 |44.50
LSD
0.05
A 2.46 0.03 1.10 1.40
B 2.46 0.03 1.10 1.40
A*B 4.90 0.05 2.20 2.79

Table 2: Effect of different levels of Humic acid on shoot fresh weight (g), shoot dry weight (g), Root fresh weight (g) and Root dry weight (g) Chrysanthemum indicum plant irrigated
with different concentrations of salinity. (Average of two seasons 2009/2010 and 2010/2011).

Humic Salinity ppm (A)

acid Tap |zooo | 4000 | 6000 |Mean | Tap |2000 |4000 |6000 |Mean Tap |2000 |4000 |6000 Mean | Tap |2000 |4000 6000 | Mean
% water water water water

(B) Shoot fresh weight (g) Shoot dry weight (g) Root fresh weight (g) Root dry weight (g)

Tap |133.87 [120.41 (110.32 | 98.75 [115.84 |36.37 |33.87 |30.22 |27.36 |31.96 | 28.00 (2547 [22.20 |20.45 [24.03 [10.02 | 9.04 | 7.88 | 7.14 | 852
water
1.0 [260.01 P29.04 |187.70 [142.62 P04.84 [79.51 [67.12 |51.64 [41.43 |59.93 | 51.72 |42.20 |35.26 |30.58 |39.94 |20.33 [16.20 |13.08 |11.07 [15.17
1.5 [252.66 P40.57 |194.15 [160.58 P11.99 [74.88 [72.01 |57.99 [45.73 |62.65 | 48.27 |46.25 |37.26 |32.88 |41.17 |18.83 [17.90 |14.08 |12.00 [15.70
2.0 |273.22 P85.53 |214.77 |175.88 P37.35 |84.23 |89.77 |62.99 |49.37 |71.59 | 54.06 |52.04 [39.10 |34.00 [44.80 [21.62 |20.66 [14.90 |12.58 |17.44

Mean [229.94 P18.89 |176.44 |144.46 68.75 165.69 |50.71 |40.97 45.50 |41.49 [33.46 |29.48 17.70 [15.95 [12.94 ]10.70
LSD
0.05
A 6.20 2.40 122 0.99
B 6.20 2.40 122 0.99
A*B | 12.38 4.79 2.44 1.98
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Table 3: Effect of different levels of Humic acid on number of flowers /

3702

plants, flower diameter (cm) and pedicel length of flower (cm) Chrysanthemum indicum plant irrigated with

different concentrations of salinity. (Average of two seasons 2009/2010 and 2010/2011).
Humic Salinity ppm (A)
acid % Tap | 2000 4000 6000 | Mean Tap | 2000 4000 6000 | Mean Tap | 2000 | 4000 | 6000 | Mean
(B) water water water
Number of flowers / plant Flower diameter (cm) Pedicel lenght of flower (cm)

Tap water 22.33 21.33 18.36 16.67 19.68 7.40 7.25 7.10 6.97 7.18 6.00 5.80 5.68 5.57 5.76
1.0 37.00 33.50 29.00 25.00 31.13 8.70 8.50 7.93 7.60 8.18 8.20 7.67 7.25 6.10 7.31
15 37.67 34.50 30.67 25.67 32.13 8.83 8.63 8.30 7.79 8.39 8.80 8.00 7.30 6.37 7.62
2.0 43.33 41.33 31.33 27.33 35.83 9.15 8.95 8.37 7.37 8.59 10.50 9.63 7.35 7.10 8.65

Mean 35.08 32.67 26.34 23.66 8.52 8.32 7.93 7.56 8.38 7.78 6.90 6.29

LSD 0.05

A 1.10 0.72 0.62
B 1.10 0.72 0.62
A*B 2.19 1.44 1.24

Table 4: Effect of different levels of Humic acid on number of flowers / plants, flower diameter (cm) and pedicel length of flower (cm)
Chrysanthemum indicum plant irrigated with different concentrations of salinity. (Average of two seasons 2009/2010 and

2010/2011).

Humic acid Salinity ppm (A)

% (B) Tapwater | 2000 | 4000 | 6000 | Mean | Tapwater | 2000 [ 4000 | 6000 | Mean
Flower fresh weight (g) Flower dry weight (g)

Tap water 35.62 29.55 26.16 21.79 28.28 6.48 5.32 4.66 3.81 5.07
1.0 84.63 68.85 55.00 38.89 61.84 18.11 14.11 10.73 7.19 12.54
1.5 80.06 72.96 58.03 42.16 63.30 16.89 15.18 11.08 7.93 12.77
2.0 99.77 86.87 63.24 48.30 74.54 21.95 18.84 12.77 9.23 15.70
Mean 75.02 64.55 50.61 37.79 15.86 14.12 9.81 7.04

LSD 0.05
A 1.32 0.72
B 1.32 0.72
A*B 2.65 1.45
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Fig. 3: Effect of different levels of Humic acid on Protein % of Chrysanthemum indicum plant irrigated with
different concentrations of salinity.(Average of two seasons 2009/2010 and 2010/2011).
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Fig. 4: Effect of different levels of Humic acid on Nitrogen % of Chrysanthemum indicum plant irrigated with
different concentrations of salinity.(Average of two seasons 2009/2010 and 2010/2011).
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Fig. 5: Effect of different levels of Humic acid on Potassium % of Chrysanthemum indicum plant irrigated with
different concentrations of salinity. (Average of two seasons 2009/2010 and 2010/2011).
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Fig. 6: Effect of different levels of Humic acid on Sodium % of Chrysanthemum indicum plant irrigated with
different concentrations of salinity. (Average of two seasons 2009/2010 and 2010/2011).
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