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Abstract

:

Continuous cropping of rice (Oryza sativa L.) and wheat (Triticum aestivum L.) deplete soil fertility, reduced crop productivity, and grower’s income. Phosphorus (P) and zinc (Zn) deficiencies are considered important nutritional constraints under rice-wheat cropping system. One strategy to increase crop productivity and grower’s income under the rice-wheat system is the balanced application of P and Zn fertilizers. The objective of this research was to evaluate the impact of sole and various combinations of P (0, 40, 80, and 120 kg ha−1) and Zn levels (0, 5, 10, and 15 kg ha−1) on productivity (grain yield and yield components) and profitability (net returns) of different rice genotypes (cultivars) (fine (cv.Bamati-385) vs. coarse (cv. Fakhre-e-Malakand and cv. Pukhraj)) and their residual effect on the income of the succeeding wheat crop (cv. Siran-2010). The results revealed that both rice and wheat productivity and profitability was higher with the combined application of both nutrients at higher rates (80 and 120 kg P ha−1 and 10 and 15 kg Zn ha−1). The highest productivity and profitability was obtained with the cultivation of hybrid rice “Pukhraj” (Pukhraj > Fakhre-e-Malakand > Basmati-385). It was concluded from this study that application of higher P and Zn levels and growing of hybrid rice increased productivity and profitability under the rice-wheat cropping system.
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1. Introduction


Rice (Oryza sativa L.) is one of the most important staple foods for nearly half of the world’s population [1] and provides 50–60% of the calories to 2.7 billion people [2,3,4]. Rice occupies about 11 percent of the world’s agricultural land and ranks second to wheat in terms of cultivated area [5]. Rice is the second most widely consumed cereal in the world next to wheat. Because of population increase, the rice-producing countries will require 70% more rice by the year 2025 [6,7]. In Pakistan, rice is the third largest crop after wheat (Triticum aestivum L.) and cotton (Gossypium hirsutum L.) based on cultivated area, and ranked second after wheat on production basis. It accounts for 5.9% of value added in agriculture and 1.3% of Pakistan’s gross domestic products [8]. According to a previous study [8], rice production in Pakistan occupies an area of 2.96 million hectares with a total production of 6.95 million tons and average yield of 2.35 t ha−1. Although, the average yield of rice in Pakistan has increased by more than 2% per year, yet the yield is still far less than other leading rice growing countries [9,10,11].



One major reason for the low rice yield in the Khyber Pakhtunkhwa Province of Pakistan is the imbalanced use of macro and micronutrients [1,10]. Phosphorus (P) and zinc (Zn) deficiencies are responsible for the low productivity and profitability of rice under the rice-wheat system [11]. Phosphorus induced Zn-deficiency is the most important nutritional constraints for the current rice crop [11,12] and subsequent wheat crop [13], under the rice-wheat system. Both P and Zn-fertilizers can rapidly form insoluble complexes in the soil, rendering them unavailable for plants uptake. Therefore, cultivation of efficient and high yielding rice cultivars with an improved capability to access the soil-bound nutrients are needed [14]. As Zn is absorbed by plants as cations (Zn2+), and P is taken as anions (H2PO4−1 or HPO4−2). These cations and anions attract each other, which facilitates the formation of chemical bonds and restrict P and Zn availability to plants within the soil [15,16]. The excess P in soil binds a large quantity of Zn cause P-induced Zn deficiency [15,16,17,18,19,20,21] that results in reduced shoot Zn content, and reduce plant growth and yield [22]. Next to N and P deficiency, Zn deficiency is the most widespread nutrient disorder, under the rice-based cropping system [23,24]. About the interaction of Zn and P, numerous studies confirmed Zn and P imbalance in the plant, as a result of excessive accumulation of P, causing Zn-imposed deficiency [17,18,19,20]. High soil P levels are one of the most common causes responsible for Zn deficiency in field crops [17], which is one of the most widespread micro-nutritional disorders globally [16].



Inefficient rice genotypes (cultivars) decrease nutrient uptake that reduce plant growth and yield [25]. On the other hand, the efficient and high yielding rice genotypes have enhanced capacity to uptake higher Zn and P from the soil and increase nutrient use efficiency [12]. Recently, a study [11] suggested that the efficient hybrid rice (Pukhraj) produced and partitioned more dry matter (DM) into the reproductive parts (panicles) than the two local rice cultivars (F-Malakand and Bamati-385). Another study [11] also suggested that the higher DM accumulation and greater amounts of partitioning into panicles was observed with an increase in P and Zn levels, and the increase was significantly higher in the coarse than the fine rice genotype. Likewise, the increase in leaf area index (LAI) at different growth stages was also recorded with the increase in P and Zn levels, and the increase was more in the hybrid rice than the two-local rice cultivars [26].



Continuous cropping of rice and wheat under rice-wheat cropping system for several decades deplete P and Zn in the soil [13] and thereby decline crop growth and yield [11,27]. High fertilizer cost [25,27,28,29] and high soil pH also appears to be the main factors associated with the widespread of P and Zn deficiencies [30,31]. The high cost of Zn fertilizers places considerable burden on poor farmers, and therefore, there is need to identify high yielding and tolerant rice cultivars to Zn deficiency [23,24]. For getting high yielding rice and good quality seed, special consideration should be given to the Zn balance in soils and its bioavailability in plants. This is because Zn deficiency in crops can cause yield loss up to 40% without showing any symptom. One strategy to increase crop productivity and profitability under P and Zn deficient soils especially under rice-wheat system is the balanced application of crop nutrients, especially P and Zn. There is lack of research studies on response of “local rice cultivars” vs. “hybrid rice” to P and Zn management on productivity and grower’s income under the rice-wheat system. This study was therefore designed and conducted with an objective to find whether P and Zn fertilizers applied alone (sole) and in various combinations had any significant effect on the productivity and profitability of rice cultivars under the rice-wheat cropping system.




2. Materials and Methods


2.1. Site Description


Field experiment was conducted to investigate the impact of phosphorus (P) and zinc (Zn) levels on three different rice (Oryza sativa L.) genotypes (cultivars), under the rice-wheat cropping system. The experiment was conducted at farmers field in Batkhela, Malakand Agency (Northwest, Pakistan) during summer 2011–2012 (Y1) and 2012–2013 (Y2). Batkhela is located at 34°37’0” N and 71°58’17” E in DMS (Degrees Minutes Seconds) or 34.6167 and 71.9714 (in decimal degrees). The soil of the experimental site (Batkhela) is clay loam, slightly alkaline in reaction (pH = 7.3), non-saline (ECe = 1.02 dS m−1), moderately calcareous in nature (CaCO3 = 7.18%), low in soil fertility containing less organic matter (0.71%), total N (0.51%), extractable P (5.24 mg kg−1), exchangeable potassium (AB-DTPA) of 71 (mg kg−1), and Zn (0.93 mg kg−1).




2.2. Weather Condition


Weather data for the rice-wheat cropping system during 2011–2012 (year one) and 2012–2013 (year two) are given below in Figure 1 [13].




2.3. Experimentation


The experiment was conducted in randomized complete block design with split-plot arrangement having three replications (3 × 48 = 144 plots per year). Combination of factor-A (three rice genotypes) and factor B (four P levels) were allotted to main plots (3 × 4 = 12 treatments in main plots), while factor-C (four Zn levels) was kept in subplots (12 × 4 = 48 plots per replication). A subplot size of 12 m2 (3 m × 4 m) having 300 hills per subplot, and hill to hill distance (one seedling per hill) of 20 cm apart was used resulting in plant density of 25 hills m−2 or 250,000 hills ha−1. A uniform dose of 120 kg N ha−1 as urea and 60 kg K2O ha−1 (sulphate of potash (SOP) or muriate of potash (MOP) was applied to all treatments. All potassium, phosphorus (triple super phosphate), and zinc (zinc sulphate) were applied separately at the time of rice transplanting, while nitrogen was applied in two equal splits, i.e., 50% each at transplanting and 30 days after transplanting. In year one, rice nursery was grown on 4 June 2011 and then the 25-day-old seedlings were transplanted on 29 June 2011. In year two, rice nursery was grown on 11 June 2011, and then the 25-day-old seedlings were transplanted on 5 July 2011. The amount of sulfur was maintained constantly in each plot by adding additional sulfur using SOP. All fertilizers were applied to the respective subplots separately and not mixed with each other. All subplots were separated by about 30-cm ridges to stop movement of water/nutrients among different treatments. Water to each treatment was separately applied from the water channel and the crop was grown under flooded condition, as practiced in the region. Rice in this area is transplanted into puddled soils. Puddling is important for controlling weeds, helps in land levelling and transplanting, and to reduce percolation losses of water. Rice–wheat cropping is the dominant cropping system in this area. Therefore, wheat was grown as subsequent crop after the harvest of rice crop in each year.



Wheat variety Siren-2010 was planted on the same layout of the previous rice crop. But no additional P and Zn was applied to wheat crop [13]. The residual P and Zn left from the previous rice crop increased the biomass & harvest index [11] and overall productivity [13] of the subsequent wheat crop under rice-wheat cropping system. Nitrogen at the rate of 140 kg N ha−1 in the form of urea was applied to wheat crop in three equal splits, i.e., 1/3rd each at sowing, 30 days after emergence and booting stage.




2.4. Data Recording and Handling


This present paper presents the data on yield components (YC), grain yield (GY), hulling percentage (HP), and net returns (NR) of different rice cultivars (Basmati-385 (fine) and Fakhre-e-Malakand (Coarse) vs. hybrid rice (Pukhraj)). Number of panicles was counted in 10 randomly selected hills per treatment at physiological maturity and then average panicles per hill were calculated. Number of filled and un-filled grains was counted in 10 randomly selected panicles selected from 10 randomly selected hills in each treatment and then average filled and unfilled grains per panicle was also calculated. At harvest maturity, four-meter square area within each treatment was harvested with sickle, the material was sun dried up to constant weight, weighed, and then converted into biological yield (kg ha−1). The harvested material for biological yield was then threshed. The grains were separated, cleaned, weighed, and then converted into grain yield (kg ha−1). Thousand grains were taken randomly from each treatment and weighed by electronic balance. This was repeated thrice and then average weight (g) per 1000 grains was calculated. Hulling percentage (HP) or grains to hull ratio was then determined using the formula:


   Hulling   percentage  =   G r a i n s   w e i g h t   w i t h o u t   h u l l    (  r i c e  )  × 100   G r a i n s   w e i g h t   w i t h   h u l l    (  p a d d y  )     



(1)








2.5. Statistical Analysis


Data were subjected to analysis of variance, according to the methods described for randomized complete block design with split plot arrangement combined over the years [32] and means between treatments were compared using LSD (least significant difference) test (p ≤ 0.05).




2.6. Economic Analysis


Net returns (the value of the increase in grain yield because of P and Zn-fertilizers applied, less the cost of P and Zn fertilizer) and Value-Cost Ratio (VCR) (the ratio between the value of the additional crop yield and the cost of P and Zn fertilizers) was determined (One USD = 150 Pakistani Rupees (PKR)) for both rice and wheat crops [27,28,29].





3. Results and Discussion


3.1. Rice Productivity


3.1.1. Rice Yield Component


The yield contributing characters of rice crop recorded were panicles hill−1, filled grains panicle−1, and 1000-grains weight (Table 1). The YC increased significantly with application of higher P (80 and 120 kg ha−1) and Zn rates (10 and 15 kg Zn ha−1), and the increase was more when both nutrients were applied in combination (P + Zn) than sole P and Zn application. The YC decreased significantly in the control plots (P and Zn not applied) and with application of lower P (40 kg P ha−1), and Zn rates (5 kg Zn ha−1). The increase in YC in the current study was attributed to the increase in dry matter partitioning, and particularly a significant increase in the dry matter partitioning into the reproductive parts (panicles) of rice [11]. In addition, the increase in the harvest index in the plots that received higher P and Zn levels also had a positive effect on the YC of rice [11]. According to a previous study [33], Zn and P fertilizers applied alone or in combination had considerably improved yield contributing characters in rice (e.g., number of grains per panicle, number of tillers per hill, 1000-grains weight). Similarly, investigators [34] obtained maximum yield components in rice with the combined application of 33 kg P + 12 kg Zn ha−1. Increasing P and Zn levels also increased filled grains panicle−1, grains and panicles length of rice [35]. Phosphorus application considerably increases tillering in rice [36], which may also be considered the possible reason to increase the YC in rice. Researchers [37,38] described that the application of 15 kg Zn ha−1 in the form of ZnSO4 improved YC in rice. Productive tillers per hill, number of grains per panicle, 1000-grains weight showed an increasing trend up to 9 kg Zn ha−1 [39]. Others [39] also reported the highest number of grains per panicle, 1000-grains weight, and productive tillers plant−1 with application of 90 kg P2O5 + 9 kg Zn ha−1. These findings are in line with those of a previous study [40] that the correct amount of Zn fertilization could increase yield contributing characters in rice. Panicles number per unit area was considered the greatest key component of rice yield [40]. With the application of Zn, about 5% increase was observed in panicles number and number of filled grains per panicle as compared with the control treatment [41]. Grain yield of cereal crops is determined by YC [42,43,44]. Many researchers [43,45,46] reported that tillers appearance, abortion, or both are affected by environmental conditions, especially nutrient deficiencies. The difference in the YC in the current study of both years may be attributed to the fluctuation in the rainfall and temperature data (Figure 1). A positive connection between grain yield and number of tillers m−2 in rice was described earlier [47].



In this study, the coarse genotypes (Pukhraj and F-Malakand) performed better than fine genotype (B-385) in terms of higher number of panicles hill−1; filled grains panicle−1 and 1000-grains weight (Table 1). The increase in YC of coarse genotypes over fine genotype probably may be due to the uptake of more P and Zn from the soil [13] and higher leaf area index [26] of coarse genotypes that increased dry matter partitioning into the panicles and therefore resulted in higher YC [11]. Moreover, the increase in the harvest index of coarse rice genotypes than fine genotype was due to the increase in YC [11]. Differences in YC of various rice genotypes were also reported [41]. Researchers [48] reported that rice genotype PSB Rc82 had low efficiency of assimilate partitioning to the grains, resulting in a light grains weight than other rice genotypes. Panicle size is also influenced by genotypes. Rice genotypes with compact panicles are considered better than spreading type panicles [42]. Researchers [42] reported that 1000-grains weight in 10-lowland rice genotypes varied from 24.7 to 27.4 g, with an average value of 26.2 g, indicating a difference of about 11% in 1000 grains weight. The sink size could be expressed by percentage of filled grains which varied among different genotypes and the ratio of fertile spikelets ranged between 65 and 74% [48]. Grain yield in cereals is highly dependent upon the number of spikelet-bearing tillers produced by each plant [43,44]. It is possible to genetically develop a rice panicle type which has enough spikelets with great number of filled grains percentage [49]. The spikelet filling interval of japonicas is frequently somewhat longer than that of indicas [50]. Interaction between phosphorus levels and rice genotypes (P × G) revealed that an increase in P level up to 80 kg ha−1 increased number of panicles per head (PPH) in all three rice genotypes under study. Interestingly, a significant decrease in PPH was observed for F-Malakand and B-385 and increased for Pukhraj when the highest rate of 120 kg P ha−1 was applied (Figure 2), indicating that the P requirement of hybrid rice “Pukhraj” was more than the two local rice cultivars.



Generally, the YC and yield was more in the second year of the experiment than the first year (Table 1). The difference in the YC in both years may be attributed to the fluctuation in the rainfall and temperature data (Figure 1). Likewise, many researchers [43,45,46] stated that tiller appearance, abortion, or both are affected by environmental conditions. Spikelet barrenness induced by low temperature particularly when those temperatures occurred during the reproductive growth stage of rice crop, significantly reduce rice production under cool climates [51]. The sensitivity of rice to cool temperature was very high at the young microspore stage, a stage of active cell division [52]. Air temperature below 20 °C may cause high percentage of barrenness, if it continues for few days at the booting or heading stages of rice crop [53]. Similarly, high temperature (>35 °C) at anthesis or flowering may also result in high spikelets sterility [54]. Ref. [47] reported an encouraging association between grain yield and number of tillers m−2. Some opposing environmental factors such as drought, low solar radiation, N deficiency, low or high temperatures, and panicle blast can rise spikelet sterility and subsequently reduce rice grain yield [54]. The filled spikelets percentage is about 85% in rice, even under encouraging conditions [53]. Hence, the possibility exists to increase rice yield by 15% if breeders remove spikelet sterility [53].




3.1.2. Rice Grain Yield and Hulling Percentage


The results revealed that the GY and HP (Table 1) in rice also increased with the application of higher P (80 and 120 kg P ha−1) and Zn rates (10 and 15 kg Zn ha−1). The GY and HP decreased with application of lower P (0 and 40 kg P ha−1) and Zn rates (0 and 5 kg Zn ha−1). The increase in GY and HP while increasing P and Zn levels in this study probably may be due to the increase in dry matter partitioning into the reproductive parts (panicles) of rice genotypes [11]. Moreover, the increase in the harvest index in the plots under higher P and Zn levels also had a positive relationship with GY and HP [11]. Earlier, 80% increase in GY of rice was reported with the application of higher P rate of 131 kg P ha−1 over P-control plots [55]. Phosphorus application increased GY of different rice genotypes and the differences in yield were attributed with an increase in panicle number [56]. Increase in rice GY was also observed with application of Zn [57]. Researchers [57]) reported maximum GY with the application of 20 mg Zn kg−1 of soil that was about 97% more than Zn-control plots. Likewise, Ref. [41] reported a significant increase in grain and straw yields, and harvest index of rice. According to a study [39], straw and paddy yields showed an increasing trend up to 9 kg Zn ha−1. They reported the highest average paddy GY and YC were recorded at 90 kg P2O5 + 9 kg Zn ha−1. Our results confirmed that both P and Zn application in combination to rice crop increased leaf area index [26], harvest index and biomass yield [11], and subsequently GY and YC (Table 1). On the other hand, rice GY decreased significantly when P and Zn were not applied (control). These results agree with the results of previous studies [58,59], who reported that macro- as well as micronutrient deficiencies are the most important nutritional disorders that limit crop yields. Zn and P either alone or application of both nutrients had significantly increased grain and straw yields of rice [33]. Similarly, researchers [34] found that YC and GY in rice reached maximum with the combined application of 33 kg P + 12 kg Zn ha−1. In this study, higher YC and GY resulted in a higher harvest index in rice crop. According to Ref. [60], GY in cereals is related to YC and harvest index. Because the GY is a function of crop growth duration and crop growth rate at successive growth stages [61]. Mean values of the two years data showed that year two had higher GY (7721 kg ha−1) than year one (6935 kg ha−1). The difference in the GY in both years may be attributed to the fluctuation in the rainfall and temperature in the two years. In the three-way interaction among P × Zn × G (Figure 3), increase in GY of coarse genotypes was more than fine genotype while increasing both P and Zn levels.



The increase in GY of coarse rice genotypes was attributed the higher number of panicles hill−1, more filled grains panicle−1 and heavy grains produced by coarse genotypes as compared with the fine genotype (Table 1). The increase in GY and HP of coarse genotypes over fine genotype probably may be due to the uptake of more P and Zn from the soil by coarse genotypes [13] and higher leaf area index of coarse genotypes [26] that significantly increased total dry matter accumulation per plant and more dry matter partitioning into the panicles of rice [11]. Moreover, the increase in the harvest index of coarse rice genotypes over fine genotype [11] resulted in higher GY of coarse genotypes (Pukhraj > Fakhre-e-Malakand > Basmati-385). The positive relationship of harvest index with GY and YC was also reported in our previous studies in maize [62] and wheat [63]. Earlier, the Ref. [48] reported that the two rice genotypes (SL8 and Bigante) had produced higher GY than the local check genotype, IR72. According to a previous study [41], significant differences in GY and YC of different rice genotypes exist. Significant differences in yields have been reported for different crop species and genotypes of the same species in absorption and utilization of nutrients including-P [64,65]. Improvement in GY of rice cultivars released by the International Rice Research Institute (IRRI) in the Philippines after 1980 was due to increase in grain production [66]. Ref. [67,68] reported that when comparisons were made among the rice cultivars, higher yield was achieved while increasing YC.





3.2. Wheat Productivity


The results published from the same study on wheat crop [13,27] indicated a significant increase in wheat yield in those plots where the previous rice crop received higher P and Zn levels. Wheat productivity also tremendously increased when grown in plots under fine rice genotype (B-385); wheat productivity reduced significantly when grown on plots where coarse rice genotypes (F-Malakand and Pukhraj) where grown under rice-wheat cropping system. Likewise, rice crop, wheat productivity was also higher in the second than in the first year of experiment. Our published results [13,63] confirmed the strong carry over effects of both P and Zn applied to the previous rice crop on the subsequent wheat crop under rice-wheat cropping system in the study area.




3.3. Profitability (Grower’s Income)


3.3.1. Impact of Phosphorus on Grower’s Income


The two years mean data indicated that, the highest NR of 55,731 PKR ha−1 was obtained application of the highest rate of 120 kg P ha−1, followed by 80 kg P ha−1 (54461 PKR ha−1), while the lowest NR (35192 PKR kg ha−1) was obtained with 40 kg P ha−1 (Table 2). The VCR (value cost ratio) decreased while increasing P level, and the highest VCR (7.7) was again obtained with 40 kg P ha−1 (Table 2). The subsequent wheat crop had the highest NR of 42,710 PKR ha−1 in the plots grown after rice that received 120 kg P ha−1, followed by wheat grown after rice that received 80 kg P ha−1 (36,030 PKR ha−1), while the lowest NR (26,230 PKR kg ha−1) was obtained when wheat was grown after rice that received 40 kg P ha−1 (Table 3). In rice-wheat cropping system, the highest NR of 98,441 PKR ha−1 was obtained with 120 kg P ha−1, followed by 80 kg P ha−1 (90,491 PKR ha−1), while the lowest NR (61,422 PKR kg ha−1) was obtained with 40 kg P ha−1. The increase in grower’s income while increasing P level under rice-wheat cropping system was attributed to the improvement in growth, yield and yield components of both crops [27,32,69].




3.3.2. Impact of Zinc on Grower’s Income


The highest NR of 26,774 PKR ha−1 was obtained from the rice crop applied with 10 kg Zn ha−1, followed by 15 kg Zn ha−1 (18,413 PKR ha−1), while the lowest NR (11,909 PKR kg ha−1) was obtained with 5 kg Zn ha−1 (Table 4). The VCR increased to maximum (5.2) with 10 kg Zn ha−1 and the lowest VCR (2.9) was obtained with 15 kg Zn ha−1 (Table 4). The subsequent wheat crop had the highest NR of 15,770 PKR ha−1 in the plots grown after rice that received 15 kg Zn ha−1, followed by wheat grown after rice that received 15 kg Zn ha−1 (11,600 PKR ha−1), while the lowest NR (8480 PKR kg ha−1) was obtained when wheat was grown after rice that received 5 kg Zn ha−1 (Table 5). In rice-wheat cropping system, the highest NR of 38,374 PKR ha−1 was obtained with 10 kg Zn ha−1, followed by 15 kg Zn ha−1 (34,183 PKR ha−1), while the lowest NR (20,389 PKR kg ha−1) was obtained with 5 kg Zn ha−1. The increase in grower’s income while increasing Zn level under rice–wheat cropping system was attributed to the improvement in growth, yield and yield components of both crops [1,27,69].




3.3.3. Impact of Rice Genotypes on Grower’s Income


Based on two years mean data, the highest NR of 416,895 PKR ha−1 was obtained from hybrid rice “Pukhraj”, followed F-Malakand (390,158 PKR ha−1), while the lowest NR (282,058 PKR kg ha−1) was obtained from B-385 (Table 6). The increase of profits of the coarse rice cultivars F-Malakand and Pukhraj was 27.71 and 32.34% higher than the fine rice cultivar “B-385”, respectively. Pukhraj had 6.41% higher profit over F-Malakand. In rice-wheat cropping system, the highest GV of 598,472 PKR ha−1 was obtained from Pukhraj-wheat system, followed by F-Malakand-wheat system (592,543 PKR ha−1), while the lowest GV (486,048 PKR kg ha−1) was obtained from B-385-wheat system. F-Malakand-wheat system had 17.97% higher profitability than B-385-wheat system, while Pukhraj-wheat system had 18.79% and 0.99% higher profitability over B-385-wheat and F-Malakand-wheat systems, respectively.



The subsequent wheat had the highest grass value (GV) of 184,751 PKR ha−1 when grown after B-385, followed by wheat (180,075 PKR ha−1) grown after F-Malakand, while the lowest GV (163,732 PKR kg ha−1) was obtained when wheat was grown after Pukhraj (Table 7). In rice-wheat cropping system, the highest GV of 580,626 PKR ha−1 was obtained from Pukhraj-wheat system, followed by F-Malakand-wheat system (570,232 PKR ha−1), while the lowest GV (466,809 PKR kg ha−1) was obtained from B-385-wheat system. F-Malakand-wheat system had 18.14% higher profitability than B-385-wheat system, while Pukhraj–wheat system had 19.60% and 1.79% higher profitability over B-385-wheat and F-Malakand–wheat systems, respectively [62,69].



The increase in grower’s income while growing hybrid rice “Pukhraj” over local cultivars (Pukhraj > Fakhre-e-Malakand > Basmati-385) was attributed to the better growth, yield and yield components of hybrid rice [1,11]. Globally, the smallholders produce about 90% of the total rice [70]. It is important to provide incentives to the smallholders to ensure an adequate global rice production. The higher costs of seeds and fertilizers, however, significantly reduce the productivity and profitability under rice-based system all over the world.






4. Conclusions


We concluded from this study that application of both nutrients at higher rates (80 and 120 kg P ha−1) and (10 and 15 kg Zn ha−1) were found beneficial in terms of higher productivity and profitability of rice cultivars under the rice–wheat system. The hybrid rice (Pukhraj) had good performance by producing higher yield and yield components and increased grower’s income. Wheat grown after high yielding coarse rice cultivars especially after hybrid rice needs an additional P and Zn application under rice-wheat cropping system [63,69].
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Figure 1. Weather data for the rice-wheat cropping system during 2011–2012 (year one) and 2012–2013 (year two). 
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Figure 2. Number of panicles hill−1 of rice as affected by phosphorus into genotype (P × G) interaction. 
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Figure 3. Grain yield (kg ha−1) of rice as affected by phosphorus into zinc into genotype (P × Zn × G) interaction. 
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Table 1. Number of panicles hill−1, number of filled grains panicle−1, thousand grains weight (g), and grain yield (kg ha−1) of rice genotypes, as affected by phosphorus and zinc application.
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	kg P ha−1
	Number of Panicles Hill−1
	Number of Filled Grains Panicle−1
	Thousand Grains Weight (g)
	Grain Yield (kg ha−1)
	Hulling Percentage (%)





	0
	9.8 c
	122 c
	26.2 b
	6199 c
	78 c



	40
	10.8 b
	129 b
	27.0 a
	7222 b
	81 a,b



	80
	11.3 a
	134 a
	27.3 a
	7852 a
	80 b



	120
	11.2 a
	136 a
	27.5 a
	8039 a
	82 a



	LSD0.05
	0.28
	4.64
	0.65
	236
	1.1



	kg Zn ha−1
	
	
	
	
	



	0
	10.4 c
	124 c
	26.5 b
	6843 c
	79 c



	5
	10.8 b
	128 b
	26.9 a,b
	7276 b
	80 b



	10
	10.8 b
	133 a
	27.2 a
	7635 a
	81 a



	15
	11.1 a
	135 a
	27.4 a
	7557 a
	81 a



	LSD0.05
	0.25
	3.68
	0.51
	162
	1.0



	Genotypes
	
	
	
	
	



	B-385
	10.5 b
	114 c
	21.3 c
	4443 c
	78 b



	F-Malakand
	10.9 a
	126 b
	28.3 b
	8207 b
	81 a



	Pukhraj
	10.9 a
	150 a
	31.4 a
	9334 a
	81 a



	LSD0.05
	0.24
	4.01
	0.56
	205
	1.0



	Years
	
	
	
	
	



	2011
	10.1 b
	126 b
	25.6 b
	6935 b
	79 b



	2012
	11.4 a
	134 a
	28.3 a
	7721 a
	81 a



	Significance
	**
	**
	**
	**
	1.0



	Interactions
	
	
	
	
	



	P × Zn
	* (Figure 2)
	ns
	ns
	**
	ns



	P × G
	ns
	ns
	ns
	***
	ns



	Zn × G
	ns
	ns
	ns
	***
	ns



	P × Zn × G
	ns
	ns
	ns
	** (Figure 3)
	ns







Means of the same category followed by different letters are significantly different at 5% level of probability using LSD test. ns stands for non-significant, while *, ** and *** stands for significant at 5, 1, and 0.1% level of probability, respectively.
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Table 2. Impact of phosphorus levels on the economic analysis (net returns and value cost ratio) of rice crop under rice-wheat cropping system.
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	P (kg ha−1)
	Value of Rice Grains (PKR)
	Value of Rice Straw (PKR)
	Gross Value of Rice (PKR)
	Increase over Control (PKR)
	P Cost (PKR)
	Net Returns (PKR)
	Value Cost Ratio





	0
	219,752
	118,434
	338,185
	-
	-
	-
	-



	40
	256,010
	122,583
	378,594
	40,409
	5217
	35,192
	7.7



	80
	278,363
	124,717
	403,081
	64,896
	10,434
	54,461
	6.2



	120
	284,975
	124,593
	409,568
	71,383
	15,652
	55,731
	4.6



	LSD0.05
	8366
	ns
	-
	-
	-
	-
	-







Note: one US dollar = 150 Pakistani rupees (PKR). Price of one kg grains fine rice (B-385) = 36.36 PKR. Price of one kg grains coarse rice (F-Malakand/Pukhraj) = 34.54 PKR Price of one kg grains (average) = 35.45 PKR Price of one kg straw fine rice (B-385) = 11.00 PKR Price of one kg straw coarse rice (F-Malakand/Pukhraj) = 10.00 PKR Price of one kg straw (average) = 10.50 PKR Price of one kg wheat grains = 30.00 PKR. Price of one kg wheat straw = 10.00 PKR. Price of one kg P = 130.43 PKR. Price of one kg Zn = 630 PKR.
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Table 3. Impact of residual soil phosphorus on the economic analysis of the subsequent wheat crop under rice-wheat cropping system.






Table 3. Impact of residual soil phosphorus on the economic analysis of the subsequent wheat crop under rice-wheat cropping system.





	P (kg ha−1)
	Value of Wheat Grains

(PKR)
	Value

of Wheat Straw

(PKR)
	Gross Value of Wheat

(PKR)
	Increase

over

Control

(PKR)
	P

Cost

(PKR)
	Net

Returns





	0
	103,020
	46,920
	149,940
	-
	-
	Rice-Wheat System



	40
	119,220
	56,950
	176,170
	26,230
	-
	61,422



	80
	125,820
	60,150
	185,970
	36,030
	-
	90,491



	120
	128,730
	63,920
	192,650
	42,710
	-
	98,441



	LSD0.05
	2170
	5139
	-
	-
	-
	-







Note: one US dollar = 150 Pakistani rupees (PKR). Price of one kg grains fine rice (B-385) = 36.36 PKR Price of one kg grains coarse rice (F-Malakand/Pukhraj) = 34.54 PKR. Price of one kg grains (average) = 35.45 PKR. Price of one kg straw fine rice (B-385) = 11.00 PKR. Price of one kg straw coarse rice (F-Malakand/Pukhraj) = 10.00 PKR. Price of one kg straw (average) = 10.50 PKR. Price of one kg wheat grains = 30.00 PKR. Price of one kg wheat straw = 10.00 PKR. Price of one kg P = 130.43 PKR. Price of one kg Zn = 630 PKR.
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Table 4. Impact of zinc levels on the economic analysis (net returns and value cost ratio) of rice crop under rice–wheat cropping system.
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	Zn (kg ha−1)
	Value of Rice Grains

(PKR)
	Value

of Rice Straw

(PKR)
	Gross Value of Rice

(PKR)
	Increase

over

Control

(PKR)
	Zn

Cost

(PKR)
	Net

Returns

(PKR)
	Value

Cost

Ratio





	0
	242,601
	112,584
	355,186
	-
	-
	-
	-



	5
	257,922
	112,322
	370,245
	7018
	3150
	11,909
	4.8



	10
	270,667
	117,594
	388,260
	25,033
	6300
	26,774
	5.2



	15
	267,910
	115,139
	383,049
	19,822
	9450
	18,413
	2.9



	LSD0.05
	5743
	ns
	-
	-
	-
	-
	-







Note: one US dollar = 150 Pakistani rupees (PKR). Price of one kg grains fine rice (B-385) = 36.36 PKR. Price of one kg grains coarse rice (F-Malakand/Pukhraj) = 34.54 PKR. Price of one kg grains (average) = 35.45 PKR. Price of one kg straw fine rice (B-385) = 11.00 PKR. Price of one kg straw coarse rice (F-Malakand/Pukhraj) = 10.00 PKR. Price of one kg straw (average) = 10.50 PKR. Price of one kg wheat grains = 30.00 PKR. Price of one kg wheat straw = 10.00 PKR. Price of one kg P = 130.43 PKR. Price of one kg Zn = 630 PKR.
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Table 5. Impact of residual soil zinc on the economic analysis of the subsequent wheat crop under rice–wheat cropping system.
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	Zn (kg ha−1)
	Value of Wheat Grains

(PKR)
	Value

of Wheat Straw

(PKR)
	Gross Value of Wheat

(PKR)
	Increase

over

Control

(PKR)
	Zn

Cost
	Net

Returns

(PKR)





	0
	114,000
	53,220
	167,220
	-
	-
	Rice-Wheat System



	5
	118,950
	56,750
	175,700
	8480
	-
	20,389



	10
	120,300
	58,520
	178,820
	11,600
	-
	38,374



	15
	123,540
	59,450
	182,990
	15,770
	-
	34,183



	LSD0.05
	2271
	5136
	-
	-
	-
	-







Note: one US dollar = 150 Pakistani rupees (PKR). Price of one kg grains fine rice (B-385) = 36.36 PKR. Price of one kg grains coarse rice (F-Malakand/Pukhraj) = 34.54 PKR. Price of one kg grains (average) = 35.45 PKR. Price of one kg straw fine rice (B-385) = 11.00 PKR. Price of one kg straw coarse rice (F-Malakand/Pukhraj) = 10.00 PKR. Price of one kg straw (average) = 10.50 PKR. Price of one kg wheat grains = 30.00 PKR. Price of one kg wheat straw = 10.00 PKR. Price of one kg P = 130.43 PKR. Price of one kg Zn = 630 PKR.
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Table 6. Impact of different rice genotypes on the economic analysis under rice–wheat cropping system.
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	Rice Genotypes
	Value of Rice Grains

(PKR)
	Value

of Rice Straw

(PKR)
	Gross Value of Rice

(PKR)
	Seed Cost

of Rice Genotypes (PKR)
	Net

Returns

Rice

(PKR)
	Percent Increase over

B-385
	Percent Increase

over

F-Malakand





	Basmati-385 (fine)
	161,549
	124,509
	286,058
	4000
	282,058
	-
	-



	F-Malakand (coarse)
	283,475
	109,182
	392,658
	2500
	390,158
	27.71
	-



	Pukhraj (hybrid)
	322,382
	104,512
	426,895
	10,000
	416,895
	32.34
	6.41



	LSD0.05
	7267
	5030
	-
	-
	-
	-
	-







Note: one US dollar = 150 Pakistani rupees (PKR). Price of one kg grains fine rice (B-385) = 36.36 PKR. Price of one kg grains coarse rice (F-Malakand/Pukhraj) = 34.54 PKR. Price of one kg grains (average) = 35.45 PKR. Price of one kg straw fine rice (B-385) = 11.00 PKR. Price of one kg straw coarse rice (F-Malakand/Pukhraj) = 10.00 PKR. Price of one kg straw (average) = 10.50 PKR. Price of one kg wheat grains = 30.00 PKR. Price of one kg wheat straw = 10.00 PKR. Price of one kg P = 130.43 PKR. Price of one kg Zn = 630 PKR.
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Table 7. Impact of the preceding rice genotypes on the economic analysis of subsequent wheat crop under rice–wheat cropping system.
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	Wheat Grown

after Rice

Genotypes
	Value of Wheat Grains

(PKR)
	Value

of Wheat Straw

(PKR)
	Gross Value of Wheat

(PKR)
	Grass

Value of

Rice

(PKR)
	Total

Value of

Rice-Wheat

System

(PKR)
	Percent Increase Over

B-385
	PERCENT Increase

Over

F-Malakand





	Basmati-385 (fine)
	127,009
	57,742
	184,751
	282,058
	466,809
	-
	-



	F-Malakand (coarse)
	122,564
	57,511
	180,075
	390,158
	570,232
	18.14
	-



	Pukhraj (hybrid)
	108,032
	55,700
	163,732
	416,895
	580,626
	19.60
	1.79



	LSD0.05
	1880
	4449
	-
	-
	-
	-
	-







Note: one US dollar = 150 Pakistani rupees (PKR). Price of one kg grains fine rice (B-385) = 36.36 PKR. Price of one kg grains coarse rice (F-Malakand/Pukhraj) = 34.54 PKR. Price of one kg grains (average) = 35.45 PKR. Price of one kg straw fine rice (B-385) = 11.00 PKR. Price of one kg straw coarse rice (F-Malakand/Pukhraj) = 10.00 PKR. Price of one kg straw (average) = 10.50 PKR. Price of one kg wheat grains = 30.00 PKR. Price of one kg wheat straw = 10.00 PKR. Price of one kg P = 130.43 PKR. Price of one kg Zn = 630 PKR.
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