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To show the benefits of organic agriculture, safe and sustainable production, the present research was performed in an open 
field (new reclaimed area of desert) of Wadi El-Notron, Beheira Governorate, Egypt, for two successive years (2013 and 
2014) aimed at a better understanding and to investigate the role of alternative source of chemical fertilisers represented 
by humic substances, natural nano-zeolite-loaded nitrogen and biofertilisers (HNB) on yield, morphological, leaf and seed 
anatomy, chemical compositions reflected in macro and micro nutrients, indigenous hormones, plant pigments, total carbo-
hydrates, ascorbic acid, thiamine, total phenolics, total flavonoids, total fatty acids, oil yield and constituents of caraway 
(Carum carvi L.) plants. Our results revealed that plants receiving a combination treatment (HNB) recorded significant 
increases over control in both growing seasons. Moreover, economic evaluation reflects the profound influence of combina-
tion treatment (HNB) that realized the maximum gross income and minimum production cost. These findings emphasize the 
magnitude of the role of natural soil additions and organic fertilisers in mitigating environmental pollution while providing 
safe production and also minimizing total costs of chemical fertilisers.

In the last few years, utilization of fertilisers has 
risen exponentially throughout the world, causing 
serious environmental problems. Overload appli-
cation of fertilisers may accumulate heavy metals 
in soil and plant system; hence they possibly enter 
the food chain. Nitrogen and phosphorus as chem-
ical fertilisers applied to farming land can provide 
valuable plant nutrients. On the other hand, if not 
handled in the right way, N and P can have harm-
ful environmental effects. Meanwhile, the total ni-
trogen demand for agriculture all over the world is 
estimated to be 112.9 million tons for 2015. In the 
meantime, total loss in nitrogen fertiliser application 

is about 60‒75% (FAO 2013). Therefore, a great-
er part of nitrogen fertilisers are not absorbed, and 
they consequently pollute both underground and 
surface water. Intemperance N in the form of ni-
trate may infiltrate the groundwater, causing nitrate 
contamination, which causes blue baby syndrome 
disease (Fewtrell 2004). Additionally, an overdose 
of N and P fertilisers leads to eutrophication, sub-
sequently creating anoxic areas called dead zones 
(Savci 2012). Generally, there has been an increas-
ing awareness about the undesirable impact of artifi-
cial or petrochemical fertilisers on the environment, 
over and above the potentially dangerous effects of 
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chemical residues due to heavy metal accumulation 
in plant tissues on human health and animal con-
sumers.

An example an aromatic plant is caraway 
(Carum carvi L.), which belongs to Apiaceae fami-
ly, indigenous to northern Africa, Europe, and west-
ern Asia. The caraway fruit is a schizocarp, which 
at harvest is separated into two equally shared parts 
called “seeds” (Oosterhaven et al. 1995). Caraway 
plant is an important source of monoterpene, as it 
has carvone and limonene as its major monoterpene 
components. The seeds are used as a spice in food 
due to its pleasant flavour, and traditionally used as 
a remedy for dyspepsia and intestinal colic and an-
tispasmodic (Lawless 1992) problems. Caraway es-
sential oil has antioxidant (Yu et al. 2005; Wojdylo 
et al. 2007), antibacterial (Alzoreky & Nakahara 
2003; Shan et al. 2007), fungicidal (Soliman & 
Badeaa 2002) and insecticidal (Lopez et al. 2008) 
properties. It has a lethal effect on mites (El-Zemity 
et al. 2006) and also has larvicidal (Pitasawat et al. 
2007) and molluscicidal activities (Kumar & Singh 
2006). Focusing on organic farming, we found that 
carvone is applied as a natural inhibitor of vegeta-
tive growth, mostly with stored onions and potatoes 

(Hartmans et al. 1995; Oosterhaven et al. 1995). 
Also, essential oil plays a vital role in pharmaceu-
tical applications as medicine for humans due to its 
diuretic (Lahlou et al. 2007), anti-hyperglycaemic 
(Ene et al. 2008), anti-hypercholesterol (Lemhadri 
et al. 2006) plus anti-cancerous (Naderi-Kalali et al. 
2005; Kamaleeswari et al. 2006) properties.

Nanoscience involves the development of fun-
damental understanding applied to nanoscale phe-
nomena such as physical properties of materials 
and objects such as clusters of atoms, molecules 
and biological structures. Nanoscience is some-
times further broken down into sub-disciplines such 
as nanochemistry, nanophysics and nanobiology. 
Nanoparticles, natural or synthetic, are materials 
that vary in size between 1 and 100 nm (Kelkar et 
al. 2014). Nanotechnology opens up a large scope 
for novel applications in the fields of biotechnology, 
agriculture, fertiliser industries since nanoparticles 
have unique physico-chemical properties because of 
their high surface area, high reactivity, tunable pore 
size and particle morphology (Siddiqui et al. 2015).

The present research aims at a better understand-
ing and investigation of the role of alternative sourc-
es of chemical fertilisers using natural zeolite in the 

T  a  b  l  e   1

Some physical and chemical properties of experimental site

Physical properties Chemical properties

Particle size distribution [%] Electrical conductivity (EC) [dS/m] 1.68
Coarse sand 2000–200 µ 80.20 pH (1:2.5) soil : water suspension 7.68
Fine sand 200–20 µ 12.50 Soluble cations [meq/l]:
Silt 20–2 µ 4.25 Ca2+ 5.20
Clay < 2 µ 3.05 Mg2+ 4.18
Bulk density [g/cm3] 1.52 K+ 2.40
Total porosity [%] 52.8 Na+ 5.20
Pore size distribution as % of total porosity Soluble anions [meq/l]:
Macro (drainable) pores (> 28.8 µ) 82.98 CO3

2- 0.00
Micro pores (< 28.8 µ) 17.02 HCO3- 1.70
Water Holding Capacity (WHC)* 20.33 Cl- 3.60
Field capacity (FC)* 8.55 SO4

2-            11.50
Wilting percentage (WP)* 4.10 Total CaCO3 [%] 0.20
Available moisture (FC-WP)* 4.45

Organic matter [%] 0.20
Hydraulic conductivity [cm/h] 6.25

* % on weight basis
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form of nano particles loaded by nitrogen, bio-fertil-
isers and humic substances on yield, morphological, 
leaf and seed anatomy, chemical compositions and 
oil yield and constituents of caraway plants in or-
der to reduce environmental pollution and provide 
safety as well as minimize economic costs that arise 
from the use of chemical fertilisers.

MATERIAL AND METHODS

This research was carried out at the new re-
claimed area of desert located in Wadi El-Notron, 
Beheira Governorate (Longitude 28°54’ E, Latitude 

28°20 N and Altitude 130 m) in Egypt, as an open 
field work, during two continual seasons (2013/14 
and 2014/15), at Soil, Water and Environment 
Research Institute, Agriculture Research Center 
(A.R.C). Mechanical and chemical analyses of 
the reclaimed soil were performed according to 
Richards (1954) and Jackson (1973) and the results 
are shown in Table 1.

Plant material, transplant and harvest dates
The fruits of Carum carvi L. were obtained from 

experimental farm of Faculty of Pharmacy, Cairo 
University, and planted in the experimental open 
field on 13 October  2013 in the first season and 15 

Figure 1. (a, b) Structure of nano-zeolite using scanning electron microscope (SEM) 

T  a  b  l  e   2

Chemical composition of zeolite before loaded by N

T  a  b  l  e   3

Chemical composition of nano zeolite after loaded by N

Chemical
composition 
[%]

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O SrO P2O3
Loss on
ignition

45.50 2.81 13.30 5.40 8.31 0.51 6.30 9.52 2.83 0.87 0.22 0.67 3.76

Trace 
elements
[ppm]

Ba Co Cr Se Cu Zn Zr Nb Ni Rb Y – –

10 1.2 35 0.8 19 64 257 13 55 15 22 – –

Chemical
composition 
[%]

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O SrO P2O3 N

45.50 2.81 13.30 5.40 8.31 0.51 6.30 9.52 2.83 0.87 0.22 0.67 2.70

Trace 
elements
[ppm]

Ba Co Cr Se Cu Zn Zr Nb Ni Rb Y – –

10 1.2 35 0.8 19 64 257 13 55 15 22 – –

(a)                                                                                    (b)
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T  a  b  l  e   4

Chemical composition of humic substances

October  2014 in the second season, with a distance 
of 60 cm among rows, with a 40 cm spacing between 
plants in plots of 6 × 7 m2 under drip irrigation. The 
plants were harvested from 20 to 24 May 2014 for 
the first season and from 18 to 21 May 2015 for the 
second one.

Land preparation
Before planting, the soil was first mechanically 

ploughed and planked twice till the soil surface set-
tled.

Fertilisers added
Chemical fertilisers in doses recommended 

by the Ministry of Agriculture and Land Reclamation 
were added at the rate of 100 kg/fed. (one Fadden 
equal 4,200 m2). Ammonium sulphate (20.5% N) 
was divided into two doses; the first was added af-
ter 2 weeks of planting, while the second was four 
weeks later. Both calcium superphosphate (15.5% 
P) at the rate of 200 kg/fed. and potassium sulphate 
(48% K) at the rate of 25 kg/fed. were added one 
day before planting. Natural zeolite (Table 2) in the 
form of granules was obtained from Indonesia and 
converted into nano size according to Hassan and 
Mahmoud (2015), then loaded by nitrogen (Table 
3) by soaking in ammonium sulphate 1 M solution 
for 8 days (Li et al. 2013) at 25°C. Total N content 
was analysed using the Kjeldahl digestion method 
(Helrich 1990). The structure was characterized 
using scanning electron microscope (SEM) mod-
el JSM.6390LA (JEOL) analytical (Figure 1) at 

Holding Company for Drinking Water and Waste 
Water, Greater Cairo Company for Drinking Water, 
Central Laboratory. Transmission electronic mi-
croscopy (TEM) was performed in TEM lab (FA-
CURP), Faculty of Agriculture, Cairo University 
Research Park. Nano-zeolite-loaded nitrogen was 
added to the soil at the transplanting date and then 
as foliar at 20, 40 and 60 days after transplanting in 
both seasons.

Biofertilisers
Two bacterial cultures as shown by light micro-

scope (Figure 2) containing 1 × 1108CFU/ml from 
Bacillus megaterium and Azotobacter chroococcum 
were prepared individually in the biofertiliser unit, 
Soils Water and Environmental Research Institute, 
Department of Microbiology (ARC), Giza, Egypt. 
Then, they were mixed well together in liquid at 
equal portions (1:1 v). Roots of seedlings were 
dipped into the mixture of biofertilisers for 20 min 
immediately before planting. This mixture of biofer-
tilisers was added to plant rhizosphere through view 
holes already made in the soil surface for inocula-
tion (4 holes, 20 cm depth) at 30, 45 and 60 days 
after transplanting in both seasons (3 l mixture of 
biofertilisers/100 l water/fed.).

Humic acids
Humic substances obtained from Soil and Water 

and Environment Research Institute, Agriculture 
Research Center (ARC) were applied as a solution 
of 1 l/fed. at the transplanting date, and then 30 and 

Figure 2. Bacillus megaterium and Azotobacter chroo-
coccum mixture as shown by light microscope

Chemical composition Value 

Humic acids 
Fulvic acid 
Total Nitrogen (N)
Phosphorus (P)
Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Sulfur (S)
Iron (Fe)
Boron (B)
Solubility in water 
Colour of aqueous solution
Electrical conductivity (EC) [mS/cm]
pH

42%
48%
0.5 %
0.06%
0.8%
1.0%
0.1%
1.3%
0.21%
0.01%
83%

Medium brown
3.140
6.92
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60 days respectively from planting as a soil drench 
per season. All agricultural practices were followed 
as recommended during both seasons. Chemical 
composition of humic substances are presented in 
Table 4.

Leaf and seed anatomy
The specimens were taken from the leaves at the 

end of vegetative growth and seeds at harvest and 
then fixed in formalin-acetic acid alcohol (FAA) 
using 70% ethanol. The specimens were gradual-
ly dehydrated in a tert-butyl alcohol (TBA) series 
(Johansen 1940) and embedded in paraffin wax (m.p. 
56°C). Sections were cut on a rotary microtome at 
a thickness of 8–10 µm (Model RM2245, Leica 
Microsystems). Paraffin was removed with xylol 
and slides were stained with safranin FCF methanol 
and fast green and then mounted in Canada balsam 
(Johansen 1940). The selected sections were exam-
ined and photographed using a light microscope 
(Model BX51; Olympus Optical).

Treatments
-	 NPK fertilisers (recommended doses) as control
-	 Humic substances;
-	 Nano-zeolite-loaded nitrogen;
-	 Biofertilisers;
-	 Humic substances + Nano-zeolite + Biofertilisers 

(HNB) as shown in Figure 3.

Data recorded
Growth parameters

Plant height [cm], number of branches/plant, 
number of umbles/plant, plant fresh weight [g], 

plant dry weight [g], weight of umbles/plant [g], 
fruit weight/plant [g], fruit yield/ha [t]. 

Chemical Analysis
The chemical constituents such as N, P, K, Ca, 

Mg, Fe and Zn were measured in the dry materi-
al. The wet digestion of 0.2 g plant material with 
sulphuric and perchloric acids was carried out on 
herbs by adding concentrated sulphuric acid (5 ml) 
to the samples and the mixture was heated for 10 
min. Then 0.5 ml perchloric acid was added and 
heating continued till a clear solution was obtained. 
The digested solution was quantitatively transferred 
to a 100 ml volumetric flask using deionized water 
as reported by Piper (1950). 

The total nitrogen content of the dried leaves was 
determined by using the modified micro-Kjeldahl 
method as described by Helrich (1990).

Phosphorus was determined calorimetrically 
by using the chlorostannous molybdophosphoric 
blue colour method in sulphuric acid according to 
Jackson (1973).

Potassium concentrations were determined by 
using the flame photometer apparatus (CORNING 
M 410, Germany).

Vitamin C as ascorbic acid [mg] was determined 
in seeds and estimated per 100 ml fresh weight, ac-
cording to Helrich (1990) method.

Concentrations of Ca, Mg, Fe and Zn in plant 
samples were determined using atomic absorption 
spectrophotometer with air-acetylene and fuel (Pye 
Unicam, model SP-1900, US).

Plant pigments
Total chlorophyll and carotenoid content were 

measured by spectrophotometer and calculated ac-
cording to the equation described by Moran (1982).

Total carbohydrates in plant herbs were deter-
mined by phosphomolybdic acid method according 
to Helrich (1990).

Total phenolic contents of the extracts were de-
termined spectrophotometrically according to the 
Folin–Ciocalteu colorimetric method (Singleton & 
Rossi 1965).

Total flavonoid was determined using the meth-
od of Meda et al. (2005).

Total fatty acids in seeds were converted into 
their methyl esters using 3% sodium methylate in 
methanol according to the method described by 
Cecchi et al. (1985).

Figure 3. TEM of mixture Humic substances + Nano-
zeolite + Biofertilisers (HNB treatment)
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HPLC analysis of thiamine 
Assays of thiamine in caraway seeds were car-

ried out using a method described by Rapala-Kozik 
et al. (2008).

Endogenous phytohormones
The analysis was performed according to Fales et 

al. (1973) for the determination of gibberellic acid 
(GA), abscisic acid (ABA) and indole-acetic acid 
(IAA). The quantification of the endogenous phy-
tohormones was carried out with Ati-Unicum gas–
liquid chromatography, 610 Series, equipped with 
flame ionization detector according to the method 
described by Vogel (1975).

Essential oil isolation
Air-dried seeds (50 g) were subjected to hydro-

distillation for 90 min (time fixed after a kinetic sur-
vey during 30, 60, 90 and 120 min). The optimal 
yield was obtained at 90 min.

Gas chromatography-mass spectrometry
The GC–MS analyses were performed on a gas 

chromatograph HP 6890 (II) interfaced with a HP 
5973 mass spectrometer (Agilent Technologies, 
Palo Alto, CA, USA) with electron impact ioniza-
tion (70 eV). An apolar HP-5MS capillary column 
(60 m × 0.25 mm, 0.25 m film thickness) was used. 

Data analysis
The experimental design was randomized com-

plete block design with six replicates. Data were 
subjected to statistical analysis using ANOVA at 
5% significance level. The difference between treat-
ments then analysed using DMRT (Duncan Multiple 
Range Test) at 5%.

Economical evaluation
The yield components were calculated and eco-

nomic analysis was performed using the following 
equations proposed by Sarwar et al. (2007); FAO 
(2000) and Mubashir et al. (2010).
Gross income = yield × price 
Profitable return (PR) = gross income – total pro-
duction cost 
PR% over control = PR – control treatments 
Benefit cost ratio (BCR) = PR over control/total 
production cost 
Investment factor (IF) = gross income/total produc-

tion cost 
(IF) must equal or more 3 

RESULTS AND DISCUSSION

Growth characters
The data representing caraway morphology 

(Tables 5 and 6) revealed that a combination of hu-
mic substances, nano-zeolite-loaded nitrogen and 
biofertiliser (HNB) treatment had pivotal effect on 
plants. They significantly increased all growth pa-
rameters of caraway plants in comparison with ei-
ther control (plants receiving recommended dose 
of NPK fertilisers) or all other treatments in both 
growing seasons. These increases were (67% and 
68%) respectively in fruit yield/ha compared to that 
in control treatment. The results of the combined 
humic substance and nano-zeolite-loaded nitrogen 
treatments as well individual treatments were sig-
nificantly higher than the results of control plants. 
It was clear also that the application of biofertilisers 
alone significantly limited the growth of caraway 
and its biomass production. As a result, the reduc-
tion from biofertilisers treatment was 46% and 62% 
compared to control in the first and second season, 
respectively.

Our data provide a plausible mechanism for how 
the combination of humic substances, nano-zeo-
lite-loaded nitrogen and biofertilisers (HNB) to-
gether boost all growth parameters as compared to 
control. The beneficial effects of these treatments on 
caraway plant are  due to nutrient availability and 
improvement of soil’s physical, chemical and bio-
logical properties as evident by higher water reten-
tion, decreased soil pH, higher CEC, increased soil 
organic matter in addition to availability of elements 
to be absorbed by plant roots. Given the significant 
role of nanoscale (nano-zeolite-loaded nitrogen), 
the authors confirmed that nanoparticles interact 
with plants, causing many morphological and phys-
iological changes, depending on their properties 
and chemical composition, size and surface cover-
ing (Khodakovskaya et al. 2012). Other suggested 
positive effects on plant growth and development 
and their impact on plants depend on the composi-
tion, concentration, size and physical and chemical 
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properties as well as plant species (Ma et al. 2010). 
More evidence of positive effects was reported on 
kale (Brassica alboglabra Bailey). Li et al. (2013) 
indicated that the application of ammonium- and 
potassium-loaded zeolite resulted in an increase in 
the total harvest weight over control plants. Ranjbar 
et al. (2004) and Bernardi et al. (2008) reported on 
similar treatments on tobacco and oat, respective-
ly and found that zeolite application increased leaf 
area, plant height and stem diameter relative to the 
control without zeolite. Additionally, Hassan et al. 
(2006) observed that rosemary plants receiving 
compost in combination with mixture of bio-fer-
tilisers recorded considerable increases in growth 
characteristics represented in fresh herb, dry weight 
and number of branches when compared to inorgan-
ic fertiliser treatment.

Effect on elements content
The highest content of both macro and micro el-

ements resulted from the application of mixed hu-
mic substances, nano-zeolite-loaded nitrogen and 
biofertilisers (HNB). This increase was statistical-
ly significant with N, P, Ca, Fe and Zn compared 
to control plants (Table 7) since it recorded 79% 
for nitrogen, 72% and 74% for phosphorus, 83% 
and 76% for calcium, 52% and 54% for iron and 
81% and 79% for zinc, respectively, for both first 
and second seasons. Also, it was noticed that the 
same previous treatment had recorded an increase 
of potassium over control in both growing seasons 
although this increase was not significant in the 
first season (91%), but it was statistically signifi-
cant (89%) in the second one. The same result was 
found with magnesium as a result of HNB treatment 

T  a  b  l  e   5

Effect of different treatments on plant height, number of branches and number of umbles of caraway plant during 
two seasons 2013 and 2014

Treatment
Plant height [cm] No. of branches/plant No. of umbles/plant 
F S F S F S

NPK 91.7b 94.0b 8.56b 8.95b 31.48b 35.23b

Humic substances (H) 80.3c 83.6c 8.07b 8.84b 28.72b 30.21b

Nano Zeolite (N) 82.5c 83.2c 7.89b 8.80b 30.22b 34.55b

Biofertilisers (B) 66.8d 69.3d 6.44c 7.36b 22.40c 25.36c

HNB 111.6a 115.7a 10.89a 11.12a 40.65a 49.28a

Means with the same letters in a column are not significantly different by DMRT 5%
F ‒ first season; S ‒ second season 

T  a  b  l  e   6

Effect of different treatments on plant fresh weight, plant dry weight, weight of umbles, fruit weight and fruit 
yield of caraway plant during two seasons 2013 and 2014

Treatment
Plant fresh 
weight [g]

Plant dry weight 
[g]

Weight of 
umbles/plant [g]

Fruit weight/
plant [g] Fruit yield [t/ha]

F S F S F S F S F S
NPK 219.6b 225.5b 51.42b 55.61b 96.24b 100.3b 60.54b 65.47b 2.61b 2.51b

Humic substances (H) 200.3c 213.3c 44.81c 48.89b 89.17c 93.51c 54.87c 61.55b 2.16b 2.41b

Nano Zeolite (N) 215.5b 221.0b 48.56b 50.77b 91.50c 98.10b 57.21c 63.12b 2.25b 2.48b

Biofertilisers (B) 185.7d 190.3d 41.33c 45.27c 72.46d 79.54d 38.91d 45.71c 1.20c 1.56c

HNB 286.6a 300.2a 68.58a 70.97a 112.83a 120.60a 86.31a 90.64a 3.40a 3.67a

Means with the same letters in a column are not significantly different by DMRT 5%
F ‒ first season; S ‒ second season 
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where its increase over control, although not signif-
icant, was recorded at 90% in the first season while 
in the second season, it gave significant increases 
(88%). Many researches confirmed the important 
role of zeolite, which has specific ion-exchange, 
adsorption, catalytic properties, and promotes keep-
ing nutrients in the plough horizon, which makes it 
possible to reduce their losses in soil from washing 
out and to obtain beneficial results as an after-effect 
(Ryakhovskaya & Gainatulina 2009), besides pro-
ducing long-term soil improvements as well as slow 
release of the fertiliser in the form of nano nitrogen. 
Zeolites can also act as water moderators, in which 
they will adsorb up to 55% of their weight in water 
and slowly release it upon plant demand (Monnier 
& Dupont 1983). This has a great effect in desert 
reclamation processes particularly in arid and semi- 
arid areas.

Moreover, zeolite containing macro and micro-
nutrients, loaded with nano nitrogen and its chan-
nels, provide large surface areas on which chemical 
reactions can take place by making nutrients more 
effective by enabling ammonium nitrate, potassium, 
magnesium and calcium as well as trace elements 
for slow release as needed (Kallo et al. 1986). Along 
with humic substances and biofertilisers acting as 
excellent sources of nutrients, they also improve 
physical and chemical properties of soil, decrease 
soil pH, which leads to solubilization of nutrients 
and increases its availability, minimizes the loss 
of nutrients by leaching and stimulates increase of 
population and activities of micro-organisms in the 
soil (Bernardi et al. 2008).

Effect on plant pigments, total carbohydrates, 
ascorbic acid and thiamine

The combination of humic substances, nano-ze-
olite-loaded nitrogen and biofertilisers (HNB) in-
creased total chlorophyll and carotenoids (Table 8). 
Whereas total chlorophyll significantly increased 
by 72% in both seasons over control, carotenoids 
content also increased significantly (85%) in the 
first season compared with control. This increase 
continued in the second season, but was not signif-
icant. The elevated amount in total chlorophyll and 
carotenoids content may be due to the beneficial ef-
fects of humic acids and positive role of zeolite in 
the presence of biofertilisers, which give excellent 
combination for more available nutrients and over-
coming most macro and micro nutrient deficiency, 
particularly of nitrogen, iron and zinc, in sandy soil, 
which is efficient in the photosynthesis process. 
They also build high capacity of the plants for build-
ing metabolites, which in turn contributes much to 
the increase of nutrient uptake. Our results are in 
agreement with those obtained by Al-Qadsia (2004) 
on Ocimum basilicum and Ranjbar et al. (2004) on 
tobacco.

As far as total carbohydrates are concerned, data 
in Table 8 illustrated that the increase in total car-
bohydrates as a consequence of HNB application 
was significant (84%) in the first season compared 
to control plants, while the increase over control 
treatment in the second season was insignificant. 
On the other hand, during both seasons, applica-
tion of biofertilisers alone led to significantly lower 
carbohydrate content (80% and 84%, respectively) 

T  a  b  l  e   7

Effect of different treatments on nitrogen, phosphor, potassium, calcium, magnesium, iron and zinc in the herb 
of caraway plant during two seasons 2013 and 2014

Treatment
N [%] P [%] K [%] Ca [%] Mg [%] Fe [ppm] Zn [ppm]

F S F S F S F S F S F S F S
NPK 2.53b 2.71b 0.26b 0.28b 3.40a 3.70b 1.53c 1.55c 0.35a 0.37b 170c 183c 49.3c 53.5b

Humic substances (H) 1.81c 2.08c 0.30b 0.33a 3.20a 3.50b 1.58c 1.80b 0.37a 0.36b 191b 198b 52.7b 55.6b

Nano Zeolite (N) 2.31b 2.55b 0.35a 0.36a 3.50a 4.05a 1.71b 1.61c 0.33a 0.35b 200b 215b 56.8b 60.0a

Biofertilisers (B) 1.86c 2.16c 0.21c 0.24b 2.70b 3.03b 1.21d 1.37d 0.29b 0.32c 155d 169d 42.5d 48.7c

HNB 3.21a 3.44a 0.36a 0.38a 3.73a 4.18a 1.83a 2.03a 0.39a 0.42a 324a 341a 60.2a 67.4a

Means with the same letters in a column are not significantly different by DMRT 5%
F ‒ first season; S ‒ second season
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in comparison with control (NPK). The increase in 
total carbohydrates may be due to the increase of 
photosynthesis as a result of increase in photosyn-
thetic pigment content in leaves. HNB appears to be 
a source of a number of essential elements that may 
play an important role in plant metabolism, notably 
the most significant function would appear to in-
volve carbohydrate metabolism and photosynthesis 
(Tisdale & Nelson 1975). Similar results were found 
by Jin et al. (2008) on acer plant. Interestingly, the 
same trend was obtained with ascorbic acid where 
in the first season, HNB treatment significantly in-
creased the amount of ascorbic acid (80.5%) over 
control. Also in the second season, there was an in-
crease recorded for aforesaid treatment compared to 
control in spite of that increase being insignificant. 

Matching results were obtained by Soliman and 
Mahmoud (2013) on Adansonia digitata L.

During both seasons, there was significant in-
crease in thiamine, which recorded increase of 
92.5% and 91%, respectively, over control as a re-
sult of HNB application (Table 8). Thiamine content 
recorded insignificant results from other treatments 
represented in humic substances, nano-zeolite and 
biofertilisers individually in comparison with the 
results of control treatment in both seasons. The in-
crease in ascorbic acid and thiamine may be due to 
advantageous effects of the combination of humic 
substances, nano-zeolite and biofertilisers together 
resulting in more release of nutrients in an availa-
ble form for plant uptake, which resulted in higher 
efficiency of the photosynthesis process, increasing 

T  a  b  l  e   8

Effect of different treatments on total chlorophyll content [mg/g fresh weight], total carbohydrates, carotenoids 
content, ascorbic acid and thiamine of Caraway plant during two seasons 2013 and 2014

Treatment
Total chlorophyll 

[mg/g]

Total 
carbohydrates 

[%]

Carotenoids 
content [mg/g]

Ascorbic 
acid/100 g seed

Thiamine /100 g 
seed

F S F S F S F S F S
NPK 2.29b 2.32b 27.41b 30.72a 0.52b 0.59a 17.22b 17.86a 0.371b 0.384b

Humic substances (H) 1.97c 2.28b 25.31b 28.44a 0.43c 0.49b 17.37b 19.13a 0.381b 0.388b

Nano Zeolite (N) 2.3b 2.54b 27.39b 31.62a 0.55b 0.58a 18.09b 18.67a 0.387b 0.391b

Biofertilisers (B) 1.73c 2.01c 21.89c 25.82b 0.40c 0.46b 14.98c 15.12b 0.359b 0.366b

HNB 3.17a 3.19a 32.49a 35.11a 0.61a 0.65a 21.38a 21.42a 0.401a 0.422a

Means with the same letters in a column are not significantly different by DMRT 5%
F ‒ first season; S ‒ second season

T  a  b  l  e   9

Effect of different treatments on total phenols, total flavonoids and total fatty acids of caraway plant during two 
seasons 2013 and 2014

Treatment
Total phenols 

[μg CE/g]
Total flavonoids 

[μg CE/g]
Total fatty acids 
 [mg/g DW seed]

F S F S F S
NPK 8.69b 8.65b 42.11a 45.27a 55.42c 60.33b

Humic substances (H) 8.72b 8.77b 40.32a 41.53b 52.28c 56.88c

Nano Zeolite (N) 8.78b 8.81b 41.21a 44.36a 60.12b 58.43c

Biofertilisers (B) 9.15a 9.33a 37.32b 38.89b 39.46d 35.22d

HNB 8.55b 8.70b 45.48a 47.51a 68.95a 69.71a

Means with the same letters in a column are not significantly different by DMRT 5%
F ‒ first season; S ‒ second season
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amino acid and vitamin synthesis in plant tissue. 
These results are in agreement with those obtained 
from Leclerc et al. (1991) on carrot and celery root 
and Soliman and Mahmoud (2013) on Adansonia 
digitata L.

Effect on total phenolics, total flavonoids and total 
fatty acids

Previous researches indicated that fertilisation 
type had an influence on the phyto-nutritional qual-
ity of crops. Inorganic fertilisers are believed to re-
duce the antioxidant levels while organic fertilisers 
were proven to enhance the antioxidant content in 
plants (Dumas et al. 2003). Our data shown in Table 
9 revealed that biofertiliser treatment significant-
ly increased total phenolics in both seasons (94% 
and 92.7%) compared either with control and all 
other treatments including mixed HNB treatment. 
Meanwhile there were insignificant differences re-

corded during both seasons with humic substances, 
nano zeolite and mixed HNB treatments compared 
to control plants. On the other hand, total flavonoids 
were found to be significantly having lowest content 
(88.6% and 86%, respectively) in the first and sec-
ond seasons with biofertiliser treatment compared 
with control. Mixed HNB treatment gave the high-
est content of flavonoids against control and all oth-
er treatments in both seasons, although that increase 
was insignificant. There was insignificant difference 
in total flavonoids resulting from humic substances, 
nano zeolite and mixed HNB treatments in compari-
son with control, particularly in the first season. The 
results obtained with regard to total phenolics and 
total flavonoids are in parallel with those obtained 
by Omar et al. (2012) on cassava tubers and Asami 
et al. (2003) on dried marion berry, strawberry and 
corn.

Figure 4. Effect of different treatments on endogenous hormones [µg/g FW] caraway plant during two seasons 
2013 and 2014
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In this connection, data in Table 9 show that, in 
both first and second seasons, total fatty acids sig-
nificantly increased (80% and 87%, respectively) as 
a result of HNB treatment compared with control. 
Also it was noteworthy that mixed HNB treatment 
significantly had the upper hand in total fatty acid 
content compared to all other treatments during both 
seasons. On the contrary, the lowest total fatty acids 
resulted from the application of biofertilisers alone 

either in first or second season in comparison to con-
trol and all other treatments. Our previous data are 
in conformity with the results obtained by Sinkovič 
and Žnidarčič (2016) on Radicchio plant. The differ-
ent influences of humic substances, nano zeolite and 
biofertilisers mixed (HNB) on total phenolics, total 
flavonoids and total fatty acids and physiological 
activities could be due to the power of releasing and 
chelating available nutrients for plant uptake along 

Figure 5. Effect of different treatments on essential oil in the herb of caraway plant as oil yield per plant during 
two seasons 2013 and 2014

Figure 6. Effect of different treatments on essential oil in the herb of caraway plant as oil yield per hectare during 
two seasons 2013 and 2014
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with their impacts on physiochemical and biological 
properties, which also enable efficient use of biofer-
tilisers and organic fertilisers. Generally seed com-
position constituents were reported to be genetical-
ly controlled (Simpson & Wilcox 1983). However, 
seed composition has also shown to be affected 
by environment (Dardanelli et al. 2006), geno- 
type, maturity, diseases, planting date (Bellaloui 
et al. 2011), temperature (Dardanelli et al. 2006), 
drought (Bellaloui et al. 2012), nutrients in soil and 
seed (Kravchenko & Bullock 2002).

Effect on phytohormones
The results of hormonal analysis as evident from 

levels of indole-3-acetic acid (IAA), gibberellic 
acid (GA3) and abscisic acid (ABA) in caraway herb 
are affected by different treatments, as displayed 
in Figure 4. The increase of growth parameter was 
associated with elevated levels of growth promot-
ers (IAA, GA3) and low level of ABA. Hence it 
was found that mixed (HNB) treatment significant-
ly gave the highest content of IAA, particularly in 
comparison to control (72% and 58%, respectively) 
in both seasons. As for GA3, it was clear that mixed 
(HNB) treatment resulted in an increase over con-
trol in GA3 content, although this increase was insig-

nificant but, in the second season (HNB), the treat-
ment resulted in significant increases compared with 
all other treatments and mainly (95%) over control. 
Concerning ABA content, in the first season, both 
humic substances and mixed HNB treatments signif-
icantly resulted in the lowest ABA content (83% and 
75%, respectively) compared with control plants. In 
contrast, in the second season, it was unequivocal 
that the highest ABA content significantly resulted 
from biofertiliser treatment over control (78%) and 
in general over all other treatments. The above-men-
tioned results are in consonance with those obtained 
by Soliman and Mahmoud (2013) on Adansonia 
digitata L.

The stimulated effects of mixed treatment 
(HNB) may be attributed to the production of phy-
tohormones from biofertilisers as mentioned by 
Mehnaz et al. (2001) who reported that IAA pro-
duced by rhizobacteria as plant growth promoting 
Rhizobacteria PGPR is believed to increase root 
growth and root length, resulting in better nutrient 
uptake from soil. Also Marek and Skorupska (2001) 
provided evidence that four different forms of GA 
are produced by many Bacillus sp., which effective-
ly reverses a chemical-induced inhibition of stem 
growth, working together in the presence of organic 

T  a  b  l  e   10

Effect of different treatments on percentage essential oil constitutes of caraway plant during two seasons 2013 
and 2014

Treatment NPK Humic substances 
(H) Nano Zeolite (N) Biofertilisers (B) HNB

Components [%] F S F S F S F S F S
α-pinene 0.244 0.211 0.321 0.305 0.421 0.436 0.295 0.358 0.441 0.506
Camphene 0.364 0.297 0.391 0.331 0.305 0.479 0.405 0.412 0.351 0.401
Carvone 80.38 78.11 75.08 73.56 82.38 80.09 70.48 75.95 77.62 84.35
β-Pinene 0.38 0.33 0.310 0.36 0.28 0.35 0.26 0.24 0.34 0.32
Limonene 7.97 8.52 10.29 10.06 9.56 9.24 15.41 11.58 8.91 6.73
Linalool 0.01 0.01 0.020 0.04 0.03 0.02 0.04 0.05 0.03 0.04
β-Selinene 0.50 0.51 0.590 0.65 0.54 0.53 0.6 0.58 0.56 0.55
α-Selinene 0.38 0.36 0.250 0.23 0.24 0.21 0.27 0.23 0.26 0.25
α-Terpineol 0.01 0.01 0.020 0.02 0.03 0.01 0.03 0.02 0.00 0.00
Unknown 0.31 0.29 0.410 0.39 0.52 0.49 0.25 0.23 0.58 0.61
Unknown 0.03 0.05 0.060 0.08 0.07 0.06 0.04 0.05 0.09 0.08
Unknown 0.00 0.00 0.000 0.02 0.01 0.01 0.00 0.00 0.02 0.03

F ‒ first season; S ‒ second season
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matter present in humic substances, which is consid-
ered a source of hormone-like substances.

Effect on essential oil productivity
The data of essential oil yield as yellow colour 

and aromatic spicy odour are shown in Figures 5 
and 6. The combination of humic substances, na-
no-zeolite-loaded nitrogen and biofertilisers (HNB) 
treatment significantly resulted in rising essential oil 
yield either per plant or per hectare in comparison 
with control since they recorded 28% and 50%, re-
spectively for the first season and 30% and 53%, re-
spectively for the second one. On the other hand, the 
lowest significant result of essential oil yield was re-
corded with biofertiliser treatment alone compared 
with all other treatments and particularly control 
plants (61% and 52%) and (75% and 58%) for both 
seasons respectively.

The increase in essential oil productivity with 
mixed treatment (HNB) over all other treatments in-
cluding control treatment could be explained on the 
basis of available elements, vitamins, hormone-like 
substances, amino acids and sugars, which have a 
significant effect on the physiological or biochem-
ical processes within the plant (the case of luxury 
of metabolism) and consequently boost essential oil 
yield. These results coincide with those obtained by 
Mahmoud (2012) on yarrow plant (Achillea millefo-
lium) who stated that application of compost mixed 
with zeolite, humic acids and biofertilisers increased 
oil yield.

Effect on essential oil constitutes
The data for essential oil components are pre-

sented in Table 10. It clearly indicates that mixed 
treatment (HNB), particularly in the second sea-
son, resulted in the highest percentage of carvone 
(84.35%) and α-pinene (0.506 %) over all treat-
ments including control plants. While the lowest 
percentage of carvone (70.48%) was obtained from 
biofertilisers, but unexpected results were obtained 
from biofertiliser treatment alone since it gave the 
highest percentage of limonene (15.41%) compared 
to either control or all other treatments.

With components, we found that the highest 
percentage of camphene (0.479%) resulted in the 
second season as a result of nano-zeolite treatment, 
while humic substances alone gave the highest per-
centage of β-selinene (0.65%) in the second season. 
But the highest percentage of α-selinene (0.38% 
and 0. 36%, respectively) was obtained from con-
trol plants in both seasons. The aforesaid results 
are in concurrence with those of Sedláková et al. 
(2003) who mentioned that carvone and limonene 
account for the main proportion, that is, about 95% 
of caraway essential oil components. However, 
Jalali-Heravi et al. (2007) reported that the ma-
jor constituents in caraway seeds were terpinene 
(24.40%), 2-methyl-3-phenylpropanal (13.20%) 
and 2,4(10)-thujadien (14.02%).

Figure 7. Leaves: (Pal) palisade; (Uep) upper epidermis; (T) trichomes, (Cut) cuticle; (Lep) lower epidermis; (Vb) 
vascular bundle; (Spo) spongy tissue
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Effect of different treatments on anatomical struc-
ture (leaves and seeds) of caraway plant
Effect on leaves

Generally caraway leaves are dorsiventral where 
the palisade tissue is located on the adaxial side of 
the blade and the spongy tissue on the abaxial one. 
Compact arrangement of epidermal cells and the 
presence of cuticle layer, stomata and trichomes are 
the main features of epidermis.

As revealed in Figure 7a and 7b, the epider-
mis cells of the control (Figure 7a) were similar 
in shape and size, while the epidermal cells of the 
HNB-treated leaves (Figure 7b) became larger in 
size and reached a maximum size. Additionally, it 
was remarkable that the thickness of mesophyll tis-
sue, which specializes in photosynthesis and con-

tains chloroplasts in palisade, and size of spongy 
parenchyma tissue, air spaces and trichomes after 
HNB treatment became larger compared to control. 
Moreover, vascular bundles of the principal veins, 
which are accompanied from above and below by 
parenchyma tissue in which a secretory canal lies 
above and below the vein were larger and greater in 
HNB treatment leaves compared to control leaves. 
All these findings were clear based on the chloro-
phyll concentration, which was higher in HNB treat-
ment leaves compared to control. 

This confirmed the profitable effect of mixed 
treatment of HNB on the anatomical structure of 
caraway leaves. In this sense, these data were simi-
lar to those obtained by El-Feky et al. (2013) on ba-
sil who found that foliar application of nano Fe3O4 
improved anatomical structure of leaves.

T  a  b  l  e   11

Economical evaluation of different treatments

Treatments Total yield 
[L/ha]

Total 
production 

cost
[US dollar/ha]

Gross income
[US dollar/ha]

Profitable 
return
(PR)

[US dollar/ha]

PR
over control

[US dollar/ha]

PR%
increase

[US dollar/ha]
BCR IF

NPK as control 29.75 315 17,850 17,535 ‒ ‒ ‒ 56.6
Humic substances 29.36 241 17,616 17,375 160 1.0 0.66 73.0
Nano-zeolite 34.77 240 20,862 20,622 3,087 17.6 12.8 87.0
Biofertilisers 18.34 238 11,004 10,766 6,769 38.6 28.4 46.2
HNB 55.85 304 33,510 33,206 15,671 89.3 51.5 110.0

Figure 8. Seed: (En) endosperm; (Se) seed coat; (Car) carpophores; (Vi) vittae, (Em) embryo
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Effect on seeds
Caraway fruit is a schizocarp (cremocarp) con-

sisting of two mericarps. Each mericarp has two 
(sometimes three) large vittae on the commissural 
surface and about 20 to 30 small vittae on the dorsal 
surface. Between the vittae, the pericarp is ridged 
externally and a vascular strand is contained in each 
of these ridges.

The seed contains a small dicotyledonous em-
bryo at the apical end, embedded in an abundant oily 
endosperm (Parry 1945). It was found that vittae 
size and numbers in fruits were higher in HNB treat-
ment (Figure 8b) in comparison with control (Figure 
8a). These findings confirm the beneficial role of the 
mix of humic substances, nano-zeolite-loaded nitro-
gen and biofertilisers on anatomical structure and 
oil yield as mentioned before. The obtained results 
are in agreement with Nassar et al. (2001) on anise.

Economical evaluation 
Data in Table 11 undoubtedly explained that 

chemical fertilisers resulted in a maximum produc-
tion cost of US$315/hectare. On the other hand, the 
minimum production cost of biofertiliser treatment 
was US$238/hectare. Meanwhile, a combination 
of humic substances, nano-zeolite-loaded nitrogen 
and biofertilisers (HNB) gave the maximum gross 
income of $33,510/hectare, profitable return (PR) of 
$33,206/hectare and benefit–cost ratio (BCR) 51.5. 
On the subject of investment factor (IF), the high-
est IF value (110) was recorded in the combination 
treatment (HNB). Generally, data analysis revealed 
that the cost of commercial production of caraway 
plant (Carum carvi L.) varied among treatments. In 
the interim, all treatments realized reasonable prof-
itability since their IF is more than 3 (FAO 2000).
 

CONCLUSIONS

On the basis of previously mentioned data, which 
lead to the conclusion that application of humic sub-
stances, natural nano-zeolite-loaded nitrogen and 
biofertilisers mixture (HNB) gave good results on 
either plant under investigation caraway (Carum 
carvi L.) and environment that presents with high-
er growth characteristics and chemical composition 
in comparison with results derived from chemical 

fertilisers NPK considering both quality and quan-
tity. Meanwhile it was clear that economic evalu-
ation showed a beneficial profitable return, which 
increases the income of farmers and producers. This 
influential mixture (HNB), which is inexpensive, 
could replace the chemical fertilisers used for plant 
growth enhancement. In a nutshell, application of 
organic fertilisers, natural soil amendments and near 
to the ground quantity of chemical fertilisers (nano 
form) could bring good economic benefits and mul-
tiple advantages for consumers, producers, farmers 
and our ecosystem.
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