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Abstract
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK1][bookmark: OLE_LINK2]The efficient capture and utilization of resources in any cropping system are considered as fundamentals of productive agriculture. Soybean (Glycine max L.) has traditionally been grown in intercropping with maize in China. In China, domestic production does not meet the country’s requirement. Moreover, the traditional maize-soybean intercropping systems have not been adapted to modern agriculture. Therefore, a model mechanized based maize-soybean relay strip intercropping system has been developed, which is practicing widely in the southwestern China since last over than a decade. Recently, soybean-strip intercropping has been recommended as a major technology by the Ministry of Agriculture of China. The key technologies of this system are: rows spacing expansion, inter-plant spacing reduction, and optimal cultivar screening. This intercropping system ensures the three main paradigms of modern agriculture such as food security, sustainability, and environmental safety.  The two core objectives of this review were to bring across the concept that how this novel intercropping system can increase the nutrients acquisition, light utilization, and the total yields for the component crops, and highlight the need and importance of the mechanized based maize-soybean relay strip intercropping systems in the modern agriculture. 
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1. Introduction: 
The current world population is around 7 billion and it is estimated to be 9 billion by the end of 2050. With the bulk of this growth providing food for the 9 billion people in the future would be a big challenge. China will have to face the largest challenge of this century to increase in cereal production up to 600 Mt by 2030 (Miao et al., 2010). Different strategies have been practiced such as crop rotations, high rate of fertilizer application and intercropping by Chinese farmers in traditional farming systems. It is obvious the crop yield also increased because of increased rate of fertilizer application. In addition, inappropriate application of fertilizers is also contributing to boost the environmental hazards. Phosphorus accumulation and nitrogen leaching, and over use of pesticides have been increased severely, about 67% of phosphorus source resulting in water pollution (Zhou et al., 2016, Constantin et al., 2010, Aktar et al., 2009). 
The abuse of nitrogen (N) fertilizer and traditional farming systems  have been leading to emission of greenhouse gas and input losses, respectively (Dyer et al., 2012; Qiao et al., 2014). However, several studies reported that inclusion of soybean with maize regulates the internal nitrogen cycle through nitrogen fixation process and minimizes the fertilizer requirements. Keeping in view the benefits of intercropping such as complementary use of resource in time and space, we can minimize the soil nitrogen and carbon losses (Prasad et al., 2005). Furthermore, intercropping systems provide 15-20% of the world’s food supply (Lithourgidis et al., 2011). Traditional maize-soybean intercropping has been practiced in different countries (Jun-Bo et al., 2018). In traditional intercropping systems, one of the major limitations is lack of technological intervention such as mechanized sowing, fertilization and harvesting. The other thing in traditional intercropping is incompatible crop combinations without considering the crop traits for intercropping (Aziz et al., 2015) such as degree of relativeness, standardized plant spacing, plants height, phenology stages, type of canopy, leaves and roots architecture. In traditional intercropping, the partitioning of resources is imprecise because of uneven distribution of plants. Furthermore, in traditional intercropping systems the associated crop suffers from stresses specifically nutrients and light. The chances of lodging increase owing to severe light stress results in poor growth, vigor and ultimately low yield (Liu et al., 2016). However, these traditional intercropping practices seem not capable of providing food for the alarmingly increasing human population in the future due to low resource use efficiencies and productivity. The efficient utilization of resources is indispensable to achieve optimum crop yield.  Inappropriate intercropping systems such as in traditional intercropping depletion of natural resources, inefficient utilization of nutrients and imbalanced distribution of nutrients are the disappointing shortcomings (Rahman et al., 2013). Therefore, it is of dire importance to introduce a type of cropping system that could ensure sustainability, mitigate the environmental foe impacts, and improve the efficiency of abiotic resources such as light and nutrients. 
The comparative analysis of various crops intercropped with soybean has indicated that maize is the best partner of soybean under intercropping conditions, because of the complementary characteristics possessed by both species (Chen et al., 2017). Maize is a nitrogen-consuming C4 crop that occupies a relatively higher ecological niche and high photosynthetic efficiency (Calderon et al., 2012), while soybean is a nitrogen-fixing C3 crop (Qin et al., 2013) that occupies a relatively lower ecological niche. Maize has large cylindrical leaves, whereas soybean has small round leaves, which are good for light utilization within the spaces (Yang et al., 2015). Maize is enriched with starch (Zhang et al., 2008), whereas soybean in high protein crop, which satisfy the need of food for humans and fodder for animals (Rossi et al., 2016). Additionally, maize and soybean both are thermophilic plants and having same habits for temperature, light, and water (Kocsy et al., 2001). Moreover, both are seeded crops, and share the same sowing season making them fit for the mechanized cultivation and harvesting (Yang et al., 2014). These characteristics enable them to coexist harmoniously. Therefore, the maize-soybean relay strip intercropping system can be practiced in any region worldwide, where either maize or soybean can grow. 
In recent years, a new maize-soybean relay strip intercropping system has been developed and popularized in the southwestern china (Liu et al., 2017, Fan et al., 2018). This intercropping system is being practiced on approximately 667 thousands hacters in southwestern China and the area is still increasing due to growing demand for protein rich food (Liu et al., 2017; Yang et al., 2014; Yan et al 2010). The pivotal focus of this system is on three critical strategies including: row spacing expansion, inter-plant spacing reduction, and optimal cultivar screening (Yang et al., 2018, Yang et al., 2015, Ren et al., 2016). Changing the hierarchies and spatial patterns in plant populations may influence the productivity of the intercropping system (Oseni and Aliyu, 2010). Planting maize and soybean in 2:2 or 1:2 row arrangements can maximize the optimum crop yield in intercropping conditions (Undie et al., 2012). Some studies elaborated the soybean response to shading and the most suitable planting pattern (2:2) in maize-soybean strip intercropping (Yang et al., 2014; Yang et al., 2015; Rahman et al., 2016). Several studies have been carried out on the critical aspects of intercropping such as varietal breeding and screening, planting pattern (Yang et al., 2015) lodging resistance (Luo et al., 2015), fertilizer management (Yong et al., 2014) water use efficiency and water distribution (Rahman et al., 2016), microbial activity (Yu et al., 2014), relative crowding coefficient, competitive ratio, actual yield loss, aggressivity, intercropping advantage indices (Yang et al., 2016), growth improvement and light irradiance (Yang et al., 2014). Through agronomic practices our systems of intercropping maintained the proper competitiveness between two intercropped species and achieved higher yield. The technological advancement such as mechanized cultivation and harvesting of crops is the key to the success of this system (Jun-Bo et al., 2018). In our research team, a wide range of research has previously been reported to suggest the appropriate planting geometry that can ensure high yield, nutrient acquisition, and light interception in maize-soybean intercropping systems (Yang et al., 2015; Zhang et al., 2015) for success of this system. 
According to mechanized based maize-soybean intercropping systems, the resource utilization is highly efficient as compared to the traditional intercropping systems. Therefore, the current review was generated in order to summarize the efficient utilization of nutrient and light in maize-soybean intercropping system and its ultimate yield potential. 


2. Nutrient Acquisition, Light Utilization, and Yield Potential of Maize-Soybean Intercropping
2.1 Nutrient Use Efficiency
The excessive fertilization and inadequate application of fertilizers not only causes environmental risks but also reduces the crop productivity e.g. leading to water eutrophication, soil acidification and air pollution (Erisman et al., 2007, Guo et al., 2010)(Le et al., 2010; Vitousek et al., 2009). The success of intercropping system is profoundly depends on the temporal and spatial complementarity of resource utilization (Xue et al., 2016). This maize-soybean relay strip intercropping not only decreases nitrogen losses but also reduces the requirement of the fertilizers by providing soil nitrogen through soybean nitrogen fixation (Chen et al., 2017). In maize-soybean relay strip intercropping followed by 2:2 maize-to-soybean rows (Figure 1), the reduced application of nitrogen fertilizer increase the component yield for the maize and soybean crop, and the total yield by 4.95%, 7.07% and 5.35%, respectively through the separation of the root ecological niche contributed to a positive interspecific facilitation, which increased the land productivity (Chen et al., 2017)(Dong et al., 2014).
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Figure 1. Planting geometry of maize-soybean intercropping; the green circles indicate soybean plants and the orange circles indicate maize plants.
In traditional intercropping system, the application rate of fertilizer is much higher than our mechanized based maize-soybean relay strip intercropping system. Apart from this, it is reported that nodules per plant, nitrogen fixation potential, and ultimately nitrogen uptake can be improved by reducing nitrogen application rate from 240 kg ha-1 to 180kg ha-1 (Yong et al., 2014). Former studies have shown that increased rate of nitrogen application (240 kg ha-1) weaken the excellence of maize- soybean relay strip intercropping (Yang et al., 2014; Yong et al., 2014). However, grain yield, harvest index, and NPK uptake efficiency for the intercropped maize and soybean were higher than that of respective monocultures at the 180 kg ha-1 reduced rate of nitrogen. Another study reported on the rational application of phosphorus demonstrated that a rational application of P at the rate of 72 kg ha-1 can enhance the phosphorus uptake, and increase yield for maize-soybean relay strip intercropping. The onset of efficiently functional nodule system is important for nitrogen fixation, and nitrate leaching can be minimized by intercropping (Graham, 2008). A previous study have shown 20.2% higher nitrogen uptake for maize in maize-soybean relay strip intercropping (Yong et al., 2014). Root interaction plays a vital role in nutrient immobilization and acquisition (Li et al., 2003). The interspecific competition for nutrients in maize and soybean is clearly weak due to the existence of the roots of both crops at different soil depth (Gao et al., 2010). The root length density and distribution can enhance the nutrient acquisition efficiency in this intercropping system. Considering the key technologies of our novel intercropping system maize and soybean crop attain their required space equally. The complementarity and facilitation characteristics are impeccable in our intercropping system. As the plants have different behavior according to the degree of relativeness of the other plant. The higher interspecific interaction at the border rows, favorable microenvironment and kin recognition behavior of plants might be the possible reason of efficient utilization of nutrient. Therefore, by adopting this specific crop combination and spatial arrangement, we can reduce nutrient run off losses and enhance soil fertility, which increases the overall yield in intercropping systems. 
2.2 Light Use Efficiency
The interception of light and light use efficiency describes the resource capture efficiency of a cropping system. There is a linear relationship between photosynthetic active radiation (PAR) and biomass accumulation (Behling et al., 2015). The slope of this relationship named as light use efficiency (Zhang J. et al., 2008). Intercropping is an applicable technique to capture the above and below ground resources effectively. The better use of above ground resource, for example high interception of sunlight, and efficient conversion of intercepted radiation within time and space are attributed as the fundamental features of maize-soybean intercropping. However, compare to maize, soybean often suffers from the shading effect caused by the tall maize plants during the co-growth period. Shading by the maize crop changes the light environment of soybean in terms of both red far red ratio and PAR (Liu et al., 2017).  Another study found (17-21%) reduction in red far red ratio on top of the soybean canopy in intercropping systems (Liu et al., 2017). A recent study showed that after co-existence period, the recovery response of soybean to shade is very significant in maize-soybean relay strip intercropping (Wu et al., 2015). In addition, the space between maize and soybean plants not only affects the PAR efficiency, but also influences canopy structure for the intercropped soybean (Tsubo and Walker, 2002; Zhang J. et al., 2008; Munz et al., 2014). Therefore, it is important to explore an optimum spatial-temporal configuration of intercropping systems. After a collaborative research on space deployment, it was evaluated that increase in the distance between soybean and maize rows and decrease in the spacing of maize narrow rows might be useful for the high light interception for the soybean (Yang et al., 2015), moreover the 40 cm distance between soybean rows and 60cm between soybean and maize rows increase the photosynthesis. Furthermore, due to shading effect caused by maize, the morphological changes in soybean plants were observed such as soybean stem elongation, reduction in leaf size (Page et al., 2011; Yang et al., 2014; Gong et al., 2015), and ultimately lodging of the soybeans. Keeping in view this problem, the shade susceptible and shade insensitive genotypes have been screened out in our system (Liu et al., 2015; Liu et al., 2016). It seems that the cultivation of semi-dwarf and shade tolerant soybean cultivars in maize-soybean mechanized based intercropping could be helpful in minimizing the influence of shade. By cultivating shade resistance cultivars in this system, photosynthetic productivity can be enhanced. 
2.3 Yield Potential
	Intercropping yield potential is assessed by calculating the land equivalent ratio (LER) (Zhang et al., 2011). LER is used to assess the performance of intercropped plants relative to that of the corresponding sole crops.
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LERM and LERS are the relative yield of maize and soybean in intercropping. YM, S and YM, I are the sole and intercropped maize yield, whereas YS, S and YS, I are the sole and intercropped soybean yield, respectively. Intercropping favors the growth and yield of the species when LER is > 1 (Nassab et al., 2011). In china, previous research on traditionally sown maize-soybean intercropping revealed that the maximum LER did not exceed than 1.2, and the average grain yield of maize and soybean can reach up to 7,300 kg ha-1 and 1,045 kg ha-1, respectively. Several indices including relative crowing coefficient, aggressivity, competitive ratio, actual yield loss and intercropping advantage have been used to determine the beneficial effects regarding different planting patterns. These indices indicate that narrow wide row planting pattern increase the intercropping advantage, LER, monetary advantage as compared to sole cropping (Yang et al., 2016). By comparing the mechanized based maize-soybean strip intercropping system with the other intercropping systems practicing across the world, it is clear that our maize-soybean intercropping practice is more efficient in terms of LER. In our maize-soybean intercropping systems, we have multifold and convincing results of LER (1.8) and average optimum yield (Liu et al., 2017). The LER typically ranges between 1.64 and 2.28 (Table 1). Moreover, the corresponding average grain yield is approximately 6,790-11,475 kg ha-1 for maize and 1,510-2,364 kg ha-1 for soybean (Cui et al., 2014; Deng et al., 2013; Liu et al., 2014), which indicates much higher values than those obtained using the previous traditional models (Lv et al., 2014). The grain yield obtained in a recent two-year experiment in Shandong province using our intercropping system was 9,765-11,710 kg ha-1 for maize and 1,527-1,538 kg ha-1 for soybean, with a LER of 1.4. The grain yield reached as high as 12,750 kg ha-1 for maize and 1,650 kg ha-1 for soybean in a regular strip-intercropping system in Ningxia Hui Autonomous Region in 2014. These results reveal that yield potential in our intercropping system is much higher than that of previous maize-soybean intercropping systems (Lv et al., 2014; Verdelli et al., 2012).
Table 1. The maximum LER achieved by different countries through intercropping.
Country                                                 LER                                   Reference   
China				                2.2 	(Yong et al., 2014)
Nigeria                                                    1.87			           (Ijoyah et al., 2002)             
Kenya                                                      1.81			         (Matusso et al., 2014)
Iran                                                          1.67			      (Mahmoudi et al., 2013)
Pakistan                                                   1.78				(khan et al., 2014)
India                                                        1.54				(Yogesh et al., 2014)
Nepal                                                       1.45				(Prasad et al., 2005)

Previous studies have demonstrated that legume cropping increases the retention of soil carbon and nitrogen through the maize-soybean rotation system. Our recent study also showed that maize yields in a two and three year maize-soybean alternative rotation were 9.4% and 12.6% higher, respectively, compared with maize-sweet potato rotation systems, indicating that soybean improved soil fertility and indirectly production (Wang et al., 2012). Strip-intercropping is an environmental friendly strategy, which is highly efficient in nutrient utilization, and light interception. This intercropping system can be a remarkable breakthrough for high output in the field of agriculture. It is worth noting that formerly Sichuan province was not a major soybean production area. But now due to the popularization of our strip-intercropping system, this province occupied 6th position in terms of area and 5th position in terms of production in the major soybean producing provinces in China (http://www.moa.gov.cn). Recently, soybean-strip intercropping has been recommended as a major technology by the Ministry of Agriculture of China to farmers in maize and soybean planting regions. Combined with compact-planting strategies, the crop density of strip-intercropping is increased. As a result, the yield of maize can be maintained at a higher level and extra soybean production can be obtained, providing additional benefits compared with maize monoculture. Another important revolution in our intercropping systems is the mechanized sowing; fertilizing and harvesting have developed (Figure 2). This machinery can even be used in the hilly areas in Southwestern China.
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a) Maize-soybean intercropping	           b) Maize-soybean relay strip intercropping
[image: ][image: ]
c) Maize harvesting machine		           d) Soybean harvesting machine
Figure 2. The machinery for sowing, harvesting in maize-soybean maize and soybean.

[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK111][bookmark: OLE_LINK112]Due to technical advancement in the system, it can play a pivotal role to boost domestic soybean production in China. The FAO statistical data (2009-2013) show that on an annual basis, croplands are covered by approximately 56.53 million hectares of maize and 19.12 million hectares of soybean in developing Asian countries (Jun-Bo et al., 2018), and approximately 8.2 million hectares of soybean in China (Yin et al., 2017). If this maize-soybean strip-intercropping practice is applied in all of these regions, at least 15.458 billion tons of extra maize grains and 14.933 billion tons of extra soybean grains would be obtained annually, indicating that it has great potential for current soybean intercropping systems to prevent future food crises in developing countries.
3. Conclusion
This review highlights the efficient utilizations of light and nutrients are the basis can lead the agriculture systems to sustainability. The maize-soybean intercropping system ensures the sustainability without pressing the environment, and disturbing the soil fertility level. In addition, this system can improve the soil health, and ensure efficient crops performance such as nutrient, and light use efficiency. Maize-soybean mechanized based intercropping system fulfills the conditions of triple bottom line such as, economic prosperity, environmental stewardship, and social responsibility. The implementation of such cropping system could be a breakthrough in food crisis issues. The advances in agronomy and physiology can give us the better understanding of interactive mechanisms between crop genotypes, and species in intercropping, whereas ecological advances can help in better perception of mechanisms behind pests, and disease avoidance in below and above ground spaces.
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