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ABSTRACT
Driven by spreading Jerusalem artichoke (sunchoke) cultivation for increasing food production and to reduce
environmental risks of intensive inorganic fertilization, the target of this research is to evaluate the influences of using potassium
humate as organic fertilizer on soil properties, microbial activities, and yield components of Jerusalem artichoke and to see if the
removal of immature flowers will affect the plant growth. To achieve this target, Jerusalem artichoke tubers were planted in clay
loam soil during two successive summer seasons of 2014 and 2015 in the Middle Egypt. Results showed that using potassium
humate at a rate of 5 kg ha-1 in combination with full or half the recommended dose of NPK fertilizers increased the microbial
and enzymatic activities in soil and promoted soil fertility which resulted in increasing nutrients uptake, enhancing the vegetative
growth and increasing tubers and foliage yields of sunchoke. Also, using potassium humate along with cutting the immature
flowers from the sunchoke plants increased the enzymes activities compared to those plants left with flowers until harvesting
their tubers. Moreover, using potassium humate plus only 50% of NPK and/or removal of immature flowers showed the best
desirable characteristics comparing to using the expensive full dose of NPK separately. The use of potassium humate as organic
fertilizer is recommended to replace partially chemical fertilizer. These findings encourage the economic cultivation of Jerusalem
artichoke in Egypt.
Keywords: Sunchoke, Potassium humate, Immature flowers removal, Soil health, Microbial activities

INTRODUCTION
Jerusalem artichoke (Helianthus tuberosus L.),
also known as sunchoke, is native to North America and
is a perennial of the Asteraceae (Compositae) family,
which includes lettuce and sunflower (Dias et al., 2016).
Conventionally, Jerusalem artichoke has been used for
human food or animal fodder. For the past two decades,
alternative uses have been explored especially for the
production of functional food ingredients (inulin,
oligofructose and fructose) and biomass crop for ethanol
and biogas production. Sunchoke has valuable
characteristics over traditionally agronomic crops,
including high growth rate, good tolerance to different
climate, drought and infertile soils, strong resistance to
pests and diseases, with minimum fertilizer
requirements (Yang et al., 2015).
In Egypt, to increase the food production for the
growing population, NPK chemical fertilizers,
pesticides and herbicides have been intensively applied.
Soluble NPK chemical fertilizers increase crop yield
because plants exploit these nutrients directly or
indirectly provided by these inorganic fertilizers.
Various undesirable risk effects on the soil ecosystem
like soil degradation, loss of biodiversity and
groundwater pollution imparted by the unceasing and
comprehensive use of chemical fertilizers (Kaur et al.,
2008; Chaudhry et al., 2009; Maji et al., 2017). Humic
substances (HS) when applied to the soil as a
substitution for chemical fertilizers, improves soil
physicochemical properties as well as soil microbial
activities, which increase plant growth and yield
components.
Therefore, the application of HS such as
potassium humate has become one of the available
choices to rehabilitate the degraded soils. Humic
substances is a vital component of soil organic matter
and soils devoid from HS are difficult to be sustained
fertile even with large applications of synthetic
fertilizers. In addition, effects of HS on soil and plant
are longer lived than synthetic fertilizers. Humic
substances acts as a catalyst to stimulate microbial
activity and reduces the adverse influences of
agrochemicals in the soil environment. Application of

HS in very low concentrations has been reported to
enhance plant growth parameters and nutrition status
and soil physiochemical properties due to its ability to
form complexes with elements suitable for assimilation
by plant (Memon and Khetran, 2014). However, limited
studies on the effect of HS on microbial and enzymes
activity have been made.
The humic substances play an important role in
the soil workability and plant nutrition and consider one
of the most important soil consistency factors of the
life processes and can be a source of nutrients for soil
microorganisms (Theunissen et al., 2010). Humic
substances are derived from decomposition of organic
matter and they also comprise 50 to 90% of the organic
matter of peat and lignite (Shahryari et al., 2009;
Memon and Khetran, 2014). Humic substances
commercially available in the form of inexpensive
soluble salts, referred to as potassium humates and
potassium fulvates (Imbufe et al., 2005). Several
researches investigated the application of HS as a soil
conditioner and plant growth stimulator.
The addition of HS to soils can have important
implications on the soil physical, chemical, and
biological characteristics. Addition of HS improved
aggregation in soils with a range of texture grades and
mineral suites (Quilty and Cattle, 2011). Humic
substances used as soil application significantly
increased N, P, K, Ca, Mg, S, Mn and Cu contents in
shoot of pepper seedling, while N, P, K, Ca, S, Fe, Mn,
Zn and Cu contents in root were increased (Çimrin et
al., 2010). Interacting with soil microorganisms, HS
even in small amounts affect their growth by inhibiting
(Loffredo et al., 2007) or stimulating it, due to its
capability of defending soil biota against the toxic
effect of pollutants (Trevisan et al., 2010). Soils with
high HS encourage plant growth, making them more
adapted, healthier, increasing yields with a larger
nutritional quality of harvested foods and feeds (Pettit,
2004).
Despite the actual interest in Jerusalem
artichoke, studies that evaluate field performances of
this crop are still scarce especially in Egypt. Hence, the
aim of this study is to spread the cultivation of this
valuable crop in the Middle Egypt (El-Minia region). To
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achieve this aim, the specific objectives were: 1) to
study the effects of potassium humate as a substitution
for NPK chemical fertilizers along with studying the
effect of potassium humate on soil properties, microbial
activity, and yield components, 2) to study the effects of
cutting immature flowers (topping the plants) on growth
parameters and yield components.

5- Potassium humate + 50% of NPK dose + cutting the
immature flowers.
6- Potassium humate + 100% of NPK dose + cutting
the immature flowers.
HUMUS® WSG 90 product of potassium humate
was imported and used in this study. This product
contains 85% K-humate and 10-12% K2O. The product
MATERIALS AND METHODS
is in powder form and it was dissolved in water for two
Experiment research was carried out for two hours before use as furrow irrigation water. The
successive seasons of 2014 and 2015 at the Vegetables potassium humate applications were done twice; the
Scientific Experimental Farm, Horticulture Department, first time after tubers plantation and the second after full
Faculty of agriculture, Minia University, Minia, Egypt. germination of the tubers (about one month after tubers
To investigate the effects of potassium humate in plantation).
combination with NPK chemical fertilizers along with Recorded data
cutting immature flowers on soil fertility, soil enzymatic
Data of the plant height (cm), number of
and microbial properties, plants growth and yield branches/plant were recorded just 10 days after cutting
components of sunchoke. The field was well prepared immature flowers when plants were fully vegetative
before plantation and the investigated clay loam soil grown. The average fresh weight of plants and tubers
was divided into plots (3x3.5 m) distributed in a (kg); (ten plants and their tubers were randomly
randomized complete block design (RCBD) (six collected from each replicate) along with number of
treatments × three replicates). Jerusalem artichoke tubers/plant were recorded after harvesting the sunchoke
tubers (Helianthus tuberosus L., Egyptian clone) was plants in the beginning of October 2014 and 2015.
kindly obtained from the Vegetative Propagated Average dry weight of the collected plants (kg) was
Vegetables Department, Egyptian Agricultural Research recorded after complete drying of these plants under
Center, Giza, Egypt.
sunrays in an open sunny place.
In the beginning of April 2014 and 2015, plots
consisted of rows (70 cm apart) were planted with Soil and plant analyses
Soil samples were collected after harvest from
sunchoke tubers (seeds) in the middle of each row (30
cm apart) and were slightly covered with smooth soil. the top 20 cm of soil for analyses. All soil and microbial
The recommended NPK fertilizers doses according to analyses were carried out in Soil and Microbiology
the Egyptian Ministry of Agriculture Protocol was used Departments, Faculty of agriculture, Minia University,
as follow; 350 kg ammonium nitrate (33.5% N), 950 kg Minia, Egypt. Soil samples were air dried and ground to
calcium super phosphate (15.5% P2O5) and 240 kg pass through a 2-mm sieve for soil chemical properties
potassium sulfate (48% K2O) per hectare. Potassium
humate as a substitution for NPK chemical fertilizers analyses in accordance with Page, 1982. Standard
was applied at a rate of 5 kg ha-1 in combination with methods have also been derived from Avery and
full or half recommended doses of NPK fertilizers. Bascombe, 1982 and methods of soil analyses (Black et
Immature flowers were removed or not removed from al., 1965). The nutritional status of Jerusalem artichoke
sunchoke plants just after blooming and before opening plants was checked by determination the content of
to see if the removal of immature flowers will affect nutritional elements of NPK in Jerusalem artichoke
plant growth and yield components. Treatments used in leaves collected from experimental plots 10 days after
both seasons were as follow:
cutting immature flowers. Plant leaves were oven dried
1- Full dose (100%) of NPK.
at 65oC and ground, digested using H2SO4 and H2O2 and
2- Potassium humate + 100% of NPK dose.
analyzed
according to the procedures described by Page,
3- Potassium humate + 50% of NPK dose.
1982.
Soil
chemical and physical properties of the
4- 100% of NPK + cutting the immature flowers.
investigated farmland soil showed in Table (1).
Table 1. Chemical and physical characteristics of the investigated soil.
Particle size distribution %
pH
EC dSm-1
SOC*
3
Soil texture gCaCO
Coarse
-1
kg
1:2.5
1:2.5
g kg-1
Fine
Sand
Silt
Clay
Sand
7.30
28.90
27.86
35.94
Clay loam
32
8.04
0.52
6.0
* SOC: Soil organic carbon

amidase activity, but without buffer or toluene, at 30oC
for 2 h. The same procedure used for formamide
hydrolysis was used for arginine, asparagine, and
glutamine hydrolysis, but 50 mM of L_arginine,
L_asparagine, or L_glutamine, respectively, was used as
a substrate for arginase, asparaginase, or glutaminase
activity (Frankenberger and Tabatabai, 1991a, b).
The hydrolysis of ρ_nitrophenyl _β_ D_
glucopyranoside was determined as described by
Tabatabai, 1994 and Haddad et al., 2013. The same
method used for determination of the rate of hydrolysis
of p_nitrophenyl_ β_D_glucopyranoside was used for
determination of the hydrolysis of p-nitrophenyl_ N_
acetyl_ β_ D_glucosaminide. All substrate hydrolyses

Microbial Biomass C and N
Microbial biomass (Cmic) was determined by the
fumigation_extraction method as described by Vance et
al. (1987). The concentration of organic C in the extract
was determined with a carbon analyzer (Shimadzu
Model TOC-5050) after acidification with one drop of 2
M HCl to remove any dissolved carbonate.
Microbial biomass N (Nmic) was determined by the
chloroform fumigation-incubation method described by
Horwath and Paul (1994). The NH4-N thus extracted
was determined in a 20-ml aliquot of the extract by
steam distillation (Keeney and Nelson, 1982).
Hydrolasis of enzyme substrates
Formamide hydrolysis was determined as
described by Frankenberger and Tabatabai (1980) for
34
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were performed in triplicates and one control using
field_ moist soils expressed on an oven-dried basis.
Statistical analyses
Collected data were subjected to the analysis of
variance (ANOVA) and means were compared using
the Duncan Multiple Range test and/or the Least
Significant Difference (L.S.D.) at 95% confidence using
the MSTATC program Ver. 4.0 (Michigan University,
USA) according to Gomez and Gomez (1984).

those values were less than those obtained from plants
treated with potassium humate + 50% NPK + cutting
immature flowers in both seasons. In addition, there
were insignificant differences in plant dry weight values
of plants only received 100% of NPK (1.11 and 1.03 kg)
and those received 50% of NPK dose but treated with
potassium humate (1.11 and 0.96 kg) in both seasons,
respectively. From this phenomenon, it`s clear that
potassium humate and removing the immature flowers
had a positive effect on both plant fresh and dry weight
as they increased the average plant fresh and dry
weights and saved 50% of the chemical fertilizers
(NPK) as shown in Table (2).
The average plant height values for all treatments
were 2.10 and 2.04 m in both seasons, respectively.
Results of this characteristic was dissimilar to the
average plant fresh and dry weight characteristics as
treating soil with full dose of NPK with potassium
humate without cutting immature flowers increased the
heights of sunchoke plants compared to plants with
cutting flowers which resulted in shorter plants as
shown in Table (2). Plants received 100% of NPK with
potassium humate showed the significant highest values
(2.39 and 2.30 m), while plants received only 50% of
NPK dose + potassium humate + cutting flowers
showed the lowest values in both seasons (1.81 and 1.80
m).

RESULTS AND DISCUSSION
Horticultural characteristics
Vegetative growth parameters (fodder yield)
The average fresh and dry weights of total
vegetative sunchoke plants, used as animal fodder, were
4.22, 4.13 and 1.32, 1.29 kg/plant in both seasons,
respectively. Treating plants with potassium humate and
cutting immature flowers plus 50% or 100% of NPK
increased significantly fresh and dry weights of the
plants compared to other treatments (Table 2). Plants
received the full dose of NPK, treated with potassium
humate and cutting immature flowers showed the
highest significant values of plant fresh and dry weights
in both seasons, while plants only received the full dose
of NPK showed the lowest values of plant fresh weight.
Interestingly, plants treated with potassium humate plus
50% and 100% of NPK doses gave insignificant
different values of plant fresh and dry weights, while

Table 2. Changes in yield components of sunchoke plants grown on clay loam soil (two successive seasons of
(2014 - 2015)
Plant fresh
weight
(kg)
2014 2015
3.04 e 2.82 d
3.77 cd 3.71 c
4.08 c 4.03 bc
3.65 d 3.73 c

Plant dry
weight
(kg)
2014 2015
1,11 c 1,03 cd
1,11 c 0,96 d
1,38 b 1,30 b
1,11 c 1,20 bc

Plant
No of
Fresh
Height
branches/
yield/plant
(m)
plant
(kg)
2014 2015 2014
2015 2014 2015
2.27 b 2.18 ab 14.00 ab 14.00 a 3.57 c 3.67 c
2.12 c 1.89 c 8.67 c 10.00 c 3.58 c 3.53 c
2.39 a 2.30 a 13.33 ab 14.00 a 3.82 b 4.41 b
1.94 d 1.92 c 12.67 b 12.33 ab 4.06 b 3.78 c

No of
tubers/
plant
2014 2015
40.00 c 43.0 b
35.00 d 34.0 c
47.33 b 54.0 a
42.00 c 45.0 b

Single tuber
fresh
weight (g)
2014 2015
87.1 c 86.7 c
102.7 b 102.9 b
82.4 c 81.0 c
96.8 b 100.2 b

100% NPK
Humic acid + 50% NPK
Humic acid + 100% NPK
100% NPK + Cut
Humic acid + 50% NPK +
4.86 b 4.65 b 1,51 b 1,62 a 1.81 e 1.80 c 9.67 c 10.67 bc 4.07 b 3.79 c 31.67 d 33.0 c 128.8 a 120.2 a
Cut
Humic acid + 100% NPK +
5.89 a 5.82 a 1,69 a 1,65 a 2.08 c 2.15 b 14.33 a 13.33 a 5.15 a 5.05 a 51.67 a 46.0 b 99.8 b 100.2 b
Cut
Mean
4.22
4.13
1.32
1.29
2.10 2.04 12.11
12.39 4.04 4.04 41.28 42.50 99.61 99.65
*Different letters in the same column indicate significant differences (p < 0.05) between the treatments

The general average number of branches/plant
was 12.11 and 12.39 in both seasons, respectively.
Results of this plant characteristic were almost irregular
compared to other characteristics. Chemical fertilizers
(NPK) increased the number of branches in sunchoke
plants fertilized with 100% NPK either alone or in
combination with all treatments (Table 2). The full dose
increased number of branches/plant to reach 14.33 in
the first season when potassium humate was added to
the full dose of NPK and the immature flowers were
removed from plants. Also, using NPK only but in full
dose gave the same result (14.0) in both seasons. On the
contrary, both treatments (potassium humate + 50%
NPK and potassium humate + 50% NPK + cut) gave
lowest values of number of branches/plant (8.76 and
9.67), respectively (Table 2).
Fresh tubers yield (kg/plant) and yield components
The treatment with (potassium humate + 100%
NPK + cut) resulted in the highest significant yield of
sunchoke plants where fresh tubers were 5.15 and 5.05
kg/plant in both seasons, respectively (Table 2). This
was followed by (potassium humate + 100% NPK) in

the second season (4.41 kg/plant) followed by the
treatment (potassium humate + 50% NPK + cut) in the
first season (4.07 kg/plant). On the other hand, the
treatment (potassium humate + 50% NPK) produced
lowest fresh yield of tubers/plant (3.58 and 3.67
kg/plant), but interestingly it was similar to the
treatment (100% NPK) which gave (3.57 and 3.67
kg/plant) in both seasons.
Moreover, it is clear from the results of this
characteristic that removing the immature flowers from
the sunchoke plants increased the fresh tubers yield
compared to plants left with flowers until harvesting
(Table 2). Cutting immature flowers promoted much
growth of sunchoke plants by stimulating lateral shoots
and root growth, thus may be improved soil microbial
activity which reflected in increasing soil nutrient
availability. Treating plants with (potassium humate +
100% NPK + cut) in the first season and (potassium
humate + 100% NPK) in the second season resulted in
the highest number of fresh tubers/plant (51.67 and
54.0, respectively), followed by all treatments included
the full dose of NPK (Table 2). On the other hand, the
35
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treatment (potassium humate + 50% NPK + cut) gave humate and cutting immature flowers have impressive
the lowest values of number of fresh tubers/plant in both impact upon soil chemical properties and consequently
seasons (31.67 and 33.0). It has been stated that increased plant growth parameters as they increased the
potassium humate produces plant hormones or growth average plant NPK uptake, plant fresh and dry weights
regulators that may affect plant growth (Yang et al., and sunchoke yield.
There was a significant increase in SOC (g kg-1)
2004).
As shown in Table (2), the treatment (potassium with potassium humate in combination with half
humate + 50% NPK + cut) resulted in the highest values recommended dose of NPK without immature flowers
of single tuber fresh weight (128.8 and 120.2 g) in both cutting (7.3 g kg-1) and potassium humate + 50% NPK +
seasons, respectively, followed by the treatment Cut (7.5 g kg-1) treated plots compared to treatments of
(potassium humate + 50% NPK) in both seasons, too 100% NPK (6.1 g kg-1) and 100% NPK + Cut (6.2 g kg(102.7 and 102.9 g, respectively). The treatment 1) plots. Additionally, soil plots treated with potassium
(potassium humate + 100% NPK + cut) which gave the humate in combination with half recommended dose of
highest values of number of tubers/plant gave tubers NPK with or without immature flowers cutting caused a
with moderate weights in both seasons (99.8 and 100.2 significant increase in SOC% in comparison with those
g). Moreover, when the full dose of NPK was used treated with potassium humate in combination with full
alone or combined with potassium humate without recommended dose of NPK with or without immature
cutting immature flowers, resulted in the lowest values flowers cutting. The potassium humate in combination
of average single tuber weights in both seasons (87.1 with either 75% or 100% of the recommended dose of
and 86.7 g) and (82.4 and 81.0 g) respectively. This NPK had an effect on SOC of the soil in alfisol and
phenomenon means that potassium humate and cutting inceptisol (Bama et al., 2008).
Potassium humate incorporated into the soil
immature flowers have great impact on plant growth as
they increased number of tubers and the average single investigated significantly improved some soil chemical
tuber weights as shown in Table (2). Potassium humates properties and insignificantly and slightly decreased soil
may stimulate shoot and root growth, and improve pH, which is a positive effect in terms of nutrient
resistance to environmental stress in plant (Shahryari et availability in alkaline soils (Table 3). As with
potassium humate addition in this study, the soil organic
al., 2009).
carbon (SOC) of soil increases in proportion to the
Clarification of Soil properties
Results of this research showed that treating soil amount of humic acid as organic matter, thereby
with potassium humate in combination with full or half increasing nutrient availability for sunchoke plant
dose of NPK fertilizers with cutting or not immature uptake and microbial biomass and thus increased soil
flowers significantly increased SOC, available NPK and fertility. Differences in soil carbon availability affect
decreased soil EC compared to plants treated with NPK soil health, structure and microbial biomass with
alone. These studied treatments however insignificantly elevated concentrations (Truu, et al., 2008). Changes in
decreased soil pH (Table 3), and this might be due to the soil chemical, physical and biological properties as a
relatively high buffering capacity of the studied soil. result of organic matter addition are considered as
Plants received the full dose of NPK, treated with important factors of soil quality and land uses impacts
potassium humate and their immature flowers were cut in numerous studies (Stores et al., 2005; Truu et al.,
showed the highest significant values of these soil 2008, Madejon et al., 2009).
chemical properties. These phenomena mean potassium
Table 3. Changes in soil chemical properties after two seasons of cultivation.
Treatments
100% NPK
Potassium humate + 50% NPK
Potassium humate + 100% NPK
100% NPK + Cut
Potassium humate + 50% NPK + Cut
Potassium humate + 100% NPK + Cut

pH
8.04 a*
7.94 a
7.95 a
8.00 a
7.92 a
7.94 a

EC
dSm-1
0.54 b
0.41 e
0.46 d
0.63 a
0.45 d
0.47 c

SOC
g kg-1
6.1 c
7.3 a
6.9 b
6.2 c
7.5 a
7.0 b

Available N Available P Available K
mg Kg-1
mg Kg-1
mg Kg-1
60.0 b
7.43 c
226.4 c
64.8 ab
7.98 bc
236.1 c
66.8 ab
8.31 abc
241.5 bc
59.6 b
7.32 c
226.2 c
74.5 a
9.45 a
262.3 a
73.5 a
9.11 ab
257.1 ab

*Different letters in the same column indicate significant differences (p < 0.05) between the treatments

matter, and hence improve the physical, chemical and
biological properties. Consequently, the availability of
nutrients for plants as well as soil characteristics should
be improved, El-Ghozoli (2003) on faba bean plants; ElGhanam and El-Ghozoli (2006); Sayed et al., (2004) on
valencia orange and Karakurt et al. (2009) on pepper.
Soil and plant nutrients status
Potassium humate treatments either with half or
full recommended dose of NPK with immature flowers
cutting caused a significant increase in available N,
available P and K in comparison with 100% NPK and
100% NPK + Cut treatments. However, there was no
significant difference among 100% NPK, 100% NPK +
Cut, potassium humate + 50% NPK and potassium

Humic substances such as potassium humate,
fulvic acid, are the major components (65-70%) of soil
organic matter, increase plant growth enormously due to
increasing cell membrane permeability, respiration,
photosynthesis, oxygen and phosphorus uptake, and
supplying root cell growth (Russo and Berlyn, 1990).
Many field experiments indicated that the combined
application of 100% NPK along with foliar spray of
humic at the rate of 0.2% was significantly superior in
increasing the yield and nutrients uptake by plants
(Elayaraja et al., 2011). Many investigators indicated
that potassium humate as an organic fertilizer could be
applied as fertilizers, conditioners or both together.
Potassium humate materials increase soil organic
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humate + 100% NPK treatments. Soluble N was in- 1983). This is related to the surface activity of HS
increased from 60 and 59.6 mg Kg-1in plots with 100% resulting from the presence of both hydrophilic and
NPK and 100% NPK + Cut to 74.5 and 73.5 mg Kg-1 in hydrophobic sites (Chen and Schnitzer 1978). Available
plots treated with potassium humate in combination K was significantly higher in soil plots treated with
with half/full recommended dose of NPK with potassium humate in combination with half
immature flowers cutting, respectively, Table (3). recommended dose of NPK with immature flowers
Furthermore, there was no significant difference within cutting (262.3 mg Kg-1) than in soil plots treated with
treatments with potassium humate in combination with potassium humate in combination with half/full
half/full recommended dose of NPK with/without recommended dose of NPK without immature flowers
immature flowers cutting. The results obtained showed cutting (236.1 and 241.5 mgKg-1). However, there was
that available phosphorus was significantly increased no significant difference between plots treated with
with potassium humate treatment in combination with potassium humate in combination with half/full
half recommended dose of NPK with immature flowers recommended dose of NPK with immature flowers
cutting in comparison with the same treatment without cutting.
Potassium humate incorporated into soil
immature flowers cutting. On the other hand, no investigated caused significant improvements in NPK
significant difference in available P was noticed uptake by plant and so increased NPK concentrations of
between soil treated with potassium humate in sunchoke plants across all studied treatments as shown
combination with half/full recommended dose of NPK in Table (4).
Potassium humate has beneficial effects on
with immature flowers cutting and potassium humate
treatment in combination with half recommended dose nutrient uptake by plants and was particularly important
for transportation and availability of micro nutrient
of NPK without immature flowers cutting.
Humic substances have high cation exchange (Böhme and Thi Lua, 1997). Some studies reported that
capacity, therefore potassium humates can form chelates potassium humate can be used as a growth regulator to
with elements in soils. Humic substances may hold the regulate hormone level, improve plant growth and
existing and applied soil nutrients and consequently enhance stress tolerance (Piccolo et al., 1992).
enrich plant growth (Şahin et al., 2014). David et al. Potassium humate not only increased macro-nutrient
(1994) has reported that, promoted growth and nutrient contents, but also enhanced micro-nutrient contents of
uptake of plants was due to the addition of HS, which plant organs (Turkmen et al., 2004). The high solubility
made plants take more mineral elements as a result of of potassium humate in water affect the components of
better-developed root systems. In addition, the pore liquid causing changes in their physical properties,
stimulation of ions uptake in the applications of humic consequently influencing soil chemical and biological
materials led many investigators to proposing that these properties (Ling-Ling Zeng et al., 2016).
materials affect membrane permeability (Zientara,
Table 4. Plant nutrients status after two seasons of cultivation.
Plant uptake (g/plant)
Treatments
N (%)
P (%)
K (%)
N
P
K
100% NPK
1.83 d
0.30 d
1.64 d
1.89 d
0.31 d
1.69 d
Potassium humate + 50% NPK
1.81 d
0.30 d
1.61 d
1.74 e
0.29 d
1.55 e
Potassium humate + 100% NPK
1.96 c
0.32 bc
1.73 c
2.55 c
0.41 c
2.25 c
100% NPK + Cut
2.05 b
0.33 ab
1.84 b
2.46 c
0.40 c
2.21 c
Potassium humate + 50% NPK + Cut
2.06 b
0.31 cd
1.75 c
3.34 b
0.50 b
2.84 b
Potassium humate + 100% NPK + Cut
2.30 a
0.34 a
2.00 a
3.80 a
0.56 a
3.30 a
*Different letters in the same column indicate significant differences (p < 0.05) between the treatments

influential factor contributing to the Cmic measured. Cmic
accumulated at lower levels in the case of using
chemical fertilizers of NPK alone was due to lowering
levels of microbial biomass by the inorganic N fertilizer
(Wang et al., 2008; Fang et al., 2009). Wallenstein et
al., (2006) stated that inorganic N addition lowered Cmic
by 40-59% and Cmic had negative relationships with
total N inputs in both mineral and organic soils.
In contrast, chemical fertilizers of NPK added to
soil alone significantly increased Nmic levels compared
with using potassium humate in combination with full
or half dose of NPK fertilizers either immature flowers
removed or not. This was due to the availability of N
increased after inorganic N fertilizers additions and so
microbes immobilized N (Wang et al., 2008). The Nmic
values decreased from 43.9 to 14.6 mg kg-1 of soil in
full dose (100%) chemical fertilizers of NPK alone plus
cutting the immature flowers and potassium humate +
100% of NPK dose plus cutting the immature flowers,
respectively. Similar trends were obtained between the
ratios of Cmic:Nmic where the lower ratios were observed
in treatments involving chemical fertilizers of NPK
alone compared to humate treatments. The C:N ratios of
the microbial biomass Cmic and Nmic ranged from 2.3 in
full dose (100%) of NPK to 9.4 in the potassium humate

Microbial biomass Carbon and Nitrogen:
Results of this research showed that using
potassium humate in combination with full or half dose
of NPK fertilizers significantly increased microbial
biomass C (Cmic). The Cmic values ranged from 98.3 to
204 mg kg-1 of soil in full dose (100%) of NPK and
potassium humate + 100% of NPK dose + cutting the
immature
flowers
respectively,
demonstrating
significant variations across treatments. The highest
significant soil microbial biomass C was obtained with
potassium humate + 100% of NPK dose + cutting the
immature flowers, followed by the potassium humate +
50% of NPK dose + cutting the immature flowers and
potassium humate + 50% of NPK dose, respectively
(Fig. 1). Microbial biomass C and N (Cmic and Nmic) are
the most important biochemical pools that affect the
nitrogen mineralization process in soils, and early
indicator of changes in total soil organic carbon.
Using chemical NPK fertilizers alone led to a
significant reduction in Cmic compared to NPK
fertilizers plus humate with cutting or not immature
flowers. Actually, the soil organic carbon (SOC) level
due to inorganic fertilizers addition was almost nil. In
contrast, the stock of readily metabolizable C in
potassium humate is expected to have been the most
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largely been regarded as insignificant (Allen and
Schlesinger, 2004).

C mic (mg kg-1 soil)

+ 50% of NPK dose + cutting the immature flowers. In
this research, the effect of other inorganic fertilizers of P
and K used apart from N on soil microbial biomass has
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Fig. 1 Soil microbial biomass under various chemical NPK fertilizers plus potassium humate combinations.
harvesting their tubers. This presumably was because a
Enzymes activity:
In this study, the treatment with (potassium greater proportion from the minerals and nutrients went
humate + 100% NPK + cut) resulted in the significant in to the root zone, hence, with the availability of nutrients
crease of all specific enzymes hydrolysis. This was in the rhizosphere, the microbial population and activity
followed by (potassium humate + 50% NPK + cut) and will be increased and thus increased the enzymatic
(potassium humate + 100% NPK) respectively (Fig. 2). activity also. Hydrolysis of several substrates in soils
can be used for estimation of microbial biomass,
Moreover, it is clear from the results that using potassi
um humate and cutting the immature flowers from the enzyme activities have been suggested as early
sunchoke plants increased the enzymes activities indicators of changes in soil properties, because of their
compared to those plants left with flowers until rapid response to change in management practices, their
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relationship to soil biology, and the ease and accuracy
of the assay (Dick and Tabatabai, 1993).
Microbial biomass C and N are the most
important biochemical pools that affect the nitrogen
mineralization process in soils, and early indicator of
changes in total soil organic carbon (Haddad et al.,
2013). Humic substances are the largest constituent of
soil organic matter (∼60%) and are considered as a key
component of the terrestrial ecosystem, being
responsible for many complex chemical reactions in soil
(Stevenson, 1994). As potassium humate addition in
this study, led to an increase in SOC and decrease in soil
pH and consequently increased soil microbial activity
which in turn increase nutrients solubility for plant
uptake. Nowadays, for sustainable agriculture, the use
of potassium humate as organic soil fertilizer is
recommended to replace chemical fertilizer. Results of

this study indicated that using combinations of
potassium humate and half recommended levels of NPK
fertilizers with the removal of immature artichoke
flowers had improved significantly soil fertility, induced
active biological soil conditions for enzymatic and
microbial activities and consequently stimulated all
artichoke plant trait qualities. In addition, increasing
microbial populations resulting from potassium humate
addition to soils may have influenced plant growth
indirectly by increasing elements mineralization.
The mechanism by which humic substance
influence enzyme activities is still not completely
understood. Several hypotheses have been suggested.
The effect of addition of potassium humate was strong
enough to produce significant results on the enzymes
activity (Piccolo et al., 1996).
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Fig. 2. Enzymes activities in soil under various chemical NPK fertilizers plus potassium humate combinations
in solution culture. Journal of Plant Nutrition, 17:
173-184.
Results of this study indicated that soils treated
with potassium humate in combination with chemical
fertilizers of NPK had a significantly greater enzymatic
and microbial activities than soils that received
chemical NPK fertilizers alone. There are substantial
evidences demonstrating that microorganisms, including
bacteria, fungi, yeasts, actinomycetes and algae
resulting from potassium humate are capable of
producing plant growth regulators (PGRs) such as
auxins, gibberellins, cytokinins, ethylene and abscisic
acid in appreciable quantities (Frankenberger and
Arshad, 1995).

CONCLUSION
The present study concludes that treated soil with
potassium humate in combination with full dose of NPK
chemical fertilizers and cutting immature sunchoke
flowers almost gave the highest values of yield
components of sunchoke. On the other hand, using just
50 % of NPK recommended dose in combination with
potassium humate with cutting immature sunchoke
flowers caused the best positive changes in soil
physiochemical properties, enzymatic and microbial
activities and consequently plant growth parameters as
using full NPK recommended dose.
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إضافة ھيومات البوتاسيوم وقطع األزھار غير الناضجة يؤثر على خواص التربة والنشاط الميكروبى ومكونات محصول نبات
الطرطوفة
٣
٢
١
 عمرو أحمد محمود ھمام و سمير أحمد حداد، ياسر محمود مصطفى١
 مصر، المنيا، جامعة المنيا، كلية الزراعة،قسم البساتين
 مصر، المنيا، جامعة المنيا، كلية الزراعة، قسم األراضى٢٣
 مصر، المنيا، جامعة المنيا، كلية الزراعة،قسم الميكروبيولوجيا الزراعية

 كان الھدف من ھذه،من أجل العمل على انتشار زراعة نبات الطرطوفة لزيادة االنتاج الغذائى وتقليل المخاطر البيئية للتسميد الكيماوى )المعدنى( المكثف
الدراسة العمل على تقييم تأثيرات استخدام ھيومات البوتاسيوم كسماد عضوى على خواص التربة والنشاط الميكروبى ومكونات محصول الطرطوفة وأيضا لنرى اذا ما
٢٠١٤  لتنفيذ ھذا الھدف زرعت درنات نبات الطرطوفة فى ارض طميية طينية خالل موسمين زراعيين.كان قطع األزھار غير الناضجة سوف يؤثر على النمو النباتى
ھكتار مع اضافة نصف أو كل الجرعة الموصى بھا من األسمدة/ كجم٥  أظھرت النتائج أن استخدام ھيومات البوتاسيوم بمعدل. م فى منطقة مصر الوسطى٢٠١٥ –
النيتروجينية والفوسفاتية والبوتاسية أدى الى زيادة النشاطات الميكروبية واالنزيمية بالتربة وكذلك خصوبة التربة والتى أدت بدورھا الى زيادة امتصاص العناصر
 أيضا استخدام ھيومات البوتاسيوم مع قطع األزھار غير الناضجة لنباتات.الغذائية مما أدى الى تشجيع النمو الخضرى وزيادة الدرنات ومحصول العلف لنبات الطرطوفة
 باالضافة الى ذلك استخدام ھيومات البوتاسيوم مع قطع األزھار غير.الطرطوفة أدى الى زيادة األنشطة االنزيمية بالمقارنة بالنباتات التى تركت بأزھارھا حتى الحصاد
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الناضجة أعطت أعلى انتاجية وصفات محصولية مرغوبة لنبات الطرطوفة مقارنة باضافة الجرعة الكاملة الموصى بھا من األسمدة النيتروجينية والفوسفاتية والبوتاسية
غالية الثمن .لذلك يوصى باستخدام ھيومات البوتاسيوم كسماد عضوى كاحالل جزئ لألسمدة الكيماوية .ھذه النتائج تظھر األھمية االقتصادية لزراعة نبات الطرطوفة فى
مصر.
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