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Abstract
Purpose  Soilless culture and using organic wastes can increase not only yield but also quality and safety of fresh produce 
and thus meet the demands of modern society.
Methods  In order to study the effect of new organic-based soilless media including aged wood bark, composted date palm 
woody wastes, and a mixture of 70% cocopeat + 30% perlite as the control on yield, quality, and nutritional status of green-
house cucumber, this study was conducted as randomized complete blocks design with three replications.
Result  Based on the results, the average daily yield was not significantly affected by the studied organic wastes. Although 
aged wood bark had the highest total yield, the number of fruit and average fruit weight compared to other treatments; how-
ever, there was no significant difference between the three-growing media in terms of yield parameters. The nitrate content 
of fruit in all treatments was lower than the permissible limit. Furthermore, regardless of the type of growing media, the 
accumulation of nitrate in fruit peel was greater than in the fruit flesh by 3–7 times.
Conclusion  In general, it is concluded that both aged wood bark and composted date palm woody wastes may be considered 
as the alternative options for cocopeat and perlite.

 *	 Majid Basirat 
	 majid_basirat@yahoo.com

 *	 Seyed Majid Mousavi 
	 majid62mousavi@gmail.com

1	 Soil and Water Research Institute, Agricultural Research 
Education and Extension Organization (AREEO), 
Karaj 31779‑93545, Iran

2	 National Salinity Research Center, Agricultural Research, 
Education and Extension Organization (AREEO), Yazd, Iran

http://orcid.org/0000-0002-8068-3950
http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-022-01995-4&domain=pdf


2368	 Waste and Biomass Valorization (2023) 14:2367–2374

1 3

Graphical Abstract

Keywords  Soilless culture · Organic wastes · Greenhouse cucumber · Yield · Fruit quality

Statement of Novelty

Because of plant protection problems with soil-borne patho-
gens and soil limiting factors, utilizing substrate-based agricul-
ture is a logical alternative to the current soil-based production 
approach. Soilless culture can increase not only yield but also 
quality and safety of fresh produce and thus meet the demands 
of modern society. In Iran, aged wood bark and date palm 
woody wastes are abundant materials in the wood industry 
and date palm orchards. They are huge residual wastes in the 
environment which are mostly burned for disposal. Therefore, 
in this research, two internally prepared growing media from 
wood and palm wastes are compared with a mixture of coco-
peat and perlite in respect to effects on yield, nutritional status, 
and nitrate content of greenhouse cucumber.

Introduction

Using organic wastes in order to protect natural resources 
and create more benefits in agriculture production chains are 
attractive topics in environmental policies. On the other side, 

soilless culture is a technical approach to increase yield in 
greenhouses and the quality of products is the hot spot issue 
and stockholders are approaching to use of organic materi-
als to produce healthy and fresh crops. In Iran, aged wood 
bark and date palm woody wastes are abundant materials in 
the wood industry and date palm orchards. Both of them are 
huge residual wastes in the environment which are mostly 
burned for disposal [4]. Because of plant protection prob-
lems with soil-borne pathogens and soil limiting factors such 
as soil salinity and pH, soil and groundwater pollution with 
nitrate and pesticides, soil compaction, and poor drainage, 
the plants on the soil show different disorders. Also, weed 
control cannot be avoided [9]. Therefore, it is needed to treat 
soil using different methods which are either too expensive 
or too polluting to the soil and/or groundwater [13].

Therefore, utilizing substrate-based agriculture is a 
logical alternative to the current soil-based production 
approach throughout the world. Soilless or hydroponics 
culture is known as one of the cultivated techniques for 
better function, water use efficiency as well as high quality 
and quantity crops. There are different hydroponic sys-
tems, the substrate-culture, water-culture, and aquaponics. 
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A substrate culture system with trickle irrigation was used 
in this research. Currently, most of the growing media used 
in hydroponic greenhouses are imported, such as coco-
peat and peat moss, which has increased the production 
costs and indicates the need for an alternative media from 
domestic resources. Also, at present, there is no domes-
tic alternative in the country, and growers are forced to 
use high-priced imported types. Moreover, the use of soil 
along with other factors such as lack of proper rotation in 
greenhouse productions has led to the spread of many dis-
eases in the greenhouses that require growing media with 
physicochemical properties equivalent to cocopeat types.

The selection of a specific material as a substrate is cor-
related with its availability, cost, and local experience with 
its use [17]. Such substrates substitute the soil because the 
natural soils are often poorly suited for cultivation and 
contain chemical, physical, or biological constraints [2]. 
The substrate plays a vital role to support the plant and 
provides air, water, and nutrients to the roots. In addition, 
it must not contain pathogens and should not be phytotoxic 
[1].

Cucumber (Cucumis sativus L.) is one of the main crops 
cultivated in greenhouses because of its short growing 
cycle and its high economic value in off-season harvest 
[5], it is the fourth most important vegetable crop after 
tomato, cabbage, and onion in Asia [8]. In Iran, due to 
the lack of substitutes, the use of cocopeat-perlite mixes 
has been a priority for greenhouse owners. Therefore, in 
this research, two internally prepared growing media from 
wood and palm wastes are compared with a mixture of 
cocopeat and perlite in respect to effects on yield, nutri-
tional status, and nitrate content of greenhouse cucumber.

Materials and Methods

In order to investigate the effect of different growing media 
on greenhouse cucumber, an experiment was conducted as 
a randomized complete block design with three replications 
in the greenhouse environment of Yazd Agricultural and 
Natural Resources Research and Education Center, Yazd, 
Iran in autumn and spring on greenhouse cucumber. In this 
experiment, which was conducted in a soilless open system, 
3 growing media including (1) a mixture of 60% cocopeat 
and 40% perlite (CCP) as the positive control (2) Aged wood 
bark (AWB) processed and enriched with vermicompost and 
zeolite (3) Composted date-palm (CDPW) enriched with 
vermicompost and zeolite were studied. A natural clinoptilo-
lite-zeolite powder (0.3–0.5 mm with purity > 95%) supplied 
by Afrand Tusca Co., Tehran, Iran, was used for this work 
[11, 12]. The ratio of mixes is 90% CDPW + 5% vermicom-
post + 5% zeolite and 80% AWB + 15% vermicompost + 5% 
zeolite, which according to the studies conducted at Soil and 
Water Research Institute, Karaj, Iran [3], this ratio has an 
appropriate ratio of coarse pores for aeration and drainage. 
While the medium has good water retention, it also provides 
good drainage. Also, in order to sterilize the growing media 
a 10% bleach soak was used for 20 min followed by multiple 
rinses of tap water. The growing media has a pH close to 
neutral and good cation exchange capacity (CEC), as well 
(Table 2).

The raw materials were obtained from date palm trees 
(Phoenix dactylifera), and the Mazafati variety. According to 
Basirat and Davoudi's method [4], the longleaf was separated 
and crushed to a very small size. Short fibers are sieved in 
0.5–8.0 mm sizes. A pile (1.5 × 2.5 m) was prepared; it was 

Table 1   Some properties of the 
used zeolite and vermicompost

pH (1:10) EC(dS/m) 
(1:10)

Nitrogen (%) Phosphorous (%) Potassium (%) Calcium (%)

Zeolite 9.2 2.1 0.003 0.001 0.64 0.84
Vermicompost 7.2 2.3 1.48 0.38 0.86 1.1

Table 2   Some important properties of the growing media

a Bulk density
b Particle density
c Total porosity
d Air filled porosity
e Water holding capacity

Growing media CEC (meq/l) OC (%) C/N (-) EC (dS/m) pH (-) BDa (g/cm3) PDb (g/cm3) TPc (%) AFPd (%) WHCe (%)

CCP 61 43 72 1.2 6.98 0.13 0.70 91 24 58
CAWB 61.5 21.3 22.6 0.96 7.02 0.43 0.75 86 20.2 65.7
CDPW 61.7 23.5 13.6 1.07 7.16 0.19 0.74 27 47 51.5
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incubated with 3.75 kg urea per one cubic of the substrate 
and kept constant in ambient moisture and turned for eight 
weeks. Two mixes were prepared by adding different rates 
of zeolite and vermicompost as amendments. Vermicompost 
was prepared in pits with dimensions of 1 × 0.75 × 1 m. The 
pit was filled with a layer of gravel sands to limit the earth-
worms' exit. The out layer of the pit was filled with farming 
soil, slurry cow manure, and a 10 cm thick layer of straw 
respectively. The rest of the pit was filled with cow manure 
with 200 earthworms (Eisenia foetida) were put in the grow-
ing media. To retain the moisture content, water was sprin-
kled during the procedure. Harvesting was done on the 60th 
day, and the worms were separated from the vermicompost. 
The young worms and cocoons were separated from the soil 
using 3 mm sieves. The nutrient analysis of vermicompost 
and zeolite is presented in Table 1.

Containers with dimensions of 30 × 25 × 30 cm were used. 
They were placed on metal bases with a height of 45 cm, 
and in order to facilitate the drainage, some pumice was 
placed on their floor. Then, the growing mixes were placed 
into the containers as the growing media. Before the experi-
ment, the mixes, especially cocopeat, were water-leached 
in order to homogenize and reduce their salinity (EC) [6]. 
The physical properties such as bulk density, total poros-
ity, air-filled porosity (AFP), particle density (PD), water 
holding capacity, and chemical properties such as C/N ratio, 
pH and EC, Nitrogen, Phosphorus, Potassium, and Calcium, 
cation exchange capacity, and organic carbon of the growing 
medias were determined [18] (Tables 1 and 2).

The materials used in the growing media must have 
appropriate physical and chemical properties and in addition 
to providing suitable growth conditions for the plant, they 
must maintain their desired properties over time. Tables 1 
and 2 show some important properties of the growing media, 
vermicompost, and zeolite used in this experiment.

The greenhouse cucumber hybrid seeds variety Pepino 
of Fito Semillas Barcelona, Spain. which is a mostly single 
flower and was more suitable for the autumn season were 
planted in seedling boxes according to and then were placed 
in the greenhouse under optimal environmental conditions 

including a temperature of 22–24 °C during the day and 
18 °C at night, a photoperiod of 14 h light/10 h dark, the 
light intensity of 8000–8500 Photosynthetic Photon Flux 
Density (PPFD), and relative humidity of 70% [5]. After 
15 days, the seedlings were transferred to carton plasts con-
taining the growing media with three plants per carton plast.

The Composition of the Nutrient Solution Using 
for Fertigation

One of the important points in determining the composi-
tion of nutrient solution used in soilless growing media is 
the quality of irrigation water. Table 3 shows the results of 
the analysis of the irrigation water. The composition of the 
nutrient solution was different in different stages of develop-
ment, so three types of compounds were used for the early 
stages of growth, flowering and early fruit formation, and the 
stages of maximum production. The amounts (gr per 1000 L 
of water) and types of fertilizer salts used to make 3000 L of 
nutrient solution in the fruit production stage are as follows: 
KNO3 40, Ca(NO3)2 + 4H2O 1020, Fe EDDHA 33.3, HNO3 
200, NH4NO3 20, MgSO4 + 7H2O 390, K2SO4 407, NH4NO3 
6.65, ZnSO4 + 7H2O 3.05, H3BO3 3.35, MnSO4 + 4H2O 4, 
CuSO4 + 5H2O 1, MoO4(NH4) 0.66, KNO3 30, KH2PO4 184, 
NH4HPO4 50.

This volume was made for three days and due to dilution, 
all the salts were dissolved in it. The fertigation was done at 
specified intervals by drip irrigation, i.e., on average every 
hour for 5 to 7 min, and ranged between 7 am to 7 pm. The 
electrical conductivity and pH of the solution were con-
trolled every day before irrigation and modified if necessary. 
Nitric acid was used to control the acidity. Due to the fact 
that the greenhouse was under cultivation during the spring 
growing period, the accumulation of solutes in the growing 
media was removed by leaching once every two weeks.

In the beginning stage of growth, the amounts of nitro-
gen and phosphorus were increased, and in the flowering 
stage, the amounts of phosphorus were increased again, and 
in the stage of fruiting and re-harvesting, the ratio of nitro-
gen and phosphorus decreased and the amount of potassium 

Table 3   The chemical analysis of the irrigation water and the effluent in the studied growing media

Parameter Irrigation water

EC (dS/m) pH Na+ Ca2+ Mg2+ Cl− (meq/lit) CO3
2− HCO3

− SAR

Amount 0.48 7.9 1.1 2.7 0.96 1.2 0 2.7 0.8

Properties of the effluent in the studied growing media

Growing media EC (dS/m) pH (−) N (ppm) P (ppm) K (ppm) Ca (ppm) Mg (ppm) Fe (ppm) Mn (ppm)

CCP 2.14 7.80 42 6.97 94 211.7 70.7 0.34 0.025
CAWB 2.63 7.72 98 10.72 61 329 65 0.27 0.020
CDPW 2.49 7.64 91 16.10 61 417 68.3 0.35 0.036
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increased as much as possible [5]. In order to control the 
conditions of the root environment and consider the interac-
tion between the type of growing media and the plant on the 
composition of the effluent from different substrates, this 
effect was investigated by analyzing the chemical composi-
tion of the effluent. During the growing season, pruning, pest 
control, and foliar spraying (observing deficiency symptoms 
or leaf analysis results) were carefully performed.

Harvesting, Sampling, and Analyzing

Harvesting and the related measurements were performed 
once every 2 or 3 days. During the experiment, quantita-
tive and qualitative characteristics of fruits including the 
number of fruits, total yield, and concentration of nitrate 
in fruit (once in the eighth step of harvesting) of each treat-
ment were measured. For leaf sampling (in the eighth step 
of harvesting), a sample was taken from the fifth leaf at the 
end of the bushes for analysis.

Fruit sampling was performed in each of the treatments 
and then nitrate content was measured. To sample cucumber 
fruit, 15 healthy fruits were harvested from the treatments. 
After transferring to the laboratory, the fruits were washed 
with distilled water and prepared for analysis by standard 
methods. In order to measure the concentration of nitrate, 
the post-reduction calorimetric method (Di Azo method) 
was used. Based on this method, 50 ccs of 2% acetic acid 
was added to 0.5 gr of the milled sample. After half an hour 
of shaking and passing through filter paper of 10 ml, 0.5 g 
of the mixed powder (citric acid compound, manganese 
sulfate monohydrate, sulfanilamide, N-1-naphthyl ethylene 
diamine Dihydrochloride, and zinc powder in certain pro-
portions were added to the resulting and stirred for 30 s. It 
was then passed through filter paper and read at a wave-
length of 540 nm by a spectrophotometer [16]. Finally, after 

analysis of variance (ANOVA) of the data to determine sig-
nificant treatment effects, mean separation was done using 
Duncan's multiple range test (DMRT). All statistical results 
were considered significant at P ≤ 0.05. The figure was cre-
ated by EXCEL.

Results and Discussion

The measured parameters in the water (Table 3) indicate its 
appropriate quality for use in the preparation of the nutrient 
solution. Due to the interaction effects between the type of 
growing media and plant on the composition of the effluent, 
this effect was investigated by analyzing the composition 
of the drainage (Table 3). The EC and pH of the effluent 
were not affected by the media. The higher concentration 
of calcium and magnesium in the output solution compared 
to the initial nutrient solution is related to the lower rate of 
absorption of these nutrients compared to the rate of water 
absorption and evaporation.

Influence of Different Growing Media on Yield 
and Yield Components of Cucumber

The changes in the average daily yields in different treat-
ments are shown in Fig. 1, which indicates that there is no 
significant difference during the experiment.

Also, the effect of different growing media on yield and 
yield components of cucumber (Table 4) showed that there 
is no significant difference among the growing media how-
ever; Aged wood bark (CAWB) had the highest total yield, 
the number of fruits, and the average weight of fruit com-
pared to other treatments. The previous studies reported 
that cocopeat and perlite were suitable growing media for 
some plants, especially for vegetables [5, 20, 21]. Though, 

Fig. 1   Changes in the average of daily yield during harvest in different growing media
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recent studies have shown that there are some new growing 
media, which due to their physicochemical properties pro-
vide a better growing media for plants. The amount of CEC 
in CAWB and CDPW was higher than CCP (Table 2). This 
factor relates to the buffer capacity of nutrients, which has a 
vital role in plant supplements. However, some studies have 
reported that there is no significant difference between CCP 
and the newer growing media such as CDPW in terms of 
growing indices [10, 14].

The previous study on assessment of different date palm 
based mixes for soilless culture reported the CDPW [date 
palm substrate (90%), vermicompost (5%) and zeolite (5%)] 
in terms of cation exchange capacity, particle density, total 
porosity, bulk density, water holding capacity and electri-
cal conductivity in the same cluster as coir substrate, as the 
superior growing media, which it is confirmed by the present 
study [4].

Influence of Different Growing Media 
on the Chemical Composition of Plant Tissues

The results showed that nutrients content of the leaf is sig-
nificantly affected by the type of growing media. CAWB 
and CDPW accumulated higher concentrations of N, P, K, 
and Cu compared to CCP. While Mg and Zn content of leaf 

in CCP was more than in other growing media (Table 5). 
The superior growing media in terms of Ca, Fe, Mn, and B 
content of leaf was CDPW and it was respectively followed 
by CCP and CAWB.

The leaf concentrations of P, Ca, Mg, Fe, Mn, Cu, and 
B in the studied growing media were at the optimum level 
but the concentrations of N and K were at the toxicity level 
[7]. The high N and K content of leaves is likely related to 
the chemical composition of the using nutrient solution and 
relatively insufficient drainage for exiting the extra concen-
trations of N and K from the containers. The notable point 
of this study was the effect of CCP on the Zn content of leaf, 
which was in the toxicity range reported by de Kreij et al. [7] 
while, CAWB and CDPW caused an optimum accumulation 
of Zn in leaf (i.e., the optimum range of Zn is 20–100 mg/
kg). These results are in line with those obtained by Basirat 
and Davoudi [4] about CDPW.

In general, with the exception of Zn changes, it was 
observed that the growing media had a similar effect on 
the nutritional status of cucumber leaf, which refers to 
their nearly similar properties, and therefore they had not 
created any significant difference in the nutritional status 
of the cucumber leaf. The levels of nutrient absorption of 
plants in the two treatments were significantly higher than 
CCP, while the CEC is similar among them (Table 2). The 
results showed that the type of growing media had no sig-
nificant effect on the content of nitrate in the flesh and peel 
of cucumber (P < 0.05) (Table 6). However, regardless of 
the type of growing media, the accumulated nitrate in the 
peel was significantly higher (P < 0.05) than the accumulated 
content in the flesh. The nitrate content of the cucumber peel 
was about 3 to 7 folds higher than the flesh. This result is in 
line with those obtained by Stachniuk et al. [19]. Therefore, 
separating the peel can significantly reduce the risks of high 
nitrate accumulation in the fruit. Another notable result of 
this study is that the total content of nitrate in fruit was sig-
nificantly lower than the maximum permissible rate (15 mg 

Table 4   Means comparison of the effect of different growing media 
on yield and yield components of cucumber

Means in the same column followed by the same letter are not signifi-
cantly different according to DMRT at (P ≤ 0.05)

Growing media Average weight 
per fruit (g)

Average number 
of fruit per plant

Total yield 
(g per 
plant)

CCP 81.39a 24.33a 1970.0a
CAWB 86.91a 25.00a 2160.8a
CDPW 81.83a 23.42a 1911.6a

Table 5   Nutrients content of leaves in different growing media

Growing media N P K Ca Mg Fe Zn Mn Cu B
% mg/kg

CCP 5.16a 0.643a 4.16a 1.25a 0.508a 78.85a 122.3a 42.6a 14.8a 49b
CAWB 5.48a 0.784b 4.28a 1.23a 0.393a 73.55a 92.4b 30.0b 18.8b 47a
CDPW 5.69a 0.727b 4.49a 1.89b 0.491ab 89.75b 80.5b 48.6a 16.7b 52b

Nutrient standards in cucumber leaves (de Kreij et al. 1992)

N P K Ca Mg Fe Zn Mn Cu B

% mg/kg

Deficiency level < 1.8 < 0.2 < 2 < 1 < 0.15 < 50 < 15 < 15 < 3 < 20
Optimum level 2.5–4.5 0.3–0.7 2.5–4 2.5–5 – 50–300 20–100 60–400 8–20 30–70
Toxicity level > 4.5 >1 > 4 - > 2.5 > 300 > 100 > 400 > 30 > 70
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per 100 g fresh weight of fruit). This may be due to the 
quality of the using growing media, and the likely balance of 
nutrients in the nutritional formulation. The high concentra-
tion of nitrate was related to the non-efficient management 
of plant nutrition in the greenhouse, due to excessive use of 
urea and nitrate fertilizers and also livestock manures [15].

Conclusion

Numerous studies reported that cocopeat and perlite 
are popular growing media for soilless culture in green-
houses in different regions. The results of the present work 
showed that a mixture of 60% cocopeat and 40% perlite 
(CCP), aged wood bark (AWB), and composted date-palm 
enriched with vermicompost and zeolite (CDPW) did not 
have any significant differences in the nutritional and yield 
status of greenhouse cucumbers which likely refers to their 
nearly similar properties. Although, the nutrients use effi-
ciency is more than conventional media. Thus, considering 
the low cost, availability, and abundance of wastes of date 
palm and aged wood bark in the region, these wastes may 
be considered efficient substituents to the conventional 
growing media such as cocopeat and perlite for greenhouse 
plants such as cucumber in Iran.
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