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This study aims to explore the potential use of treated wastewater in irrigating fodder crops and its effects on protein contents. A
comparison of the protein contents in intercropped fodder plants irrigated with fresh water, and rainfall water, against those
irrigated with treated grey water was performed under Palestinian climate conditions. Field experiments with different inter-
cropping mixing ratios were carried out in 2017-2019 at the National Agricultural Research Centre in Palestine (NARC).
Measurements of the nutritional value of each mixture specifically the protein contents were carried out to get the optimal and best
conditions for preparing animal feed crops with three different water sources used. For alfalfa with vetch, the best result for protein
percentages was (on average) obtained from the rain-fed experiment (17.1% protein) followed by the freshwater experiment
(12.9% protein) and then by the treated grey-water experiment (12.6% protein). It appears that the best result for alfalfa with barley
for protein percentages was (on average) obtained from the treated grey-water experiment (13.0% protein) followed by the
freshwater experiment (11.1% protein) and then by the rain-fed experiment (10.5% protein). Statistical analysis of the data showed
that percent protein for each specific mixing ratio resulted in significant differences in the protein % for the those irrigated with
fresh water compared with the other types of water. The highest protein % was found to be for that irrigated with fresh water (31.9
for 10/90 alfalfa/barley ratio) followed by that irrigated with treated grey water (28.4 for 20/80 alfalfa/barley ratio) and then for the
30/70 ratio irrigated with treated wastewater (22.5%), and then for the 100/0 ratio of alfalfa/barley irrigated with rainwater (19.0).
Overall, results of this study showed that cereal-legume intercropping irrigated with treated grey water can be used as a suitable
management strategy for producing high-quality and high-quantity forage. Furthermore, the use of treated water can reduce the
already strained demand on fresh water due to increase in population among other factors.

1. Introduction

Intercropping is widely used by smallholder farmers in
developing countries and attracting attention in the context
of ecological intensification of agriculture in developed
countries [1]. Intercropping becomes particularly important
in areas with limited rainfall or semiarid climates [2]. Due to
low rain fall and dry areas in certain parts of Palestine [3],
diminishing supply of fresh water, and the recognition of
using treated water in cropping animal feed crops with
significant nutritional values, intercropping was performed

by growing of two or more crops simultaneously on the same
field to optimize parameters of irrigation and maximize
benefits of products.

Integrated intercropping of legumes is an option,
therefore aiming at optimizing the agronomic efficiency of
applied inputs [24]. Legume integration is an important
component of agricultural and animal feed systems [4, 5].
Legume-cereal intercropping, especially corn-beans inter-
cropping, is common throughout many parts of the world
[6]. In drier areas, common beans are often replaced by
cowpea or groundnut. Farmers commonly intercrop to
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FIGURE 1: Location of the study area.

secure food production by averting risk and to maximize
utilization of land and labor [7]. When crops are compli-
mentary in terms of growth pattern, above ground canopy,
rooting system, and their water and nutrient demand,
intercropping effectively enables a more efficient utilization
of available resources (sunlight, moisture, and soil nutrients)
and can result in relatively higher yields than when crops are
grown separately, as pure stands [8]. Other benefits of
intercropping are related to the better soil cover, which has
advantages for weed control and leads to reduced erosion
and nutrient leaching [9-12]. In addition, regional irrigation
with treated grey-water olive orchards and vegetable crops
did not show any negative effect on the chemical properties
of the fruits and leaves [23].

Because legumes can rely on atmospheric nitrogen (N),
they are less likely to compete for N with the cereal. The
presence of a cereal, exploiting the soil mineral N, may even
stimulate legumes to fix N [13, 14]. Fodders are vital in the
world’s food resources as plant materials containing high
amounts of structured carbohydrates [15-18]. Legumes are a
good source of protein and can be used to compensate cereal
protein shortage. Thus, growing of crop mixtures with le-
gumes, which is referred to intercropping, can boost the
forage protein content of diets [19-22].

Little information is available on the effect of irrigating
with treated wastewater in Palestine, especially when dealing
with intercropped fodder. This activity come in line with
Livestock-Based Livelihood-institutional Component (LBL-
i); this is because the FAO works to strengthening the ca-
pabilities of and links with applied research to enhance the
adoption of innovative approaches in addressing problems
and opportunities in the livestock sector and how to use
treated wastewater (TWW) for silage crops: quality and
safety control in TWW usage, introduction of new fodder
crop varieties suitable for TWW irrigation, and growing
various barley and vetch species on fresh water, treated grey
water, and rainwater; then, use these fodder crops in certain
ratios and study the nutritional value of each mix; and then,
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TaBLE 1: Alfalfa/barley and vetch/barley plot ratios.

Plots Alfalfa/barley Vetch/barley
1 100/0 100/0
2 90/10 90/10
3 80/20 80/20
4 70/30 70/30
5 60/40 60/40
6 50/50 50/50
7 40/60 40/60
8 30/70 30/70
9 20/80 20/80
10 10/90 10/90
11 0/100 0/100

decide on the optimal and best conditions for preparing
animal feed crops regardless of the water source used, in-
clusively to use treated water as alternative water supply due
to scarcity of water in Palestine.

2. Materials and Methods

2.1. Location. Intercrops of alfalfa with barley and vetch with
barley were carried out in the Northern West Bank of
Palestine within the Jenin Governorate, as shown in Fig-
ure 1. The geographical area is located at latitude N 32.40,
longitude E 35.28, and elevation at 312 m above sea level (m
a.s.1.). The rain-fed intercrops receive rainfall of an average of
300 mm/year, which were not fertilized or irrigated
throughout growth. The average temperature of the year in
the region was 20.3°C (low of 14°C night time and 27°C
during daytime), and the average temperature from Sep-
tember to November is about 23.5°C (low of 18°C night time
and high of 29°C daytime).

The research team implemented the project by growing
various fodder crops from seeds irrigated with rain-fed
water, fresh water, and treated grey water. The following
crops were intercropped in accordance with Table 1 mixing
ratios: barely with vetch and barely with alfalfa. Planting of
the crops was done in two areas: outdoor and indoor (inside
a greenhouse). For rain-fed, the barley/vetch intercropping
and the barely/alfalfa intercropping were performed outdoor
because both of these crops are winter crops and are not
influenced negatively by the cold weather.

The experiments were carried out in three locations
within the NARC facility during the 2017-2019, on terra-
rossa brown rendzinas and pale rendzinas soil, which is the
type of soil that typically found in northern Palestine. This
area of Palestine is dominated by agricultural work. For
indoor experiments, barley and alfalfa intercrops were
grown inside greenhouse, in which irrigation was performed
using fresh water and in another plot using treated waste-
water. Another batch of same intercropping was achieved
outside, which was dependent upon the rain-fed irrigation
method. The same was done to the barley and vetch
intercropping fields. Sampling was done in triplicate.

The crops were harvested at physiological maturity. The
plots were harvested manually and separated in three
fractions, i.e., grain legume, barley, and weeds. The plant
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samples were dried to constant weight, and total dry matter
(DM) production for each plot was determined separately
for grain legumes, barley, and weeds After threshing, the
grain DM yields were determined.

2.2. Analysis of Samples in the Kjeldahl Apparatus. The
analysis essentially involves three steps. First, digestion of
10 grams of each sample that involves oxidative decompo-
sition using concentrated, boiling sulfuric acid for 3 to
5hours. The bound nitrogen is dissolved out of its bond
matrix without any losses and is completely converted into
inorganic ammonia nitrogen (NH,"-N). At the end of the
digestion reaction, all the sample’s nitrogen should be
present as ammonia nitrogen as represented in

(CHNO) (s) + H,S0, (I) — CO, (g) + SO, (g) + H,0 (g)
+ (NH,)2S0, (aq) + H,SO, (1)
(1)

Second, the digested solution is distilled by adding
concentrated base (33% NaOH solution) and the ammonia
is then released and distilled from this solution in accor-
dance with the following equation:

(NH4)2804(aq) + 2NaOH(aq) — NaZSO4(aq) + 2NH3 (g)
+2H,0(1)
(2)

Finally, in the third step, applied water steam extracts the
volatile component ammonia from the green-colored di-
gestion solution and transports the ammonia through the
distribution head and coiled-tube condenser into the col-
lection solution with boric acid, which turns into pink color.
The ammonia and boric acid react stoichiometrically to form
ammonium borate, which prevents the ammonia from es-
caping. At the end, the residual boric acid is titrated with
base, which provides quantitative conclusions about the
nitrogen content in the original sample. The following
equation shows collecting the ammonia in boric acid:

NH; (g) + B(OH),,) + H" — NHy o, + B(OH);(,o) (3)

2.3. Calculating the Nitrogen Content. The consumption of
titration solution (H+) during titration of the excess boric
acid can be used to simply calculate the percentage nitrogen
content in the initial sample. The following formula applies
here:

_ (ceq* (V- VBL) * M * 100%)

5 , (4)

%N
where ceq is the equivalent concentration of the titration
solution (mol/l), V is the consumption of titration solution
sample [1], Vpy is the consumption of titration solution at
blank point (1), M is the molar mass of nitrogen (g/mol), and
E is the weight of the sample (g).

TaBLE 2: Percent protein for alfalfa/barley-intercropped fields.

Alfalfa/barley
Ratio Fresh water Rainwater Wastewater
0/100 5.2+0.126° 8.6+0.26™ 8.0+0.36™
10/90 32.0+0.2342 8.1+0.22™ 7.3+0.27%
20/80 5.8+0.27°¢ 10.7 +0.35°° 28.4+0.15%°
30/70 1.9+0.11"° 8.0+ 0.26%° 22.6+0.245
40/60 24.0+0.35% 14.3+0.36% 11.4 +0.25%¢
50/50 9.4+0.25"° 9.7 40.14" 14.5 +0.32P°
60/40 6.3 +0.33F¢ 10.6 +0.24P° 12.8 +0.23"
70/30 8.6+0.25%° 8.1+0.26"™ 10.0 +0.41%°
80/20 13.4+0.22%° 4.7 +0.33%¢ 7.3+0.25®
90/10 9.2+0.31°¢ 13.3+011° 15.3+0.25%
100/0 6.7+0.21" 19.0 +0.254° 4.9+0.31°

2.3.1. Statistical Analysis. Three samples of each treatment
were independently analyzed, and all of the determinations
were carried out in triplicate. All statistical analyses were
carried out using SAS (SAS Institute Inc., Cary, USA, Release
8.02, 2001). Comparisons of means were carried out using
the GLM procedure, treating main factors separately using
one-way analysis of variance (ANOVA). Differences were
considered significant if P values were lower than 0.05.

3. Results and Discussion

The protein percentages from the intercropping were de-
termined by measuring the total nitrogen content from 3 to
15mg subsamples of finely ground material using the
Kjeldahl apparatus. The theory is based on determination of
the total nitrogen in a sample using the Kjeldahl. This in-
strument is one of the most accurate and widely used
methods for determining nitrogen in substance such as milk,
cereal, and flour. The solid is first digested in boiling sulfuric
acid, which converts nitrogen to ammonium ion and oxi-
dizes to other elements as in

Organic C,H,N — NHj + CO, + H,0 (5)

Mercury, copper, and selenium compounds catalyze the
digestion process. To speed up the rate of reaction, the
boiling point of the concentrated sulfuric acid is raised by
adding K,SO,. After digestion is complete, the solution
containing NH," is made basic, and the liberated NHj is
distilled into a receiver containing known amount of HCIL.
Excess, unreacted HCl is then titrated with standard NaOH
to determine how much HCl was consumed by NHj, as
shown in equations (6)-(8). And equation (8) shows
treatment of the unreacted acid neutralized with base:

neutralization of NH,: NH; + OH" — NH; + H,0, (6)

distillation of NH; into standardized HCl: NH; + H* — NH;
(7)

titration of unreacted HCl with NaOH: H" + OH™ — H,0
(8)
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TaBLE 3: Percent protein from vetch-barley fields.
Vetch/barley

Ratio Fresh water Rainwater Wastewater
0/100 5.0 +0.12H¢ 15.2+0.257° 10.6 £0.21™
10/90 13.8 +0.25"¢ 18.9+0.32°° 22.5+0.25%
20/80 13.6 +0.31°° 11.4+0.11°¢ 16.9 +0.24%°
30/70 19.3 £0.22°° 23.6+0.26% 17.3+0.225¢
40/60 9.1+0.12F¢ 10.1 +0.27® 15.0 +0.367°
50/50 8.0+0.13™ 14.3+0.31% 14.4+0.28"2
60/40 6.0+0.116¢ 23.2+0.25% 6.7+0.117%
70/30 1.6+0.12" 20.3 +0.225 11.7+0.13%
80/20 24.4+0.255 12.2+0.15™ 7.8 +0.23%¢
90/10 351 £0.324° 21.0+0.15%° 16.0 +0.25¢
100/0 5.9+0.14%° 18.1+0.14<* *0.0 + 0

Table 2 shows the percent protein calculated from the
total nitrogen under different mixing ratios of alfalfa and
barley irrigated with fresh water, rainwater, and treated
wastewater.

Results showed that the % protein of the different ratios
of alfalfa and barley irrigated with fresh water is significantly
different between the different ratios indicated by capital
letters (A, B, C, D, E, F, G, and H), except between the ratios
50/50 and 90/10 indicated by capital letter D and between
the ratios 60/40 and 100/0 indicated by the capital letter F,
which are not significantly different. The highest protein%
was found to be 31.9 and the lowest one was found to be 1.9
for the ratios 10/90 and 30/70 of alfalfa/barley, respectively.
The same statistical analyses were conducted for the different
ratios of alfalfa/barley irrigated with rainwater and treated
wastewater. For those irrigated with rainwater, significant
differences in the protein% was obtained between the dif-
ferent ratios indicated by the capital letters A, B, C, D, E, F,
G, and H. The range of protein % was found to be 4.6-19.0.
For those irrigated with treated wastewater, significant
differences were also obtained with the range of 4.9-28.4 for
% protein.

Comparing the protein % for alfalfa/barley different
ratios irrigated with fresh water, rainwater, and grey water:
the highest protein % was found to be for that irrigated with
fresh water (31.9 for 10/90 alfalfa/barley ratio) followed by
that irrigated with treated grey water (28.4 for 20/80 alfalfa/
barley ratio) and then for the 30/70 ratio irrigated with
treated wastewater (22.5%), and then for the 100/0 ratio of
alfalfa/barley irrigated with rainwater (19.0).

Statistical analysis was also conducted to study the effect
of irrigation (fresh water, rainwater, and treated wastewater)
on the % protein indicated by the small letters (a, b, and c).
The results showed significant differences in the protein % of
alfalfa/barley ratios when the irrigation varies. As can be
seen from Table 2, the protein % was found to be higher for
the following mixing ratios when irrigated with wastewater:
0/100, 20/80, 30/70, 50/50, 60/40, 70/30, and 90/10.

Table 3 shows the percent protein calculated from the
total nitrogen under different mixing ratios of vetch and
barley irrigated with fresh water, rainwater, and treated
wastewater.
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Results showed that the % protein of the different ratios
of vetch/barley irrigated with fresh water is significantly
different between the different ratios indicated by capital
letters (A, B, C, D, E, F, G, H, and I), except between the
ratios 10/90 and 20/80 indicated by capital letter D and
between the ratios 60/40 and 100/0 indicated by the capital
letter G, which are not significantly different. The highest
protein % was found to be 35.0 and the lowest one was found
to be 1.6 for the ratio 90/10 and 70/30 of vetch/barley, re-
spectively. The same statistical analyses were conducted for
the different ratios of vetch/barley irrigated with rainwater
and treated wastewater. For those irrigated with rainwater,
significant differences in the protein % was obtained between
the different ratios indicated by the capital letters A, B, C, D,
E, F, G, and H. The range of protein % was found to be
10.1-23.5. For those irrigated with treated wastewater, sig-
nificant differences were also obtained with the range of
0.0-22.4 for % protein.

Comparing the protein % for different vetch/barley
ratios irrigated with fresh water, rainwater, and wastewater,
the highest protein % was found to be for that irrigated with
fresh water (35.0 and 24.3 for 90/10 and 80/20 vetch/barley
ratio, respectively) followed by that irrigated with rainwater
(23.5 for 30/70 vetch/barley ratio) and then for the 10/90
ratio irrigated with treated wastewater (22.4%).

Statistical analysis was also conducted to study the effect
of irrigation (fresh water, rainwater, and treated wastewater)
on the % protein indicated by the small letters (a, b, and c).
The results showed significant differences in the protein % of
vetch/barley ratios when the irrigation varies. As can be seen
from Table 3, the protein % was found to be higher for the
following mixing ratios when irrigated with wastewater: 10/
90, 20/80, 40/60, and 50/50. While it was found highest for
the mixing ratios 0/100, 30/70, 50/50, 60/40, 70/30, and 100/
0 when irrigated with rainwater; on the other hand, it was
found highest for the mixing ratios 80/20 and 90/10 when
irrigated with fresh water.

The fodder barley/alfalfa and barley/vetch on fresh water,
treated grey water, and rainwater have resulted in some
interesting positive crop yields that might have some eco-
nomic benefits. This system of intercropping demonstrated
that the fodder barley/alfalfa and barley/vetch arrangement
on treated water gave comparable—if not better—outcome
and benefits to those on fresh water and rainwater. However,
the protein data system fluctuated in the yields, and no
obvious trend was deduced as to which is the best ratio
would be adopted. This could be attributed to various factors
such as temperature and nature of each plant’s morphology.
Other factors that may influence forage quality are maturity
(harvest date), harvest and storage, soil fertility, and variety
(cultivar).

Plant morphology for both cereals and legumes has three
main plant parts: leaf, stem, and grain. As a structural
component of the plant, stems typically contain more fiber
for supports. Leaves, on the other hand, provide a means for
capture and utilization of energy from sunlight and trend to
be lower in fiber content than stems, and thus stems usually
are lower in digestibility than leaves, and stem digestibility
declines more rapidly with increased plant maturity than
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that of leaves. Differences between leaf and stem digestibility
are normally greater in forage legumes than cereals. Given
the large difference between the digestible fiber content of
stems and leaves, the proportion of leaf to stem in the given
forage plant relates directly to its forage quality. Also, the
grain mainly comprises digestible components such as
starch and protein. Consequently, the grain-to-stover ratio is
considered an indicator for variety selection when high-
quality forage is required.

The protein yield data can serve as an indicator of how
intercropping on treated wastewater effectively gave better
results than that on either fresh or rainwater. This partially
(and probably) is due to the fact that treated wastewater is
rich with nutrients (N, P, and K) that are necessary for plant
growth and yield. For example, at the 10/90 mixing ratio of
vetch/barley, the protein content was 22% when cultivated
on treated wastewater, 19% when cultivated on rainwater,
and only 5% when cultivated on fresh water. Moreover, the
alfalfa/barley 20/80 intercropping ratio gave 28% of crude
protein when irrigated with treated wastewater, 11% crude
protein when grown using rainwater, and 6% when using
rainwater. The intercropping irrigated with fresh water was
characterized by low-protein crop yields and net benefits.

4. Conclusions

In conclusion, the fodder barley/alfalfa and barley/vetch on
treated grey water have resulted in robust comparable results
in protein crop yields and net benefits, in comparison with
the irrigation of intercropping system on fresh water or
rainwater. It appears that the best result for protein per-
centages was (on average) obtained from the rain-fed ex-
periment (17.1% protein) followed by the freshwater
experiment (12.9% protein) and then by the treated
wastewater experiment (12.6% protein). Intercropping
barley with common vetch improved the forage quality and
increased the protein yield of barley without reducing dry
matter yield. Overall, results of this study showed that cereal-
legume intercropping irrigated with treated wastewater can
be used as a suitable management strategy for producing
high-quality and high-quantity forage. The yield benefits
depend on the correct implementation of the intercropping
system, which is recommended for adoption by farmers but
will therefore require some investment in workshop training
and further research.
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