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 5 
ABSTRACT 6 

This study aimed to investigate the effects of organic and chemical fertilizers on the forage 7 

quality and quantity of borage (Borago officinalis L.) and peanut (Arachis hypogaea L.) in an 8 

intercropping system. This experiment was conducted in a factorial arrangement based on a 9 

randomized complete block design with three replications in the research farm of the Kurdistan 10 

University during 2021 and 2022. The treatments included fertilizer (control, organic, and 11 

chemical) and cropping patterns (sole cropping of borage, sole cropping of peanut, 50%, and 12 

100% additive intercropping). The results indicated that intercropping enhanced the quality 13 

traits of borage forage. The fertilization treatments improved the yield and qualitative traits of 14 

peanut fodder. Organic fertilizer increased crude protein in borage and peanut fodder by 29% 15 

and 20.4%, respectively, compared to the control. Intercropping increased the protein yield of 16 

borage by 16.6% compared to sole cropping. The NDF, ADF, dry matter digestibility, and ash 17 

content in borage fodder in the 100% intercropping with organic fertilizer increased by 46%, 18 

46%, 30%, and 58.4%, respectively, compared to sole cropping without fertilizer. Overall, this 19 

study suggests that with appropriate agricultural management in the additive intercropping 20 

systems, there is potential to enhance the quality of borage and peanut fodder for livestock 21 

feeding. 22 

Keywords: Ash, Cell wall, Fodder digestibility, Metabolizable energy, Sustainable agriculture. 23 

 24 
INTRODUCTION 25 

     In the livestock industry, nutrition is crucial to animal husbandry, making up 70% of the 26 

costs of raising animals. To ensure proper nutrition for ruminants, it is essential to accurately 27 

determine the nutritional value of each feed ingredient using standardized methods. 28 

Conversely, the cost of providing feed for livestock has increased globally in recent years, 29 

directly impacting livestock producers' profitability. One strategy to address this issue and 30 
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alleviate fodder shortages is using unconventional feeds, such as agricultural waste. Utilizing 31 

these by-products in animal nutrition reduces feed costs and mitigates environmental pollution  32 

(Babu et al., 2022). Intercropping systems and fertilizers  application generally improve the dry 33 

weight of fodder, dry matter  digestibility, crude protein, neutral detergent-soluble fiber, and 34 

water-soluble carbohydrates (Ullah et al., 2018). Therefore, replacing a portion of livestock 35 

forage with agricultural by-products, especially legume residues, will enhance the nutritional 36 

value and digestibility. 37 

     Legumes have a vital role in intercropping due to their ability in biological nitrogen fixation 38 

(Caporali, 2011). The presence of Fabaceae plants in the intercropping increases soil fertility 39 

and reduces environmental pollution by decreasing chemical inputs (Fotohi Chiyaneh et al., 40 

2024). The role of Fabaceae plants in enhancing the production and quality characteristics of 41 

various crops in many intercropping systems has been reported (El-Mehy et al., 2022). 42 

     Peanut (Arachis hypogaea L.) is one of the most important plants in the Fabaceae family, 43 

with all its parts being useful for humans and livestock (Yol et al., 2018). Peanut straw is rich 44 

in crude protein and highly digestible for livestock feed. Replacing wheat straw with peanut 45 

straw increases dry matter intake, nutrient consumption, digestibility, and nitrogen retention in 46 

livestock (Khan et al., 2013). Borage (Borago officinalis L.) is also a valuable herbaceous plant 47 

from the Boraginaceae family, suitable for cultivation in many countries, including European 48 

countries, the Mediterranean region, North Africa, and many regions of Asia (Zahed Chakovari 49 

et al., 2016). In ancient sources, borage is recognized as a medicinal, industrial, and forage 50 

plant (McLaughlin, 2023). 51 

     Previous studies reported the positive effects of intercropping and organic fertilizers on the 52 

yield and quality of forage from various plants. In the intercropping of ajowan (Carom 53 

capticum L.) +fenugreek (Trigonella foenum-graecum L.) +pea (Pisum sativum L.), the quality 54 

of forage improved compared to sole cropping (Fotohi Chiyaneh et al., 2024). Other 55 

researchers have indicated that intercropping systems can more effectively balance the 56 

concentrations of fiber and crude protein in forage according to the nutritional needs of 57 

ruminants compared to sole cropping. These researchers also reported a significant reduction 58 

in the percentages of NDF and ADF in cereal within the intercropping systems (Liu et al., 59 

2023). Additionally, researchers noted an increase in the forage quality of red clover treated 60 

with organic fertilizers compared to chemical fertilizers (Purwin et al., 2024). No study has 61 

evaluated the effect of organic and chemical fertilizers on the fodder quality of borage and 62 

peanut in the intercropping system. Furthermore, there is a consensus that specific interactions 63 
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between fertilizers and borage intercropped with peanut must be considered, limiting the ability 64 

to make generalizations. 65 

     With this in mind, and considering the significant production of peanut straw as well as the 66 

considerable biological yield of borage compared to its economic performance, and to optimize 67 

use and reduce feeding costs to make livestock feed production more economical, this study 68 

focused on the residues from the harvest of borage and peanut for livestock feeding. The quality 69 

of fodder from these products was evaluated using standard methods across various sole and 70 

additive intercropping patterns influenced by different fertilizer sources. According to the 71 

scientific hypothesis, additive intercropping of borage and peanut treated with organic 72 

fertilizers can improve the fodder quality, suggesting an eco-friendly approach for sustainable 73 

production in soils where limited organic matter is the primary factor restricting crop growth, 74 

particularly in arid and semi-arid areas. 75 

 76 
MATERIALS AND METHODS 77 

Specifications of the Research Location 78 

     This experiment was conducted at the research farm of the Kurdistan University, located 45 79 

kilometers east of Sanandaj city, at a longitude of 47° 18΄ E, a latitude of 35° 19΄ N, and an 80 

elevation of 1866 meters above sea level. The experiment started on 15 May 2021 and lasted 81 

for two growing seasons until 15 October 2022. The meteorological data for this location are 82 

presented in Fig. 1. 83 

 84 

Experimental Design, Soil, and Fertilizer Characteristics 85 

     The experiment used a factorial arrangement within a randomized complete block design 86 

with three replications. The experimental factors included fertilizers at three levels (control, 87 

organic, and chemical fertilizer) and cropping patterns in four variations (borage sole cropping, 88 

peanut sole cropping, and intercropping with 50% and 100% peanuts intercropped with 89 

borage). The fertilizers used included organic fertilizer (24 t. ha-1) and chemical fertilizers, 90 

including urea (140 kg. ha-1) and triple superphosphate (100 kg. ha-1). The organic fertilizer 91 

consisted of digested organic matter prepared through anaerobic fermentation by combining 92 

cow manure, kitchen waste, and water in ratios of 1, 0.6, and 1.6, respectively (Yunita, 2019). 93 

It took 30 days  from mixing these materials until the organic fertilizer was ready. Before 94 

sowing, soil samples from 0 to 30 depth were taken at the experimental site to analyze 95 

physicochemical properties. pH and electrical conductivity (EC) were measured using a pH-96 

meter and a conductometer, respectively. Organic carbon (OC) by dry combustion (Nelson and 97 
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Sommers, 1996), nitrogen (N) by the Kjeldahl method (Bremner and Mulvaney, 1982), 98 

phosphorus (P) by a spectrophotometer (Murphy and Riley, 1962), and potassium (K) were 99 

measured by a flame photometer (Rowell, 1994). The other nutrients, including Mg, Fe, Zn, 100 

Cu, and Mn were measured according to Lindsay and Norvell, 1978. The results of the soil and 101 

organic fertilizer analysis are presented in Table 1. The planting of two plants was carried out 102 

manually and simultaneously on 15 May 2021 and 2022. Each plot contained 6 rows in the sole 103 

cropping, while in the intercropping, each plot had 11 rows. The row spacing was 50 cm in 104 

sole cropping and 25 cm in intercropping. The planting lines were 3 m long, with 1 meter 105 

between plots and 2 meters between blocks. The spacing between borage seeds was 15 cm. For 106 

peanuts, the spacing was 20 cm in sole cropping and 100% intercropping and 40 cm in 50% 107 

intercropping. The field was irrigated instantly after seed sowing, and a drip irrigation system 108 

was used once a week. Weeding was carried out manually and as necessary throughout the 109 

growing season. In both years, all borage plants per plot were harvested on 15 September, and 110 

all peanut plants per plot were harvested on 15 October, excluding the marginal effects. After 111 

harvesting the plants, the economic parts were separated, and then their residues were tested as 112 

forage. 113 

 114 

Evaluation of the Characteristics of Borage and Peanut Fodder 115 

    The ash was determined using the method of Van Soest et al. (1991). The crude protein 116 

content was measured using the Kjeldahl titration method (Nelson and Sommers, 1973). The 117 

NDF and ADF were measured using the method developed by Van Soest et al. (1991). The 118 

percentage of dry matter digestibility was obtained using the formula proposed by Oddy et al. 119 

(1983) (Equation 1). 120 

%DMD= 83.58 – 0.824 × %ADF + 2.262 × %N                                       (1) 121 

     Metabolizable energy was calculated using the formula provided by the Australian 122 

Agricultural Council (1990) (Equation 2). 123 

ME (Mj/kg) = 0.17 DMD% -2                                                                    (2) 124 

 125 
Data Analysis 126 

     After assessing the homogeneity of variances based on Levene's test, a compound analysis 127 

of variance was conducted using SAS Version 9.4. The LSD test was employed for mean 128 

comparisons. The data were analyzed using Proc mixed model analysis of variance (Littell et 129 

al., 2006), and mean comparisons were performed using the lsmeans test. To categorize the 130 
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means by distinct letters, %PDMIX800 macro was used (Saxton, 1989). The significance of 131 

the variances was assessed based on the expected value of the mean squares. 132 

 133 
RESULTS 134 

Ash 135 

     The effects of fertilizer, cropping pattern, the interaction effects of fertilizer × cropping 136 

pattern, and year × fertilizer on the ash of borage fodder were significant (Table 2). Also, the 137 

effects of main treatments and year × fertilizer on the mentioned trait of borage fodder were 138 

significant (Table 5). The 100% intercropping pattern with organic fertilizer application 139 

increased the ash of borage forage by 58.43% compared to the borage sole cropping without 140 

fertilizer (Table 3). In the first year of the experiment, chemical fertilizer had a greater effect 141 

on the forage ash of borage (Table 4) and peanuts (Fig. 3), while in the second year, organic 142 

fertilizer had a more significant impact. The effect of the cropping pattern on the ash percentage 143 

of peanut forage is also illustrated in Fig. 2. The organic fertilizer application increased the ash 144 

percentage of peanut forage by 16.91% compared to the control treatment (Fig. 5). 145 

 146 
CP and Protein Yield 147 

     The main effects of treatments and the interaction of year × fertilizer on the crude protein 148 

and protein yield of both plants were significant (Tables 2 and 5). Moreover, the interaction 149 

effect of year × fertilizer × cropping pattern on the crude protein and fertilizer × cropping 150 

pattern on the protein yield of peanut fodder were significant (Table 5). Intercropping enhanced 151 

crude protein (Fig. 4) and protein yield in borage (Fig. 5) by 14.67% and 16.59%, respectively, 152 

compared to sole cropping. The percentage of crude protein and protein yield in both plants 153 

were more affected by chemical fertilizer in the first year of the experiment, while in the second 154 

year, they were more affected by organic fertilizer (Table 4 and Fig. 6). Overall, the quality of 155 

borage fodder in terms of protein content (at its best, 14.52%) was higher than that of peanut 156 

fodder (at its best, 12.63%). 157 

 158 
NDF and ADF 159 

     The effects of fertilizer, cropping pattern, fertilizer × cropping pattern, and year × fertilizer 160 

on the NDF and ADF in borage (Table 2) and peanut fodder (Table 5) were significant. The 161 

100% intercropping pattern treated with organic fertilizer improved the quality of borage 162 

fodder in terms of NDF and ADF by 46% compared to the sole cropping of borage without 163 

fertilizer (Table 3). Fertilizer application increased borage fodder quality regarding NDF and 164 
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ADF in both years (Table 4). Sole cropping of peanut treated with organic and chemical 165 

fertilizers produced the best quality regarding NDF and ADF percentages (Table 6). 166 

 167 
Fodder Yield 168 

     Fodder yield of both plants was significantly affected by fertilizer, cropping pattern, and 169 

their interaction impacts (Tables 2 and 5). Chemical fertilizer application significantly affected 170 

the fodder yield of both plants. The highest and lowest borage fodder yield belonged to 100% 171 

intercropping treated with chemical fertilizer and sole cropping without fertilizer, respectively 172 

(Table 3). Meanwhile, peanut sole cropping with chemical fertilizer had the highest fodder 173 

yield (Table 6).  174 

 175 
DMD 176 

     The effects of fertilizer, cropping pattern, and the interactions of fertilizer × cropping pattern 177 

on the DMD of both fodder plants were significant (Tables 2 and 5). Also, the interactions 178 

effect of year × fertilizer on the DMD of borage fodder was significant (Table 2). The DMD 179 

of borage fodder in the 100% intercropping with organic fertilizer increased by 30% compared 180 

to the borage sole cropping without fertilizer (Table 3). Organic fertilizer had a greater effect 181 

on the mentioned trait in the second year (Table 4). The highest digestibility of peanut fodder 182 

was obtained from sole cropping patterns were treated with chemical and organic fertilizers 183 

(Table 6). The lowest value of this trait belonged to  184 

100% intercropping without fertilizer (Table 6).   185 

 186 
ME 187 

     The main effects and the interaction effects of them on the metabolic energy of both plants 188 

were significant (Tables 2 and 5). Also, the metabolic energy of borage fodder was significantly 189 

affected by the interaction impact of year × fertilizer (Table 2). The highest ME of borage 190 

fodder was obtained from 100% intercropping patterns treated with organic and chemical 191 

fertilizers (Table 3). ME of borage fodder was more influenced by organic fertilizer in the 192 

second year of the experiment (Table 4). Sole cropping of peanut patterns treated with 193 

fertilizers enhanced this trait by 21.72% compared to 100% intercropping without fertilizer 194 

(Table 6). 195 

 196 

 197 

 198 
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DISCUSSION 199 

   Soil nutrient management is major in fodder quality and livestock feeding (McLaughlin, 200 

2023). Organic fertilizers application is a key approach for high-quality forage production in 201 

sustainable agricultural systems like intercropping. These fertilizers increase soil organic 202 

matter, improve water retention capacity and provide suitable growth conditions, especially in 203 

arid and semi-arid areas (Ghalkhani et al., 2023). In this experiment, organic fertilizer enhanced 204 

the ash percentage of borage forage. The ash content of borage fodder in intercropping with 205 

peanuts increased due to better nutrient absorption than sole cropping. Crude protein is also 206 

one of the most important indicators for assessing fodder quality. The increament in crude 207 

protein percentage of borage fodder in the intercropping patterns appears to be related to the 208 

peanut's ability to fix nitrogen. Borage and peanuts complement each other in nitrogen 209 

consumption; borage absorbs the nitrogen it needs from the soil, while peanuts obtain most of 210 

their nitrogen through biological fixation. This difference reduces competition for nitrogen 211 

absorption between both plants. Furthermore, the form of nutrients available in organic 212 

fertilizer allows for greater and easier absorption of these materials by plants (Lee et al., 2023). 213 

Thus, organic fertilizers supplying nutrients, particularly nitrogen, develop leaf area, enhance 214 

leaf-to-stem ratio, increase protein values, and reduce woody and lignin portions in forage 215 

(Ghalkhani et al., 2023). In agreement with these results, the ash percentage and crude protein 216 

of sorghum (Sorghum bicolor L.)  forage enhanced in the intercropping system with soybean 217 

(Glycine max L.) affected by organic fertilizer application (Sadafzadeh et al., 2023). 218 

    Organic fertilizer had a more positive effect on the qualitative traits, including both plants' 219 

ash and protein yield of both plants in the second year of the experiment vs. chemical fertilizer. 220 

Organic fertilizer could improve the nutrient cycle, soil aeration, microorganism activity, and 221 

soil-plant relations. Consequently, soil's physical, chemical and biological properties can be 222 

improved (Xu et al., 2016). Excessive application of chemical fertilizers contributes to air and 223 

water pollution by releasing toxic chemicals and gases, degrading soil quality by causing 224 

nutrient imbalances due to over-reliance on specific chemical components. Therefore, utilizing 225 

organic fertilizers offers a sustainable alternative, providing a diverse range of nutrients 226 

through organic matter decomposition and promoting environmental health in the long term 227 

(Lee et al., 2023). Thus, it can be said that the influence of organic fertilizer added up to 228 

positively affect fodder quality in the second year, when soil conditions and nutrient 229 

availability were better. 230 
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    Furthermore, applying organic fertilizers is both cost-effective and economically 231 

advantageous, especially over the long term. Indeed, organic fertilizers enable the production 232 

of high-quality crops without chemical residues. By adopting this approach, farmers can 233 

optimize their agricultural yields while conserving valuable resources for future generations. 234 

Reducing reliance on chemical fertilizers helps preserve vital resources such as soil, water, 235 

biodiversity, and human health. Thus, organic fertilizers can improve soil health, productivity 236 

and farm profitability (Culas et al., 2025). 237 

Crude protein and protein yield of peanut fodder were higher in the solecropping patterns. In 238 

additive intercropping, the increased density of plants leads to softer and thinner stems, 239 

resulting in a reduction of fodder's fibrous, cellulosic, and lignin materials. These findings are 240 

in line with Zeiditoolabi et al. (2023), who reported that the protein yield of vetch (Vicia sativa 241 

L.) was lower when intercropped with barley (Hordeum vulgare L.).  242 

High ADF and NDF values reduce the palatability of fodder due to its indigestibility. In other 243 

words, ADF and NDF are negatively correlated with digestibility, affecting the amount of 244 

energy available to ruminants. The mentioned treatments decreased in borage fodder 245 

intercropping patterns treated with fertilizers. Similarly, other researchers indicated that the use 246 

of organic fertilizers leads to a reduction in ADF and NDF and consequently, an enhancement 247 

in the nutritional value of the forage of ajowan and fenugreek (Fotohi Chiyaneh et al., 2024) 248 

and corn (Lee et al., 2023) in sustainable agricultural systems. The reduction of ADF and NDF 249 

in peanut fodder in a sole cropping pattern can be attributed to eliminating interspecific 250 

competition for resources (primarily light) and, as a result, a decrease in the stem-to-leaf ratio. 251 

Other researchers, by examining the intercropping of barley and annual legumes, found that 252 

the lowest values of ADF and NDF were associated with the sole cropping of chickpea, which 253 

aligns with the findings of the present study (Yolcu et al., 2009).  254 

The highest fodder yield of borage and peanut belonged to intercropping and solecropping 255 

patterns, respectively. It seems that the biological nitrogen fixation of peanut supplied more 256 

nitrogen absorbtion of borage according to the facilitate principle. Consequently, vegetative 257 

growth and borage fodder yield were enhanced. Similarly, Other researchers found that Kochia 258 

(Kochia scoparia) fodder yields were higher when intercropped with Sesbania (Sesbania 259 

aculeate), and Guar (Cyamopsiste tragonoliba) (Ghaffarian et al., 2021). Density is considered 260 

the first and most important component of yield, and the higher fodder yield of peanuts in sole 261 

cropping compared to intercropping patterns was primarily due to a greater number of plants 262 

per unit area. These results align with researchers who reported that legume yield such as 263 
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soybean (Liu et al., 2017) and fenugreek (Zandi et al., 2023) was greater in sole cropping 264 

patterns in the intercropping systems. 265 

Environmental and nutritional factors affect the digestibility of forage, and with an increase in 266 

soil nitrogen, soluble proteins within the cells increase, leading to a rise in the percentage of 267 

DMD (Aquino et al., 2020). In the present study, organic fertilizer appears to enhances the 268 

digestibility of dry matter by creating suitable conditions for improving the activity of 269 

beneficial soil microorganisms and facilitating the absorption of macro and micronutrients. 270 

Likely, that the higher digestibility of borage fodder in the intercropping patterns compared to 271 

the sole cropping pattern of this plant is due to the increased leaf-to-stem ratio in the 272 

intercropping systems and the herbaceous nature of the leaves resulting from a lower ADF 273 

content. If the DMD of forage is above 50 percent, it can be benefit livestock (Aquino et al., 274 

2020); in the current study, the digestibility of peanut fodder was above 60.94 percent. Due to 275 

the negative correlation between ADF and DMD, the digestibility of fodder increased as the 276 

concentration of ADF decreased, the digestibility of fodder increased. Furthermore, metabolic 277 

energy decreased by increasing the percentage of ADF and NDF in the fodder. In agreement 278 

with these findings, the metabolic energy of Dactylis glomerata and Medicago sativa L. fodder 279 

was enhanced by nitrogenous fertilizers application (Xue et al., 2020).  280 

 281 
CONCLUSIONS 282 

    These findings indicated intercropping of borage and peanut and organic fertilizer 283 

application enhanced qualitative characteristics of fodder, including ash percentage, crude 284 

protein, protein yield, neutral detergent fiber, acid detergent fiber, dry matter digestibility, and 285 

metabolizable energy. These results offer farmers can leverage these techniques to achieve 286 

sustainable increases in healthy forage production. Indeed, the harmonious integration of two 287 

agroecological methods (intercropping and organic fertilization) demonstrates a sustainable 288 

approach that enhances fodder productivity and quality and minimizes environmental impacts, 289 

reflecting a commitment to cleaner production and responsible environmental stewardship. 290 

 291 
ACKNOWLEDGEMENTS 292 

     The authors gratefully acknowledge the support provided by the University of Kurdistan, 293 

Sanandaj, Iran. 294 

 295 

 296 

 297 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
6-

30
 ]

 

                             9 / 17

https://jast.modares.ac.ir/article-23-79101-en.html


Journal of Agricultural Science and Technology (JAST), 28(3) 

In Press, Pre-Proof Version 
 

10 
 

REFERENCES 298 

1. Aquino, D., Del Barrio, A., Trach, N.X., Hai, N.T., Khang, D.N., Toan, N.T. and Van 299 

Hung, N. 2020. Rice straw-based fodder for ruminants. Sustainable Rice Straw 300 

Management, pp.111-129. https://doi.org/10.1007/978-3-030-32373-8_7 301 

2. Australian Agricultural Council, C. 1990. Feeding standards for Australian livestock: 302 

Ruminants. Standing Committee on Agriculture Ruminants Subcommittee, 266 p. 303 

3. Caporali, F. 2011. Agroecology as  a transdisciplinary science for a sustainable 304 

agriculture biodiversity. Biofuels, Agroforestry and Conservation Agriculture, 5: 1-71. 305 

4. Culas, R.J., Anwar, M.R. and Maraseni, T.N. 2025. A framework for evaluating 306 

benefits of organic fertilizer use in agriculture. J. Agric. Food. Res. 19: 1-18. 307 

https://doi.org/10.1016/j.jafr.2024.101576 308 

5. Babu, S., Rathore, S.S., Singh, R., Kumar, S., Singh, V.K., Yadav, S.K., Yadav, V., 309 

Raj, R., Yadav, D., Shekhawat, K. and Wani, O.A. 2022. Exploring agricultural waste 310 

biomass for energy, food and feed production and pollution mitigation: A review. 311 

Bioresour. Technol. p.127566. https://doi.org/10.1016/j.biortech.2022.127566 312 

6. Bremner, J.M. and Mulvaney, C.S. 1982. Nitrogen-Total. In: Al P, Keeney DR, Baker 313 

DE, Miller RH, editors. Methods of soil analysis. Part 2. Chemical and microbiological 314 

properties. 2nd edn. Madison, Wisconsin: SSSA, ASA. p. 594–624. 315 

7. Chen, P., Song, C., Liu, X.M., Zhou, L., Yang, H., Zhang, X., Zhou, Y., Du, Q., Pang, 316 

T., Fu, Z.D. and Wang, X.C. 2019. Yield advantage and nitrogen fate in an additive 317 

maize-soybean relay intercropping system. Sci. Total Environ. 657: 987-999. 318 

https://doi.org/10.1016/j.scitotenv.2018.11.376 319 

8. El-Mehy, A.A., El-Gendy, H.M., Aioub, A.A., Mahmoud, S.F., Abdel-Gawad, S., 320 

Elesawy, A.E. and Elnahal, A.S. 2022. Response of faba bean to intercropping, 321 

biological and chemical control against broomrape and root rot diseases. Saudi J. Biol. 322 

Sci. 29(5): 3482-3493. https://doi.org/10.1016/j.sjbs.2022.02.032 323 

9. Fotohi Chiyaneh, S., Rezaei‐Chiyaneh, E., Amirnia, R., Keshavarz Afshar, R. and 324 

Siddique, K.H. 2024. Intercropping medicinal plants is a new idea for forage 325 

production: A case study with ajowan and fenugreek. Food Energy Secur. 13(1): 326 

p.e501. https://doi.org/10.1002/fes3.501 327 

10. Ghaffarian, M.R., Yadavi, A.R., Dabbagh Mohammadi Nasab, A., Salehi, M. and 328 

Movahedi Dehnavi, M. 2021. Forage yield and quality evaluation in intercropping of 329 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
6-

30
 ]

 

                            10 / 17

https://doi.org/10.1016/j.jafr.2024.101576
https://doi.org/10.1016/j.biortech.2022.127566
https://jast.modares.ac.ir/article-23-79101-en.html


Journal of Agricultural Science and Technology (JAST), 28(3) 

In Press, Pre-Proof Version 
 

11 
 

kochia, sesbania and guar under saline irrigation. J. Agric. Sci. Tech. 23(1): 149-156. 330 

20.1001.1.16807073.2021.23.1.10.3 331 

11. Ghalkhani, A., Golzardi, F., Khazaei, A., Mahrokh, A., Illés, Á., Bojtor, C., Mousavi, 332 

S. M.N. and Széles, A. 2023. Irrigation management strategies to enhance forage yield, 333 

feed value, and water-use efficiency of sorghum cultivars. Plants, 12(11): p.2154. 334 

https://doi.org/10.3390/plants12112154 335 

12. Khan, M.T., Khan, N.A., Bezabih, M., Qureshi, M.S. and Rahman, A. 2013. The 336 

nutritional value of peanut hay (Arachis hypogaea L.) as an alternate forage source for 337 

sheep. Trop. Anim. Health Prod. 45: 849-853. https://doi.org/10.1007/s11250-012-338 

0297-8 339 

13. Lee, J., Jo, N.Y., Shim, S.Y., Linh, L.T.Y., Kim, S.R., Lee, M.G. and Hwang, S.G. 340 

2023. Effects of Hanwoo (Korean cattle) manure as organic fertilizer on plant growth, 341 

feed quality, and soil bacterial community. Front. Plant Sci. 14, p.1135947. 342 

https://doi.org/10.3389/fpls.2023.1135947 343 

14. Lindsay, W. and Norvell, W.A. 1978. Development of a DTPA test for zinc, iron, 344 

manganese and copper. Soil Sci. Soc. Am. J. 42: 421-428. 345 

https://doi.org/10.2136/sssaj1978.03615995004200030009x 346 

15. Littell, R.C., Milliken, G.A., Stroup, W.W., Wolfinger, R.D. and Oliver, S. 2006. SAS 347 

for mixed models. 2nd ed. SAS Institute, Inc., Cary, NC. 813p. 348 

16. Liu, H., Struik, P.C., Zhang, Y., Jing, J. and Stomph, T.J. 2023. Forage quality in 349 

cereal/legume intercropping: A meta-analysis. Field Crops Res. 304, p.109174. 350 

https://doi.org/10.1016/j.fcr.2023.109174 351 

17. Liu, X., Rahman, T. Song, C., Su. B., Yang, F., Yong, T., Wu, Y., Zhang, C. and Yang, 352 

W. 2017. Changes in light environment, morphology, growth and yield of soybean in 353 

maize-soybean intercropping systems. Field Crop Res. 200: 38–46. 354 

https://doi.org/10.1016/j.fcr.2016.10.003 355 

18. McLaughlin, C. 2023. The Good Garden: How to Nurture Pollinators, Soil, Native 356 

Wildlife, and Healthy Food—All in Your Own Backyard. Island Press. 312 pages. 357 

19. Murphy, J. and Riley, J.P. 1962. A modified single solution method for the 358 

determination of phosphate in natural waters. Anal Chim Acta. 27:31–36. 359 

https://doi.org/10.1016/S0003-2670(00)88444-5 360 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
6-

30
 ]

 

                            11 / 17

http://dorl.net/dor/20.1001.1.16807073.2021.23.1.10.3
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://jast.modares.ac.ir/article-23-79101-en.html


Journal of Agricultural Science and Technology (JAST), 28(3) 

In Press, Pre-Proof Version 
 

12 
 

20. Nelson, D.W. and Sommers, L.E. 1973. Determination of total nitrogen in plant 361 

material. Agron. 65: 109-112. 362 

https://doi.org/10.2134/agronj1973.00021962006500010033x 363 

21. Nelson, D.W. and Sommers, L.E. 1996. Total carbon, organic carbon, and organic 364 

matter. In: Black CA, editor. Methods of soil analysis. Part 3. Chemical methods. 365 

Madison (WI, USA): SSSA. and ASA; p. 961–1010. 366 

22. Oddy, V.H., Robards, G.E. and Low, S.G. 1983. Prediction of in vivo dry matter 367 

digestibility from the fibre and nitrogen content of a feed. In Feed information and 368 

animal production: proceedings of the second symposium of the International Network 369 

of Feed Information Centres/edited by GE Robards and RG Packham. Farnham Royal, 370 

Slough [Buckingham]: Commonwealth Agricultural Bureaux, pp 395-398. 371 

23. Purwin, C., Żuk-Gołaszewska, K., Tyburski, J., Borsuk-Stanulewicz, M. and Stefańska, 372 

B. 2024. Quality of red clover forage in different organic production systems. 373 

Agriculture, 14(7): p.1159. https://doi.org/10.3390/agriculture14071159 374 

24. Rowell DL. 1994. Soil science: methods and applications. Harlow: Longman Group. 375 

25. Sadafzadeh, E., Javanmard, A., Amani Machiani, M. and Sofo, A. 2023. Application 376 

of bio-fertilizers improves forage quantity and quality of sorghum (Sorghum bicolor 377 

L.) intercropped with soybean (Glycine max L.). Plants, 12(16): p.2985. 378 

https://doi.org/10.3390/plants12162985 379 

26. Saxton, A.M. 1989. Indcull version 3.0: Independent culling for two or more traits. 380 

Hered. 80(2): 166-167. 381 

27. Ullah, M.A., Hussain, N., Schmeisky, H., Rasheed, M., Anwar, M. and Rana, A.S. 382 

2018. Fodder quality improvement through intercropping and fertilizer application. 383 

Pak. J. Agric. Sci. 55(3): 549-554. https://doi.org/10.21162/PAKJAS/18.4579 384 

28. Van Soest, P.J., Robertson, J.D. and Lewis, B.A. 1991. Methods for dietary fiber, 385 

neutral detergent fiber and non-starch polysaccharide in relation to animal nutrition. 386 

Dairy Sci. 74: 3583-3597. https://doi.org/10.3168/jds.S0022-0302(91)78551-2 387 

29. Xu, L., Yan, D., Ren, X., Wei, Y., Zhou, J., Zhao, H. and et al. (2016). Vermicompost 388 

improves the physiological and biochemical responses of blessed thistle (Silybum 389 

marianum Gaertn.) and peppermint (Mentha haplocalyx Briq) to salinity stress. Ind. 390 

Crop Prod. 94, 574–585. https://doi.org/10.1016/j.indcrop.09023 391 

30. Xue, Z., Wang, Y., Yang, H., Li, S. and Zhang, Y. 2020. Silage fermentation and in 392 

vitro degradation characteristics of orchardgrass and alfalfa intercrop mixtures as 393 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
6-

30
 ]

 

                            12 / 17

https://doi.org/10.2134/agronj1973.00021962006500010033x
https://doi.org/10.3390/agriculture14071159
https://jast.modares.ac.ir/article-23-79101-en.html


Journal of Agricultural Science and Technology (JAST), 28(3) 

In Press, Pre-Proof Version 
 

13 
 

influenced by forage ratios and nitrogen fertilizing levels. Sustainability. 12(3): p.871. 394 

https://doi.org/10.3390/su12030871 395 

31. Yol, E., Furat, S., Upadhyaya, H.D. and Uzun, B. 2018. Characterization of groundnut 396 

(Arachis hypogaea L.) collection using quantitative and qualitative traits in the 397 

Mediterranean Basin. Integr. Agric. 17(1): 63-75. https://doi.org/10.1016/S2095-398 

3119(17)61675-7 399 

32. Yolcu, H., Dasci, M. and Tan, M. 2009. Evaluation of annual legumes and barley as 400 

sole crops and intercrop in spring frost conditions for animal feeding. I. Yield and 401 

quality. J Anim Vet Adv. 8(7): 1337-1342. 402 

http://medwelljournals.com/fulltext/java/2009/1337-1342.pdf 403 

33. Yunita, A. 2019. Utilization of cow and organic waste as organic waste empowerment 404 

solution. J. Phys. 1424(1): 1-7. https://doi.org/10.1088/1742-6596/1424/1/012003 405 

34. Zahed Chakovari, S., Enteshari, S. and Qasimov, N. 2016. Effect of salinity stress on 406 

biochemical parameters and growth of borage (Borago officinalis L.). Plant Physiol. 407 

6(2): 1673-1689. https://doi.org/10.30495/ijpp.2016.539835 408 

35. Zandi, M., Khalesro, S. and Sharifi, Z. 2023. Improved yields and essential oil 409 

composition of ajowan (Trachyspermum ammi L.) and soil fertility properties in 410 

intercropping systems. Biol. Agric. Hortic. 39(1): 1-18. 411 

https://doi.org/10.1080/01448765.2022.2076611 412 

36. Zeiditoolabi, N., Khammari, I., Sirousmehr, A., Daneshvar, M., Galavi, M. and 413 

Dahmardeh, M. 2023. Evaluation of Stomata in Vetch-Barley Intercropping and Its 414 

Relationship with Forage Production in Rainfed Conditions, Under the Influence of 415 

Biofertilizer and Superabsorbent. Gesunde Pflanzen. 75: 2045-2073. 416 

https://doi.org/10.1007/978-3-030-32373-8_7 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
6-

30
 ]

 

                            13 / 17

http://medwelljournals.com/fulltext/java/2009/1337-1342.pdf
https://doi.org/10.1007/978-3-030-32373-8_7
https://jast.modares.ac.ir/article-23-79101-en.html


Journal of Agricultural Science and Technology (JAST), 28(3) 

In Press, Pre-Proof Version 
 

14 
 

 427 

Table 2. A combined analysis of variance of fodder characteristics of borage affected by fertilizer and 

cropping system in 2021 and 2022. 
  Mean Squares 

SOV df Ash CP NDF ADF 
Fodder 

yield 

Protein 

yield 
DMD EM 

Year 1 0.228ns 0.115ns 1.49ns 0.79ns 53263ns 3038.01ns 0.759ns 0.023ns 

Replication (year) 4 1.187 1.069 5.31 2.814 8979 9608.1 2.492 0.073 

Fertilizer 2 531.82** 105.59** 1465** 774.98** 1624093** 1140590** 742.82** 21.458** 

Cropping pattern 2 194.25** 19.55** 765.52** 404.85** 224900** 209144** 339.64** 9.811** 

Fertilizer × Cropping pattern 4 10.75** 0.147ns 5.647** 2.955** 12490** 1635.5ns 1.422** 0.041** 

Year ×Fertilizer 2 88.52** 29.75** 6.552** 3.459** 1.054ns 250488** 14.621** 0.042** 

Year × Cropping pattern 2 0.0009ns 0.0002ns 0.0093ns 0.005ns 0.754ns 12.546ns 0.003ns 0.00004ns 

Year× Fertilizer × Cropping pattern 4 0.64ns 0.333ns 0.352ns 0.183ns 0.152ns 3138.3ns 0.013ns 0.0003ns 

Error 32 0.246 0.482 0.495 0.261 732.544 3968.07 0.174 0.005 

C.V (%)  4.654 7.294 3.476 3.474 2.301 7.311 2.689 2.864 

ns, *, and **p > 0.05, p ≤ 0.05, and p ≤ 0.01, respectively. 

 

Table 3. Fodder characteristics of borage affected by cropping pattern and fertilizer in 2021 and 2022. 

Fertilizer Cropping pattern 
Ash  

(%) 

NDF  

(%) 

ADF 

 (%) 

Fodder yield 

(kg/ha) 

DMD 

 (%) 

EM 

(Mj/kg) 

Control 

Sole cropping 9.82±0.76f 65.1±1.20a 47.35±0.87a 8553±51.27f 48.56±0.67f 6.26±0.12f 

Intercropping 50% 11.95±0.66e 58.08±1.36b 42.25±0.99b 8692±34.65e 53.01±0.76e 7.01±0.13e 

Intercropping 100% 15.47±0.63d 51.03±0.68c 37.11±0.50c 8786±43.13d 57.78±0.62d 7.82±0.11d 

Organic Fertilizer 

Sole cropping 20.29±3.21c 47.83±1.39d 34.79±1.01d 8991±48.88c 60.55±1.32c 8.29±0.22c 

Intercropping 50% 21.6±2.65b 44.02±1.33e 32.01±0.96e 9007±38.02c 63.32±1.28b 8.76±0.22b 

Intercropping 100% 23.62±1.78a 35.49±0.65f 25.81±0.47f 9213±44.27b 68.86±1.09a 9.71±0.18a 

Chemical Fertilizer 

Sole cropping 20.27±3.06c 47.83±1.11d 34.78±0.80d 9163±35.49b 60.55±1.09c 8.29±0.19c 

Intercropping 50% 21.58±2.49b 44.02±1.16e 32.01±0.84e 9297±38.12a 63.31±1.08b 8.76±0.19b 

Intercropping 100% 23.61±1.60a 35.49±0.43f 25.81±0.32f 9341±42.08a 68.86±0.88a 9.71±0.15a 

In each column, the averages with at least one common letter do not have a significant difference at the five percent 

probability level based on the LSD test. Values are Mean ± Standard deviation, SD. 

 428 

 Table 4. The fodder  qualitative characteristics of borage affected by year and fertilizer in 2021 and 

2022. 

Year Fertilizer 
Ash  

(%) 

CP  

(%) 

NDF 

 (%) 

ADF 

 (%) 

Protein yield 

(kg/ha) 

DMD 

(%) 

EM 

(Mj/kg) 

2021 

Control 12.37±2.55c 10.28±0.88c 58.27±6.21a 42.38±4.51a 890±85.59c 52.98±4.06c 7.0±0.69c 

Organic Fertilizer 19.54±2.09b 13.18±0.87b 43.2±5.75b 31.42±4.18b 1192±90.41b 63.23±3.75b 8.75±0.64b 

Chemical Fertilizer 23.96±0.91a 15.74±1.49a 41.99±5.34bc 30.54±3.89bc 1455±146.9a 65.03±3.67a 9.05±0.63a 

2022 

Control 12.46±2.57c 10.35±0.89c 57.87±6.16a 42.09±4.48a 902±86.77c 53.25±4.03c 7.05±0.69c 

Organic Fertilizer 24.13±0.91a 15.85±1.5a 41.7±5.31c 30.33±3.86c 1444±150.01a 65.25±3.66a 9.09±0.62a 

Chemical Fertilizer 19.68±2.11b 13.27±0.88b 42.9±5.71bc 31.20±4.15bc 1235±90.75b 63.45±3.73b 8.79±0.63b 

 In each column, the averages with at least one common letter do not have a significant difference at the five percent 

probability level based on the LSD test. Values are Mean ± Standard deviation, SD. 
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 430 

 431 

Table 1. Characteristics of soil and organic fertilizer in this experiment. 

 pH 
EC 

(dS/m) 

OC 

(%) 

N 

 (%) 

P 

(ppm) 

K 

(ppm) 

Mg 

(ppm) 

Fe 

(ppm) 

Zn 

(ppm) 

Cu 

(ppm) 

Mn 

(ppm) 

Soil 7.83 0.583 0.84 0.08 14  251  17.9 8.5 0.2 0.1 0.3 

Organic fertilizer 5.98 8.34 1.28 0.509 4.5% 1.36% 227 28.5 2 0.5 2.5 
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Table 5. A combined analysis of variance of fodder characteristics of peanut affected by fertilizer and cropping 

system in 2021 and 2022. 
  Mean Squares 

S.O.V df Ash CP NDF ADF 
Fodder 

yield 

Protein 

yield 
DMD EM 

Year 1 0.092ns 0.079ns 0.658ns 0.347ns 1756.5ns 81.254ns 0.365ns 0.01ns 

Replication (year) 4 0.257 0.271 0.158 0.178 54539 878.94 0.046 0.0014 

Fertilizer 2 27.059** 26.146** 182.4** 97.835** 2861756** 67360** 236.12** 6.63** 

Cropping pattern 2 232.33** 61.724** 509.24** 283.28** 50181419** 790786** 284.29** 8.218** 

Fertilizer × Cropping pattern 4 1.218ns 0.13ns 9.765** 4.436** 152168** 3609** 12.612** 0.365** 

Year × Fertilizer 2 14.861** 9.31** 0.491ns 0.048ns 38.5ns 51.87ns 0.848ns 0.024ns 

Year × Cropping pattern 2 0.003ns 0.001ns 0.0061ns 0.0034ns 129.8ns 30.68ns 0.0013ns 0.00008ns 

Year × Fertilizer × Cropping pattern 4 0.783ns 0.476** 0.099ns 0.007ns 24.3ns 7.59ns 0.124ns 0.0036ns 

Error 32 1.514 0.068 1.052 0.607 8256.4 103.672 0.487 0.014 

C.V (%)  12.37 4.731 5.244 5.384 7.796 7.865 3.016 3.228 

ns, *, and **p > 0.05, p ≤ 0.05, and p ≤ 0.01, respectively. 
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Table 6. Fodder characteristics of peanut affected by cropping pattern and fertilizer in 2021 and 2022. 

Fertilizer Cropping pattern 
NDF 

 (%) 

ADF 

 (%) 

Fodder yield 

(kg/ha) 

Protein yield 

(kg/ha) 

DMD 

 (%) 

EM 

(Mj/kg) 

Control 

Sole cropping 30.24±0.54c 21.95±0.42c 2601±146c 263.1±14.2c 69.74±0.32b 9.86±0.06b 

Intercropping 50% 32.95±0.26b 23.97±0.10b 348±15.3e 24.7±1.9f 66.81±0.16d 9.36±0.02d 

Intercropping 100% 42.68±2.23a 31.22±1.74a 560±24.6e 41±0.7f 60.94±1.51e 8.36±0.26e 

Organic Fertilizer 

Sole cropping 23.92±0.35d 17.29±0.25d 3259±141b 407.1±18.9b 74.58±0.26a 10.68±0.04a 

Intercropping 50% 31.82±0.55bc 23.23±0.35bc 539±23.6e 48.8±5.7ef 68.24±0.53c 9.60±0.09c 

Intercropping 100% 33.59±0.83b 24.50±0.63b 902±39.5d 83.5±6.4d 67.28±0.65cd 9.44±0.11cd 

Chemical Fertilizer 

Sole cropping 23.92±0.33d 17.29±0.18d 4605±227a 575.3±27.6a 74.58±0.15a 10.68±0.02a 

Intercropping 50% 31.82±0.38bc 23.23±0.23bc 495±21.7e 44.8±4.7f 68.24±0.36c 9.60±0.06c 

Intercropping 100% 33.59±0.77b 24.50±0.59b 802±35.2d 74.2±5.4de 67.28±0.59cd 9.44±0.10cd 

In each column, the averages with at least one common letter do not have a significant difference at the five percent 

probability level based on the LSD test. Values are Mean ± Standard deviation, SD. 
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 434 

Figure 1. Meteorological statistics in 2021 and 2022 growing seasons in the experimental area. 435 
 436 
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 437 

Figure 2. The ash of peanut fodder affected by cropping pattern in 2021 and 2022.  (Data 438 

dispersion is based on standard deviation). 439 
 440 

 441 

Figure 3. The Ash of peanut fodder affected by year×fertilizer in 2021 and 2022.   (Data 442 
dispersion is based on standard deviation). 443 

 444 

 445 

 446 

Figure 4. The crude protein of borage fodder affected by cropping pattern in 2021 and 2022. 447 

(Data dispersion is based on standard deviation). 448 
 449 
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 451 

Figure 5. The yield protein of borage fodder affected by cropping pattern in 2021 and 2022. 452 
 (Data dispersion is based on standard deviation). 453 

 454 

 455 

Figure 6. The crude protein of peanut fodder affected by year×fertilizer×cropping pattern in 456 
2021 and 2022. (Data dispersion is based on standard deviation). 457 

 458 

 459 در سیستم کشت مخلوط  با کاربرد کودهابهبود کیفیت علوفه بادام زمینی و گاوزبان اروپایی 

 460 سمیرا زارعی  و، غلامرضا حیدری، روخالصفریده سالاری، شیوا 
 461 چکیده 

 462.  و کمی علوفه گاوزبان و بادام زمینی در سیتم کشت مخلوط تحت تاثیر کود بود هدف این پژوهش ارزیابی کیفی     

 463تکرار در مزرعه تحقیقاتی    3های کامل تصادفی با  صورت فاکتوریل در قالب طرح بلوکبه  ای دوسالهآزمایش مزرعه
 464تیمارهای آزمایش امل کود )شاهد، ارگانیک و شیمیایی( و الگوهای کشت    اجرا شد.  1401و    1400دانشگاه کردستان در   

 465نتایج نشان داد کیفیت    .%( بود100% و  50)کشت خالص گاوزبان، کشت خالص بادام زمینی، کشت مخلوط افزایشی  
 466علوفه گاوزبان در کشت مخلوط نسبت به کشت خالص برتری داشت و تیمارهای کودی نسبت به تیمار شاهد عملکرد و  
 467صفات کیفی علوفه بادام زمینی را بهبود بخشیدند. کود ارگانیک، پروتئین خام علوفه گاوزبان و بادام زمینی را به ترتیب  

افزایش    4/20و    29 دهد. کشت مخلوط موجب  افزایش  تیمار شاهد  به  نسبت  پروتئین   6/16درصد   468درصدی عملکرد 

 469، قابلیت هضم ماده خشک و میزان خاکستر علوفه گاوزبان در کشت NDF  ،ADFگاوزبان نسبت به کشت خالص شد.  

 470درصد نسبت به کشت خالص بدون مصرف کود   4/58و    30،  46،  46% + کاربرد کود ارگانیک به ترتیب  100مخلوط  
 471های کشت مخلوط افزایشی،  توان اذعان نمود که با مدیریت زراعی مناسب در سیستممی  طور کلی،افزایش پیدا کرد. به 

 472 امکان افزایش کیفیت علوفه گاوزبان و بادام زمینی در تغذیه دام وجود دارد. 
 473 
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