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Abstract

:

Food security is directly coupled with enhanced production under optimized cropping intensity. Intercropping is a diversified and sustainable agricultural technique with optimized cropping intensity. Intercropping is used to obtain a higher yield and more balanced products per unit area. This study was performed at Aidyn Research Institute, Nur Sultan, Kazakhstan, in 2018 and 2019 to identify the effects of different sowing patterns on maize-white bean (Zea mays–Phaseolus vulgaris) sowing systems. The field experiment was arranged in a randomized complete block design with three replications. Göynük-98 was used for white beans, and SY Miami was used for maize, with 20 cm and 40 cm row spaces for maize, and 10 cm and 20 cm row spaces for white bean and sole maize, sole white bean, maize-white bean-maize-white bean, maize-white bean-white bean-maize and white bean-maize-maize-white bean sowing systems. The results showed that wide row spacing was better than narrow row spacing in terms of land equivalent ratio (LER) for both maize and white beans, but grain yield was higher in narrow row spacing. Yield items for both maize and white beans showed higher values in intercropping. Grain yield was higher in sole sowing. The maize-white bean-white bean-maize sowing system for maize and the white bean-maize-maize-white bean sowing system for white beans were determined as the best sowing systems according to the yield components.
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1. Introduction


Intercropping is a sustainable agricultural technique employed to yield more balanced products by sowing multiple crops in the same field; it is also termed polyculture or mixed cropping [1]. It is an economically viable agricultural production technique within a sustainable agricultural system [2]. Intercropping is commonly used in small landholder farmers in developing countries due to its higher land and nutrient use efficiency [3,4], as well as a lower occurrence of pests and disease [5,6] compared with sole crops [7,8]. The most apparent advantage of sowing two crops in the same field and season is the significant risk reduction caused by total product loss, market instability and improved cropping intensity [9]. Intercropping is used to obtain a higher yield and more balanced products from the unit area and to decrease the production of weeds [10].



Various studies have been undertaken on cereal/legume sowing systems through field investigations in Latin America, Africa, Europe and Asia [11,12,13,14]. These studies have exhibited that intercropping has yield advantages produced through the processes of interspecific cooperation (or complementarity) and/or competitive production principles [15,16]. Due to the complementarity and cooperation between cereal/cereal, species and cereal/legume sowing systems, intercropping has been extensively utilized and encouraged for the sustainable development of agriculture [15,17,18]. Legume intercropping improves soil efficiency through biological nitrogen fixation and improves soil conservation. However, in intercropping, two different crops compete for water, light and nutrients; therefore, appropriate varieties and suitable intercropping techniques are required to achieve the expected benefits [12,19].



Intercropping improves the water-holding capacity of the soil due to an increase in leaf area index over a short period [20]. A study in South Africa found that maize yield was not adversely affected in the intercropping of maize and white beans [21]. A study in Gevaş-Van, Turkey, revealed that two white bean + two maize was the best planting arrangement in mixed white bean and maize sowing [22]. Another study conducted in Gurgentepe Ordu, Turkey, reported that maize mixed with white beans produced high cob and grain yields, possibly due to the nitrogen contributed by the white beans [23]. A further study found that intercropping maize and legumes significantly reduced the density of weeds compared with maize planted alone, indicating that this decrease may be due to the reduction in light being taken by weeds [24]. However, not much is known about the effect of different sowing patterns on maize-white bean sowing systems. Therefore, this study was conducted at the Aydin Research Institute, Nur Sultan, Kazakhstan, in 2018 and 2019 to identify the effects of different sowing patterns on maize-white bean (Zea mays–Phaseolus vulgaris) sowing systems.



Maize legumes are cultivated together in Nur Sultan, Kazakhstan. However, it is not common practice in the Central Russian region; therefore, the objective of this research is to examine the effects of different sowing patterns on maize-white bean intercropping in Nur Sultan, Kazakhstan, using the yield and yield components of maize and white beans.




2. Materials and Methods


2.1. Study Area Location


This research was carried out at the Aydin Research Institute, Faculty of Agriculture, Nur Sultan University, Kazakhstan, during two consecutive cropping periods in 2018–2019. The study area is located at 30°28′ eastern longitude and 39°45′ northern latitude.




2.2. Soil Characteristics


Soil samples were collected according to procedures authorized by the Ministry of Agriculture and Forestry. Sample analysis was carried out in the Soil and Water Analysis Laboratory. According to the soil analysis results, the soil type was clay loam. The research field was almost neutral with a pH range of 7.71–7.66, with low salinity (0.07–0.08%), low organic matter (1.51% to 1.82%), moderate phosphorus (85.21 to 109.11 kg/ha) and high potassium (1130 to 1952 kg/ha), as shown in Table 1.




2.3. Climatic Characteristics of Study Area


The climatic data collected from the regional meteorological directorate are presented in Table 2. It was observed that precipitation in June and September was higher than the mean monthly rainfall for the previous years for the plant growth period of 2018 and 2019. The mean monthly rainfall for the sowing season (May to September) in the study location ranged between 26 mm and 78 mm. The mean monthly average temperature ranged between 14.29 °C and 21.9 °C, and the relative humidity values were 45.7% to 55%.




2.4. Experimental Layout


The Göynük-98 white bean variety was obtained from the Gate Belt Agricultural Research Institute, and the SY Miami maize variety was acquired from Syngenta (LLC Seinar Group, Nur Sultan, Kazakhstan). Seedbed preparation included ploughing, disk harrowing and sowing. The trials were conducted in three replications, according to the trial pattern under a completely randomized design (CRD). The selected treatments for the two planted crops with their descriptions are given in Table 3.



For sole planting, the maize was sown in 4 rows with 70 cm line spacing, and the white beans were sown in 8 rows with a line distance of 35 cm. In the trial, the plot sizes were 8 m × 6 m. The sowing systems that were applied in the trial are shown in Table 4. Planting took place on 13 May 2018 and 3 May 2019. Sowing was performed manually by planting twice more seeds than the expected plant densities, and then the rows were thinned to the required densities. Nitrogen and phosphorous fertilizers were applied at the time of sowing and when the maize was in the anthesis–silking interval. In both years, 120 kg/ha N, 120 kg/ha P2O5 and 120 kg/ha K2 fertilizers were applied to all the treatments. As a base fertilizer before planting, 140 kg/ha DAP (diammonium phosphate) was also applied before sowing. The plots were irrigated as needed with 75 mm per application at tillering, jointing and grain-filling. Weed control was performed manually (hand pulling and hoeing). The most dominant weeds were Amaranthus retroflexus, Chenopodium album, Echinochloa crus-galli and Solanum nigrum.



The maize was harvested at complete maturity, and the white bean plants were harvested when most pods were fully matured. In the first year, the harvesting of the white beans was performed on 25 November 2018, while the maize harvesting was undertaken on 20 November 2018. In the second year, the harvesting of the white beans was completed on 13 November 2019, while the maize harvesting was conducted on 5 November 2019. The plots were trimmed to remove border effects, and the remaining 7 m × 5 m were harvested.




2.5. Data Acquisition Related to Crop Growth, Yield and Its Analysis


During the maize harvesting, five plants were randomly selected from each sowing system (treatment), and the number of cobs in the plant was calculated. The cobs’ weight, length, number of rows, number of grains, grain weight, hectoliter weight and 1000-grain weight were determined from selected cobs from each sowing system. The grains obtained from cobs in the harvested treatments were corrected according to 15% of the moisture, and the grain yield was then calculated [25].



From the white beans, five plants were randomly selected from each treatment, and the biological yield, number of pods, number of grains and grain yield for each plant were ascertained, along with a calculation of the number of grains in the pods. Among the selected five plants, the length of five randomly selected pods was determined. Each treatment was harvested separately by hand, and the biological yield and blended grain yields were determined. The harvesting index using the rate of grain yield and biological yield was calculated [26].



In the samples taken from each treatment for both maize and white beans, the nitrogen content was detected using the Kjeldahl method [27], and the amount of nitrogen found as a result of the analysis was multiplied by a coefficient of 6.25, which calculated the raw protein ratios contained in grains [28].



The criteria of land equivalent ratio (LER) was adopted to evaluate the competitive effects among the component crops and to determine the intercropping yield in mixture and sole crops. The LER was calculated as the sum of the relative yields of maize and white bean in the intercropping sowing plots to the mono-cropping plots using Equation (1). In the equation, the LERmaize and LERwhite bean were defined as the partial land equivalent ratios of maize and white bean, respectively. The LER was calculated using Equation (1):


  L E R = L E  R  m a i z e   + L E  R  w h i t e   b e a n   =    Y  a b      Y  a a     +    Y  b a      Y  b b     .    



(1)




where    Y  a b     and    Y  b a     are the yields (t/ha) of two different crops using intercropping, while    Y  a a     and    Y  b b     are the yields (t/ha) of the same crops in sole cultures. If LER > 1, intercropping is better than sole cropping, and if LER < 1, sole sowing is better.



The obtained data were evaluated by variance analysis using MSTAT-C (https://www.canr.msu.edu/afre/projects/microcomputer_statistical_package_mstat._1983_1985, accessed on 1 June 2018, Michigan State University, East Lansing, MI, USA) to test the effects of year, row spacing and sowing systems, and all possible interactions in a completely randomized design. When the differences among the sowing systems or the interactions were significant, Duncan’s multiple range test was used for means separation.





3. Results and Discussion


It is worth noting that Table 5 and Table 6 show the main effect of means and results of the statistical analysis. By analyzing the significant interactions involving year, we determined that those interactions were mostly of magnitude, with minor differences among treatments between the years that were not likely to be biologically significant. Even for some of those interactions, the differences within treatments were consistent across treatments. The yields of maize and white bean can be differentiated by either the row spacing or sowing system. This interaction showed that weather factors had a greater influence on the value of the obtained grain yields, as grain yield was determined mainly by the weather conditions. The most favorable thermal and precipitation conditions prevailed in the period of formation of cobs and pods and seed maturation in the first year (2018) of the study, which resulted in the highest yield. This indicated that the maize and white bean yields were dependent on the weather conditions during the growing seasons, and on the stress caused by a water deficit in the soil over the years, in particular during the seed formation phase.



3.1. Yield Characteristics of Maize


This study was performed on a different range of mixed sowing systems, along with sole crops of maize and white beans (Table 3 and Table 4). It was found that there were differences in hectoliter weight between the years and row spacing, and interactions other than the year × sowing system interactivity and the effects outside the years in terms of the number of rows were found to be statistically insignificant. Apart from this characteristic, the differences in all other examined features of the maize between the years, row spacing and sowing systems were found to be significant (Table 5).



In this research, it was discovered that all the examined characteristics were higher in the 2018 sowing season than in 2019, except for the number of cobs per plant (Table 5). A possible reason may be the temperature effect on maize cobs. According to climate data of the study area, it was observed that the average air temperature in September was higher in 2018 than in 2019, while in the same month, the maize grain-filling period started (Table 2). The higher temperature is an external stress that may have reduced the grain-filling period in the study area. The same findings have been reported by Broka et al. [29]. According to the study in [29], the reduction in cob weight was mostly due to high temperatures during the grain development periods in Kazakhstan. Moosavi reported that high-temperature stress reduced the cob diameter [30]. Rasul et al. noted that high temperatures reduced the number of grains in the cob [31]. Çakir [32] recorded a decrease of 1000-grain weight in maize due to high temperatures [33]. Climatic conditions and sowing techniques significantly affect the yield components in Kazakhstan [34].



The sowing systems also affect yield and yield components, as noted by Hassan [35]. Different scientists found that the cob length, number of cobs and weight of cobs in maize crops were higher in some sowing systems [36,37,38,39,40]. Similar to our results, Licht reported that the rate of protein decreased in maize when using sowing systems [41]. Clearly, grain yield was observed to be higher in close spacing because there are more plants per unit area. Rahmani et al., Farhadi-afshar et al. and Bhatt reported that sowing using close spacing also increases the cob yield [42,43,44]. The maximum grain yield was obtained from sole maize sowing in this study, while the hectoliter weight and protein ratio were the highest in white bean-maize-maize-white bean (B-C-C-B) sowing. The remaining yield items showed maximum values in maize-white bean-white bean-maize (C-B-B-C) sowing. Cob weight, length and number of kernels were maximum in the C-B-B-C sowing. In the sowing process, we adopted a reasonable distance between maize plants that resulted in more sunlight benefiting the cobs’ development. The lowest values of these properties were obtained in sole maize sowing. Due to a lack of sunlight, the photosynthesis process decreased, causing a lower delivery of carbohydrates to the cobs [37,45]. Babu et al. reported a maximum cob length in the sowing system in their study [46]. In Malhotra, the findings indicated that the number of grains and the weight of 1000 cobs was higher in intercropping than in sole sowing [47]. Our study contradicted these findings in the literature, with a maximum grain yield in sole sowing. Other studies support our findings and report that the grain yield of maize was maximized in sole sowing compared with intercropping [37,48,49,50]. Rao reported that, in intercropping, the yield might be lower compared with sole sowing due to an increase in inter-species competition in the root zone, which is caused by the proximity of the root zone of plants [51]. In this study, the number of plants per m2 in intercropping and sole sowing was the same, but the yield was higher in sole plantations, possibly due to competition in mixed sowing. In contrast, Muoneke reported that the grain yield of maize was higher in intercropping [52]. This may have been due to the difference in cultivars and sowing systems used in the trials. In our study, higher protein content was found in sowing systems. Sarlak reported that in maize-white bean intercropping, the protein ratio in maize was higher in sowing systems than in sole sowing due to nitrogen being supplemented from white beans [53].



The analysis related to the number of cobs per plant indicated that 20 cm sowing distances showed higher values in the second year than in the first year (Figure 1a). The magnitude of difference between 40 cm spacing in 2018 and 2019 was greater than the magnitude of difference between 20 cm across years; however, there was no difference in 2019, while there was a difference in 2018. Spacing of 40 cm always showed a greater number of cobs/plant than 20 cm spacing. There was a slight difference in magnitude within years that led to a significant interaction (Table 5). There were more cobs per plant in 2019 for all treatments except the maize-white bean-maize-white bean (C-B-C-B) sowing system (Figure 1b), for which there was no difference.



These different responses may be the reason why year × sowing systems’ interactions are important. In all adopted sowing systems, 20 cm row spacing showed lower values than 40 cm row spacing. These different responses indicated the significance of the interaction of row × sowing systems (Figure 2). Sole sowings other than C-B-B-C were higher in the first year. This represented the significance of interactions of sowing systems × year × row spacing (Figure 2).



Cob length was higher in sole sowings than in C-B-B-C and B-C-C-B in the first year, which represented the significant interactions of sowing systems over the row x years (Figure 3a). Utilizing the C-B-B-C sowing system resulted in a higher number of seeds per cob in the first year (Figure 3b). Hectoliter weight was higher in the C-B-C-B mixed sowing system in the second year, while in other systems, hectoliter weight showed lower values in the second year (Figure 4). Figure 4 show the interaction of rank based on whether the crops were planted in adjacent rows, alternate rows or as monocultures.



In terms of 1000-grain weight, the results for sole sowings were higher, except for C-B-C-B in the second year. Using C-B-B-C sowing resulted in a higher 1000-grain weight in the first year. These responses indicated significant interactions of sowing systems over the year x rows (Figure 5a). In terms of grain yield, sole sowing showed higher values in both years (Figure 5b). The protein ratio was higher in B-C-C-B sowing in 2018, while in the second year, it was higher in the C-B-C-B sowing system (Figure 5c).




3.2. Yield Characteristics of White Bean


Table 6 interpreted that 1000-kernel weight and protein ratio showed higher values in the second year of white beans, while other yield items showed higher values in the first year. Rai et al. determined 517 g of 1000 grains in dry white bean varieties in the first-year trial, while it decreased to 373 g in the second year due to hot weather [54]. In our study, the white bean grain was wet during harvesting and, due to the hot weather in the first year (Table 2), the 1000-grain weight dropped. In the second year of research, the average June temperature was lower than the first year June temperature, and in the same month was the first development phase that inversely affected the 1000-kernel weight. Summerfield et al. reported that there is a positive linear relationship between plant development after seedling emergence and air temperature [55]. In the second year of our study, there was low air temperature during the first development phase, which was one of the reasons for lower values of grain yield (Table 2 and Table 6).



In terms of the harvest index for white beans, the differences between row spacing and sowing systems were found to be statistically insignificant, while the year × row spacing and year × sowing system interaction was determined as significant using the data of the number of pods and pod length. The biological yield and grain yield of white beans were high in the plots planted at 10 cm intervals, while other examined properties were higher in the plots planted at 20 cm intervals (Figure 6). It is expected that yield elements will be low in plants within thin branches [56]. For thin plants per unit area, the extent of the plants’ grain-filling is greater when using appropriate soil nutrients and sunlight, and as a result, the grain yield is higher [57]. In our analysis, we found that pod length, 100-kernel weight, biological yield, grain yield and protein ratio were higher with sole sowing (Table 6).



In our study, biological yield and grain yield were higher in plants that were planted frequently (Table 6). The competition between plants related to water, nutrients, light, etc., was observed to be low in wide row spacing [58]. After subsequent plantations, the field remained empty, and the yield of unit area decreased significantly; accordingly, the grain yield was higher when the row spacing was less for white beans [58,59].



Thilakarathna et al. reported the same findings as in our research regarding the effect of mixed cropping in terms of light, nutrients and water [60]. It was discovered that in the B-C-C-B sowing system, the grain yield was significantly lower compared with other arrangements due to the shading effects of maize plants. Yildiz et al. [61] noted that the number of pods in the plant was higher in mixed sowings [62]. Nassary et al. stated that, due to shading effects in mixed sowings, the grain weight is affected [62]. Verkuijl et al. reported that the maize protein ratio decreased in intercropping compared with sole sowing [63]. Similarly, in our study, the weight of 100 grains and the protein ratio was higher in sole sowing.



Nassary et al. reported that maize blocked the sunlight landing on intercropping crops such as white beans, which adversely affected the white bean yield compared with the maize yield [62]. Other factors that may contribute to a reduction in grain yield are water, nutrients and the competition between intercropping crops (Figure 7). In our research, the number of plants per m2 was approximately twice more in sole sowing than in mixed sowing. A high number of plants per unit area may also lead to a high grain yield in sole sowing.



The 100-kernel weight and protein ratio of white beans planted at 20 cm row distance showed higher values in the second year than at 10 cm row distance as shown in Figure 8b and Figure 9a, respectively. These responses showed significant interaction over the row × row and year. White bean pod length, grain weight and protein ratio showed higher values under 20 cm row spacing in all sowing systems than under 10 cm row spacing (Figure 8a, Figure 10b and Figure 11). Figure 7a show little difference in row spacing for C-B-B-C compared with the other sowing systems. These responses represent the importance of interactions on row x sowing systems. Protein ratio and 100-kernel weight showed high values in the second year in all sowing systems, while they showed lower values in the first year (Figure 9b and Figure 10a). These findings indicated that year × sowing system interactions are significant. In terms of biological yield and grain yield, intercropping showed lower values, while sole sowing showed higher values (Figure 9a,b). For this reason, interactions of sowing systems, × year × rows, may have been significant. In terms of pod length, higher values were obtained in B-C-C-B (Figure 7a).




3.3. Land Equivalent Ratio (LER) of Maize-White Bean Intercropping Sowing Systems


The LER for grain yield is presented in Table 7. The relative grain yields of maize (LERmaize) were 0.68–0.95, and white bean (LERwhite bean) were 0.63–0.99. The intercropped maize and white bean yields were consistently lower than the mono-cropped maize and white bean yields in all sowing systems (Table 5 and Table 6). Generally, the yield difference between mono-cropping and intercropping sowing of maize was relatively small, while the intercropped white bean yield tended to be suppressed to a greater extent as the adjacent maize plants received more sunlight, water, fertilizer, etc. (Table 5 and Table 6). The LER value was 1.31–1.94 and significantly above 1 in all treatments.



The highest value of LER was obtained in both row spacing systems (10–20 cm and 20–40 cm for white beans and maize) of the B-C-C-B sowing system with 1.79 and 1.94, respectively. The lowest LER value was obtained in the C-B-C-B sowing system with 1.31–1.52 (Table 7). Through this analysis, it can be concluded that the B-C-C-B mixed sowing method is more advantageous in terms of unit area efficiency than the other sowing methods. Tanveer et al. reported that LER values are indicators of field use efficiency that may differ according to the sowing systems used in different studies [64].





4. Conclusions


This study examined the performance of maize-white bean sowing systems at Aydin Research Institute, Nur Sultan, Kazakhstan. The present study revealed that various row spacing and sowing methods affect the productivity of maize and white bean directly, depending on the thermal and precipitation factors in a given region. Sole sowing provided the highest grain yield for both maize and white beans as the photosynthetic area per plant is more in sole sowing. According to the adopted sowing systems, C-B-B-C for maize and B-C-C-B for white beans were the best systems for yield and its components. An evaluation of the different treatments of sowing systems using the LER showed that, in all of the treatments, the value of LER was more than one. From a relative comparison of the LER values for all treatments, the B-C-C-B maize-white bean sowing system demonstrated the most advantageous productivity at this study site. These findings indicate that a maize-white bean sowing system could be a beneficial way to introduce white beans while ensuring subsistent maize production in humid continental climate regions.
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Figure 1. The interactions of maize-white bean sowing systems using cobs per plant for the year x row spacing interaction (a) and the year x sowing system interaction (b) at the study location in Nur Sultan, Kazakhstan. Letters on each bar represent a significance level at p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 2. The interactions of maize-white bean sowing systems on cob weight in the Nur Sultan, Kazakhstan study area. Letters on each bar represent a significance level at p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 3. The interactions of maize-white bean sowing systems on cob length (a) and seeds per cob (b) at Nur Sultan, Kazakhstan research station. Letters on each bar represent a significance level at p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 4. The interactions of maize-white bean sowing systems on hectoliter weight at Nur Sultan, Kazakhstan research station. Letters on each bar represent a significance level at p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 5. The interactions of maize-white bean sowing systems on 1000-kernel weight (a), grain yield (b) and protein ratio (c) at Nur Sultan, Kazakhstan research station. Letters on each bar represent a significance level at p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 6. The interactions of maize-white bean sowing systems on protein ratio of maize and biological yield per white bean plant at Nur Sultan, Kazakhstan research station. Letters on each bar represent a significance level at p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 7. The interactions of maize-white bean sowing systems on biological yield (a) and grain yield (b) at Nur Sultan, Kazakhstan research station. Letters on each bar represent significance level at p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 8. The interactions of maize-white bean sowing systems on pod length (a) and 100-kernel weight (b) at Nur Sultan, Kazakhstan research station. Letters on each bar represent significance level at p < 0.05 and p < 0.01. 
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Figure 9. The interactions of maize-white bean sowing systems on protein ratio (a,b) at Nur Sultan, Kazakhstan research station. Letters on each bar represent significance level at p < 0.05 and p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 






Figure 9. The interactions of maize-white bean sowing systems on protein ratio (a,b) at Nur Sultan, Kazakhstan research station. Letters on each bar represent significance level at p < 0.05 and p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values.
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Figure 10. The interactions of maize-white bean sowing systems on 100-kernel weight (a, b) at Nur Sultan, Kazakhstan research station. Letters on each bar represent significance level at p < 0.05 and p < 0.01. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Figure 11. The interactions of maize-white bean sowing systems on protein ratio at Nur Sultan, Kazakhstan research station. Letters on each bar represent significance level at p < 0.05. Note: different letters denote significant differences, while the same letters indicate insignificantly different values. 
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Table 1. Physical and chemical properties of soil in the experimental area of Nur Sultan, Kazakhstan.
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	Year
	Depth

(cm)
	pH
	Lime

(%CaCO3)
	Salinity

(%)
	Organic Matter (%)
	P2O5−1

(kg/ha)
	K2O−1

(kg/ha)





	2018
	0–30
	7.71
	2.69
	0.07
	1.82
	85.21
	1133.0



	2019
	0–30
	7.66
	2.14
	0.08
	1.51
	109.11
	1952.3
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Table 2. Climatic data of Nur Sultan, Kazakhstan for the duration of the study and comparison with mean monthly data.
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Month

	
Precipitation (mm)

	
Temperature (°C)

	
Relative Humidity (%)




	
2018

	
2019

	
Mean *

	
2018

	
2019

	
Mean *

	
2018

	
2019

	
Mean *






	
May

	
58.2

	
19.4

	
40.5

	
11.48

	
15.1

	
15.71

	
54.5

	
36.7

	
45.67




	
June

	
84.1

	
70.2

	
58.89

	
19.43

	
18.13

	
20.99

	
54.7

	
66.0

	
50.31




	
July

	
64.7

	
57.2

	
78

	
22.35

	
23.48

	
21.9

	
60.3

	
55.0

	
54.58




	
August

	
130.9

	
40.7

	
48.94

	
19.58

	
21.29

	
21.07

	
64.7

	
49.4

	
50.28




	
September

	
31.3

	
52.6

	
26.0

	
14.5

	
13.2

	
14.29

	
57.3

	
56.6

	
50.31








* Represents mean monthly precipitation, temperature and relative humidity data of the study area in previous years (2008–2017).
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Table 3. Different sowing systems and treatments adopted in the study area of Nur Sultan, Kazakhstan.
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Selected Crops

	
Treatments

	
Crop Rotation






	
Maize (SY Miami)

White bean (Göynük-98)

	
T1

	
S-C

	
Sole maize




	
T2

	
S-B

	
Sole white bean




	
T3

	
C-B-C-B

	
Maize-white bean-maize-white bean




	
T4

	
C-B-B-C

	
Maize-white bean-white bean-maize




	
T5

	
B-C-C-B

	
White bean-maize-maize-white bean
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Table 4. Different sowing systems at the research station, Nur Sultan, Kazakhstan.
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Sowing Systems

	
Row Spacing (cm)

	
Number of Plants Per m2




	
Maize

	
White Bean

	
Maize

	
White Bean






	
Sole maize

	
20

	
–

	
7

	
–




	
Sole white bean

	
–

	
10

	
–

	
28




	
Sole maize

	
40

	
–

	
4

	




	
Sole white bean

	
–

	
20

	

	
14




	
C-B-C-B

	
20

	
10

	
7

	
14




	
C-B-C-B

	
40

	
20

	
4

	
7




	
C-B-B-C

	
20

	
10

	
7

	
14




	
C-B-B-C

	
40

	
20

	
4

	
7




	
B-C-C-B

	
20

	
10

	
7

	
14




	
B-C-C-B

	
40

	
20

	
4

	
7








C-B-C-B: maize-white bean-maize-white bean; C-B-B-C: maize-white bean-white bean-maize, B-C-C-B: white bean-maize-maize-white bean.
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Table 5. Evaluating the effects of different sowing treatments on yield characteristics examined in maize in the study area of Nur Sultan, Kazakhstan.
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	Genotypes
	N.S.P.
	S.W. (g)
	S.U. (cm)
	N.O.S.
	N.S.S.
	S.W.S. (g)
	H.W. (kg/100 L)
	T.K.W. (g)
	G.Y. (kg/ha)
	P.R. (%)





	2018
	1.17 B
	357.10 A
	20.88 A
	16.95 A
	676.45 A
	292.12 A
	62.83
	430.50 A
	1242.92 A
	7.24 A



	2019
	1.21 A
	262.79 B
	18.41 B
	16.17 B
	601.49 B
	241.34 B
	62.70
	400.45 B
	989.92 B
	7.14 B



	Mean
	1.19
	309.94
	19.64
	16.56
	638.97
	266.73
	62.76
	415.47
	1116.42
	7.19



	20 cm
	1.13 B
	293.36 B
	19.12 B
	16.36
	610.46 B
	250.14 B
	62.58
	408.04 B
	1412.17 A
	6.99 B



	40 cm
	1.25 A
	326.54 A
	20.17 A
	16.76
	667.48 A
	283.32 A
	62.95
	422.91 A
	820.67 B
	7.39 A



	Mean
	1.19
	309.94
	19.64
	16.56
	638.97
	266.73
	62.76
	415.47
	1116.42
	7.19



	Sole maize
	1.04 C
	272.28 D
	18.47 D
	16.68
	605.98 C
	229.62 D
	61.83 B
	378.16 D
	1572.25 A
	6.61 D



	C-B-C-B
	1.21 B
	320.75 B
	19.95 B
	16.90
	650.61 B
	281.13 B
	63.00 EU
	432.75 B
	924.92 C
	7.28 C



	C-B-B-C
	1.28 A
	354.38 A
	21.31 A
	16.58
	685.91 A
	303.75 A
	62.33 EU
	441.33 A
	1065.67 B
	7.37 B



	B-C-C-B
	1.21 B
	292.39 C
	18.85 C
	16.09
	613.38 C
	252.43 C
	63.91 A
	409.66 C
	902.83 C
	7.51 A



	Mean
	1.19
	309.94
	19.64
	16.56
	638.97
	266.73
	62.76
	415.47
	1116.42
	7.19



	Years
	*
	**
	**
	*
	**
	**
	ns
	**
	**
	**



	Row spacing
	**
	**
	**
	ns
	**
	**
	ns
	**
	**
	**



	Sowing systems
	**
	**
	**
	ns
	**
	**
	*
	**
	**
	**



	Year × row spacing
	**
	*
	**
	ns
	**
	**
	ns
	**
	**
	**



	Year × sowing systems
	**
	**
	**
	ns
	**
	**
	**
	**
	**
	**



	Row spacing × sowing system
	**
	**
	**
	ns
	**
	**
	ns
	**
	**
	**



	Year × row spacing × sowing system
	ns
	**
	**
	ns
	**
	**
	ns
	**
	**
	**







* p ≤ 0.05, ** p ≤ 0.01, ns, non-significant, N.S.P.: number of cobs per plant, S.W.: cob weight, S.U.: cob length, N.O.S.: number of orders per cob, N.S.S.: number of seeds per cob, S.W.S.: seed weight per cob, H.W.: hectoliter weight, T.K.W.: 1000-kernel weight, G.Y.: grain yield, P.R.: protein ratio. Note: different letters denote significant differences, while the same letters indicate insignificantly different values.
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Table 6. Evaluating the effects of different sowing systems on yield characteristics examined in white beans in the study area in Nur Sultan, Kazakhstan.
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	Genotypes
	B.Y.P. (g)
	N.P.P.
	N.S.P.
	N.S. Pod
	S.Y.P. (g)
	P.L. (cm)
	H.I. (%)
	T.K.W. (g)
	B.Y. (kg/ha)
	G.Y. (kg/ha)
	P.R. (%)





	2018
	45.54 a
	18.58 a
	46.40 a
	3.01 a
	19.86 a
	11.61
	43.72
	427.9 b
	3691.67 a
	1598.12 a
	24.39 b



	2019
	24.82 b
	12.10 b
	30.54 b
	2.59 b
	13.58 b
	11.72
	43.78
	444.2 a
	2592.08 b
	1121.29 b
	25.55 a



	mean
	35.18
	15.34
	38.47
	2.80
	16.72
	11.66
	43.75
	436.0
	3141.87
	1359.70
	24.97



	10 cm
	39.22 a
	14.49 b
	34.30 b
	2.61 b
	14.79 b
	11.20 b
	43.55
	432.6 b
	3638.75 a
	1570.79 a
	24.77 b



	20 cm
	31.15 b
	16.20 a
	42.63 a
	2.99 a
	18.65 a
	12.13 a
	43.96
	439.4 a
	2645.00 b
	1148.62 b
	25.18 a



	mean
	35.18
	15.34
	38.47
	2.80
	16.72
	11.66
	43.75
	436.0
	3141.87
	1359.70
	24.97



	Sole white bean
	39.85 a
	14.83 c
	42.35 b
	3.09 a
	19.20 a
	11.82 b
	43.55
	459.2 a
	5147.50 a
	2226.75 a
	25.99 a



	C-B-C-B
	28.05 c
	13.98 d
	31.57 d
	2.65 b
	13.49 c
	11.64 c
	43.82
	431.5 b
	1989.17 d
	857.83 d
	24.47 c



	C-B-B-C
	32.07 b
	16.52 a
	35.40 c
	2.45 c
	14.93 b
	11.03 d
	43.95
	429.8 b
	2385.00 c
	1037.00 c
	24.77 b



	B-C-C-B
	40.75 a
	16.05 b
	44.55 a
	3.00 a
	19.25 a
	12.18 a
	43.69
	423.6 c
	3045.83 b
	1317.25 b
	24.66 b



	mean
	35.18
	15.34
	38.47
	2.80
	16.72
	11.66
	43.75
	436.0
	3141.87
	1359.70
	24.97



	Years
	**
	**
	**
	**
	**
	ns
	ns
	**
	**
	**
	**



	Row spacing
	**
	**
	**
	**
	**
	**
	ns
	**
	**
	**
	**



	Sowing systems
	**
	**
	**
	**
	**
	**
	ns
	**
	**
	**
	**



	Year × row spacing
	**
	**
	**
	ns
	**
	ns
	ns
	*
	**
	**
	*



	Year × sowing systems
	**
	**
	**
	ns
	**
	ns
	ns
	**
	**
	**
	**



	Row spacing × sowing system
	**
	**
	**
	**
	**
	**
	ns
	*
	**
	**
	*



	Year × row spacing × sowing system
	**
	**
	**
	*
	**
	ns
	ns
	ns
	**
	**
	ns







* p ≤ 0.05, ** p ≤ 0.01, B.Y.P.: biological yield per plant, N.P.P.: number of pods per plant, N.S.P.: number of seeds per plant, N.S. pod: number of seeds per pod, S.Y.P.: seed yield per plant, P.L.: pod length, H.I.: harvest index (ratio of grain yield to biological yield), T.K.W.: 1000-kernel weight, BY: biological yield (the whole plant biomass), G.Y.: grain yield, P.R.: protein ratio (the proportion of whole plant protein contained in the grain). Note: different letters denote significant differences, while the same letters indicate insignificantly different values.
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Table 7. Land equivalent ratio (LER) of the maize-white bean sowing systems and the partial LER (LERmaize and LERwhite bean) as affected by row spacing at Nur Sultan, Kazakhstan research station.
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Row Spacing

	
Sowing Systems

	
LERmaize

	
LERwhite bean

	
LER






	
10–20 cm

	
C-B-C-B

	
0.68

	
0.63

	
1.31




	
C-B-B-C

	
0.78 *

	
0.76 *

	
1.54




	
B-C-C-B

	
0.82 **

	
0.97 **

	
1.79




	
20–40 cm

	
C-B-C-B

	
0.79 *

	
0.73 *

	
1.52




	
C-B-B-C

	
0.91 **

	
0.89 **

	
1.80




	
B-C-C-B

	
0.95 **

	
0.99 **

	
1.94








* p ≤ 0.05, ** p ≤ 0.01 and the LER values with underbars are significantly different from 1 at p < 5%.
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