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Abstract

To evaluate the effect of nitrogen level on the yield, nitrogen utilization, competitive, economic indices, and efficiency of sorghum cultivars- common bean intercropping in the southern highland region (SHR) Ibb (Yemen). Two experiments were conducted, the first one was conducted during two sequence rainy season (2009 and 2010) and arranged in a split plot design with three replicates; where the main plots were: sole sorghum cultivars local (SV1) and recommended cultivar SC-93-7-2 (SV2), sole bean and intercropped sorghum cultivars with bean cultivar (Taiz- 305), the subplot were five N levels of mineral N were 0 , 46, 92, 138 and 164 kg ha-1 (N0, N46, N92, N138 and N164) and the second experiment was conducted to evaluate the yield stability of the efficient intercropping sorghum - common bean under optimum nitrogen levels in comparison with farmers intercropping practice at nine locations representing different environments of the region representing in SHR-Ibb Yemen on 2011, 2012 and 2013 during rainy seasons. Maximum yield and forage of sorghum and bean were obtain by nitrogen application nitrogen level N138 under monoculture cropping and N92 under intercropping but further application had no effect on yield and forage. At these nitrogen levels intercropping provided many benefits through increased efficiency of nitrogen uptake (NU), physiological nitrogen efficiency (PNE), efficiency of nitrogen utilization ENU and leaf area index (LAI) by both crops in relation to sole crops. The results also clearly showed that intercropped yield of sorghum Yab associated strongly with CR while yield of bean Yba was associated strongly with land equivalent ratio (LER) and Advantage of intercropping (AI). Moreover, economic evaluation indices RVT, AYL, RYT and MAI, can be used as good indicators of the economic feasibility of intercropping systems. On the other hand, the results also indicated that (SV2) were more responsive to high yielding environmental change than (SV1), while intercropped common bean (Taiz-305) with (SV1) was more responsive and stable under wide range of environments (locations and years).
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Introduction

Intercropping is one of the most common practices used in sustainable agricultural systems which have an important role in increasing the productivity and stability of yield in order to improve resource utilization and environmental factors Hashemi et al. [1]. Therefore, intercropping became an attractive strategy for increasing productivity and labour utilization per unit area of available land and to intensify land use in the southern highland region Ibb (Yemen) in the last decades. Intercropping cereals and legumes is also important due to some potential benefits including the enhancement of forage quality through the complimentary outcome of two or more crops grown instantaneously on the same part of land Hamdollah (2012) and high productivity and profitability Yildirin & Guvence [2].

In general, most published intercropping mixture with significant yield advantage were from legume/non legume combination Li et al. [3]. The yield advantages have been reported in various crop species namely: maize-common bean Molaaldoila & Al-Sabri [4], maize-faba bean Oskoii et al. [5], maize-lablab bean Muna et al. [6], maize-lima bean Brink & Belay [7]; also sorghum- mungbean Koohi [8], Sorghum-soybean, Sorghum-mung bean or guar Rashid et al. [9]. wheat-Mungbean Chowduury & Rosaria [10], and barley-Pea Chen et al. [11]. 

A general assumption in intercropping cereals with legume crops is that the legume, when associated with the specific Rhizobium, may have most of its N need supplied through fixation of atmospheric N, leaving the soil available N for the companion cereal. There is evidence that leguminous plants can benefit the intercrop cereals in the same season through N excretion Eaglesham et al. [12] and nodule decomposition Saito [13], Bonetti 1991. There is marked variation in the N supplying ability among legume species Senaratne et al. [14]. Common bean is among the most important legume crops native from the temperate regions cultivated in these regions to produce seeds; Common bean can establish a symbiotic relation with the soil rhizobium Hashemi et al. [1].

Considering soil fertility, weather conditions and the species, the rate of consumption for N fertilizer by farmers varies from 45 to 224 kgha-1 Zhao et al. [15]. Cereal/legume intercropping system may be increase soil fertility via raising its organic content and available nitrogen fixed by legume Hashemi et al. [1]. Although, sorghum utilizes nitrogen more efficiently than corn and is more resistant to drought and higher temperatures Young & Long [16] but inadequacy of N fertilizer reduces congregation of dry matter and leads to growth reduction Zhao et al. [15]. The legume typically suffers competition from the cereal which results in lower yield in intercropping compared with sole cropping; moreover addition of N fertilizer may impede the growth due to greater competition from increased cereal growth Searle et al. [17]; Chui & Shibles [18]; Ofori & Stern [19]; Rao et al. [20].

Nitrogen application treatments had significant effect on sorghum total dry matter of fodder (160 urea kg ha-1) and total yield of lima bean (80 urea k ha-1) seed Reza et al. [21]. The application of nitrogen fertilizer to cereal rows mitigated the efficiency intercropping and benefited the associated legume by increasing grain yields as reported by Li et al. [3] that nitrogen acceptance by maize in an intercrop with bean is greater as relate to sole cropping. However, the application of NP fertilizer improve grain maize and seed bean yield of intercropping to certain level and the significant and optimum amounts of nitrogen was varied with locations in the range of 69-115 Kg h-1 Molaaldoila [4]. On the other hand, Forage sorghum displayed a positive reaction to increasing nitrogen to about 200 kg ha-1 but further application had no effect on yield increase Gupta & Sing [22].

The greater N acquisition by a non-legume crop intercropped with a legume is often reported in literature Francis [23], Vandermeer [24]. This may probably be due to the effect of competition. Nitrogen is needed in greater amount than other elements, it can be supplied as a chemical fertilizer or fixed naturally by legumes which grow in a symbiotic relationship with nitrogen-fixing bacteria (Rhizobia) and this reduces the cost of production, compared to chemical nitrogenous fertilizers.

On the other hand, uptake of nitrogen with green gram (284 kg ha-1) was significantly developed than with cowpea (239 kg ha-1) and soybean (247 kg ha -1) as intercrops, the nitrogen uptake was maximum in 1:1 row ratio (274 kg ha-1) compared to 1:2 row ratio (251 kg ha-1) Kanakeri [25]. Further, among different intercrops, cowpea noted maximum uptake of nitrogen (68 kg ha-1) and phosphorus (2 kg ha-1) followed by soybean with 60 and 2 kg ha-1 NP, separately. Nitrogen utilization efficiency (EU) was generally poor in all crop stands, particularly at a high N application rate.

The morphological and physiological differences between non-legumes and legumes benefit their mutual association Akuda [26].The cereal component crop is usually taller and has a faster growing or more extensive root system of fine roots Lehmann et al. [27] and very competitive for soil nitrogen than the legumes which usually fix atmospheric N Jensen 1996. Quantitative attributes such as dry weights of sorghum, yield and yield component of lima bean were measured in two sampling during growth season. The highest fresh and dry weight of sorghum fodder belonged to additive proportions of sorghum Reza et al. (2013). Grain yields of maize and beans were affected by intercropping and the effect was more detrimental to the legume mainly at the highest maize plant population Morgado Willey [28].

A number of indices such as land equivalent ratio (LER), increases, remains unchanged or decreases under application of increasing levels of N fertilizer Akter et al. [29], Reza et al. [21], Koohi [8]. However, NP fertilizer levels minimize the competitive ratio and aggressivity index values and maximum intercropping monetary advantage, actual yield loss and intercropping advantage Molaaldoila [4]. Recently, the efficiency of cereal- legume intercrop systems, expressed as actual yield loss (AYL), monetary advantage index Matusso et al. [30], and intercropping index Ariel et al. [31], relative yield totals, relative value total, actual yield loss or gain and intercropping advantage Ariel et al. [31]. Such indices have not been used for sorghum and common bean intercropping to evaluate the competition among species and also economic advantages of each intercropping system in the southern highland region Ibb (Yemen).

In the southern highland region Ibb (Yemen), very little information has been published regarding the effects of nitrogen fertilization on yield and other related of sorghum-common bean intercropping. This paper is undertaken: (a) to study the effects of, nitrogen fertilizer levels on yield on competition for growth resources, economic benefits of sorghum cultivars intercrops with common bean, (b) to estimate the correlation coefficients of yield, competition and economic indices and nutrient parameter and (c) to examine adaptability and performance stability of sole and intercrop systems over locations and years.

Materials and Methods

Experimental design and treatments

The experiment was carried out at the Southern Highlands Region (SHR)-Ibb station (Yemen) in 2009 and 2010. The experiment was arranged in a split plot design with three replicates comprising a factorial combination of three factors; where the main plots were: sole sorghum cultivars local (SV1) and SC-93-7-2 (SV2), sole bean and intercropped sorghum cultivars with bean cultivar (Taiz-305), the subplot were five N levels of mineral N were 0, 69, 92, 115 and 138 kg ha-1 (N0, N46, N92, N138 and N164). Mineral N were applied to sole and sorghum-bean intercropping system rows as urea (46% N) in two split halves at 30 and 45 days after sowing (DAS) whereas one dose of P2O5 were applied in only (69 kg ha-1) to sole and intercropped sorghum and bean rows as super phosphate (46% N) before sowing both sorghum and bean.

The soil of SHR-Ibb station was a silt loam soil with low fertility (1.2% Organic manure, 0.19% N, 11% CaCO3, 0.47 ms/ cm EC (1:1), and pH 7.8 the research station-Ibb (latitude: 13°36' N, longitude: 44°01' E, altitude: 1966 m). The average annual rainfall is 778.1 and 911.4 mm with a good distribution for the year 2011, 2011 and 2013, respectively. The mean temperature was 24.9°C with maximum and minimum of 13.1 °C and 7.3 °C, respectively

The arrangement of intercropping was in one row of sorghum for one row of beans (1:1), A constant row spacing and plants of 0.70 m x 0.25 m and 0.60 m x 0.20 m were maintained for sorghum and bean in sole cropping system, respectively Meanwhile, a constant row spacing and plants of 1.20 m x 0.25 m and 1.20 m x 0.20 m were maintained for sorghum and bean in intercropping system, respectively. Thus a uniform population of sorghum and bean of sole crop were 57143 and 833333 plant ha-1, respectively, while the plant population of sorghum and bean in the intercropping arrangement were 33333 and 41667 plant ha-1, respectively. All plots were 42 m2 (4.2 x10 m).

Agronomical and physiological nitrogen efficiency

After (60-75 DAS) fresh weight and dry weight of the roots and shoots were taken to determine the dry materials of above ground freshly harvested after they were dried in an aerated oven at 80 °C. Successive weight was carried out until the constant dry weight of each sample reached. N was determined according to the method adopted by Lowry et al. (1951). Agronomical efficiency (AE) was calculated as AE = (seed yield of fertilized crop in kg - seed yield of unfertilized crop in kg)/ quantity of fertilizer applied in kg. Physiological efficiency (PE) was calculated as PE = (total dry matter yield of sole crop in kg - total dry matter yield of intercropped crop in kg)/ (nutrient uptake by fertilized crop in kg - nutrient uptake by unfertilized crop in kg) Baumann et al. [32].

Yield and advantage of intercropping

The experimental area was ploughed and raked by tractor and fertilizers were uniformly broadcast before planting. Sorghum cultivars (local and SC-93-7-2) and bean cultivar (Taiz- 305), were planted simultaneously on the end of May (rainy season), sorghum sown by a tractor drill and beans by hand after sowing sorghum. The plots were hand-weeded and there was no incidence of insect or disease in either crop. Outside rows of sole and intercropped sorghum and bean plots were discarded as border and two 4 m long middle rows were harvested. Bean and sorghum were harvested at 110 and 150 days after swing (DAS), respectively. Pants were cut at soil level and the grains and seeds were collected for the two crops. The land equivalent ratio (LER) had been calculated to assess effectiveness of intercropping for using the resources of the environment compared to sole cropping Mead and Willey [33] & Koohi et al. [8] by the equation: LER = Yab/Yaa + Yba/Ybb, where Yab = Yield per unit area of crop a in mixture, Yaa = Yield per unit area of sole crop a, Yba = Yield per unit area of crop b in mixture, Ybb = Yield per unit area of sole crop b. Calculation of individual LER for sorghum crop considered yields of sole and intercropping systems at the same N level. For bean crop, calculation included a single sole cropping without nitrogen.

Competitive Indices

The first coefficient was the relative crowding coefficient (K) which is a measure of the relative dominance of one species over the other in a mixture Banik et al. [34]. When the value of K is greater than1, there is a yield advantage; when K is equal to 1, there is no yield advantage; and, when it is less than 1.00, there is a disadvantage Koohi et al. [8]. The second index was aggressivity (A) which is often used to determine the competitive relationship between 2 crops used in the mixed cropping Willey [35]	.	For cereal example; if A cereal = 0, both crops are equally competitive, if A cereal is positive, then the cereal species is dominant, if A cereal is negative, then the cereal is weak. Also, competitive ratio (CR) is another way to assess competition between different species. The third index was competitive ratio which gives more desirable competitive ability for the crops Koohi et al. [8]. The competition index was suggested by Donald [36]	.	The basic process is the calculation of two "equivalence factor is the number of plants of species 1 that is equally competitive to one plant of species 2. If a given species has an equivalence factor of less than 1, it means it is more competitive (on a plant-for -plant basis) than the other species.

Economic benefits and intercropping advantage indices

To evaluate the economic and advantage of intercropping several induces were calculated. The first one is the actual yield loss (AYL) index, the AYL is the proportionate yield loss or gain of intercrops in comparison to the respective sole crop, i.e. it takes into account the actual sown proportion of the component crops with its sole stand. In addition, partial AYL or AYL represent the proportionate yield loss or gain of each species when grown as intercrops in relative to their yield in sole planting Koohi et al. [8]. The AYL can have positive or negative values indicating an advantage or disadvantage remained in intercrops when the main aim is to compare yield on a per plant basis. The second one is monetary advantage index (MAI), since none of the above competition indices provides any information on the economic advantage of the intercropping system. The calculation of MAI was as calculated by the formula of Ghosh [37]; the higher the MAI value, the more profitable the cropping system is Ghosh [37]	Additionally, intercropping advantage (IA) was calculated using the following formula Banik et al. [34]: IA, = AYL , x legume	bean P. , and IA , = AYL , P , where P. and P , are bean	sorghum	sorghum sorghum	bean	sorghum the commercial value of common bean and sorghum (the current priceare 1.50 and 0.50 $ for common bean seed yield/kg and sorghum grain/kg, respectively.

Yield stability in intercropping of sorghum - bean under different fertility levels

Yield stability of the efficient intercropping sorghum - common bean under optimum nitrogen levels was evaluated in comparison with farmers intercropping practice at nine locations representing different environments of the region representing in SHR-Ibb Yemen on 2011, 2012 and 2013 during rainy seasons. The experiment was conducted in a completely randomized block design and sorghum and bean intercropping arrangement in the ratio 1:1 and farmers intercropping practice. The treatment were as sorghum farmer (SV1) and recommended (SV2) cultivars and common bean variety (Taiz-305) were grown ether monoculture or intercropping system and with farmer (FNF) or recommended (RNF) nitrogen fertilizer. The field experiment was laid out in one replication in each location. The selected locations were Maitam, Mashwarh, and Al-Sahool Shaban, Giblah, Wadi Al-Dhahr, Al-Qaydah, Al-Aodian, Al-Soani.

Statistical analysis

Statistical analysis was carried out with the aid of S.A.S. statistical package (SAS institute Inc., USA) and Statistical analysis was carried out for analysis of variance (ANOVA) and mean separation test done using to Duncan Multiple Range Test (DMRT) at P < 0.05. Simple correlation coefficients among different nutrients efficiency parameters, completive and economic advantage indices were also determined by using the same SAS software. Mean yield (x) and coefficient of regression (b-value) were used as measures of yield response of sole, intercropping, farmer and recommended sorghum variety and nitrogen fertilizer in varying environments (8 locations x 3 years) and three stability parameters were estimated using also SAS soft program, the first one was the mean square deviation from regression (s2d), the second; was coefficient of determination (r2). The third stability parameter was Ecovalence (W). In this paper we are focusing on the overall average of the years for all the studied parameters and also the data which is related to the percentage of reduction or increase of different parameters as compared with controls were not shown in tables.

Results and Discussion

Biomass production and leaf area index

Nitrogen fertilizer increased total biomass yield in sole and intercropped sorghum and bean to certain level thereafter it decline. However, under monoculture cropping, sorghum biomass production increased to the extent 41.7% and 36.4% in the cultivars SV1 and SV2 at N164, respectively, whereas common bean biomass production increased significantly to the level 16% at N92. Similarly, the sorghum biomass production increased to the extent 33.2.7% and 22.8% in the cultivars SV1 and SV2 at N138, respectively, whereas common bean biomass production increased significantly to the level 19.4% and 21.7% at N92 when intercropped with SV1 and SV2 at N164, respectively These results indicated that the respond of the sorghum cultivar SV2 was higher than the cultivar SV2 under intercropping system while common bean responded higher than SV2 in comparison with SV1 (Table 1). Our results were in accordance with results of Reza et al. [21] who found that nitrogen application treatments had significant effect on sorghum total dry matter of fodder (160 urea kgha-1) and total yield of lima bean (80 urea kha-1) seed. On the other hand, Forage sorghum displayed a positive reaction to increasing nitrogen to about 200 kg ha-1 but further application had no effect on yield increase Gupta & Sing [22]. In contrast Abusuwar and Al-Solimani [38] found that the chemical fertilizers had no significant effects (P < 0.05) on productivity but significantly improved forage quality in terms of CP and nutrients contents, while intercropping of Panar and Lab lab significantly (P < 0.05) increased forage productivity and improved forage quality.?


Table 1:  Biomass yield of sorghum and bean as influenced by intercropping and nitrogen levels at IBB research station during the rainy season in the 2009 and 2010.
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Regarding the LAI of sorghum, there were significant differences between intercropping and monoculture, but intercropping had higher LAI values than monoculture sorghum particularly at N138. By contrast, the LAI of bean recorded significant differences between intercropping and monoculture particularly at N92 the growth stimulation of intercropped sorghum. LAI measurements, stimulating intercropping systems sorghum yield and depressing bean growth, particularly at N92 (Table 2). Recently in the Argentina Pampas, Echarte et al. 2011 found advantages in the production of corn-soybean intercropping compared to their monocultures. It is hypothesized that the practice of intercropping corn-soybean lead to changes in the availability of key nutrients for these crops, N and P, and due to a more efficient use of resources is more biologically productive than the corresponding sole crops. Quaye et al. (2011) found that maize planted simultaneously with soybean or before soybean recorded significantl higher values of leaf area index (LAI) compared to when it was later.?


Table 2:  LAI sorghum and bean as influenced by intercropping and nitrogen levels at IBB research station during rainy season in the 2009 and 2010.
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Nitrogen uptake, agronomical and physiological nitrogen efficiency

Average nitrogen uptake of the two sequence experiments seasons (2011 and 2012) were increasing significantly by increasing nitrogen levels and reach to its maximum and significant at nitrogen level of 138, 138 and 92 kg ha-1 in the monoculture of both sorghum cultivars SV1 (230.2 kg ha-1), SV2 (228.7 kg ha-1) and bean (135.9 kg ha-1) but further application had no effect on nitrogen uptake increase. At these levels, the increase in nitrogen uptake were to the extent of 58%, 52% and 44.5%, respectively. However, uptake of nitrogen by sorghum and bean was found to increase significantly due to intercropping. The nitrogen uptake were (261.8 kg ha-1) and (297.4 kg ha-1) when sorghum cultivars SV1 and SV2 intercropped with bean (Table 3). These results indicated that there are magnitude increase in nitrogen uptake when bean intercropped with sorghum. The extent of reduction in N uptake was about 60% and 33%. On the other hand, N uptake with developed cultivar SV1was higher than the cultivar SV2 when intercropped with bean whereas no significant increase when grown in monoculture cropping. Kanakeri [25] found that uptake of nitrogen with green gram (284 kg ha-1) was significantly developed than with cowpea (239 kg ha-1) and soybean (247 kg ha -1) as intercrops. Further, among different intercrops, cowpea noted maximum uptake of nitrogen (68 kg ha-1) followed by soybean with 60 kg ha-1 NP, separately. In these results N uptake of the intercropping was higher than the monoculture cultivation. 


Table 3:  Nitrogen Uptake orghum and bean as influenced by intercropping and nitrogen levels at IBB research station during the rainy season in the 2009 and 2010.
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Agronomical and physiological nitrogen efficiency

The results showed that both agronomical nitrogen efficiency (ANE) was reduced with increasing nitrogen application in monoculture cropping and intercropping. However, ANE reduced significantly in both sorghum cultivars SV1 (1.97 kg ha-1), SV2 (2.05 kg ha-1) and bean (1.87 kg ha-1) when nitrogen was applied in the level N138 for both sorghum cultivars and N92 for bean in comparison with the low level of nitrogen N46 when grown monoculture (Table 4). However, ANE also reduced significantly in the intercropping with both sorghum cultivars SV1 (1.88 kg ha-1), SV2 (2.19 kg ha-1) at nitrogen level N138. Similarly, physiological nitrogen efficiency (PNE) was reduced with increasing nitrogen application in monoculture cropping and intercropping. However, PNE reduced significantly in both sorghum cultivars SV1 (24.3 kg ha-1), SV2 (24.0 kg ha-1) and bean (11.0 kg ha-1) when nitrogen was applied in the level N138 for both sorghum cultivars and N92 for bean in comparison with the low level of nitrogen N92 in case of sorghum cultivars and N46 in case of bean when grown in monoculture (Table 4). In contrast, PNE increased significantly in both monoculture sorghum cultivars SV1 (10.0 kg ha-1), SV2 (27.4 kg ha-1) at nitrogen level N138 while PNE of monoculture bean reduced significantly at the level N164. On the other hand, PNE was reduced significantly with the intercropping with both sorghum cultivars SV1 (31.6 kg ha-1), SV2 (23.2 kg ha-1) at nitrogen level N164 (Table 4). However, the (AE) and (PNE) were lower in case of bean in comparison with both sorghum cultivars.


Table 4: Agronomical and Physiological Efficiency sorghum and bean during the rainy season in the 2009 and 2010.
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Fraction nitrogen recovery and efficiency of utilization

Fraction Nitrogen Recovery (FNR) of both sorghum cultivars SV1 (0.98 kg ha-1) and SV2 (0.86 kg ha-1) was significantly higher than that of bean (0.59 kg ha-1) at the N138 when grown in monoculture cropping and intercropping but the values were high at monoculture cropping than intercropping. Thus, at N135 the FNR of N by the bean pure stand was < for sorghum cultivar SV2 < for sorghum cultivar SV2 and intercropping with SV2 < SV2 (Table 5). The results indicated that all crop stands used the lower N rate significantly and more efficiently than the higher one. Even though N recovery for the bean pure stand at the N46 level was significantly lower than that of the sorghum pure stand and the intercropping of both sorghum cultivars with bean, its increase in biomass production compared with the unfertilized treatment was not different from that of the other crop stands. In contrast, the results were significantly higher in nitrogen efficiency of utilization (ENU) for both sorghum cultivars SV1 (6.6 kg ha-1) and SV2 (11.4 kg ha-1) which was significantly higher than that of bean (8.0 kg ha-1) at the level N138 when grown in monoculture cropping but the values were high at intercropping with SV1 (19.9 kg ha-1) and SV2 (21.1 kg ha' 1) than monoculture cropping. Thus, the ENU of all crop stands was lower at the N164 level compared with the N46 level. Again, sorghum cultivar SV1 (6.6 kg ha-1) and used N significantly better than bean and bean used N significantly better than SV2 if grown in monoculture. Meanwhile, sorghum cultivar SV2 (15.7 kg ha-1) grown used N significantly better than SV1 (18.8 kg ha-1) if grown in intercropping with bean (Table 5). Li et al. [3] that nitrogen acceptance by sorghum in an intercrop is greater as relate to sole cropping. The greater N acquisition by a non - legume crop intercropped with a legume is often reported in literature Francis [23] & Vandermeer [24]. This may probably be due to the effect of competition. However, nitrogen attainment by soybeans was not significantly affected by intercropping.


Table 5: Fraction Nitrogen Recovery and Efficiency Utilization sorghum research station during the rainy season in the 2009 and 2010.
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Yield and advantage of intercropping

Nitrogen fertilizer increased grain yield in sole or sorghum- common bean intercrops to certain level thereafter it decline. However, under monoculture cropping, nitrogen application treatments had significant effect on sorghum grain yield of the cultivar SV1 (5.238 ton ha-1) at N164 and the cultivar SV2 (5.197 ton ha-1) at N132 and total seed yield of common bean (1.564 ton ha-1) at N92. On the other hand, a significant response to crop stand and N interaction was found for sorghum and bean  yield. Highest grain yield was achieved with sorghum grown in intercropping for the cultivar SV1 (3.949 ton ha-1) at N138 and the cultivar SV2 (4.293 ton ha-1) at N92 whereas seed yield of common bean also were highly significant when intercropped


Table 6: Grain Yield sorghum and bean as influenced by intercropping the 2009 and 2010.
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The magnitude of reduction was at nitrogen level N92 and lower and higher this level the reduction percent increased, the reduction percent in local sorghum and cultivar (SV1) was 18.3% and in (SV1) was 21.3% where as common been reduced by seed yield by 22.4% and 17.6% when intercropped with both (SV1) and cultivar (SV1), respectively. Furthermore, the reduction in bean was more than sorghum and the effect of intercropping on grain sorghum cultivars was similar where as the effect of intercropping on seed yield of bean was higher than sorghum and the reduction percent in seed yield of bean was high when intercropped with (SV1) than (SV1) (Table 6). Sorghum/soybean cropping system reduced sorghum grain yield by 2 3.9% where as sorghum/cowpea reduced by grain yield by 40.3%. However, The application of nitrogen fertilizer to cereal rows mitigated the efficiency intercropping and benefited the associated legume by increasing grain yields as reported by Li et al. [4]

One of the main measures to evaluate yield advantage and efficiency in intercropping is the land equivalent ratio (LER), which considers the performance of a component of the mixture with respect to the its yield achieved at sole crop Franci [23]; when the LER is greater than 1 facilitation is contributing to a greater extent than the phenomena of competition. The partial LER of sorghum and bean was similar between the two sorghum cultivars weather intercropped (SV1) or (SV1). However, the higher partial LER value of common bean crop was significantly higher at the N92 and this value decrease below and above this nitrogen level, leading to a high value of overall LER at the latter Partial LER values also showed that, common bean appears to have more beneficial land use efficiency than sorghum in all nitrogen level and. Higher total LER values obtained were 1.66 and 1.77 at the N92 when bean intercropped with (SV1) and (SV1) respectively, indicating a production advantage of intercropping. were higher than one showing the advantage of intercropping over sole stands in regard to the use of environmental sources for plant growth (Table 7). Many LER values were achieved due to intercropping in barley and pea 1.26 Chen et al. [11] wheat and lentil 1.52 Akter et al. [29], sorghum and lima bean Reza et al. [21], sorghum/cowpea 1.55 Lamessa et al. [39]. Moreover, nitrogen application increase LER but high N rates could decrease the LER and result in toxic levels of nitrate in the forage Chen et al. [11].

Competitive indices

Competitive ratio (CR) which gives more desirable competitive ability for the crops was suggested by Donald [36]. The competition index is the product of the two equivalence factor. If the competition index is less than 1, there has been an advantage of mixing. According to Willey (1979), this index has the disadvantage that the single crops have to be present at a range of plant populations so that equivalent plant numbers can be estimated. Our results indicated that intercropping of both sorghum cultivars and bean were equally competitive at the nitrogen level N92 because overall average CR of intercropped sorghum cultivars SV1 (0.98) and SV2 (1.10) and of intercropped bean with sorghum cultivars SV1 (1.03) and SV2 (0.91) equal to one (Table 7).


Table 7: LER and CR of sorghum and bean as influenced by intercropping and nitrogen levels at IBB research station during rainy season in the 2009 and 2010.
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Other competitive index is crowding coefficient (K), when the value of K is greater thanl, there is a yield advantage; when K is equal to 1, there is no yield advantage; and, when it is less than 1.00, there is a disadvantage Koohi et al. [8]. Our results indicated that at the nitrogen levels N0 to N138 crowding coefficient (K) values of both cultivars and bean was equal to 1.0	indicating that the advantage of both cultivars and bean was equal but at the nitrogen level N164 the crowding coefficient (K) of intercropped bean with SV1 was lower than one indicating that no a disadvantage was expected at this nitrogen level (Table 8).


Table 8: Aggressivity (A) and crowding coefficient (K) of sorghum and bean as influenced by intercropping and nitrogen levels at IBB  research station during the rainy season in the 2009 and 2010.
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Aggressivity (A) is also often used to determine the competitive relationship between 2 crops used in the mixed cropping Willey [35]. For cereal example; if A cereal = 0, both crops are equally competitive, if A cereal is positive, then the cereal species is dominant, if A cereal is negative, then the cereal is weak. Our results indicated that at all nitrogen levels Aggressivity (A) values were equal to zero indicating that the aggressivity of both sorghum cultivars and bean was equal (Table 8).

Economic analysis and intercropping advantage

Also to evaluate the economic and advantage of intercropping, indices such as relative value total (RVT), relative yield totals (RYT), actual yield loss or gain (AYL) and intercropping advantage (IA) were also used.

Relative value total (RVT) of the crop mixtures is relevant for the farmer that has monetary value as his farming goal Vandermeer [24]. If RVT is bigger than 1, the intercropping is economically preferable; whereas if RVT is smaller than 1, the pure cropping is preferable. Provided that RVT is equal to 1, neither of the methods is economically superior to the other. Our results showed that the RVT of both sorghum cultivars and bean in all nitrogen level of intercropping was more than one, but the maximum and significant RVT was achieved at the nitrogen level N92. However, RVT of intercropped bean was higher than RVT of both sorghum cultivars and RVT of SV2 was higher than SV1. This results indicates that economical advantage of sorghum and common bean intercropping more than the sole cropping of sorghum at the nitrogen level N92 and when the sorghum cultivar SV2 is used (Table 9).

Actual yield loss or gain (AYL) index, gave more accurate information about the competition than the

Other indices among components of intercropping system. The AYL is the proportionate yield loss or gain of intercrops compared to sole crop Banik [34]. The AYL can have positive or negative values indicating an advantage or disadvantage remained in intercrops when the main aim is to compare yield on a per plant basis. Consequently, the AYLsorghum had positive values and the maximum and significant was obtained at the nitrogen levels N92 both cultivars. In contrast, AYLbean had minimum values significant was obtained at the nitrogen levels N92 for both cultivar SV1 and SV2. It may be noted here that partial AYLlegumes or AYLcereal represent the proportionate yield loss or gain of each species when grown as intercrops, relative to their yield in sole planting Koohi et al. [8]. Moreover, total AYL was positive coefficient indicates the advantage of intercropping over monoculture at the nitrogen levels N92 because total AYL was more than one. In this study, no significant differences among the nitrogen levels for the intercropping with SV1 but the highest amount of AYL was obtained at N92 when SV2 was intercropped with bean (Table 9). 


Table 9: Relative value total (RVT) and actual yield loss (AYL) of sorghum and bean as influenced by intercropping and nitrogen levels at IBB research station during the rainy season in the 2009 and 2010.
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The most important index of biological advantage is the relative yield total (RYT) that was used to quantify the yield advantages in a replacement series Mead [33] RYT in all intercropping nitrogen levels was more than one. The highest significant value of RYT was observed 1.60 at nitrogen level N92 (Table 9). When RYT was values > 1 indicate that the species make different demands on resources or avoid competition in some way, while values of RYT < 1 imply mutual antagonism, RYT values of 1 indicate that the components fully share the same limiting resource Harper [40]. It means the competing species use partially different growing resources or utilize the same resources, but more efficiently due to differences in plant architecture, physiology or growing cycle Bulson et al. [41]. The highest value of RYT for mung bean and sorghum intercropping (1:1) was 1.36 Koohi [8] and for alfalfa and wheatgrass intercropping was 1.15 and the maximum RYT in single cropping) for alfalfa and wheatgrass was 1.02 and 0.36, respectively Ghaderi et al. [42].?

The values of monetary advantage index MAI was significantly highly significant for the cultivar SV2 (1.46) in comparison with SV1 (1.32) at N138. However, the application of nitrogen increase the MAI significantly with the intercropping with SV2 While application of nitrogen has significant increase MAI at the level of N138 (Table 10). Thus, at N138 levels the higher MAI value indicates that the intercropping system is more profitable and showed economic advantage of the intercropping system as reported by Ghosh [37]. Recently Osman et al. [43] reported that by using monetary advantage index (MAI), intercropping with two rows of cowpea and one row of millet gave significantly higher economic benefit than mixture with one row of each of the crops. These results suggest that intercropping could improve the system's productivity, increase the income for smallholder farmers, and compensate losses. In intercropping, monetary advantage index (MAI) are used to assess the productivity and its economic benefits. In our study, we can conclude that the value of MAI depends on the genotypic variation more than the application of nitrogen fertilizer. Ghosh [37] and Koohi et al. [8] reported that if LER and K values were higher, there was also economic benefit expressed with MAI values.

Another pivotal observation here was intercropping advantage (IA) that application of nitrogen caused significant increase in AI at the nitrogen levels N92 for both cultivars (Table 10). According to Banik et al. [34], this index, in addition to expressing the advantage or disadvantage of intercrops, can be an indicator of the economic feasibility of intercropping systems. The season of this result was due to better use of resources such as light, water and nutrients in this treatment, probably. The intercropping advantage (IA) affirmed that the most advantageous nitrogen fertilizers level were observed at N92 for both sorghum cultivars and bean in all nitrogen level of intercropping but IA value of cultivar SV2 was higher than SV1.?


Table 10: RTY,MAI and AI of sorghum and bean as influenced by intercropping and nitrogen levels at IBB research station during rainy season in the 2009 and 2010.
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Correlation of yield and parameters of intercropping efficiency

Under monoculture cropping, Yaa and Ybb were associated positively and highly significant with LAIaa, NUaa and PNEaa while that of ANEaa, FNRaa and ENUaa were high and negatively correlated with Yaa and Ybb (Table 11). Under intercropping, Yab and Yba were also correlated positively and highly significant with LAIab, LAIba, NUaa, NUab, PNEba and ENUa+b but negatively correlated with ANEa+b, FNRa+b and ENUa+b.

Also these parameters LAIaa, NUaa, PNEaa and were positively and highly significant with each other (Table 12). These results indicated that the leaf area index, the nitrogen uptake and physiological use efficiency can be considered as selection criteria to identify genotypic differences suitable and efficient in nitrogen uptake and utilization for sole both sorghum cultivars and common bean and also intercropping, while utilization of nitrogen can be used a good indicator for selection suitable genotypes for sorghum and bean intercropping only.?


Table 11: Correlation coefficients of yield, leaf area index, nitrogen uptake, agronomical, physiological nitrogen efficiency and nitrogen recovery and efficiency of utilization indices of sole sorghum and bean.
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Table 12: Correlation coefficients of yield, leaf area index, nitrogen uptake, agronomical, physiological nitrogen efficiency and nitrogen recovery and efficiency of utilization indices of intercropped sorghum and bean.
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The yield of sorghum Yab and yield of bean Yba was significantly and positively correlated with each other. However, Yab and Yba was significantly and positively correlated with RVT, AYL, RYT and MAI. Interestingly, it was clear that intercropped yield of sorghum Yab associated strongly with CR while yield of bean Yba was associated strongly with LER and AI. On the other hand, LER was significantly and positively correlated with RVT, AYL, RYT and AI and significantly and negatively correlated with CR, KS, KB and MAI whereas CR significantly and positively correlated with KS, KB and MAI and significantly and negatively correlated with RVT, AYL and AI. These results indicated that intercropped sorghum and bean responded differently, While LER, RVT, AYL, RYT and AI can be good indicators for selecting bean genotypes suitable for intercropping, CR, KS, KB and MAI could be useful selection criteria for screening sorghum lines for suitable genotypes for sorghum-bean intercropping (Table 13). 


Table 13: Correlation coefficients of competitive and economic indices of sorghum and bean intercropping.
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Yield stability in monoculture and intercropping of sorghum-bean under farmer and recommended nitrogen fertilizers

The results of cropping performance and nitrogen fertilizers response overall the locations and years showed that yield of sorghum cultivar SV2 was higher than SV1 under both monoculture cropping and intercropping system and also the recommended nitrogen fertilizer (N138 for monoculture cropping and N92 for intercropping system yielded grain sorghum and seeds bean were higher than of farmer nitrogen fertilizer (varies from no nitrogen application to organic manure 5 ton ha-1). However, the sole monoculture crop of farmer cultivar SV1 and the recommended cultivar SV2 and common bean (Taiz-305) were more stable overall locations and years under recommended nitrogen dose as they recorded high average yield with b-value of 1.00 and a very low standard deviation (s2d) approaching zero and highly significant coefficient of determination (r2). However, common bean (Taiz- 305) intercropped with SV2 were stable in comparison with SV1 as they meet criteria of high average yield with b-value of 1.0	and a very low standard deviation (s2d) approaching zero and highly significant coefficient of determination (r2) under intercropping (Table 14). These results indicated that sorghum cultivar were more responsive under monoculture in comparison with common bean that were less responsive to environmental change. However, recommended sorghum cultivar (SV2) were more responsive to high yielding environmental change than local sorghum cultivar (SV1) by resulting an increasing in yield. On the other hand, intercropped common bean (Taiz-305) with recommended sorghum cultivar (SV1) was more responsive and stable under wide range of environments (locations and years) in comparison with farmer bean intercropped. 


Table 14: Stability indices and average yield of the years 2011, 2012 and 2013 of sorghum and bean as influenced by sole and intercropping and nitrogen fertilizers at eight locations.
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These results were close to the findings of Faris [44] who found that pulses were less responsive to environmental change while cereals were more responsive to improvement in the environment resulting in increased yield. The regression lines of the intercropping patterns and sole cereals were closer to each other, due to the low yield contribution of the pulses to the intercropping total yield. However, the slopes of the intercropping pattern lines were closer to b : 1.0. On the basis of mean yield and regression slope, it was demonstrated that sole cereals or intercropping have better performance stability than sole pulses in northeastern Brazil [45-49].

Conclusion

From the results we can conclude the following:

A.	Intercropping of sorghum and bean recorded less grain yield as compared to sole crop yields of sorghum and bean. However, The application of nitrogen fertilizer to sorghum rows mitigated the efficiency intercropping and benefited the associated common bean by increasing grain yields.

B.	Yield and forage also displayed a positive reaction to increasing nitrogen to about 138 kg ha-1 sorghum cultivars SV1 and SV2 and 92 for bean cultivar Taiz-305 but further application had no effect on yield and forage increase. Grain yields and forage of sorghum and beans were affected by intercropping and the effect was more detrimental to the cultivar SV1 in comparison to SV2.

C.	Intercropping systems provided many benefits through increased efficiency of nitrogen uptake (NU), physiological nitrogen efficiency (PNE), efficiency of nitrogen utilization ENU and leaf area index (LAI) by both crops in relation to sole crops, and maximum stimulation of these parameters reach to its magnitude at N138 for monoculture cropping and N92 for intercropping practice.

D.	The common bean suffers competition from the sorghum which results in lower yield in intercropping compared with sole-cropping; moreover addition of N fertilizer reduced strongly the inhibition of growth especially at the nitrogen level N92. Interestingly, it was clear that intercropped yield of sorghum Yab associated strongly with CR while yield of bean Yba was associated strongly with LER and AI.

E.	Economic evaluation indices RVT, AYL, RYT and MAI, in addition to expressing the advantage of intercrops, can be used as indicators of the economic feasibility of intercropping systems.

F.	LER, RVT, AYL, RYT and AI can be good indicators for selecting bean genotypes suitable for intercropping, while CR, KS, KB and MAI could be useful selection criteria for screening sorghum lines for suitable genotypes for sorghum- bean intercropping.

G.	The results also indicated that recommended sorghum cultivar (SV2) were more responsive to high yielding environmental change than local sorghum cultivar (SV1), while intercropped common bean (Taiz-305) with recommended sorghum cultivar (SV1) and optimal dose of nitrogen was more responsive and stable under wide range of environments (locations and years) in comparison with farmer bean intercropped.
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