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Abstract 
This work aims to study the effect on the productivity and quality variation of alfalfa using the two different 
fertilization recipes: F1 and F2 along with two different cultivation method in soilless: coconut fiber bag CF, 
Nutrient Film Technique (NFT) and in soil So. Number of leaves, stem length, number of flowers, crude protein, 
fiber and ash content of alfalfa plants were measured during the three cuttings time of the production cycle. In the 
productivity phase, results showed that during the three cuttings repetition, the number of leaves, stem length and 
number of flowers of alfalfa were in favor of the treatment of coconut fiber bags and the F1 fertilization recipe 
(CF1) followed by NFT with a good interaction noticeable at this combination level (CF1) with the cutting 1. As 
for the quality variation phase, the results showed that the crude protein and ash content are in favor of alfalfa 
grown in soilless CF2; CF1; NFTF1 and NFTF2. As for fiber content, F1 was the most favorable and NFTF1 
reported higher fiber content than coconut fiber bags. Concerning the cutting system, cut 1 had a large impact on 
chemical composition. In summary, alfalfa grown in soilless is more productive and succeeded in the production 
cycle and the quality variation of alfalfa.  
Keywords: Alfalfa, coconut fiber bag, NFT, fertilization recipe, quality variation, productivity 
1. Introduction  
The increased livestock production with a total of 200% in the last 54 years (FAOSTAT, 2017) has resulted in an 
increased demand for feeds and forage supply across the world. To ensure abundant production and high-quality 
forage in grazing systems, producers increased their interest in growing alfalfa to meet the demand for livestock 
production (Wang et al., 2016) which provided the majority of the nutrients required by the animals. In 2009, 
alfalfa was grown on approximately 30 million hectares worldwide. With 9.3 million hectares in the United States 
which is the major producer of this crop forage (USDA-NASS, 2004) and according to FAO, 2020, fodder crops 
are grown on approximately 4500 ha locally from a total of 231 000 of agricultural area in Lebanon, 53 137 of 
which are fallow lands abandoned for years (FAO Ministry of Agriculture, 2010). The multiple crisis Lebanon is 
passing through since 2019 in addition to the poor feed quality and inadequate feed supply, has resulted in 
threatening livestock sector which is highly dependent on imported fodder. Consequently, farmers could no longer 
grow crops to feed their livestock which allow the introduction of a new form growing plants (Weldegerima et al., 
2005) that is timidly adapted by Lebanese farmers due to the lack of investment and/or of technical knowledge 
needed to operate properly (Tabet et al., 2020) and become important to farmers worldwide (Wang et al., 2020) 
as an alternative to get more output with less resources, especially that it can be helpful to countries that have a 
zero soil fertility which is not able to sustain agriculture, with an ability to maximize production in limited space 
(Treftz and Omaye, 2016). Adding hydroponic fodder to the food routine are claimed to have an advantageous 
way of growing plants in a controlled environment including temperature, light intensity and moisture (Liu et al., 
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2020). The objective of our study is to compare the productivity of alfalfa in open field and in the two soilless 
systems which are the Nutrient film technique and coconut fiber bags with their effects on variation of quality.   
2. Material and Methods 
2.1 Work Description 
The experiment took place between April and July 2022 at the Agricultural Research and Training Center (CFRA) 
of the Faculty of Agronomy, Lebanese University located in Ghazir. This study was carried out in a bi-chapel 
greenhouse with an area of 256 m2 (16 m x 16 m), containing 12 bags of Coconut Fiber Bag Technique and two 
units of Nutrient Film Technique system for alfalfa cultivation. The meteorological station located at CRFA-
Ghazir recorded a temperature between 17 and 25°C and a relative humidity between 57 and 68%.  All the work 
concerning the proper development of alfalfa crop in terms of fertility requirement and harvest cuts was similar 
for all the treatments. All plants were irrigated 6-8 times per day. The cultivated alfalfa used in our experiment 
was the “Legend HayMaker 34".   
2.2 Experimental Design  
For the two soilless systems, two different fertilization recipes F1 (Samperio-Ruiz, 2009) for the first unit system 
and F2 (Jones, 2005) for the second unit were used. The experimental design applied in the two different soilless 
systems is shown in the following figure (Figure 1):  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Experimental design of the two soilless cultivation method 
 
2.3 Growing Alfalfa in Soilless System 
In the Coconut Fiber Bag cultivation method, alfalfa plants were grown in 12 bags, each containing 4 plants per 
bag, were divided into groups in order to supply them with the fertilizers relating to each unit. Nutrient solutions 
F1 and F2 were administered from two different tanks to the bags using pipes (spaghetti tube) connected to a 
floating pump inside the tanks. Bags filled with substrate are placed in channels to collect drainage solution (Tabet 
et al., 2020). Indeed, for the NFT technique, it consists of bringing the nutrient solution from two different 
reservoirs, every one containing the F1 or F2 fertilizers and connected to a separate culture unit composed of two 
tables each of which contains 7 NFT lines (26 plants/line). Each unit requires 7 rows x 26 = 182 plants. In total, 
this experimental part involves 364 alfalfa plants (182 x 2 units). To better organize the work, the forty-eight plants 
used for parameter measurement (24 plants from the Coconut Fiber bag technique and 24 plants from the NFT) 
were selected, divided into groups and marked with red ribbons and from which monthly measurements were 
collected. 
2.4 Fertilization System 
The F1 (Samperio-Ruiz, 2009) and F2 (Jones 2005) fertilization recipes were weighed using a precision balance 
(S/N 1411208789, 19863-400F, 40kg/5g). 
The production cycle for the two soilless systems was divided into two phases: 

F1 F2 
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 Phase I: representing vegetative development (3 weeks) from germination to 15 cm of plant height;  
 Phase II: representing flowering set (1-2 weeks) from 15 cm of plant height to cutting at 60 cm of plant height. 
The number of plants used in our experiment in the different cultivation methods and in combination with the F1 
and F2 were divided into groups of 12 for each treatment NFT and CF (Figure 2).  

  
  
  
  
 
 
 

 
 
 
 
 
 

Figure 2. Experimental block design of the number of plants in the different soilless cultivation methods and in 
combination with the F1 and F2 

 
2.5 Preparation of F1 and F2 Fertilization Solutions 
Due to the nutritional requirements of the plants in their different development stages, it was observed that growth 
improves if a suitable nutrition is supplied. The compositions of the F1 and F2 fertilization solutions used during 
the two phases, vegetative (Phase I) and flowering (Phase II), are presented in the table below (Table 1).  
 
Table 1. Composition of the two fertilization recipes (F1 and F2) used during phases I and II in g 

Stock solution Stock solution Phase I Phase II 
F1 F2 F1 F2 

 
Tank A 

Calcium Nitrate 1100 2500 1710 2500 
Iron 35 35 35 35 

 
 
Tank B 

Magnesium Sulfate 1050 2500 1810 2500 
Fetrilon Combi 
(Oligo elements) 40 40 40 40 

Potassium Nitrate 2300 2900 2900 2900 
Ammonium Sulfate 500 500 700 500 

 
Based on the literature of Samperio-Ruiz, 2009, F1 fertilization recipe varied, during our experiment, according 
to the stages of plant development. For the F2 fertilization recipe all the required nutrients were commonly supplied 
at similar rate during all the stage of development. The micronutrients added to the solution were the same 
throughout the production cycle. 
2.6 Growing Alfalfa in the Soil 
The cultivation in the open soil system were carried out in a tunnel greenhouse of dimensions 12 m x 5m. However, 
plants grown in the soil were fertilized according to the dose adopted by the farmers which is NPK via a venturi 
system irrigation station with a dosatron. On April 4, 2022, seven hundred twenty-one alfalfa seedlings are grown 

48 samples

Unit 1 

12 plants 
from NFTF1

12 plants 
from CF1

Unit 2 

12 plants 
from NFTF2

12 plants 
from CF2
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at 25 cm intervals between plants and 50 cm between rows. Twelve plants intended for the measurement of the 
parameters were selected randomly and marked with ribbons. They are called So.  
The exact amounts and types of fertilizers to be applied after 2 weeks of transplanting are shown in the following 
table of fertilization program (Table 2). 
 
Table 2. Fertigation of alfalfa grown in the soil using different types of fertilizers  

Fertilizers Formulation Total Grams needed per 8 weeks Grams per week added 

Monopotassium Phosphate 
MKP 0-53-34 900 113 

Potassium Nitrate KNO 13-0-45 1600 200 

Potassium Sulfate KSO 0-0-50 400 50 

Monoammonium Phosphate 
MAP 12-61-0 200 25 

20s 20-20-20 100 13 

The amount to be applied for 1 week should be repeated it for a period of 8 weeks till first harvesting.  
 
2.7 PH And EC Of Nutrient Solutions 
A daily measurement of electro conductivity (EC) using the EC meter (HANNA INSTRUMENTS, EC 215) and 
pH of nutrient solutions F1 and F2 using the pH meter (OHAUS STARTER 3100) took place in order to control 
them as best as possible. In general, the pH was maintained between 6.5 and 6.9 while the EC value maintained 
around 2.5 μS/cm (Trejo-Tellez and Gomez, 2012). 
2.8 Harvesting and Sampling 
Our study grouped together three cuts of three successive production cycles of 5 weeks each. At each cut, 
productivity and quality parameters were taken into consideration. The harvesting has been divided into 3 
repetitions. 1st repetition: 5 weeks after transplantation of the plants representing the development of vegetative 
and flowering phase of the plant; 2nd repetition: 5 weeks after the first cut of the plants; 3rd phase: 5 weeks after 
the second cut.  
2.9 Parameters Measured 
Parameters measurements are divided into two parts. The productivity part to measure the growth and the 
development of the alfalfa plants and the quality variation part to measure the different nutrients contents. 
2.9.1 Productivity Measurements of Alfalfa  
A monthly measurement take place for the majority of the parameters related to the growth of the plants. 
Number of Leaves  
On day 0, just after each harvest, the number of leaves of alfalfa was counted manually and this for the marked 
plants of each treatment. 
Stem length 
At the end of each production cycle, the marked plants were measured, harvested at 5 a.m. and preserved in a 
packaging of plastic bag numbered according to culture methods and treatments, then taken on the same day of 
the cutting measurements to the laboratories of Chamber of Commerce Industry and Agriculture of Tripoli where 
60 samples were taken for the experiment and dried using the forced – air Drying oven method (Van Soest,1970) 
at a temperature of 40°C for 6 hours to be dried enough and subjected to the analyzes of the parameters immediately. 
Number of flowers  
The number of flowers marked already was counted manually with each treatment. 
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2.9.2 Quality Variation Phase of Alfalfa 
During the post-harvest life phase of alfalfa, the parameters were measured at the laboratories on days 19 May; 23 
June; and 28 July 2022. 
Analysis of Dry Forages with FT-NIR method 
A forage analysis consists of multiple parameters such as protein, fiber, ash and moisture content. The BRUKER 
Optics offers the most comprehensive range of the method of Fourier transforms near-infrared (FT-NIR) 
spectroscopy that allows the rapid determination of these and more nutrients in dry forages in terms of chemical 
component. 
2.10 Statistical Analysis 
The tables and figures are produced using the EXCEL 2013 program, while the statistical analyzes are processed 
with GLM (General Linear model) using the Sigmastat program. The significant differences are analyzed with 
Three Way Anova for the productivity and quality phase parameters.  
3. Results and Discussion 
3.1 Productivity Measurements of Alfalfa 
This phase describes the influence of three different cultivation methods and the two fertilization recipes on the 
productivity of alfalfa during the whole production cycle. 
Number of leaves 
The effects of variations in fertilization recipes and cultivation methods on the number of leaves of alfalfa are 
presented in Table 3. 
 
Table 3. Effects of variations in fertilization recipes and cultivation methods on the number of leaves of alfalfa. 

Treatments/Cuts CF1 CF2 NFTF1 NFTF2 So Mean of cuts 
C1 1175a 1130a

 696a 662a 467a 169a 
C2 1016a 941b 577b 596b 388b 133b 

C3 988a 784b 499c 483b 295b 113c 

Mean of treatments  1003a 954b 590c 580c 383d - 
*In columns and rows the numbers with similar exponent represent the absence of a significant difference at p>0.01. 
 
The number of leaves of alfalfa from the group CF1 shows a clear significant difference (P˃0.01) compared to the 
other groups. This proves that the F1 fertilization recipe have almost the highest effect on the number of leaves of 
alfalfa, which is the case for the cultivation method where the CF is relatively higher than that of the NFT and So 
group with a significant difference. 
For instance, some researchers showed the favorable effect that growing media have on plant growth (Maboko et 
al., 2013) as it increased the yield of fodder and water retention (Marinou et al., 2013), other researches did not 
show any difference in the yield (Hallman and Kobryn, 2014).  
The results of the analysis of NFT shows that there is no significant effect in treatments when use F1 as compared 
to F2 for leaf number. Fertilization, however, did not influence this parameter in NFT production. For Pimentel et 
al., 2016, concentrating the root system in a confined volume of improve substrate and the correct water supply 
are one of the essential factors for the development of leaves resulted in an increase in the exchanges between the 
environment and the plant, increasing photosynthesis and can greatly improve the growth of plants which is the 
basis of the soilless system (Savvas et al., 2018).  
The results of statistical analysis for leaf number data according to the number of cuts are presented in Graph 1: 
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Graph 1. Cutting cycles of alfalfa and variation of leaf number 
 

As shown in Graph 1, the result of the study showed that the leaf number of alfalfas in the first cutting cycle was 
significantly higher as compared to second and third cuts (P<0.001) that rapidly declines. This report quite agreed 
with Gashaw et al., (2015), and Walie et al., (2016) who showed the values that leaf number decrease from 169 
for the first cut till 113 for the third one as the cutting cycle increased for the alfalfa. 
These results indicate that first-cutting also has some unique yield characteristics which corresponds to a higher 
forage content in the leaves than any other cutting (Rankin, 2013).  
Stem length 
The effects of variations in fertilization recipes and cultivation methods on the stem length of alfalfa are shown in 
Table 4. 
 
Table 4. Effect of variations in fertilization recipes and cultivation method on the stem length of alfalfa. 

Treatments/Cuts CF1 CF2 NFTF1 NFTF2 So Mean of cuts 
C1 89.5a 82.8a

 73a 75a 67a 77a 
C2 75.2b 74.6b 66.9b 68b 64a 69b 

C3 65.08b 61.7c 58.6c 62b 58b 60c 

Mean of treatments  77a 73b 66c 66c 63c - 

*In columns and rows the numbers with similar exponent represent the absence of a significant difference at p>0.01. 
 
The length of the stem in the treatment of the two groups CF1 and CF2 showed a significant difference (P˃0.01) 
compared to the other groups. This can be explained by the high-water retention of CF and the constant availability 
of water during production which has an effect on the solubility of fertilizers and their availability to plants and is 
conducive to maintain consistent quality of alfalfa stem length (Liu et al., 2020). 
In coconut fiber bags, the stem length showed a tendency to increase following F1 as compared to F2 that have a 
high nutrient changes in Nitrogen and Phosphorus during the growth of hydroponics fodder.  
While in NFT the stem length of plants irrigated by F1 and F2 shows no significant difference (P>0.01). This 
proves that alfalfa can succeed in the NFT under both recipes. 
No significant difference was reported between NFT and So. Nevertheless, this result suggested that alfalfa 
succeed in these two systems but their stem remains relatively minimal. This can explain that providing a suitable 
medium along with chemical fertilizers increased the length of alfalfa stem which in turn increase number of leaves 
(Sepahvand et al., 2021). 
 
The results of statistical analysis for stem height data according to the number of cuts are presented in Graph 2:  
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Graph 2. Cutting cycles of alfalfa and variation of stem length 

 
We recorded an overall mean plant length shown in graph 2 of the first cut that showed a significant superiority 
(P˃0.01) as compared to the second cut that was slightly greater than that of the third cut which have a high 
significant effect (P <0.01). 
The reason for increasing plant length in the first cut that indicate the high statistical influence is probably affected 
by the number of cuts (Popovic et al., 2001). However, frequent cuttings of alfalfa may lead to reduction in plant 
length.  
In this context, it can be concluded that the factor with the greatest influence on the plant length was the time of 
stage of development and cultivation method that was different among the culture across the cutting cycle.  
Number of flowers 
The effects of variations in fertilization recipes and cultivation methods on the number of flowers of alfalfa are 
presented in Table 5. 
 
Table 5. Effects of variations in fertilization recipes and cultivation methods on the number of flowers of alfalfa 

Treatments/Cuts CF1 CF2 NFTF1 NFTF2 So Mean of cuts 
C1 47a 40a

 19a 28a 14a 31a 
C2 40a 36a 16c 19b 14a 26b 

C3 43a 30b 17b 14c 12a 22c 

Mean of treatments  42a 36b 21c 21c 13d - 
*In columns and rows the numbers with similar exponent represent the absence of a significant difference at p>0.01. 
The number of flowers from the two groups CF1 and CF2 showed a significant difference (P˃0.01) compared to 
the groups NFTF1, NFTF2 and So. The high-water retention of CF and the irrigation frequencies are factors that 
improve flower number and mainly attributed to the support of this results (Fernando et al., 2014). Constitutively, 
it shows a significant difference (P<0.01) in favor of the F1 and F2 with a superiority for F1. This difference in 
CF can be explained by the adequate amount in F1 compared to F2, particularly with regard to nitrogen, which 
recalls the studies of Buxton (2010) showing that the decrease in the number of flowers may be due to the excessive 
quantity of nitrogen. 
 
Indeed, the F1 recipe has a lower phosphorus composition compared to that of Kumarasingue et al., (2016) that 
recognized the importance of phosphorus by helping flower initiation. Although, NFT treatment was not 
influenced by the variation in fertilization recipes which is not the case for the cultivation method. We can conclude 
that the interaction between the different fertilization recipes and the different substrates have a positive effect by 
its physico-chemical properties and high-water retention. 
The results of statistical analysis for flowers number data according to the number of cuts are presented in Graph 
3: 
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Graph 3. Cutting cycles of alfalfa and variation of number of flowers 
 
The results in Graph 3 of flower number showed highest values at the first cutting cycles as compared to the later 
cuttings (P<0.001) that are not as high in initial value. 
Resulting in nonlinear responses (Sanderson et al., 2000) the results showed that with increasing frequency of 
cuttings to three cuttings, number of flowers has been reduced drastically. With the data on number of flowers, if 
cuts are frequent, number of flowers is affected (Orloff, 2007) in a sharp and significant reduction in all the flower 
number.  
The results of this study revealed the consistent effect of cutting on various flower number and as might be 
expected, the timing of flowering for plants responsiveness is a major factor in improving quality variation. 
3.2 Quality Variation Phase of Alfalfa 
This phase describes the influence of the three different cultivation methods and the fertilization recipes on the 
post-harvest quality of alfalfa. 
Crude Protein 
The effects of variations in fertilization recipes and cultivation methods on the Protein content of alfalfa are 
presented in Table 6. 
 
Table 6. Effects of variations in fertilization recipes and cultivation method on the protein content of alfalfa 

Treatments/Cuts CF1 CF2 NFTF1 NFTF2 So Mean of cuts 
C1 28.9a 30.4a

 27.7b 25.8ab 27.3a 28.03a 
C2 27.4b 28.3b 28.5a 28.1a 27.6a 28.01a 

C3 24.3c 24.5c 21c 21b 20.1c 21.7b 
Mean of treatments  26.9b 27.7a 25.4c 24.9 d 24.5e - 

*In columns and rows the numbers with similar exponent represent the absence of a significant difference at p>0.01.   
     
A significant difference (P > 0.01) among the crude protein contents of alfalfa was reported between the 5 groups 
that has a slight superiority (P>0.05) for the CF2 treatment. This difference can be explained by increasing the 
nitrogen level in F2 fertilization recipes which improve the alfalfa nutritive value and result in high protein content. 
This is in agreement with Delevatti et al., 2019 who suggests that Nitrogen application affected the crude protein. 
The mode of cultivation in NFT showed a satisfactory and better-quality protein content values of alfalfa that did 
not differ from that of coconut fiber. This is one of the important outcomes of our study that justifies the search 
for alternatives for the use in animal feeding. 
As reported by El Morsy et al., 2013, alfalfa produced under hydroponic conditions revealed appreciable levels of 
crude protein and digestibility. In contrast to Fazaeli et al., (2012) and Kılıç (2016) who stated that the quality of 
protein content decreased in hydroponic green feed and does not substantially change compared to the other 
treatment. 

010
2030
40

C1 C2 C3N
um

be
r o

f f
lo

w
er

s
Number of cuts

Number of flowers according to 
the number of cuts



as.ideasspread.org   Agricultural Science Vol. 5, No. 2; 2023 

 16       Published by IDEAS SPREAD 
 

The results of statistical analysis for protein content data according to the number of cuts are presented in Graph 
4: 
 
 

 
 
 
 
 
 

 

 

 
Graph 4. Cutting cycles of alfalfa and variation of protein content 

 
As shown in Graph 4, the results obtained in the current study was gradually decreasing until third cutting cycle. 
It is noted that the first and second cut consistently gave the highest protein content with a non-significant effect. 
This was consistent with Lloveras (2001) who reported the increase in alfalfa protein content from the first cutting 
and decreased in the third one. Probably the most important characteristic is the change in composition with 
advance toward maturity. In their study, Fazeli et al., (2012) and Naik et al., (2015) reported that the alfalfa CP 
content decline following increasing harvest days. 
We can conclude that the stage of cutting of plants has come to be recognized as one of the most important 
considerations in the harvesting of forage crops that had a large impact on protein content. 
Fiber  
The effects of variations in fertilization recipes and cultivation methods on the fiber content of alfalfa are shown 
in Table 7. 
 
Table 7. Effects of variations in fertilization recipes and cultivation methods on the fiber content of alfalfa 

Treatments/Cuts CF1 CF2 NFTF1 NFTF2 So Mean of cuts 
C1 14.8b 13.6b

 18.1b 16.3b 10.9c 14.8c 
C2 17.2ab 14.6ab 21ab 18.2ab 16.3b 17.5b 

C3 20.4a 19.2a 28.3a 24a 20.3a 22.7a 

Mean of treatments  17.5c 15.8d 22.5a 19.9 b 15.8d - 
*In columns and rows the numbers with similar exponent represent the absence of a significant difference at p>0.01 
 

The fiber content of alfalfa from group NFTF1 is significantly higher than the value of the other groups. The results 
of the fiber content showed a positive effect of the NFT substrate for F1, that is slightly higher than that irrigated 
by F2, in favor of the coconut fiber bags and soil that showed lower fiber values with no significant difference 
(P˃0.01) reported between CF2 and So. All of these observations may be due to the composition of the substrates 
and their physical properties (Birle et al., 2008).  
The adequate application of nitrogen and phosphorus levels that had the significant effect under NFT treatment 
(Singh et al., 2003) might be attributed to the highest fiber content in alfalfa. 
It can be concluded that hydroponics shown significant nutritional improvements of crude fiber (Almeida et al., 
2020).  
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In support of the present findings, Ndaru et al., 2020 found that the crude fiber content was within a range of 5, 61 
– 10, 71%. It is relatively lower than that obtained in our study with a value of 22.5% and 19.9% for F1 and F2 
respectively.  
The results of statistical analysis for fiber content data according to the number of cuts are presented in Graph 5: 
 
 
 

 
 
 

 
 
 
 

Graph 5. Cutting cycles of alfalfa and variation of fiber content 
 

As shown in Graph 5, the result of the study showed that the fiber content of alfalfa in the third cutting cycle was 
significantly higher as compared to the first and second cuts (P<0.001). Further, our results were in line with the 
results of Bandara et al., (2016) reported that crude fiber content of alfalfa in the first cut were 11.63%, and in the 
second one as 16.9% respectively.  
In the case of cutting schedule, fiber content increased with the crop age advancement (Popovic, 2001).  
From the performed analyses, it can be observed that among the elements of management of alfalfa cultivation, 
fertilization and cut had a high statistical influence on investigated crude fiber content. Lamb et al., 2003; Rimi et 
al., 2010).  
Ash  
The effects of variations in fertilization recipes and cultivation methods on Ash content of alfalfa are shown in 
Table 8. 
 
Table 8. Effects of variations in fertilization recipes and cultivation methods on Ash content of alfalfa 

Treatments/Cuts CF1 CF2 NFTF1 NFTF2 So Mean of cuts 
C1 13.4a 13.5a

 12.48a 12.07a 14.3a 13.2a 
C2 8.9c 9.3b 9b 8.7c 9.5b 9.1c 

C3 10b 12.4a 9.6b 10.5b 10.5ab 10.7b 

Mean of treatments  10.8c 11.9a 10.38d 10.42 cd 11.4b - 
 *In columns the figures with similar exponent represent the absence of a significant difference at p>0.05.    
 
The number of ashes from the CF2 show a significant difference (P˃0.01) compared to the groups CF1, NFTF1, 
NFTF2 and So. 
The ash content in CF reported a significant difference than that in NFT and Soil. This probably comes down to 
the composition of the substrates and their physical properties (Birle et al., 2008). 
Notably, the highest ash content (p< 0.01) was recorded in CF was 11.9 with F2 fertilizer and 10.8% in F1 
respectively. This can probably due to the sufficient amount of nutrients that ensures favorable conditions for high 
quality. 
The effect of the two fertilization recipes F1 and F2 was negligible when using them in NFT. Kumar et.al., (2021) 
indicated that not only optimal amounts of nutrients but also their proper balance is significant for proper plant 
development.  
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We can conclude that the data acquired shows the characterization and analysis of the ash content depending on a 
large number of factors including growing conditions and fertilization and it indicated that effectively react on the 
treatment with fertilizers Platače & Adamovičs, (2014).  
The results of statistical analysis for ash content data according to the number of cuts are presented in Graph 6: 

 
 
 
 
 
 
 
 
 
 

 
Graph 6. Cutting cycles of alfalfa and variation of ash content 

 
As shown in Graph 6, the result of the study showed that the ash content in the first cutting cycle was significantly 
higher as compared to second cut (P<0.001) that rapidly declines while it increases slowly during the third one. 
It was revealed that first cutting offers the opportunity for harvesting the highest forage quality of the growing 
season as compared to subsequent cuttings. Hence, a timely first cut is essential if high forage quality is the primary 
objective (Rankin, 2013). 
As a result, in alfalfa cultivation the higher yield and quality can be obtained only using the proper cutting (Tabacco 
et al., 2003). 
As alfalfa maturity advanced ash content decreased (P< 0.01) which agreed with the results of Marković et al., 
(2009). Generally, cuttings applied more frequently led to a decrease in fresh forage yield (Kallenbach et al., 2002; 
Ventroni et al., 2010).  
These results indicate additional factors such as multi-cutting may affect ash content and composition as well, in 
particular, the first-cutting can be, and often is higher than any other cutting (Rankin, 2013).  
4. Conclusion and Perspectives  
Our study shows that the use of two different cultivation methods associated with the two different fertilization 
recipes used have succeeded in the productivity and quality variation during the three different cuts of alfalfa in 
Coconut fiber bags followed by NFT system.  
Regarding the productivity phase of alfalfa, the results showed that during the three cutting repetition, a good 
interaction was noticeable at this combination level of coconut fiber cultivation mode and the F1 fertilization recipe 
(CF1) followed by NFT that positively affecting the number of leaves, flowers and stem of alfalfa with a best 
cutting found at cut 1.  
Concerning the quality variation phase of alfalfa, our results indicate that the crude protein and ash content are in 
favor of alfalfa grown in soilless CF2. For fiber content, F1 was the most favorable and NFTF1 reported relatively 
higher fiber values indicating better quality. Regarding the cutting system, cut 1 showed the best results. 
In summary, the introduction of hydroponics has become a viable alternative to consider and can be recommended 
to Lebanese farmers to improve their quality forage and to overcome the Lebanese economic crisis especially since 
this system is relatively inexpensive. 
In perspective, we recommend and plan to pursue complementary work on the effect of different cultivation system 
and fertilization in alfalfa as well as the study of the effectiveness of different cut. In order to achieve the overall 
objective, this new interest should become more important during the next years regarding the yield and quality of 
alfalfa and thus it is an opportunity for livestock to develop in future. 
 

05
1015

C1 C2 C3

Ash content according to the 
number of cuts



as.ideasspread.org   Agricultural Science Vol. 5, No. 2; 2023 

 19       Published by IDEAS SPREAD 
 

References 
Almeida, J. C. S., Valentim, J. K., Faria, D. J. G., Noronha, C. M. S., Velarde, J. M. D. S., Mendes, J. P., Pietramale, 

R. T. R., & Ziemniczak, H. M. (2020). Bromatological composition and dry matter production of corn 
hydroponic fodder. Acta Scientiarum. Animal Sciences, 43. 

Bandara, B. E. S., De Silva, D. A. M., Maduwanthi, B. C. H., & Warunasinghe, W. A. A. I. (2016). Impact of food 
labeling information on consumer purchasing decision: with special reference to faculty of Agricultural 
Sciences. Procedia Food Science, 6(2016), 309-313. https://doi.org/10.1016/j.profoo.2016.02.061 

Birle, E., Heyer, D. & Vogt, N. (2008). Influence of the initial water content and dry density on the soil–water 
retention curve and the shrinkage behavior of a compacted clay. Acta Geotech, 3, 191–200. 
https://doi.org/10.1007/s11440-008-0059-y 

Buxton, D. R. (2010). Growing Quality Forages under Variable Environmental Conditions. 10. Corpus ID: 
10697328. 

Delevatti, L., Cardoso, A.D.S, Barbero, R., Leite, R., Romanzini, E., Ruggieri, ana claudia, & Reis, R. (2019). 
Effect of nitrogen application rate on yield, forage quality, and animal performance in a tropical pasture. 
Scientific Reports, 9. https://doi.org/10.1038/s41598-019-44138-x 

El-Morsy A. T., Abul-Soud, M., & Emam, M. S. A. (2013). Localized hydroponic green forage technology as a 
climate change adaptation under Egyptian conditions. Research Journal of Agriculture and Biological 
Sciences, 9(6), 341-350. 

FAO (2020). Recovery and Rehabilitation of the Dairy Sector in Lebanon: Supporting the Agriculture Livelihood 
in Improving the Dairy Value Chain in a Protracted Crisis Context - Lebanon.” ReliefWeb.  

FAO, (2010). Résultats globaux du module de base du recensement de l’agriculture, Projet « Observatoire Libanais 
de Développement Agricole ». (Weldegerima et al., 2005)  

FAOSTAT (2017). Crops Data. Food and Agriculture Organization of the United Nations. Retrieved from 
http://faostat3.fao.org 

Fazaeli, H., Golmoihammadi, H., Tabatabayee, S. N., & Asghari-Tabrizi, M. (2012). Productivity and Nutritive 
Value of Barley Green Fodder Yield in Hydroponic System. World Applied Sciences Journal, 16(4), 531-539. 
IDOSI Publications, 2012 

Fernando, N., Panozzo, J., Tausz, M, Norton, RM., Neumann, N., Fitzgerald, G. J., & Seneweera. S. (2014). 
Elevated CO2 alters grain quality of two bread wheat cultivars grown under different environmental 
conditions. Agriculture, Ecosystems & Environment, 185, 24-33 

Gashaw, M. (2015). Review on Biomass Yield Dynamics and Nutritional Quality of Alfalfa (Medicago Sativa). 
Journal of Harmonized Research in Applied Science, 3(4), 241-251. 
https://www.researchgate.net/publication/295546163  

Hallman, E., & Kobryn, J. (2014). Yield and quality of cherry tomato (Lycopersicum Esculentum Var Cerasiform) 
cultivated on rockwool and cocofiber. Acta Horticulturae, (2003)614, 693-697.  

Kallenbach, R. L., Nelson, C. J., & Coutts, J. H. (2002); Yield, Quality, and Persistence of Grazing- and Hay-Type 
Alfalfa under Three Harvest Frequencies. Agronomy Journal, 94(5). https://doi.org/10.2134/agronj2002.1094. 

Kılıç Ü. (2016). Hydroponic Systems in Forage Production. Turkish Journal of Agriculture - Food Science and 
Technology, 4(9), 793–799. https://doi.org/10.24925/turjaf.v4i9.793-799.859 

Kumar, S., Singh, M., & Singh, P. (2021). Opportunities and constraints in hydroponic crop production systems: 
A review. Agricultural and Food Sciences, Environmental Science. https://doi.org/10.36953/ecj.2021.22346. 
Corpus ID: 245347631 

Kumarasingue, H., Subasinghe. S., & Ransimala. D. (2016). “Effect of Coco Peat Particle Size for the Optimum 
Growth of Nursery Plant of Greenhouse Vegetables.” Tropical Agricultural Research and Extension, 18(1), 
51. https://doi.org/10.4038/TARE.V18I1.5324 

Lamb, J. F. S, Sheaffer, C. C., & Samac, D. (2003). Population Density and Harvest Maturity Effects on Leaf and 
Stem Yield in Alfalfa. Agronomy Journal. https://doi.org/10.2134/agronj2003.6350 

Liu, J., Liu, X., Zhang, Q., Li, S., Sun, Y., Weihua, L., & Chunhui, M. (2020). Response of alfalfa growth to 
arbuscular mycorrhizal fungi and phosphate-solubilizing bacteria under different phosphorus application 
levels. AMB Expr 10, 200. https://doi.org/10.1186/s13568-020-01137-w 



as.ideasspread.org   Agricultural Science Vol. 5, No. 2; 2023 

 20       Published by IDEAS SPREAD 
 

Lloveras, J., Ferran, J., Boixadera, J., & Bonet, J. (2001) Potassium Fertilization Effects on Alfalfa in a 
Mediterranean Climate. Agronomy Journal, 93(1), 139-143. https://doi.org/10.2134/agronj2001.931139x  

Maboko, M., Bertling, I., & Du Plooy, C. P. (2013) Arbuscular mycorrhiza has limited effect on yield and quality 
of tomatoes grown under soilless cultivation. Acta Agriculturae Scandinavica, Section B — Soil & Plant 
Science, 63(3), 261-270. https://doi.org/10.1080/09064710.2012.755219 

Marković, J., Strbanovic, R., Cvetkovic, M., Andelkovic, B., & Zivkovic, B. (2009). Effects of growth stage on 
the mineral concentrations in alfalfa (Medicago sativa) leaf, stems and the whole plant. Biotechnol Anim Husb, 
25, 1225–1231 

Naik, P., Bijaya, S., & Singh, N. (2015). Review-Production and Utilisation of Hydroponics Fodder, 32, 1–9.  
Ndaru, P., Nurul Huda, A., Marjuki, M., Prasetyo, R., Shofiatun, U., Nuningtyas, Y., Ndaru, R., & Kusmartono, K. 

(2020). Providing High Quality Forages with Hydroponic Fodder System. IOP Conference Series: Earth and 
Environmental Science, 478, 012054. https://doi.org/10.1088/1755-1315/478/1/1012054 

Orloff, S. B., & Putnam, D. H. (2007). Forage quality testing. In Irrigated Alfalfa Management in Mediterranean 
and Desert Zones. Chapter 16, edited by Summers, C.G. & Putnam, D.H. Oakland: University of California 
Agriculture and Natural Resources Publication 8302. Retrieved March 13, 2015, from 
http://alfalfa.ucdavis.edu/Irrigated Alfalfa. Accessed on. 

Pimentel, R. M., Bayão, G. F. V., Lelis, D. L., Cardoso, A. J. S., Saldarriaga, F. V., Melo, C. C. V., & Santos, M. 
E. R. (2016). Ecofisiologia de plantas forrageiras. PUBVET, 10, 666–679.  

Platače, R., & Adamovičs, A. (2014). The evaluation of ash content in grass biomass used for energy production. 
doi:10.2495/EQ140992 

Popovic, S., Grljusic S., Cupic, T., Tucak, M., & Stjepanovic, M. (2001). Protein and Fiber contents in Alfalfa 
leaves and stems. Options Méditerranéennes : Série A. Séminaires Méditerranéens; n. 45). 14. Réunion 
Eucarpia du Groupe Medicago spp., 2001/09/12-15, Zaragoza and Lleida (Spain). Retrieved from 
http://om.ciheam.org/om/pdf/a45/01600086.pdf 

Rankin, M. (2013). Seven Unique Factors of First-Cut Alfalfa, University of Wisconsin Extension  
Rimi, F., Macolino, S., Leinauer, B., Lauriault, L. M., & Ziliotto, U. (2010). Alfalfa Yield and Morphology of 

Three Fall-Dormancy Categories Harvested at Two Phenological Stages in a Subtropical Climate. Agronomy 
Journal. https://doi.org/10.2134/agronj2010.0193 

Samperio-Ruíza, G. (2009). Perennial Production of Green Hydroponics Forage. ISHS. Acta Hort. 843. 
Sanderson, M. A., Labreveux, M., Hall, M. H., & Elwinger, G. F. (2000). Forage Yield and Persistence of Chicory 

and English Plantain. Crop science. https://doi.org/10.2135/cropsci2003.9950 
Savvas, D., & Gruda, N. (2018). Application of Soilless Culture Technologies in the Modern Greenhouse Industry-

A Review. European Journal of Horticultural Science, 83, 280–93. 
https://doi.org/10.17660/eJHS.2018/83.5.2  

Sepahvand, D., Matinizadeh, M.,  Etemad,V., & Shirvany,V. (2021). Changes in morphological and biochemical 
properties of Celtis caucasica L. mycorrhizal fungi-inoculated under drought stress condition. Central Asian 
Journal of Environmental Science and Technology Innovation, 4(2021), 142-155. 
https://doi.org/10.22034/CAJESTI.2021.04.01 

Tabet, E., Al-Haf, R., Hosri, C., & Farah, L. (2020). Effect of Fertigation and Foliar Application of Seaweed’s Bio 
Stimulant on Banana Yield. Agricultural Science, 3(1), 2021. https://doi.org/10.30560/as.v3n1p1. 

Tabet, E., Sleiman, P., Hosri, C., Rouphael, S., Farah, L. (2020). Optimisation of Off-Soil Tomato Fertilization and 
Substrate Recipes. Agricultural Science, 2(1). https://doi.org/10.30560/as.v2n1p243 

USDA. Published Estimates Database, National Agricultural Statistics Service. Retrieved from 
http://www.nass.usda.gov:81/ipedb/ 

Ventroni, L., Volenec, J., Cangiano, C. (2010). Fall dormancy and cutting frequency impact on alfalfa yield and 
yield components. Field Crops Research, 119, 2–3. November–December 2010, Pages 252-259. 
https://doi.org/10.1016/j.fcr.2010.07.015 

Wang, M., Franco, M., Cai, Y., Yu, Z. (2020). Dynamics of fermentation profile and bacterial community of silage 
prepared with alfalfa, whole-plant corn and their mixture. Animal Feed Science and Technology, 270, 114702. 
https://doi.org/10.1016/j.anifeedsci.2020.114702 



as.ideasspread.org   Agricultural Science Vol. 5, No. 2; 2023 

 21       Published by IDEAS SPREAD 
 

Wang, Z., Qiang, H., Zhao, H., Xu, R., Zhang, Z., Gao, H., Wang, X., Liu, G., & Zhang, Y. (2016). Association 
Mapping for Fiber-Related Traits and Digestibility in Alfalfa (Medicago sativa). Original Research article. 
Front. Plant Sci., 18 March 2016. Sec. Plant Breeding, 7, 2016. https://doi.org/10.3389/fpls.2016.00331 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 

 


