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Effect of Potassium Humate on some Metabolic Products of Wheat Plants

Grown under Saline Conditions.
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ABSTRACT

A lysimeter experiment was carried out at Agricultural Research Station, Sakha, Kafr El-Sheikh governorate, during the
growth season of 2013/2014 to study the effectiveness of potassium humate on improving the tolerance of wheat plants to saline
conditions and its effect on some metabolic products. Irrigation of wheat plants with diluted sea water i.e. EC 6, 9 and 12 dS/m
decreased chlorophyll a, chlorophyll b & carotenoids contents and total protein contents but increased total carbohydrate and
proline contents. Soil addition of potassium humate at (4 & 8 kg/feddan) increased the metabolic products of wheat plants under
unsalinized conditions; the low rate of potassium humate gave better increments than the higher one. Additionally, this material

ameliorated the depressive effect of salinity on wheat plants.
Keywords: wheat plants - salinity, potassium humate.

INTRODUCTION

Soil salinity has become a serious environmental
problem which affects the growth and productivity of
many crops. High salt content in the soil affects the soil
porosity and also decreases soil water potential that
results in a physiological drought (Afzal ef al., 2012).
High salt content also, affects the physiology of plants,
both at the cellular as well as whole plant levels (Radi et
al., 2013). Salt stress causes membrane damage,
nutrient imbalance, altered levels of growth regulators,
enzymatic inhibition and metabolic dysfunction,
including photosynthesis which ultimately leads to plant
death (Aasanuzzaman et al., 2012). Adaptation of plants
against salt stress is marked by the accumulation of
compatible solutes. These compounds have the ability to
regulate the physiology and biochemical process.

Wheat (Triticum aestivum L.) occupied second
place in production at global level. It contributes towards
food front to the tune of 36 percent of the world population
and provides 20 percent of total global calorie supply.
Bread of wheat is the main food of people in many
countries and 80 percent protein of human is supplied from
its consumption. Therefore, considering increasing country
and world population and current shortage of food
worldwide, evaluation of methods and strategies which
lead to increase production and optimal use of produced
wheat is one of the important and significant issues
(Siahoosh and Dehanianb, 2011).

Humic acid (HA) could be used as one of the
main organic fertilizers, which is an important
component of humic substances. Potassium humate is
the salt of humic acid (Patil et al., 2010). Humic acids
are the most significant constituents of organic matter in
both soils and municipal waste compost, and have a
relevant role in the cycling of many elements in the
environment and in soil ecological functions (Senesi et
al., 1996). The direct and indirect beneficial effects of
HA on plant growth and development are related to its

effect on cell membranes which lead to the enhanced
transport of minerals, improved protein synthesis, plant
hormone-like  activity, promoted photosynthesis,
modified enzyme activities, solubility of micro-elements
and macro-clements, reduction of active levels of toxic
minerals and increased microbial populations (Hamideh
et al., 2013). Furthermore, Humic acid counteracted the
adverse effect of salinity by increasing nutrient uptake
and reduction of toxic metal intake from soil solution
(Asik et al., 2009; Masciandaro ef al., 2002). The humic
acid significantly increased some metabolic products of
plants i.e. photosynthetic pigments, total soluble sugars,
total carbohydrates, total amino acids and proline
(Safwat et al., 2014). These positive influences of
humic acid on plant growth could be mainly due to
hormone-like activities of the humic acids through their
involvement in cell respiration, photosynthesis,
oxidative phosphorelation, protein synthesis and various
enzymatic reactions (Chen and Aviad, 1990).

The aim of the current study is to investigate the
effect of potassium humate on alleviating the adverse
and hurt effect of sea water salinity and improving some
metabolic products (photosynthetic pigments, total
carbohydrate & protein contents and proline content) of
wheat plants.

MATERIALS AND METHODS

A lysimeter experiment was carried out during
(2013- 2014) growth season at the experimental station
of Agricultural Research, Sakha, Kafr-El Sheikh. The
experiment was conducted in split plot design; the
lysimeter area was (1 m?). The lysimeters were filled
with clay soil and irrigated with tap water until
complete germination. Saline solution at the EC
concentrations 6, 9 and 12 dS/m were prepared from
Mediterranean Sea water near Baltim and tap water was
used for dilution. The physical and chemical properties
of the soil are presented in Table (1).

Table 1. Physical and chemical properties of the soil used.

Particle size distribution

Chemical properties

o oo o = EC, Cations, meq/L Anions, meq/L
Sand% Silt% Clay% Texture PH dS'm Mg~ Ca® K Na° CO; * HCO, CI SO,”
16.56 31.26 52.18 Clay 823 376 49 75 0.8 267 - - 3.5 19.7  16.7

Suspension of * 1: 2.5 ** soil paste extract
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The grains of wheat plants (Triticum aestivum,
cv. sakha 93) obtained from the Department of Cereal
Research, Agricultural Research Station, Sakha, Kafr-El
Sheikh. Grains of wheat cultivar were planted on 15®
November in 2013 at equal distance and depth from the
soil surface. Soil was prepared before sowing and
fertilized with NPK at 75 kg N/Feddan as urea, 100 kg
P,Os / Feddan which added in the form of calcium
superphosphate (15.5% P,0s) and 50 kg K,O/ Feddan in

Table 2. Chemical analysis of the sea water used.

the form of potassium sulphate (48% K20).
Superphosphate and potassium sulphate were added in
one dose before planting, whereas, nitrogen was added
at two equal intervals, the first one before the post
planting irrigation and the second dose at the tillering
stage (before the second irrigation).

Mediterranean Sea water analysis is shown in
Table (2) as determined in Agricultural Research
Station, Sakha.

Analvsis of EC, Cations and anions, meq/L
S:aav{;‘tse;’ pH dS/m ~Ca’ Mg~  Na K CO;>  HCO; Cr SO,
7.43 5450 75.50 14736 315.14 10.0 - 39.75 398.0 110.25

EC = electrical conductivity.

Potassium humate at rates of (4 and 8 kg/feddan)
were dissolved in distilled water and were added to soil
before planting. K-humate application was done either
alone or with sea water at different dilution levels.

Soil samples were air-dried and ground to pass
through a 2 mm sieve. The different determinations of
soil chemical and physical properties were carried out as
follows: particle size distribution of the sample was
determined according to the international method
(Piper, 1950). Soil acidity (pH) values were measured in
the soil water suspensions (1:2.5). Cations, anions and
total soluble salts were estimated in the 1:5 saturated
soil water extract. Plant samples were dried at 70 °C and
then weighted. Apart of the dried samples were wet
digested according to chapman and Pratt (1961).
Sodium and potassium was estimated by using the flame
photometer. Calcium and magnesium were determined
by using the versene method according to Jackson
(1967). Chloride was determined by titration with silver
nitrate and sulphate was determined by subtracting
anions from total cations while, total nitrogen was
determined by using the micro kjeldhal procedure.

At the studied season, plant samples were
collected randomly from the three replicates to study
some biochemical constituents of wheat plants
including: (chlorophyll a, chlorophyll b, carotenoids,
total carbohydrate contents, total protein contents and
proline content) after 45 days (vegetative stage), 65
days (heading stage) and 90 days (anthesis stage) from
sowing.

1. Photosynthetic pigments:

The photosynthetic pigments (chlorophyll 'a ',
chlorophyll 'b ' and carotenoids) were calorimetrically
determined according to Metzner et al. (1965) at the
tillering and heading stages.

The concentration of the pigment fractions
(chlorophyll 'a', chlorophyll o' and carotenoids) was
measured as pg/ ml using the following equations:
Chlorophyll a =10.3 Eg¢; — 0.918 Egyy = pg/ ml.
Chlorophyll b = 19.7 Eg44 — 3.870 Egg; = png/ ml.
Carotenoids = 4.2 E4s, 5 — (0.0264 chlorophyll a + 0.426
chlorophyll b) = pg/ ml.

2. Total carbohydrate contents:

Carbohydrate content was determined in plant
shoots according to Naguib (1962). The carbohydrate
content (gm/ 100 gm dry wt) was determined from a
standard curve using glucose sugar. Blank were

prepared using 1 ml of water instead of diluted filtrate
sugar solution.
3. Determination of total contents of protein:

The total nitrogen content was estimated in plant
shoots by modified micro-kjeldahel method as described
by Paech and Tracey (1956). The protein contents were
determined by multiplying the nitrogen 5.7 according to
Allen (1989). The results were expressed as (g/ 100 g
dry wt).

4. Determination of proline content:

Proline was determined in plant samples according
to Bates et al. (1973). The proline concentration was
determined by a standard, and method calculated on a dry
weight basis as (mg/ g dry wt).

Statistical analysis

The obtained results were statistically analyzed
using the least significant differences (LSD) at 0.05%
level of probability (Cochran and Cox, 1960).

RESULTS AND DISCUSSION

1. Photosynthetic pigments:

Results presented in Table (3) show the effect of
different concentrations of diluted sea water salinity on
photosynthetic pigments including chlorophyll ‘'a',
chlorophyll 'b' and carotenoids in the leaves of wheat
plants at two stages of growth; 45 days and 65 days
after sowing. Data show a significant and progressive
reduction in chlorophyll 'a', chlorophyll ' and
carotenoids  contents  with  increasing  salinity
concentrations, especially at high salinity concentration
(EC12 dS/m). These results were true during two
studied stages of wheat plants. Similar effects of salinity
upon photosynthetic pigments were reported by Abbasi
et al. (2015b) on maize plant and Ben Abdallah et al.
(2016) on Solanum nigrum. In addition, reduction in
chlorophyll concentrations is probably due to the
inhibitory effect of the accumulated toxic ions on the
biosynthesis of the different chlorophyll fractions in
Hibiscus sabdariffa (Ali et al., 2012).

Concerning the effect of application of K-humate
on photosynthetic pigments, results in Table (3) show that
K-humate application increased chlorophyll a, chlorophyll
b and carotenoids contents in leaves of wheat plants at two
stages of growth compared to control. Also, K-humate
treatments improved photosynthetic pigments for plants
grown under diluted sea water concentrations. Addition of
(4 & 8 kg/feddan) K-humate caused an increment in
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chlorophyll a, chlorophyll b and carotenoids contents for
plants grown under all salinity levels moreover, the high
level of K-humate treatments seemed to be the best one for
improving  photosynthetic ~ pigments under saline
conditions. Thus, it could be suggested that soil addition of
K-humate markedly improved chlorophyll a, chlorophyll b
and carotenoids contents of wheat plants irrigated with
diluted sea water at two tested stages during the studied
season. Cimrin ef al. (2010) found that the external supply
of humic acid on salt stressed plants caused a maximum
increase in all chlorophyll contents of pepper plants. This
increment of photosynthetic pigments as a result of
spraying plant with humic acid may be due to the role of
humic acid as growth regulator which promots of plant
development processes.

Table 3. Effect of salinity, potassium humate and
their interaction on photosynthetic pigments
(mg/g fw) in leaves of wheat plants at two
different growth stages.

Chlorophyll a Chlorophyllb Carotenoids

Parameters  “(mg/gfw)  (mglgfw)  (mg/g fw)
Treatments 45 65 45 65 45 65
days days days days days days
So 090 248 0.53 091 0.15 0.25
S 0.80 222 049 0.84 0.14 0.23
S, 0.73 205 042 0.73 0.11 0.18
S; 0.68 157 037 0.67 0.10 0.16
Kh; .S, 092 258 0.62 0966 0.17 0.30
Khy: Sg 096 256 0.61 0994 0.18 0.30
Kh;+ S, 0.89 244 0.61 095 0.15 0.29
Kh;+ S, 0.79 2.17 0.51 0.78 0.13 0.24
Kh,+ S; 0.72 166 049 0.73 0.12 0.23
Kh, + S, 0.84 224 0.55 0.85 0.14 0.26
Kh, + S, 0.83 224 0.54 0.81 0.14 0.25
Kh, + S; 0.77 181 0.51 0.79 0.13 0.25
LSDat5% 0.018 0.026 0.003 0.008 0.002 0.003

So = Control. S;=EC 6 dS/m. S;=EC 9dS/m. S; =EC 12 dS/m.
Kh, = 4 kg/feddan potassium humate.

Kh; = 8 kg/feddan potassium humate.

2. Total carbohydrate contents:

Total carbohydrate contents in shoot system of
wheat plants were significantly increased with increasing
salinity concentrations in growth medium at three studied
stages; 45, 65 and 90 days (Table 4). The increment in
total carbohydrate contents was directly proportional to
the concentrations of salinity. This increment in total
carbohydrate contents due to saline conditions might be
in turn playing an important role in increasing the
osmotic pressure of the cytoplasm (Arulbalchandran et
al., 2009). Similar effects of salinity upon total
carbohydrate contents were reported by Ghogdi et al.
(2012) in wheat plants and Shahid et al. (2014b) on
Pisum sativum. The application of K-humate treatments
in soils caused an increment in total carbohydrate
contents of wheat plants compared to untreated plants.
These results were obvious during the different growth
stages. The low rate of K-humate treatments gave the best
results for increasing total carbohydrate contents in
plants. Interestingly, results in Table (4) illustrate that soil
application of K-humate treatments (4 & 8 kg/feddan)
significantly increased the total carbohydrate contents in
shoot system of plants grown under different saline
conditions during the experimental period.

Table 4. Effect of salinity, potassium humate and
their interaction on total carbohydrate and
protein contents (g/100 g dry wt) in shoots of
wheat plants at different growth stages.

Total carbohydrate  Total protein

Parameters contents (%) contents (%)
45 65 90 45 65 90
Treatments days days days days days days
So 40.00 46.75 64.00 11.1 12.70 11.0
N 48.58 64.17 68.13 9.10 10.2 9.50
S, 65.25 76.00 79.00 8.23 8.63 6.54
S3 68.00 79.00 81.50 6.84 7.25 6.05
Khy. Sy 65.72 74.78 78.55 11.59 12.94 11.24
Kh, . Sy 63.09 72.68 77.22 11.58 12.90 11.13
Kh;+ S, 65.25 72.75 75.50 11.8 124 11.4
Kh,+ S, 68.50 81.00 82.83 8.75 9.13 7.25
Kh;+ S; 77.83 84.50 87.15 7.13 794 7.10
Kh, + S, 59.50 69.33 71.5 11.0 11.3 10.7
Kh, + S, 66.00 79.50 81.00 9.46 10.0 8.96
Kh, + S; 75.17 82.83 85.50 7.75 892 7.62
LSD at 5% 1.17 0.88 0.76 036 0.32 0.24

Sy = Control. S; =EC 6 dS/m. S,=EC 9 dS/m. S;=EC 12 dS/m.
Kh,; = 4 kg/feddan potassium humate.
Kh, = 8 kg/feddan potassium humate.

The low level of K-humate treatments seemed to
be the best one for improving total carbohydrate
contents under saline conditions at the three growth
stages during the growth season.

3. Total protein contents:

The results in (Table 4) reveal that total protein
content in shoot of wheat plants was significantly
decreased with increasing diluted sea water
concentrations. This depression in total protein content
was true for three growth stages during the studied
season. Salinity caused a degradation of protein in
various plant parts by stimulating protease activity of
wheat plants (Aldesuquy et al., 2012). Similar results
were also reported by Oosterhuis et al. (2013) on cotton
plants and Muneer and Jeong (2015) on tomato plants.

The results declared a pronounced increment was
achieved in total protein contents of wheat plants under
controlled conditions and treated with K-humate at (4 &
8 kg/feddan) as pretreated in soil. This was more
obvious when the low rate of K-humate was used.
Additionally, using K-humate increased protein contents
in shoot of wheat plants grown under saline conditions
compared to untreated salinized conditions.

The high level of K-humate seemed to be the best
one for improving total protein contents for plants
grown under saline conditions. Natural humic acids can
be used an ecological alternative to increase tolerance of
plants to drought, because they have been shown to
stimulate protein synthesis and its activity (Muscolo et
al., 2007). Humic acids play this role through a
phytohormonal mechanism and many studies have
found that it can dramatically stimulate H ATPase in
plants (Dobbs et al., 2010).

4. Proline content:

Under saline conditions, results in Table (5)
declare that proline content in shoot of wheat plants was
significantly increased as a result of salinity treatments
in the three stages during the growing season. Similar
results were reported by Shahid et al. (2014a) on Pisum
sativum and Bazzar and Hossain (2015) on soybean
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plant. Additionally, Proline accumulation under water
stress facilitates the permanent synthesis of soluble
substances in closing stomata which reduce losing of
water (Ghorbanli et al., 2013).

Proline content was significantly increased by
applying K-humate compared to control value. This
increment was more obvious at low rate of K-humate.
Moreover, proline content was significantly increased in
plants treated with K-humate at the three stages. Proline
is known to be involved in osmoregulation, acts as free
radical scavenger (Yildiz and Terzi, 2013) and is
typically elevated by NaCl in various species such as
barley cultivars (Haddadi et al., 2016).

Table 5. Effect of salinity, potassium humate and
their interactions on proline content (mg/
g dry wt) in shoots of wheat plants at
different growth stages.

Parameter Proline content (mg/ g dry wt)
Treatments 45 days 65 days 90 days
So 0.60 0.66 0.99
S 0.69 0.78 1.04
S, 0.79 094 1.56
S; 0.86 1.18 1.92
Kh+ S, 1.44 1.78 2.24
Khy+ S, 1.22 1.50 1.81
Kh+ S, 1.01 1.82 2.24
Kh+ S, 1.18 1.89 2.37
Kh,+ S; 2.04 2.08 2.79
Kh; +S; 0.79 1.31 1.63
Kh, + S, 0.81 1.34 1.85
Kh, +S; 1.01 1.48 1.96
LSD at5% 0.04 0.02 0.04

So = Control. S;=EC 6dS/m. S,=EC9dS/m. S;=EC 12 dS/m.
Kh, = 4 kg/feddan potassium humate.
Kh; = 8 kg/feddan potassium humate.
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