


SOYBEAN INTERCROP ENHANCES THE YIELD AND FLAVOR PROFILE OF SWEETCORN GROWN IN ALKALINE SOIL UNDER DROUGHT CONDITION
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ABSTRACT

Declining corn yield in monoculture systems, along with soil analyses indicates increased alkalinity caused by excessive use of chemical fertilizers, which undermines the value of intercropping. A field experiment was conducted at Cebu Technological University-Barili Campus from March 20 to May 30, 2024, to evaluate the effects of different legume intercrop on the growth and development of sweetcorn (Zea mays L. Var. Macho-F1) grown in alkaline soil (pH 7.5). The experiment utilized a Randomized Complete Block Design (RCBD) with five treatments corresponding to different legume intercrop: T0 = Sweetcorn alone, T1 = Sweetcorn + Soybean (Glycine max), T2 = Sweetcorn + Rice bean (Vigna umbellata), T3 = Sweetcorn + Lima bean (Phaseolus lunatus), and T4 = Sweetcorn + String bean (Phaseolus vulgaris). Results demonstrated that sweetcorn intercropped with soybean consistently outperformed those intercropped with other legumes and sweetcorn monoculture. Intercropping sweetcorn with soybean resulted in the highest Total Soluble Solids value of 8.80±0.20SE (◦Brix), ear weight (126.73±28.57SE grams/ear), and computed yield (11.40±2.57 t/ha). Therefore, intercropping sweetcorn with soybean will increase its yield and improve its flavor profile, notwithstanding the supposed added income from the soybean intercrop. 	Comment by balramrathod109@gmail.com: Results should be in detail and mention all the parameters

Keywords: sweetcorn, alkaline soil, intercropping, legumes, total soluble solids, agronomic performance



INTRODUCTION
Corn (Zea mays L.) is a vital annual crop, originally domesticated in America. As a cereal belonging to the Family Poaceae, it serves as a significant source of carbohydrates for both humans, particularly in developing countries, and as animal feed worldwide due to its high nutritional value (Undie, et al., 2012). Globally, corn ranks third in cereal production, following wheat and rice.
In Central Visayas, Philippines, farmers have been cultivating sweetcorn in a monoculture system for several years. Recently, a decline in yield performance has been observed. The farmers are exploring intercropping corn with different legumes, such as mung beans and soybeans, which are known for improving soil fertility and providing sustainable nitrogen sources. However, potential growth and yield performance for sweetcorn when intercropped with these legumes in alkaline soil is not widely reported.
Intercropping legumes in maize-based systems can enhance nitrogen availability, increase sweetcorn yield, and offer higher productivity and economic returns compared to monoculture (Thayamini & Brintha, 2010). Legumes contribute to nitrogen fixation, reducing environmental impact and providing ground cover that optimizes nutrient use from various soil depths (Steiner, 1991; Jensen, 1996). Numerous studies have shown that rhizobia on legume crops converts atmospheric nitrogen into ammonia, benefiting both the legumes and accompanying plants (Li et al., 2020). While intercropping sweetcorn and soybean has been successful in North America since the early 1900s (Prithiviraj et al., 2000), and soybean is often used to enhance the protein content of sweetcorn silage (Geren et al., 2008), there is a lack of research on the effects of different legume species on sweetcorn growth and flavor profile in alkaline soil. Some intercropping combinations may lead to increased competition among crops, making certain species unsuitable for intercropping (Dasbak and Asiegbu, 2009).
Therefore, the current study was conducted to examine the effect of intercropping different legume species on the growth, yield, and flavor profile of sweetcorn on alkaline soil. 	Comment by balramrathod109@gmail.com: Your Title specified only Yield and Flavor, here just remove growth

MATERIALS AND METHODS

Preparation of Experimental Area

The research was conducted at the experimental and production farm of Cebu Technological University - Barili Campus (10°7'53" N, 123°32'45" E), covering a study area of 379.75 square meters. In terms of chemical characteristics, the soils have alkaline pH > 7.5 (Enojada, et al., 2015). The experimental area was plowed twice to improve soil aeration and drainage. The study utilized five treatments, each replicated three times, for a total of 15 experimental blocks. Furrows were established 75 cm apart across the plots. Each treatment plot measured 5 meters in length and 3.75 meters in width, with a one-meter space allocated between plots and replications to facilitate data collection and regular inspection. 

Climatic Conditions

The study was conducted from March to May 2024, during a period characterized by warm and humid conditions in Cebu, Philippines. Temperatures ranged from 25°C to 31°C in March, accompanied by moderate rainfall of approximately 103 mm over 8 days. In April, temperatures increased slightly, peaking at 32°C, with reduced rainfall of around 81 mm over 7 days. May recorded the highest temperatures, reaching up to 33°C, with increased rainfall between 127-147 mm over 8-9 days (World Weather & Climate Information). Despite the rainfall in May, the study coincided with a dry spell caused by the El Niño phenomenon (PAGASA, 2024), leading to below-average rainfall, particularly in April, which resulted in drought conditions (Cebu Daily News, 2024).

Field Planting

Planting was carried out immediately following land preparation, with two seeds sown per hill. Both sweetcorn and legumes were planted simultaneously. The planting arrangement varied across treatments: T0 (sweetcorn alone) consisted of four rows of sweetcorn, while T1 (sweetcorn + soybean), T2 (sweetcorn + rice bean), T3 (sweetcorn + lima bean), and T4 (sweetcorn + string bean) involved intercropping sweetcorn with respective legumes. The spacing between rows was 75 cm for all treatments. For sweetcorn, the spacing between hills was 25 cm, while soybeans were spaced 50 cm apart, rice beans 25 cm, lima beans 60 cm, and string beans 50 cm. This planting arrangement ensured proper spacing for each crop, allowing for accurate comparison across treatments.

Fertilization

At the time of planting, four bags of organic fertilizer (Microbial Compost) were applied as a basal nutrient source for both sweetcorn and beans equivalent to 10 tons/ha fertilization rate. Additionally, a split application of nitrogen fertilizer, specifically Ammonium Sulfate (21-0-0), was employed. The first application was administered 30 days after planting, followed by a second application at 45 days after planting. This fertilization regimen ensured a consistent supply of nitrogen during the critical early stages of crop development, promoting optimal growth and productivity.

Thinning and Weeding

Thinning to one seedling per hill was done 10 days after planting for sweetcorn. Missing hills were promptly replenished using thinned seedlings to maintain uniform plant density. Uniform hand weeding was performed across all treatment plots to manage weed pressure. Additionally, hilling up was carried out 30 days after crop emergence to further suppress weed growth and improve soil aeration for sweetcorn monocrop. These management practices enhanced root development and overall plant health, contributing to better crop performance.

Experimental Design and Treatments    

The experimental plots were arranged in a Randomized Complete Block Design (RCBD), with five treatments replicated three times.
The following were the treatments:
T0 = Sweetcorn Alone
T1 = Intercropping of Sweetcorn + Soybean
T2 = Intercropping of Sweetcorn + Rice bean
T3 = Intercropping of Sweetcorn + Lima bean
T4 = Intercropping of Sweetcorn + String bean

Data Gathered 
Agronomic characteristics of Sweetcorn Variety Macho Dos F1:  
· Plant height (cm) was determined by measuring from the base of the plant to the base of the tassel using a measuring tape. 
· Ear height (cm) was measured from the base of the plant to the base of the first sweetcorn ear closest to the ground, also using a measuring tape. 
· Ear Length (cm) and Ear Diameter (cm), ten ears without husks were randomly selected from ten sample plants, and their lengths and diameters were measured using a plastic caliper. 
· Weight ears (g), both with and without husks, was recorded for ten randomly selected ears from the same sample plants using a digital weighing scale.
· Grain weight (g) was determined by shelling and weighing the grains from ten randomly selected ears, using a digital weighing scale.
· Total Soluble Solids (TSS, Brix %), Kernels from ten randomly selected ears were crushed, and two drops of filtered juice were added to a digital refractometer (Hanna brand, HI 96801, USA), Brix values range from 0 to 85%, with an accuracy of 0.1 Brix. TSS content was expressed in percentages (Arenas-ochoa, et al., 2022)

Agronomic characteristics – Different leguminous crops as an intercrop: 
· Number of pods per plant was determined by counting all brown, dried pods on each sample plant at the time of harvest 
· Average pod length (cm) was calculated by randomly selecting ten pods at harvest and measuring their lengths with a measuring tape
· Average pod diameter (cm) was measured using a plastic caliper on ten randomly selected pods. 
· Average number of seeds per pod was calculated by counting the seeds in ten randomly selected pods and determining the average
· Grain weight per plant (g) was obtained by measuring the total grain weight from each plant using a digital weighing scale.

Data Analysis  
Data were compared using Analysis of Variance (ANOVA) for Randomized Complete Block Design (RCBD). Further tests were done through the Least Significant Difference (LSD) Test.	Comment by balramrathod109@gmail.com: Reference?

RESULTS AND DISCUSSION

Table 1 shows no statistically significant differences in plant height at 30 and 60 days after planting (DAP), nor in ear height at 60 DAP among the different intercropping treatments. Specifically, T1 = Sweetcorn + Soybean exhibited the tallest plants, with an average height of 138.90±6.20 cm at 30 DAP, 156.33±15.84 cm at 60 DAP, and an Ear height of 49.23±5.72 cm at 60 DAP. However, these variations were not statistically significant. The growth patterns observed in sweetcorn plants were primarily attributed to the genetic characteristics of the Macho Dos F1 variety, rather than the type of legume used in the intercropping system. 
Quality seeds are critical to the success of plant cultivation (Oelviani & Sodiq, 2018), and the production potential of a sweetcorn variety is revealed through high physiological quality in seeds, which respond effectively to fertilization (Saenong, 2018). This responsiveness in seeds with high physiological attributes aligns with improved growth patterns, including the ear and flowering age components, which are influenced by genetic factors (Mrema et al., 2018). Genetic and environmental factors contribute to genotypic and phenotypic diversity in plant growth phases; in this case, genetic factors appeared more dominant in influencing plant height and ear height in sweetcorn. Field observations showed a consistent pattern in which male parent plants (NEI 9008) exhibited lower, more uniform plant heights than female parent plants (Bima 4), underscoring genetic influence over environmental factors in shaping parent seed growth (Mrema et al., 2018; Xu et al., 2020). Additionally, plant genotype plays a critical role in plant growth, with each parent exhibiting a distinct response to the growing environment (Xu et al., 2020).
Hybrid corn varieties take advantage of the phenomenon of heterosis, also known as hybrid vigor. F1 hybrids are created by crossing genetically distinct parental lines that have been inbred over many generations and harvesting the “first filial” or F1 seeds that result from this cross. The F1 seeds in turn produce plants that may perform significantly better in the field than the lines from which either of their parents were derived. For geneticist James Crow, as for many others, figuring out how to harness heterosis to create higher-yielding crop varieties was “surely one of genetics’ greatest triumphs (Crow, 1998). 


Table 1. Plant Height on 30DAP, 60DAP, and Ear Height 60DAP as affected by different 
               legume intercrops. 
	Treatment
	Plant Height
30DAP (cm)
	Plant Height
60DAP (cm)
	Ear Height
60DAP (cm)

	T0=Corn alone
	112.70
	113.10
	40.80

	T1=Corn+Soybean
	138.90
	156.33
	49.23

	T2=Corn+Rice bean
	128.33
	134.73
	48.40

	T3=Corn+Lima Bean
	133.80
	129.70
	46.23

	T4=Corn+String bean
	128.67
	130.37
	47.00

	CV%	Comment by balramrathod109@gmail.com: Standard error means??? CD?? Without SEM and CD how you will say whether data is significant or non Significant??
	7.22
	10.87
	12.02



[bookmark: _Hlk170860469]Table 2 shows significant differences in weight per ear across treatments. The weight varied considerably depending on the specific treatment, with the highest recorded at T1=Sweetcorn + Soybean at 126.73±28.57SE grams/ear, and the lowest at T0=Sweetcorn Alone with 85.17±3.07SE grams/ear. This study highlights how removing the husk from sweetcorn provides a more accurate way to measure the actual grain yield. The husk adds weight, but it’s not part of the edible portion, so focusing on the grain without the husk gives a clearer picture of how productive the sweetcorn is. The results showed that sweetcorn grown in intercropping systems with soybeans had heavier grains, indicating improved productivity. The increased productivity observed in sweetcorn intercropped with soybeans can be primarily attributed to the role of soybeans in improving soil fertility. Soybeans, a legume, enhance nitrogen levels in the soil through a process called nitrogen fixation, where they convert atmospheric nitrogen into a form usable by plants. This additional nitrogen boosts sweetcorn growth, leading to denser and heavier kernels (Xiang et al., 2018; Sousa et al., 2022). The facilitative interactions between the crops' root systems also contribute to improved nutrient sharing, which further enhances crop yield and nutrient uptake (Li et al., 2019; Liu et al., 2019; Nasar et al., 2021).
Intercropping soybeans with sweetcorn not only enhance nitrogen availability but also promotes better moisture retention, benefiting sweetcorn plants during periods of drought (Nyawade et al., 2019; Nasar et al., 2020a). Improved nitrogen assimilation due to enzymatic activities in the intercropping system also positively impacts plant nitrogen content and uptake (Nasar et al., 2022a). Several studies demonstrate how legume-cereal intercropping systems increase plant nitrogen status by modifying the rhizosphere and facilitating nutrient transfer between crops (Sun et al., 2018; Nasar et al., 2020b; Raza et al., 2021).
Furthermore, intercropping enhances nutrient absorption, especially in alkaline soils, where some nutrients may be less available to sweetcorn. These combined benefits—higher nitrogen levels, better moisture management, and more efficient nutrient use—result in higher grain yields, even when accounting for husk removal (Bybee-Finley and Ryan, 2018; Zaeem et al., 2019). This study also revealed that sweetcorn-soybean intercropping increased nitrogen yield and nitrogen use efficiency, with additional benefits under optimal nitrogen treatments, likely due to complementary nutrient sharing and better utilization of available soil nitrogen (Gitari et al., 2018b; Li et al., 2020; Yong et al., 2018; Nyawade et al., 2020a).
Additionally, the highest TSS was obtained by treatment T1 = Sweetcorn + Soybean 8.80±0.20SE (◦Brix), lowest TSS was obtained by T2 = Sweetcorn + Rice bean 6.00±0.35SE (◦Brix). Moreover, No Significant differences in Ear height, Ear length, Ear diameter, and Weight with husk of sweetcorn. Legumes, including soybeans, also improve soil health through microbial interactions that promote nutrient cycling and organic matter breakdown, which further supports sweetcorn growth (Zaeem et al., 2019; Phiri et al., 2013). The soybean root system’s capacity to fix atmospheric nitrogen into the soil minimizes competition for nitrogen resources, ensuring that both crops benefit from enhanced soil fertility without added fertilizers (Seran and Brintha, 2009; Thayamini and Brintha, 2010). Additionally, intercropping improves drought resistance, as soybean roots help retain moisture in the soil, which reduces stress on the sweetcorn during dry periods and enhances carbohydrate accumulation (Du et al., 2020; Raza et al., 2020; Nasar et al., 2022b).
Overall, the combination of nitrogen fixation, improved moisture retention, better nutrient absorption, and microbial support highlights the significant advantages of sweetcorn-soybean intercropping, leading to improved grain yields, increased total soluble solids (TSS) levels, and greater environmental sustainability (Habineza et al., 2018; Lulie, 2017).

Table 2. Yield Components of Sweetcorn as Inter cropped with Various Legumes on Alkaline Soil 
	Treatment
	Ear Length
(cm)
	Ear Diameter
(cm)
	Weight with Husk
(g/per ear)
	Weight without Husk
(g/per ear)
	TSS  (◦Brix)
	Computed
yield(t/ha)

	T0=Sweetcorn alone
	10.73
	3.67
	109.70
	85.17 c
	6.55 b
	7.66c

	T1=Sweetcorn+Soybean
	12.50
	3.97
	163.10
	126.73 a
	8.80 a
	11.40a

	T2=Sweetcorn+Rice bean
	11.80
	3.70
	137.23
	107.33 b
	6.00 b
	9.65b

	T3=Sweetcorn+Lima Bean
	11.97
	3.90
	160.50
	116.17 ab
	6.92 b
	10.45ab

	T4=Sweetcorn+String bean
	11.83
	4.23
	138.97
	121.57 ab
	6.88 b
	10.45ab

	CV%	Comment by balramrathod109@gmail.com: Mention SEM and CD values
	11.60
	13.51
	20.84
	7.00
	8.54
	7.00




On average, each Stringbean produced 2.86 pods, with pods measuring 50.65 cm in length, 0.97 cm in diameter, weighing 33.90 grams, and containing 11.88 seeds per pod (Table 3). All other legumes did not produce any yield. Although yields were modest for string beans, the plant was able to enhance soil fertility through nitrogen fixation, enriching the soil with the nitrogen needed for sweetcorn. Even with lower yields, their nitrogen-fixing ability supports their neighboring sweetcorn and boosts their productivity.
Worldwide nitrogen fixation is around 1.75 × 10¹¹ kg, with legumes contributing about 8.0 × 10¹⁰ kg through symbiotic nitrogen fixation, averaging 20–200 kg N fixed per hectare per year. Another substantial portion of the nitrogen is industrially fixed to produce fertilizers (approximately 8.8 × 10¹⁰ kg) (Shah et al., 2021). Biological nitrogen fixation (BNF), especially in rhizobia-legume symbiosis, provides a sustainable approach by enabling rhizobia bacteria to fix atmospheric nitrogen, which benefits host legumes and other crops in the system (Stagnari et al., 2017). Yield increases with nitrogen-fixing legumes are linked to improved soil organism activity, altered soil properties, and reduced pest cycles (Wani et al., 1995). Integrating legumes into agricultural systems enhances soil nutrients and reduces the need for external inputs, supporting sustainable agriculture (Peoples et al., 1995; Postgate, 1998; Kebede, 2020a).
To maximize BNF’s benefits, legumes can be incorporated into practices like crop rotation, intercropping, green manuring, and alley cropping (Ghosh et al., 2007; Meena et al., 2018; Nanganoa et al., 2019; Kebede, 2020a). Legumes in mixed systems release nitrogen that benefits cereal crops, either during their growth or as residual nitrogen for later crops. This nutrient transfer occurs through processes like root excretion, leaf fall, and the breakdown of root and nodule tissues, with legumes contributing up to 102 kg N per hectare annually through root and nodule decomposition (Thilakarathna et al., 2016).
Legumes also improve drought resilience by accessing deep soil moisture and enhancing nutrient availability in alkaline soils. Smallholder farmers value intercropping for its ability to reduce crop failure risk, diversify food sources, and increase income. Intercropping also makes efficient use of sunlight, water, and nutrients while helping control pests and weeds, maintain soil fertility, and improve physical soil conditions, especially when cereals and legumes are combined (Liu, et al., 2018; Shao, et al., 2020; Zaeem, et al., 2019; Mohammad, et al., 2022; Ochieng’IO, et al., 2021)
Table 3. Yield of Legume Intercrop
	

	


	Legumes	Comment by balramrathod109@gmail.com: Mention all the treatment data, then only we can check the difference between them. 
	No. of Pods per Plant
	Pod Length (cm)
	Pod Diameter (cm)
	Number of Seeds/ Pods
	Grain Weight (g/ per pod)

	String bean 
	2.86
	50.56
	0.97
	11.88
	33.90



In comparing the benefits of sweetcorn intercropped with soybean against string beans, it's essential to evaluate both the yield of the main crop and intercrop. The study shows that while sweetcorn/soybean intercropping with sufficient nitrogen fertilization significantly increases sweetcorn yield, biomass, and 1000-grain weight, the soybean did not produce any yield. Soybeans contribute to soil fertility through nitrogen fixation, enhancing nutrient availability over time, which indirectly benefits sweetcorn growth by allowing more nutrients and space for the sweetcorn (Raza, et al., 2022; Galanopoulou, et al., 2019).
Both sweetcorn and soybean utilize different soil depths due to their root structures—sweetcorn has a shallower system while soybean roots are deeper. This minimizes competition for resources, enabling both crops to access water and nutrients efficiently from different soil layers, improving overall soil nutrient availability. Such complementarity in root systems optimizes resource utilization, enhancing photosynthesis and improving yield potential (Blessing, et al., 2022; Ebbisa, et al., 2022).
Intercropping sweetcorn with string beans has clear benefits for soil fertility and yield for both crops, particularly under tough conditions like drought and alkaline soils. String beans are well-suited for drought-prone and alkaline soils, where they thrive while soybeans may struggle. Their deep roots access water from lower soil layers, maintaining moisture for nearby crops, and they improve nutrient availability in alkaline conditions (Louarn et al., 2015).
In intercropping systems with sweetcorn, string beans offer the advantage of providing a direct yield (pods) without competing for resources as soybeans might. This combination boosts productivity by enhancing nutrient cycling, resource use, and pest control (Ghosh et al., 2007; Meena et al., 2018).
String beans also contribute to nitrogen transfer through the decomposition of roots and nodules, supporting sweetcorn growth and improving soil fertility (Thilakarathna et al., 2016). Compared to soybeans, string beans offer immediate benefits by adding nitrogen-rich biomass to the system, directly supporting crop growth. Their ability to thrive in challenging soil conditions makes them a valuable choice for sustainable intercropping with sweetcorn.
CONCLUSION
Intercropping corn with soybeans improved the yield and crop quality of sweetcorn. String beans offer additional benefits, especially in drought and alkaline soils. Unlike soybeans, string beans not only fix nitrogen but also provide a direct yield (pods), increasing overall productivity. 	Comment by balramrathod109@gmail.com: Give significance how legumes changes yield and flavor in alkaline soil. Additionally give future line of work. 
	

	

	

	



CONFLICT OF INTEREST
This research was made possible through the support provided by the Department of Science and Technology (DOST) STRAND N program and of Cebu Technological University - Barili Campus. The author declares no conflicts of interest, as the funding agency did not influence the study's design, methodology, data analysis, or conclusions.

References 
Arenas-Ochoa, E. G., Herrera Arevalo, A. O., & Ligarreto-Moreno, G. A. (2022).                               Physicochemical Properties of Fresh Floury Corn Kernels Affected by Refrigeration and Packaging. Ciencia y Tecnología Agropecuaria, 23(3).

Blessing DJ, Gu Y, Cao M, Cui Y, Wang X, Asante-Badu B. Overview of the advantages    and limitations of maize-soybean intercropping in sustainable agriculture and future prospects: a review. Chil J Agric Res. 2022;82:177.

Bybee-Finley, K., and Ryan, M.R. 2018. Advancing intercropping research and practices in industrialized agricultural landscapes. Agriculture 8(6):80.  https://www.scielo.cl/scielo.php?pid=S0718-58392022000100177&script=sci_arttext

Crow, J. F., (1998). 90 Years Ago: The Beginning of Hybrid Maize,” Genetics 148 (1998): 923–928, on p. 923. https://pmc.ncbi.nlm.nih.gov/articles/PMC7613451/

Dasbak, M. A. D., & Asiegbu, J. E. (2009). Performance of pigeon pea genotypes    intercropped with maize under humid tropical ultisol conditions. J. Anim. Plant Sci, 4(2), 329-340.

Du Q., Zhou L., Chen P., Liu X., Song C., Yang F., et al. (2020). Relay-intercropping        soybean with maize maintains soil fertility and increases nitrogen recovery efficiency by reducing nitrogen input. Crop J. 8, 140–152. doi:  10.1016/j.cj.2019.06.010

Ebbisa A. Mechanisms underlying cereal/legume intercropping as nature-based biofortification: a review. Food Prod Process Nutrition. 2022;4:19.

Enojada, G. R., & Asio, V. B. (2018). MORPHOLOGICAL, PHYSICAL AND  CHEMICAL CHARACTERISTICS OF SOILS DERIVED FROM LIMESTONE ROCKS IN BARILI, CEBU. Journal of Agriculture and Technology Management.

Galanopoulou K, Lithourgidis AS, Dordas CA. Intercropping of faba bean with barley at  various spatial arrangements affects dry matter and N yield, nitrogen nutrition index, and interspecific competition. Not Bot Horti Agrobo. 2019;47:1116–27.

Geren, H., Avcioglu, R., Soya, H., & Kir, B. (2008). Intercropping of corn with cowpea   and bean: Biomass yield and silage quality. African Journal of Biotechnology, 7(22).

Ghosh, P. K., Manna, M. C., Bandyopadhyay, K. K., Ajay, Wanjari, R. H., Hati, K. M.,  Misra, A. K., Acharya, C. L., & Subba Rao, A. (2007). Interspecific interaction and nutrient use in soybean/sorghum intercropping system. Agronomy Journal, 99(4), 1008-1012. doi:10.2134/agronj2006.0197

Gitari H. I., Karanja N. N., Gachene C. K. K., Kamau S., Sharma K., Schulte-Geldermann E. (2018. b). Nitrogen and phosphorous uptake by potato (Solanum tuberosum L.) and their use efficiency under potato-legume intercropping systems. Field Crops Res. 222, 78–84. doi:  10.1016/j.fcr.2018.03.019

Habineza, M.J.P., Josiah, M.K., Florence, M.O., Susan, W.W., James, W.M., and Felister,  M.N. 2018. Effect of intercroping maize and soybean on soil fertility. International  Journal of Agronomy and Agricultural Research 12:87-100. 


https://cebudailynews.inquirer.net/571007/cebu-virtually-had-no-rains-in-april

https://weather.com/weather/tenday/l/25414ec6b3178100e232564a4347cadead55c8e075 8dce9d 74ea69f0b1228ba

https://www.pagasa.dost.gov.ph/weather/weather-outlook-selected-philippine-cities

 Jensen, E. S. (1996). Grain yield, symbiotic N 2 fixation and interspecific competition for  inorganic N in pea-barley intercrops. Plant and soil, 182, 25-38.

Kebede, E. (2020a). Grain legumes production and productivity in Ethiopian smallholder   agricultural system, contribution to livelihoods and the way forward. Cogent Food Agric. 6:1722353. doi: 10.1080/23311932.2020.1722353

Li C, Hoffland E, Kuyper TW, Yu Y, Zhang C, Li H, Zhang F, van der Werf W.  Syndromes of production in intercropping impact yield gains. Nat Plants. 2020 Jun;6(6):653-660. doi: 10.1038/s41477-020-0680-9. Epub 2020 Jun 1. PMID: 32483328.

Li Q., Kong F., Wu Y., Feng D., Jichao Y. (2020). Increasing nitrogen accumulation and reducing nitrogen loss with n-efficient maize cultivars. Plant Prod. Sci. 23, 260–269. doi:  10.1080/1343943X.2019.1710221

Li Y., Shi D., LI G., Zhao B., Zhang J., Liu P., et al. (2019). Maize/peanut intercropping increases photosynthetic characteristics, 13C-photosynthate distribution, and grain yield of summer maize. J. Integr. Agric. 18, 2219–2229. doi:  10.1016/S2095-3119(19)62616-X

Liu H, Zhou Y. Urbanization, land use behavior and land quality in rural China: an analysis based on pressure-response-impact framework and SEM approach. Int J Environ Res Public Health. 2018;15:2621.

Liu Z., Gao F., Yang J., Zhen X., Li Y., Zhao J., et al. (2019). Photosynthetic characteristics and uptake and translocation of nitrogen in peanut in a wheat–peanut rotation system under different fertilizer management regimes. Front. Plant Sci. 10. doi:  10.3389/fpls.2019.00086

Louarn, G., & Fustec, J. (2015). Contribution of deep root biomass to nitrogen fixation in forage legumes. Field Crops Research, 177, 16-27. doi:10.1016/j.fcr.2015.03.002

Lulie, B. 2017. Intercropping practice as an alternative pathway for sustainable agriculture: A review. Academic Research Journal of Agricultural Science and Research 5:440-452. https://www.scielo.cl/scielo.php?pid=S0718-58392022000100177&script=sci_arttext

Meena, B. P., Fagodiya, R. K., Prajapat, K., Dotaniya, M., Kaledhonkar, M., Sharma, P., et al. (2018). “Legume green manuring: an option for soil sustainability,” in Legumes for Soil Health and Sustainable Management, eds R. Meena, A. Das, G. Yadav, R. Lal (Singapore: Springer), 387–408. doi: 10.1007/978-981-13-0253-4_12

Meena, R. S., Kumar, S., Datta, R., & Lal, R. (Eds.). (2018). Conservation tillage and nutrient management in direct-seeded rice. In Nutrient Dynamics for Sustainable Crop Production (pp. 171-196). Springer, Cham. doi:10.1007/978-981-13-8660-2

Mrema, E., Shimelis, H., Laing, M., & Mwadzingeni, L. (2018). Adaptation of drought tolerance in maize through seedling survival, water use efficiency, and relative water content. Journal of Integrative Agriculture, 17(7), 1585–1595.

Muhammad I, Lv JZ, Yang L, Ahmad S, Farooq S, Zeeshan M, et al. Low irrigation water minimizes the nitrate nitrogen losses without compromising the soil fertility, enzymatic activities and maize growth. BMC Plant Biol. 2022;22:159.

Nanganoa, L. T., Njukeng, J. N., Ngosong, C., Atache, S. K. E., Yinda, G. S., Ebonlo, J. N., et al. (2019). Short-term benefits of grain legume fallow systems on soil fertility and farmers livelihood in the humid forest zone of cameroon. Int. J. Sustain. Agric. Res. 6, 213–223. doi: 10.18488/journal.70.2019.64.213.223

Nasar J., Khan W., Khan M. Z., Gitari H. I., Gbolayori J. F., Moussa A. A., et al. (2021). Photosynthetic activities and photosynthetic nitrogen use efficiency of maize crop under different planting patterns and nitrogen fertilization. J. Soil Sci. Plant Nutr. 21, 2274–2284. doi:  10.1007/s42729-021-00520-1

Nasar J., Shao Z., Arshad A., Jones F. G., Liu S., Li C., et al. (2020. a). The effect of maize–alfalfa intercropping on the physiological characteristics, nitrogen uptake and yield of maize. Plant Biol. 22, 1140–1149. doi:  10.1111/plb.13157

Nasar J., Shao Z., Gao Q., Zhou X., Fahad S., Liu S., et al. (2020. b). Maize-alfalfa intercropping induced changes in plant and soil nutrient status under nitrogen application. Arch. Agron. Soil Sci. 68, 151–165. doi:  10.1080/03650340.2020.1827234

Nasar J., Wang G. Y., Zhou F. J., Gitari H., Zhou X. B., Tabl K. M., et al. (2022. b). Nitrogen fertilization coupled with foliar application of iron and molybdenum improves shade tolerance of soybean under maize-soybean intercropping. Front. Plant Sci. 13. doi:  10.3389/fpls.2022.1014640

Nyawade S. O., Karanja N. N., Gachene C. K. K., Gitari H. I., Schulte-Geldermann E., Parker M. L. (2019). Short-term dynamics of soil organic matter fractions and microbial activity in smallholder legume intercropping systems. Appl. Soil Ecol. 142, 123–135. doi:  10.1016/j.apsoil.2019.04.015

Nyawade S. O., Karanja N. N., Gachene C. K. K., Gitari H. I., Schulte-Geldermann E., Parker M. (2020. a). Optimizing soil nitrogen balance in a potato cropping system through legume intercropping. Nutt. Cycl. Agroecosys. 117, 43–59. doi:  10.1007/s10705-020-10054-0

Ochieng’ IO, Gitari HI, Mochoge B, Rezaei-Chiyaneh E, Gweyi-Onyango JP. Optimizing maize yield, nitrogen efficacy and grain protein content under different N forms and rates. J Soil Sci Plant Nutr. 2021;21:1867–80.

Oelviani, R., & Sodiq, J. (2018). Inovasi teknologi spesifik lokasi untuk peningkatan produksi Pajale (pp. 247–269).

Peoples, M. B., Herridge, D. F., and Ladha, J. K. (1995). Biological nitrogen fixation: an efficient source of nitrogen for sustainable agricultural production. Plant Soil 174, 3–28. doi: 10.1007/BF00032239

Phiri, A.T., Njoloma, J.P., Kanyama-Phiri, G.Y., Snapp, S., and Lowole, M.W. 2013. Effects of intercropping systems and the application of Tundulu Rock phosphate on groundnut grain yield in Central Malawi. International Journal of Plant Animal Sciences 1(1):011-020 https://www.scielo.cl/scielo.php?pid=S0718-58392022000100177&script=sci_arttext

Postgate, J. (1998). Nitrogen Fixation. Cambridge: Cambridge University Press.

Prithiviraj, B., Carruthers, K., Fe, Q., Cloutier, D., Martin, R. C., & Smith, D. L. (2000). Intercropping of corn with soybean and lupin for silage: effect of seeding date on yield and quality. Journal of agronomy and crop science, 185(2), 129-136.

Raza M. A., Feng L. Y., van der Werf W., Iqbal N., Khan I., Khan A., et al. (2020). Optimum strip width increases dry matter, nutrient accumulation, and seed yield of intercrops under the relay intercropping system. Food Energy Secur. 9, e199. doi:  10.1002/fes3.199

Raza M. A., Gul H., Wang J., Yasin H. S., Qin R., Khalid M. H. B., et al. (2021). Land productivity and water use efficiency of maize-soybean strip intercropping systems in semi-arid areas: A case study in punjab province. Cleaner Prod. 308, 127282. doi:  10.1016/j.jclepro.2021.127282

Raza MA, Yasin HS, Gul H, Qin R, Mohi Ud Din A, Khalid MHB, et al. Maize/soybean strip intercropping produces higher crop yields and saves water under semi-arid conditions. Front Plant Sci. 2022;13:1006720.

Saenong, S. (2018). Teknologi benih jagung. Maros.

Seran, T. H., & Brintha, I. (2010). Review on maize based intercropping. Journal of agronomy, 9(3), 135-145.

Seran, T., and Brintha, I. 2009. Biological and economic efficiency of radish (Raphanus sativus L.) intercropped with vegetable amaranthus (Amaranthus tricolor L.) The Open Horticulture Journal 2:17-21. https://www.scielo.cl/scielo.php?pid=S0718-58392022000100177&script=sci_arttext

Shah, A., Nazari, M., Antar, M., Msimbira, L. A., Naamala, J., Lyu, D., et al. (2021). PGPR in agriculture: a sustainable approach to increasing climate change resilience. Front. Sustain. Food Syst. 5:667546. doi: 10.3389/fsufs.2021.667546

Shao Z, Wang X, Gao Q, Zhang H, Yu H, Wang Y, et al. Root contact between maize and alfalfa facilitates nitrogen transfer and uptake using techniques of foliar 15N-labeling. Agronomy. 2020;10:2–18.

Sousa W. S., Soratto R. P., Peixoto D. S., Campos T. S., da Silva M. B., Souza A. G. V., et al. (2022). Effects of rhizobium inoculum compared with mineral nitrogen fertilizer on nodulation and seed yield of common bean. A meta-analysis. Agron. Sustain. Dev. 42, 52. doi:  10.1007/s13593-022-00784-6 

Stagnari, F., Maggio, A., Galieni, A., and Pisante, M. (2017). Multiple benefits of legumes for agriculture sustainability: an overview. Chem. Biol. Technol. Agric. 4, 1–13. doi: 10.1186/s40538-016-0085-1

Steiner, K. G. (1991). Overcoming soil fertility constraints to crop production in West Africa: Impact of traditional and improved cropping systems on soil fertility. Alleviating soil fertility constraints to increased crop production in West Africa, 69-91.

Sun T., Li Z., Wu Q., Sheng T., Du M. (2018). Effects of alfalfa intercropping on crop yield, water use efficiency, and overall economic benefit in the corn belt of northeast China. Field Crop Res. 216, 109–119. doi:  10.1016/j.fcr.2017.11.007

Thayamini, H.S., and Brintha, I. 2010. Review on maize based intercropping. Journal of  Agronomy 9(1812-5379):135-145. https://www.scielo.cl/scielo.php?pid=S0718-58392022000100177&script=sci_arttext

Thilakarathna, M. S., & Raizada, M. N. (2016). A review of nutrient management studies involving finger millet in the semi-arid tropics of Asia and Africa. Agronomy for Sustainable Development, 36, 20. doi:10.1007/s13593-016-0357-9

Undie, U. L., Uwah, D. F., & Attoe, E. E. (2012). Effect of intercropping and crop arrangement on yield and productivity of late season maize/soybean mixtures in the humid environment of south southern Nigeria. Journal of Agricultural Science, 4(4), 37-50.

Wani, S. P., Repula, O. P., and Lee, K. K. (1995). Sustainable agriculture in the semi-arid tropics through biological nitrogen fixation in grain legumes. Plant Soil 174, 42–45. doi: 10.1007/BF00032240

Xiang H., Zhang Y., Wei H., Zhang J. E., Zhao B. (2018). Soil properties and carbon and nitrogen pools in a young hillside longan orchard after the introduction of leguminous plants and residues. PeerJ 6, e5536. doi:  10.7717/peerj.5536 

Xu, Y., Liu, X., Fu, J., Wang, H., Wang, J., Huang, C., Prasanna, B. M., Olsen, M. S., Wang, G., & Zhang, A. (2020). Genetic dissection of yield-related traits in maize using plant phenomics. Plant Communications, 1, 100005.

Yong T. W., Chen P., Dong Q., Du Q., Yang F., Wang X. C., et al. (2018). Optimized nitrogen application methods to improve nitrogen use efficiency and nodule nitrogen fixation in a maize-soybean relay intercropping system. J. Integr. Agric. 17, 664–676. doi:  10.1016/S2095-3119(17)61836-7

Zaeem M., Nadeem M., Pham T. H., Ashiq W., Ali W., Gilani S. S. M., et al. (2019). The potential of corn-soybean intercropping to improve the soil health status and biomass production in cool climate boreal ecosystems. Sci. Rep. 9. doi:  10.1038/s41598-019-49558-3



TABLE
Table 4. Plant Height 30DAP
Source                       DF            Sum of Square     Mean Square        F Value          Pr(> F)
REPLICATION        2              312.0280               156.0140                1.81               0.2240
TREATMENT          4              1157.8307              289.4577                3.37              0.0677
Error                         8              687.9453                85.9932                 
Total                         14            2157.8040                              
CV (%)                     7.22

Table 5. Plant Height 60DAP
Source                       DF           Sum of Square      Mean Square       F Value             Pr(> F)
REPLICATION        2              693.0013              346.5007                1.66                  0.2490
TREATMENT          4               2883.4973            720.8743                3.46                 0.0637
Error                         8              1667.0787            208.3848                 
Total                         14             5243.5773          
 CV (%)                    10.87

Table 6. Ear Height 60DAP
Source                        DF            Sum of Square      Mean Square     F Value             Pr(> F)
REPLICATION        2               95.9413                47.9707                  1.55                 0.2705
TREATMENT          4               131.2600               32.8150                 1.06                 0.4363
Error                         8               248.1920              31.0240                 
Total                         14             475.3933                                               
CV (%)                      12.02

Table 7. Ear Length
    Source                       DF            Sum of Square     Mean Square         F Value          Pr(> F)
REPLICATION       2               7.1213                   3.5607                     1.91                0.2096
TREATMENT         4                4.9533                   1.2383                     0.66               0.6338
Error                        8               14.8987                  1.8623                 
Total                        14              26.9733                             
CV (%)                    11.60

Table 8. Ear Diameter
Source                     DF             Sum of Square       Mean Square        F Value         Pr(> F)
REPLICATION        2              0.3053                     0.1527                   0.55                0.5965
TREATMENT          4              0.6293                      0.1573                  0.57                0.6932
Error                         8              2.2147                     0.2768                 
Total                          14            3.1493        
CV (%)                     13.51     

Table 9. Weight With Husk
Source                      DF            Sum of Square        Mean Square       F Value          Pr(> F)
REPLICATION      2              5744.8360                   2872.4180           3.28               0.0910
TREATMENT        4              5587.8667                  1396.9667           1.60               0.2653
Error                       8              6998.5373                   874.8172                 
Total                       14             18331.2400                              
CV (%)                    20.84

Table 10. Weight Without Husk
Source                      DF           Sum of Square          Mean Square        F Value         Pr(> F)
REPLICATION      2              92.8213                      46.4107                  0.76               0.4973
TREATMENT         4              3197.7560                  799.4390               13.15             0.0014
Error                         8              486.4320                    60.8040                 
Total                         14            3777.0093
CV (%)                     7.00  

Table 11. TSS
Source                        DF          Sum of Square                Mean Square       F Value          Pr(> F)
REPLICATION         2              1.7640                            0.8820                  2.45                 0.1482
TREATMENT           4              13.3757                           3.3439                  9.27                0.0042
Error                          8              2.8843                            0.3605                 
Total                          14            18.0240           
CV (%)                      8.54




