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Fodder Quality of Peanut and Borage Improved by Exogenous
Application of Fertilizers in the Intercropping System

Faride Salari', Shiva Khalesro!”, Gholamreza Heidarit, and Samira Zareei?

ABSTRACT

This study aimed to investigate the effects of organic and chemical fertilizers on the
forage quality and quantity of borage (Borago officinalis L.) and peanut (Arachis hypogaea
L.) in an intercropping system. This experiment was conducted in a factorial arrangement
based on a randomized complete block design with three replications in the research farm
of the Kurdistan University, during 2021 and 2022. The treatments included fertilizer
(control, organic, and chemical) and cropping patterns (sole cropping of borage, sole
cropping of peanut, 50%, and 100% additive intercropping). The results indicated that
intercropping enhanced the quality traits of borage forage. The fertilization treatments
improved the yield and qualitative traits of peanut fodder. Organic fertilizer increased
crude protein in borage and peanut fodder by 29 and 20.4%, respectively, compared to the
control. Intercropping increased the protein yield of borage by 16.6% compared to sole
cropping. The Neutral Detergent Fiber (NDF), Acid Detergent Fiber (ADF), dry matter
digestibility, and ash content in borage fodder in the 100% intercropping with organic
fertilizer increased by 46, 46, 30, and 58.4%, respectively, compared to sole cropping
without fertilizer. Overall, this study suggests that, with appropriate agricultural
management in the additive intercropping systems, there is potential to enhance the quality

of borage and peanut fodder for livestock feeding.

Keywords: Ash, Cell wall, Fodder digestibility, Metabolizable energy, Sustainable

agriculture.

INTRODUCTION

In the livestock industry, nutrition is
crucial to animal husbandry, making up 70%
of the costs of raising animals. To ensure
proper nutrition for ruminants, it is essential
to accurately determine the nutritional value
of each feed ingredient using standardized
methods. Conversely, the cost of providing
feed for livestock has increased globally in
recent years, directly impacting livestock
producers' profitability. One strategy to
address this issue and alleviate fodder
shortages is using unconventional feeds, such
as agricultural waste. Utilizing these by-

products in animal nutrition reduces feed
costs and mitigates environmental pollution

(Babu et al., 2022). Intercropping systems
and fertilizers application generally improve
the dry weight of fodder, dry matter
digestibility, crude protein, neutral detergent-
soluble fiber, and water-soluble
carbohydrates (Ullah et al., 2018). Therefore,
replacing a portion of livestock forage with
agricultural by-products, especially legume
residues, will enhance the nutritional value
and digestibility.

Legumes have a vital role in intercropping
due to their ability in biological nitrogen
fixation (Caporali, 2010). The presence of
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Fabaceae plants in the intercropping
increases  soil  fertility and reduces
environmental pollution by decreasing

chemical inputs (Fotohi Chiyaneh et al.,
2024). The role of Fabaceae plants in
enhancing the production and quality
characteristics of wvarious crops in many
intercropping systems has been reported (El-
Mehy et al., 2022).

Peanut (Arachis hypogaea L.) is one of the
most important plants in the Fabaceae family,
with all its parts being useful for humans and
livestock (Yol et al., 2018). Peanut straw is
rich in crude protein and highly digestible for
livestock feed. Replacing wheat straw with
peanut straw increases dry matter intake,
nutrient consumption, digestibility, and
nitrogen retention in livestock (Khan et al.,
2013). Borage (Borago officinalis L.) is also
a valuable herbaceous plant from the
Boraginaceae family, suitable for cultivation
in many countries, including European
countries, the Mediterranean region, North
Africa, and many regions of Asia (Zahed
Chakovari et al., 2016). In ancient sources,
borage is recognized as a medicinal,
industrial, and forage plant (McLaughlin,
2023).

Previous studies reported the positive
effects of intercropping and organic
fertilizers on the yield and quality of forage
from various plants. In the intercropping of
ajowan (Carom capticum L.)+fenugreek
(Trigonella  foenum-graecum  L.)+pea
(Pisum sativum L.), the quality of forage
improved compared to sole cropping
(Fotohi Chiyaneh et al., 2024). Other
researchers have indicated that
intercropping systems can more effectively
balance the concentrations of fiber and
crude protein in forage according to the
nutritional needs of ruminants compared to
sole cropping. These researchers also
reported a significant reduction in the
percentages of NDF and ADF in cereal
within the intercropping systems (Liu et al.,
2023). Additionally, researchers noted an
increase in the forage quality of red clover
treated with organic fertilizers compared to
chemical fertilizers (Purwin et al., 2024).
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No study has evaluated the effect of organic
and chemical fertilizers on the fodder
quality of borage and peanut in the
intercropping system. Furthermore, there is
a consensus that specific interactions
between fertilizers and borage intercropped
with peanut must be considered, limiting
the ability to make generalizations.

Significant production of peanut straw as
well as the considerable biological yield of
borage compared to its economic
performance is important. Also, to optimize
use and reduce feeding costs to make
livestock feed production more economical,
this study focused on the residues from the
harvest of borage and peanut for livestock
feeding. The quality of fodder from these
products was evaluated using standard
methods across various sole and additive
intercropping patterns influenced by different
fertilizer sources. Additive intercropping of
borage and peanut treated with organic
fertilizers can improve the fodder quality,
suggesting an eco-friendly approach for
sustainable production in soils where limited
organic matter is the primary factor
restricting crop growth, particularly in arid
and semi-arid areas.

MATERIALS AND METHODS
Specifications of the Research Location

This experiment was conducted at the
research farm of the Kurdistan University,
located 45 kilometers east of Sanandaj City,
at a longitude of 47° 18" E, a latitude of 35°
19" N, and an elevation of 1866 meters above
sea level. The experiment started on 15 May
2021 and lasted for two growing seasons until
15 October 2022. The meteorological data for
this location are presented in Figure 1.
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Figure 1. Meteorological statistics in 2021 and 2022 growing seasons in the experimental area.

Experimental Design, Soil, and
Fertilizer Characteristics

The experiment used a factorial
arrangement within a randomized complete
block design with three replications. The
treatments included fertilizers at three levels
(control, organic, and chemical fertilizer) and
four cropping patterns (borage sole cropping,
peanut sole cropping, and intercropping with
50 and 100% peanuts intercropped with
borage). The fertilizers used included organic
fertilizer (24 t ha*) and chemical fertilizers,
including urea (140 kg ha?) and triple
superphosphate (100 kg ha™). The organic
fertilizer consisted of digested organic matter
prepared through anaerobic fermentation by
combining cow manure, kitchen waste, and
water in ratios of 1, 0.6, and 1.6, respectively
(Yunita, 2019). It took 30 days from mixing
these materials until the organic fertilizer was
ready. Before sowing, soil samples from O to
30 cm depth were taken at the experimental
site to analyze physicochemical properties.
Also, pH and Electrical Conductivity (EC)
were measured using a pH-meter and a
conductometer, respectively. Organic Carbon
(OC) by dry combustion (Nelson and
Sommers, 1996), N by the Kjeldahl method
(Bremner and Mulvaney, 1982), P by a
spectrophotometer (Murphy and Riley,

655

1962), and K by a flame photometer (Rowell,
1994). The other nutrients, including Mg, Fe,
Zn, Cu, and Mn were measured according to
Lindsay and Norvell (1978). The results of
the soil and organic fertilizer analysis are
presented in Table 1. Planting was carried out
manually and simultaneously on 15 May
2021 and 2022. Each plot contained 6 rows in
the sole cropping, while in the intercropping,
each plot had 11 rows. The row spacing was
50 cm in sole cropping and 25 cm in
intercropping. The planting lines were 3 m
long, with 1 meter between plots and 2 meters
between blocks. The spacing between borage
seeds was 15 cm. For peanuts, the spacing
was 20 cm in sole cropping and 100%
intercropping and 40 cm in  50%
intercropping. The field was irrigated
instantly after seed sowing, and a drip
irrigation system was used once a week.
Weeding was carried out manually and as
necessary throughout the growing season. In
both years, all borage plants were harvested
on 15 September, and all peanut plants were
harvested on 15 October, excluding the
marginal effects. After harvesting, the
economic parts were separated, and their
residues were tested as forage.
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Table 1. Characteristics of soil and organic fertilizer in this experiment.

pH EC(dS OC N P K Mg Fe Zn Cu Mn

mY) (%) (%) (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm)

Soil 7.83 0583 0.84 0.08 14 251 17.9 8.5 0.2 0.1 0.3
Organic fertilizer 598 834 128 0509 45% 1.36% 227 28.5 2 0.5 2.5

Table 2. A combined analysis of variance of fodder characteristics of borage affected by fertilizer and cropping system
in 2021 and 2022.2

Mean squares

sov df  Ash cP NDF  ADF  Fodder  Protein ., ME
yield yield
Year 1 0228 0.115® 149%  0.79°  53263®  3038.01™ 0.759®  0.023*
Replication (Year) 4 1187  1.069 531 2814 8979 96081 2492 0073
Fertilizer 2 531.82" 10550™ 14657  77498" 1624003 1140500™ 742.82"  21.458"
Cropping pattern 2 10425" 1955 76552 404.85" 224900™ 209144 339.64" 9.811"
FertilizerxCropping pattern 4 1075 0.147m 5.647™ 2955 12490  1635.5™ 1.422"  0.041™
YearxFertilizer 2 8852% 20.75 6.5527 34597 1054™  250488" 14.6217  0.042”
YearxCropping pattern 2 00009 00002 00093 0005 0754  12546™ 0.003"  0.00004"
:aig:nFe””'Zerxcmpp'”g 4 064 0333 0352 0183 0152%  31383% 0013  0.0003"
Error 32 0246 0.482 0495 0261 732544 396807 0174  0.005
oV (%) 4654 7.094 3476 3474 2301 7311 2689 2.864

ns, *, and **: P> 0.05, P< 0.05, and P< 0.01, respectively. 2 CP= Crude Protein, NDF= Neutral Detergent Fiber, ADF=
Acid Detergent Fiber, DMD= Dry Matter Digestibility, ME= Metabolic Energy.

employed for mean comparisons. The data
were analyzed using Proc mixed model
analysis of variance (Littell et al., 2006), and
mean comparisons were performed using the
Ismeans test (Lenth, 2016). To categorize the
means by distinct letters, %PDMIX800
macro was used (Saxton, 1989). The
significance of the variances was assessed
based on the expected value of the mean
squares.

Evaluation of the Characteristics of
Borage and Peanut Fodder

The ash was determined using the method of
Van Soest et al. (1991). The crude protein
content was measured using the Kjeldahl
titration method (Nelson and Sommers, 1973).
The NDF and ADF were measured using the
method developed by Van Soest et al. (1991).
The percentage of Dry Matter Digestibility
(DMD) was obtained using the formula
proposed by Oddy et al. (1983) (Equation 1).

%ADF+2.262x%N (1)
Metabolizable  Energy (ME)  was Ash

calculated using the formula provided by the

Australian  Agricultural -~ Council ~ (1990) The effects of fertilizer, cropping pattern, the
(Equation 2)-_1 interaction  effects of fertilizerxcropping
ME (Mj kg™)= 0.17 DMD%-2 ) pattern, and yearxfertilizer on the ash of borage

fodder were significant (Table 2). The 100%

Data Analysis

After assessing the homogeneity of
variances based on Levene's test, a compound
analysis of variance was conducted using
SAS Version 9.4. The LSD test was
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intercropping pattern with organic fertilizer
application increased the ash of borage forage
by 58.43% compared to the borage sole
cropping without fertilizer (Table 3). In the first
year of the experiment, chemical fertilizer had
a greater effect on the forage ash of borage,
while in the second year, organic fertilizer had
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a more significant impact (Table 4). Also, the
effects of the main treatments and year x
fertilizer on the ash of peanut fodder were
significant (Table 5). The effect of the cropping
pattern on the ash percentage of peanut forage
is also illustrated in Figure 2. The organic
fertilizer application increased the ash
percentage of peanut forage by 16.91%
compared to the control treatment in the first
year (Figure 3). Organic fertilizer had a greater
effect on the ash of peanut fodder in the second
year (Figure 3).

Crude Protein (CP) and Protein Yield

The main effects of treatments and the
interaction of yearxfertilizer on the CP and
protein yield of both plants were significant
(Tables 2 and 5). Moreover, the interaction
effect of yearxfertilizerxcropping pattern on the
crude protein and fertilizerxcropping pattern on
the protein yield of peanut fodder were
significant (Table 5). Intercropping enhanced
CP (Figure 4) and protein yield in borage
(Figure 5) by 14.67% and 16.59%, respectively,
compared to sole cropping. The percentage of
CP and protein yield in both plants were more
affected by chemical fertilizer in the first year,
while in the second year, they were more
affected by organic fertilizer (Table 4 and
Figure 6). Overall, the quality of borage fodder
in terms of protein content (at its best, 14.52%)
was higher than that of peanut fodder (at its
best, 12.63%).

Neutral Detergent Fiber (NDF) and
Acid Detergent Fiber (ADF)

The effects of fertilizer, cropping pattern,
fertilizerxcropping pattern, and year x
fertilizer on the NDF and ADF in borage
(Table 2) and peanut fodder (Table 5) were
significant. The 100% intercropping pattern
treated with organic fertilizer improved the
guality of borage fodder in terms of NDF and
ADF by 46% compared to the sole cropping
of borage without fertilizer (Table 3).
Fertilizer application increased borage fodder
quality regarding NDF and ADF in both years
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(Table 4). Sole cropping of peanut treated
with organic and chemical fertilizers
produced the best quality regarding NDF and
ADF percentages (Table 6).

Fodder Yield

Fodder yield of both plants (borage and
peanut) was significantly affected by
fertilizer, cropping pattern, and their
interaction impacts (Tables 2 and 5).
Chemical fertilizer application significantly
affected the fodder yield of both plants. The
highest and lowest borage fodder yield
belonged to 100% intercropping treated with
chemical fertilizer and sole cropping without
fertilizer, respectively (Table 3). Meanwhile,
peanut sole cropping with chemical fertilizer
had the highest fodder yield (Table 6).

Dry Matter Digestibility (DMD)

The effects of fertilizer, cropping pattern,
and the interactions of fertilizer x cropping
pattern on the DMD of both fodder plants
were significant (Tables 2 and 5). Also, the
interactions effect of yearxfertilizer on the
DMD of borage fodder was significant (Table
2). The DMD of borage fodder in the 100%
intercropping  with  organic  fertilizer
increased by 30%, compared to the borage
sole cropping without fertilizer (Table 3).
Organic fertilizer had a greater effect on the
mentioned trait in the second year (Table 4).
The highest digestibility of peanut fodder was
obtained from sole cropping patterns were
treated with chemical and organic fertilizers
(Table 6). The lowest value of this trait
belonged to 100% intercropping without
fertilizer (Table 6).
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Metabolic Energy (ME)

The impacts of intercropping pattern,
fertilizer and their interactions on the
metabolic energy of both plants were
significant (Tables 2 and 5). Also, ME of
borage fodder was significantly affected by
the interaction impact of yearxfertilizer
(Table 2). The highest ME of borage fodder
was obtained from 100% intercropping
patterns treated with organic and chemical
fertilizers (Table 3). ME of borage fodder
was more influenced by organic fertilizer in
the second year of the experiment (Table 4).
Sole cropping of peanut patterns treated with
fertilizers enhanced this trait by 21.72%
compared to 100% intercropping without
fertilizer (Table 6).

DISCUSSION

Soil nutrient management is the major in
fodder quality and livestock feeding
(McLaughlin, 2023). Organic fertilizers
application is a key approach for high-quality
forage production in sustainable agricultural
systems like intercropping. These fertilizers
increase soil organic matter, improve water
retention capacity, and provide suitable
growth conditions, especially in arid and
semi-arid areas (Ghalkhani et al., 2023). In
this experiment, organic fertilizer enhanced
the ash percentage of borage forage. The ash
content of borage fodder in intercropping
with peanuts increased due to better nutrient
absorption than sole cropping. Crude protein
is also one of the most important indicators
for assessing fodder quality. The increament
in crude protein percentage of borage fodder
in the intercropping patterns appears to be
related to the peanut's ability to fix nitrogen.
Borage and peanuts complement each other
in nitrogen consumption; borage absorbs the
nitrogen it needs from the soil, while peanuts
obtain most of their nitrogen through
biological fixation. This difference reduces
competition for nitrogen absorption between
both plants. Furthermore, the form of
nutrients available in organic fertilizer allows
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for greater and easier absorption of these
materials by plants (Lee et al., 2023). Thus,
organic  fertilizers supplying nutrients,
particularly nitrogen, develop leaf area,
enhance leaf-to-stem ratio, increase protein
values, and reduce woody and lignin portions
in forage (Ghalkhani et al., 2023). In
agreement with these results, the ash
percentage and crude protein of sorghum
(Sorghum bicolor L.) forage enhanced in the
intercropping system with soybean (Glycine
max L.) affected by organic fertilizer
application (Sadafzadeh et al., 2023).

Organic fertilizer had a more positive
effect on the qualitative traits, including both
plants' ash and protein yield of both plants in
the second year of the experiment vs.
chemical fertilizer. Organic fertilizer could
improve the nutrient cycle, soil aeration,
microorganism  activity, and soil-plant
relations. Consequently, soil's physical,
chemical, and biological properties can be
improved (Xu et al., 2016). Excessive
application of chemical fertilizers contributes
to air and water pollution by releasing toxic
chemicals and gases, degrading soil quality
by causing nutrient imbalances due to over-
reliance on specific chemical components.
Therefore, utilizing organic fertilizers offers
a sustainable alternative, providing a diverse
range of nutrients through organic matter
decomposition and promoting environmental
health in the long term (Lee et al., 2023).
Thus, it can be said that the influence of
organic fertilizer added up to positively affect
fodder quality in the second year, when soil
conditions and nutrient availability were
better.

Furthermore, applying organic fertilizers is
both  cost-effective and economically
advantageous, especially over the long term.
Indeed, organic fertilizers enable the
production of high-quality crops without
chemical residues. By adopting this
approach, farmers can optimize their
agricultural yields while conserving valuable
resources for future generations. Reducing
reliance on chemical fertilizers helps preserve
vital resources such as soil, water,
biodiversity, and human health. Thus,
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organic fertilizers can improve soil health,
productivity, and farm profitability (Culas et
al., 2025).

Crude protein and protein yield of peanut
fodder were higher in the solecropping
patterns. In additive intercropping, the
increased density of plants leads to softer and
thinner stems, resulting in a reduction of
fodders’ fibrous, cellulosic, and lignin
materials. These findings are in line with
Zeiditoolabi et al. (2023), who reported that
the protein yield of vetch (Vicia sativa L.)
was lower when intercropped with barley
(Hordeum vulgare L.).

High ADF and NDF values reduce the
palatability of fodder due to its indigestibility.
In other words, ADF and NDF are negatively
correlated with digestibility, affecting the
amount of energy available to ruminants. The
mentioned treatments decreased in borage
fodder intercropping patterns treated with
fertilizers.  Similarly, other researchers
indicated that the use of organic fertilizers
leads to a reduction in ADF and NDF and,
consequently, an enhancement in the
nutritional value of the forage of ajowan and
fenugreek (Fotohi Chiyaneh et al., 2024) and
corn (Lee et al., 2023) in sustainable
agricultural systems. The reduction of ADF
and NDF in peanut fodder in a sole cropping
pattern can be attributed to eliminating
interspecific  competition for resources
(primarily light) and, as a result, a decrease in
the stem-to-leaf ratio. Other researchers, by
examining the intercropping of barley and
annual legumes, found that the lowest values
of ADF and NDF were associated with the
sole cropping of chickpea, which aligns with
the findings of the present study (Yolcu et al.,
2009).

The highest fodder yield of borage and
peanut belonged to intercropping and sole-
cropping  patterns,  respectively.  The
enhancement in borage fodder yield in the
intercropping patterns appears to be related to
the peanut's ability to fix nitrogen.
Consequently, vegetative growth and borage
fodder yield were enhanced. Similarly, other
researchers found that Kochia (Kochia
scoparia) fodder yields were higher when
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intercropped  with  Seshania  (Sesbania
aculeate), and  Guar  (Cyamopsiste

tragonoliba) (Ghaffarian et al., 2021).
Density is considered the first and most
important component of yield, and the higher
fodder yield of peanuts in sole cropping
compared to intercropping patterns was
primarily due to a greater number of plants
per unit area. These results align with
researchers who reported that legume yield,
such as soybean (Liu et al., 2017) and
fenugreek (Zandi et al., 2023), was greater in
sole cropping patterns in the intercropping
systems.

Environmental and nutritional factors
affect the digestibility of forage, and with an
increase in soil nitrogen, soluble proteins
within the cells increase, leading to a rise in
the percentage of Dry Matter Digestibility
(DMD) (Aquino et al., 2020). In the present
study, organic fertilizer appears to enhance
the digestibility of dry matter by creating
suitable conditions for improving the activity
of beneficial soil microorganisms and
facilitating the absorption of macro and
micro-nutrients.  Likely, the  higher
digestibility of borage fodder in the
intercropping patterns compared to the sole
cropping pattern of this plant was due to the
increased  leaf-to-stem  ratio in the
intercropping systems and the herbaceous
nature of the leaves resulting from a lower
ADF content. If the DMD of forage is above
50%, it can benefit livestock (Aquino et al.,
2020). In the current study, the digestibility
of peanut fodder was above 60.94%. Due to
the negative correlation between ADF and
DMD, as the concentration of ADF
decreased, the digestibility of fodder
increased. Furthermore, metabolic energy
decreased by increasing the percentage of
ADF and NDF in the fodder. In agreement
with these findings, the metabolic energy of
Dactylis glomerata and Medicago sativa L.
fodder was enhanced by nitrogenous
fertilizers application (Xue et al., 2020).
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CONCLUSIONS

These findings indicated that intercropping
of borage and peanut and organic fertilizer
application enhanced qualitative
characteristics of the fodder, including ash
percentage, crude protein, protein vyield,
neutral detergent fiber, acid detergent fiber,
dry matter digestibility, and metabolizable
energy. These results offer that farmers can

leverage these techniques to achieve
sustainable increases in healthy forage
production.  Indeed, the harmonious

integration of two agroecological methods,
i.e. intercropping and organic fertilization,
demonstrates a sustainable approach that
enhances fodder productivity and quality and
minimizes environmental impacts, reflecting
a commitment to cleaner production and a
responsible environmental stewardship.
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