
		
			Research Article

		

		
			Soil Properties and Crop Yield under Different Tillage Practices in Upland of Balochistan

		

		
			Muhammad Sharif1*, Sadullah1, Ghulam Rasool2, Muhammad Nasir Khan1, Zubair Rehman1, Ahmed Khan2, Ijaz Ahmad3 and Khalid Hussain4

			 

			1Department of Soil Science, Balochistan Agriculture College, Quetta, Pakistan; 2Balochistan Agriculture College, Quetta, Pakistan; 3Ecotoxicology Research Institute, National Agriculture Research Centre, Islamabad, Pakistan; 4Department of Agronomy, University of Agriculture Faisalabad, Pakistan.

		

		
			Abstract | Soil degradation due to structural instability and low contents of organic matters are serious challenges for land and crop production in the upland of Balochistan. It is important to explore an alternative farming system which improves soil properties, environment friendly and provide sufficient crop yield. Conservation tillage system is successfully practiced worldwide as a resource conserving techniques. Therefore, an experiment was conducted under the treatments, i.e. conventional tillage (CT), Zero tillage (ZT) and Chisel plough (CP) during the year 2016 at the field research area of Balochistan Agriculture College, Quetta. The study was designed to compare conventional versus conservation tillage practices and their effects on soil physico-chemical properties such as total organic carbon (TOC), infiltration rates, soil water contents (SWC), soil reaction (pH), electrical conductivity (EC), soil bulk density, total soil porosity, soil temperature, crop biomass and crop yield. The results revealed that TOC under ZT (0.57%) was increased significantly. EC of ZT (0.314 ds m-1) was decreased numerically, but pH was not affected by tillage treatments. No significant difference regarding SWC, soil temperature, infiltration rate was observed under different tillage treatments, but the results under ZT were appriciable and CT (1.28 g cm-3) showed significantly less soil bulk density as compared to both of the other treatments. The crop biomass and grain yield of sorghum were observed CT>CP>ZT accordingly, but the differences were statistically significant for grain yield only. The results indicated that conservation tillage in the form of zero tillage has potential to improve soil properties but the yields of different treatments were same.
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			Introduction

			 

			Balochistan is the largest province of Pakistan which covers 44% of its land and has predominantly loose soil with hyper arid climate. The province is located in the south western area of Pakistan in a desert belt, and having a location on the global map in between 250N to 320N and 600E to 720E of coordinates and covers an area of 347190 Km2 (Naz Mirza, et al., 2009). 

			 

			Soil in Balochistan is facing numerous challenges such as desertification, land degradation, depletion of soil fertility, structural instability, high pH and low contents of organic matters. In the barren highlands of Balochistan, environmental effects are the most noticeable factors which result in the decrease of crop production. Fast growing population, regular droughts, frequent variations in climate, land degradation, desertification are the main challenges for environment and food security. 

			 

			The conventional tillage (CT) system by continuous ploughing through tine cultivator and moldboard plough without retention of crop residues are delpeting soil organic carbon stock and promoting erosion losses. (Bowman, et al., 1990; Ussiri and Lal, 2009). In CT system of agricultural practices have depended on different forms of tillage to eliminate past crop residue, competing vegetation, incorporate soil amendments, and for planting purpose to prepare seedbed. Although, CT increase the crop yield but also have environmental and soil drawback observed. Such soils for a long period of time under CT can have adverse effects in relation to their physical, chemical and biological status, with the result that they may be incapable of maintaining their earlier level of production. As a result more and more fertilizers are resorted to along with machinery in order to sustain yields as the production system weakens and the quality of soil is lowered (Lampkin, 1998). It is mandatory to find out and manage options for betterment of soil organic carbon (SOC) in these areas (ICARDA, 2012).

			 

			The conservation tillage systems are being advocated worldwide for sustainable crop production. Zero tillage is known as method of soil farming in residues of preceding crop is left on fields earlier than and later than of growing the subsequent crop, to decrease soil erosion and runoff. To supply such conservation benefits, at least 30% of the soil surface have to be roofed with residue after planting the next crop (CTIC, 2004). (Lal, 1990) described conservation tillage as the way of seedbed preparation that involves residue mulch and an increase in surface roughness as the main factor. Soil quality has an enormous effect on level of production and environmental conditions, and the quality of soil is impacted by crop residue management and tillage methods (Karlen, et al., 1997; Wander and Drinkwater, 2000). According to (Doran et al., 1993) conservation tillage also help to improve soil structure, conserve soil moisture loss, improves soil water holding capacity, minimizes soil erosion problems and also to mitigate the emission of greenhouse gases through carbon sequestration and the cost of crop cultivation is decreased as compared to conventional soil tillage with a plough concentration of beneficial soil microorganisms will also increase which fixes essential plant nutrients. Soils having high level of SOC are means for the increased CEC, base saturation percentage (BSP), and available water capacity (De Moraes et al., 2009). Increased concentration of soil organic carbon is linked with increase in soil aggregate stability this aggregation is associated with less erosion and runoff (Dell et al., 2008; Devine et al., 2011). An important example of conservation tillage is zero tillage (ZT), which is well-known as direct drilling method, through which seeds are sown using a special seed drill into the unploughed soil. Other research works also demonstrated that eliminating conventional agricultural tillage practices provide an opportunity to sequester anthropogenic carbon dioxide into SOC (Jarecki and Lal, 2003; Paustian Six et al., 2000; West and Marland, 2002).

			 

			Little information is available under conservation tillage for their effect on sorghum (Sorghum bicolor) crop yield and soil properties in upland cropping systems of Balochistan. The benefits of using ZT depend both the type of soil as well as weather condition i.e. precipitation. The effect of ZT on soil type is the fact that ZT changes soil physical, chemical as well as biological properties. The limit and extreme effect of such changes as a result of the zero tillage method in soil is apparently consequent upon soil texture, in clayey soil such variation take place rapidly and go deeper in comparison with sandy soils. Some argue that sandy soils are not fit for zero tillage. In Quetta, Pakistan over 65% of productive land comprises of silty soils. Keeping in mind the above issues regarding the province, a research experiment was conducted in the field area of Balochistan Agriculture College, Quetta (BAC) under following objectives i) Compare conventional and conservation tillage practices for their effects on soil physical and chemical properties ii) Compare conventional and conservation tillage practices for their effects on summer sorghum crop production.

			 

			Material and Methods

			 

			Location

			Conservation tillage experiment was initiated in 2016 on a silty loam soil at the field area of Balochistan Agriculture College, Quetta (latitude 30.1830° N, longitude 66.9987° E) in the upland of Balochistan, Pakistan. The soil has sand 130 g kg-1, silt 750 g kg-1 and clay 120 g kg-1, pH value above 8.0 and SOC 4.2 g kg-1. The climate of the experimental site is hyper-arid, very cold in winter and moderate in summer with 98% of the rain received during winter in the form of heavy snowfall or slow rain. The farmers of this area conventionally grow cereal crop i.e. wheat, sorghum and maize through intensive plowing and without retention of any organic amendments.

			 

			Treatments

			The experiment was placed in a Randomized Complete Block Design having four replications of each 38 × 11 m plots. The three tested tillage systems were Conventional Tillage (CT), Zero Tillage (ZT) and Chisel Plough (CP). The experiment was initiated in an area of 5600 m2 with treatments arranged in the Randomised Complete Block (RCBD). The main plot treatments were tillage practices, i.e. conventional tillage (CT) as T1, zero tillage (ZT) as T2 and in chisel plough (CP) as T3. In CT plots the soil was ploughed upto 20 cm depth with tine cultivator upto 7-8 time for weed control, moisture conservation, seed-bed preparation and sorghum crop was sown with seed-cum-fertilizer drill. In ZT, field remained undisturbed in the entire period and weeds were controlled with roundup herbicide when needed and sorghum crop was sown directly with a zero tillage seed drill. In CP, one time chisel plough upto 25 cm depth was applied at the start and after that weeds were controlled with roundup herbicide (Glyphosate @ 1 L acre-1) and crop was sown through direct drilling with zero tillage drill. The recommended doses of fertilizer NPK i.e. 100-60-30 in the form of urea, diamonium phosphate (DAP) and sulfate of potash (SOP) were used. Sorghum crop was sown in all plots by seed rate of was according to 25kg ha-1.

			 

			Soil analysis

			Soil samples were collected from each replicated plot upto 30 cm depth in soil. Samples were taken through different tools for different purposes. Samples for texture, soil pH, electrical conductivity, Total Organic Carbon (TOC) collected through soil auger. For bulk density and aggregate stability, sampling was done through core sampler.

			 

			Total organic carbon

			One gram of air-dried soil sample was taken in to a 500 ml conical flask. 10 ml of 1 N potassium dichromate (K2Cr2O7) along with 20 ml concentrated H2SO4 (sulfuric acid) were added. The suspension was mixed and allowed to stand for 30 min. After cooling 200 ml DI water and 10 ml of orthophosphoric acid (H3PO4) concentrated were added and then allowed to cool. After that 10-15 drops of diphenylamine were added as indicator and placed the flask on magnetic stirrer. After stirring, solution titrated against 0.5 M ferrous ammonium sulfate and color changed from violet-blue to light-green was noted (Walkley, 1947).

			 

			Infiltration rate

			Infiltration rate was measured by single ring method. After removing surface litter wetted the area and ring was vertically derived in to the soil, and a scale placed inside for water infiltration measurement. Time and water level was recorded up to coming steady state level.

			 

			Soil water content

			Soil samples were taken before one day of harvesting and sowing of the crop. 50 g of fresh soil samples from each plot were weighed and then dried at 105 0C in the oven for 24 hours. Samples were taken out from the oven and dry weights were calculated after cooling soil moisture was calculated (Hesse, 1971).

			 

			Soil reaction (pH)

			In a glass beaker, 50 g of air-dried soil sample was taken, and then 50 ml of distilled water were added. The contents were mixed for some time and allowed to stand for one hour. After this, soil pH was measured by using the pH meter (Thomas, 1996).

			 

			Electrical conductivity

			Soil sample of 300 g were taken in a plastic container. Water was added and extract of saturated paste was taken. Conductivity meter was calibrated with 0.01 N KCl solution and electrical conductivity of the extract was measured with the EC meter (Rhoades, 1996).

			 

			Bulk density

			Bulk density was determined from core samples. Core sampler was pressed into soil so that inner metal cylinder was filled uniformly. The soil carefully removed from the inner cylinder. After weighting sample kept in oven at 105°C. Bulk density was calculated by dividing weight of oven dry soil with volume of core sampler (Black, 1965).

			Total porosity

			The total porosity was calculated from bulk density and particle density (Black, 1965). 

			 

			Soil temperature

			Soil temperature was measured by soil thermometer.

			 

			Soil texture

			Forty gram of soil sample was taken and treated with H2O2 for removing organic carbon. Sixty ml of sodium hexametaphosphate was added, shaken and transferred into graduated cylinder to make the volume up to 1000 ml. Density was recorded by hydrometer at specific intervals and soil textural class were determined by textural triangle (Bouyoucos, 1927; Bouyoucos, 1962).

			 

			Crop parameters

			Shoot biomass were recorded by harvesting the crop from each plot and then weighing after oven drying. Grains at maturity were separated from spikes and average grain yield was presented in Mg ha-1.

			 

			Statistical analysis

			The data collected for various characteristics was subjected to Analysis of variance (ANOVA) and means obtained were compared at 5% level of significance by Least Significance Difference (Steel et al.,1997) (Figure 1).
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			Figure 1: Metrological Data of Area representing Rainfall, Relative Humidity Minimum and Maximum temperature for growing period.

			 

			Results and Discussion

			 

			Total Organic Carbon (TOC)

			The results pertaining to TOC % were significant (P≤0.05) for ZT (0.48%) treatment after harvest (Figure 2). While the CT (0.28%) and CP (0.35%) did not show a significant difference of TOC % but a noticeable numerical difference was found between these two treatments after harvest.

			 

			Usually soil depth effects the concentration of SOC accumulation for different tillage systems. The results are obtained from the surface analysis of 0-6cm of soil depth, therefore ZT treatment showed a significant change (Martínez Fuentes et al., 2008). The same was responded by (Kiluk, 2014) that the depth had a mane significant effect on SOC.
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			Figure 2: Changes in soil total organic carbon under conservation tillage in loess dryland soils. 

			 

			Infiltration rate 

			The steady state infiltration rate were not significantly (P≤0.05) affected by tillage practices (Figure 3). A minor improvement of infiltration rate was seen in ZT treatment after harvest (0.66cm/5min). The negligible changes were observed for CT and CP in infiltration rates before and after harvest of summer sorghum crop. The greatest difference for before and after harvest was observed in ZT among both of the other treatments.
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			Figure 3: Steady state infiltration rate under different tillage treatments for before sowing and after harvest of summer sorghum crop in 2016, at BAC, Quetta.

			 

			A minor improvement of steady state infiltration rate of ZT treatment was probably due to un disturbance of soil through tillage and avoidance of heavy traffic, therefore plow pans of underneath’s horizon could not be created, hence allowing the percolation of water in deep. In undisturbed soil the structure of soil was not broken down and also the habitats of soil living organisms were not destroyed, therefore population of microbes, earth worms and rodents might be increased making the soil porous and so caused more infiltration. In north-western Canada, (Arshad et al., 1999) also demonstrated that steady-state infiltration rate was 60% greater for no-tillage than for conventional tillage after 12 years.
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			Figure 4: Soil moisture percentage under the different tillage treatments for before sowing and after harvesting the sorghum crop during 2016 at BAC, Quetta.

			 

			Soil Water Content (SWC)

			The results of soil water content in percentage under different tillage practices shown in Figure 4. The water content was not significantly affected by different tillage practices after harvest (P≤0.05). ZT (6.32%) tillage treatment has shown comparatively highest water content in percentage as compared to other two tillage treatments (CT (5.79%), CP (6.16%).
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			Figure 5: Soil bulk density under the different tillage treatments for before sowing and after harvesting the sorghum crop during 2016 at BAC, Quetta.

			 

			Before sowing water %age was recorded low as compared to after harvest because of high temperature in the month of August caused evaporational losses of water from the top soil layer, while after harvest analysis were carried out in the month of November which resulted a higher moisture content due to low evaporation rate and low temperature. The results correlate with (Bescansa et al., 2006) who did not found significant results for soil water content in relation to different tillage practices.

			 

			Soil reaction (pH)

			The results regarding to pH of the soil extract gradually decreased in ZT from time of sowing (8.03) to harvesting (7.9) as shown in Figure 5. But there was no significant pair wise mean difference in results among three tillage treatments for soil pH (p≤0.05). From the results obtained it was clear that there was almost no change in pH of before sowing (7.95), (8.0) and after harvesting (8.0), (8.0) for CT and CP respectively. 
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			Figure 6: Soil temperature under the different tillage treatments for before sowing and after harvesting the sorghum crop during 2016 at BAC, Quetta.

			 

			A minor decrease of pH in ZT treatment was due to none disturbance of soil which enhanced the microbial activity and decomposition took place, which eventually released the carbonic acid in to the soil, so as a result the pH of soil decreased. The results were related to the findings of (Tarkalson Hergert et al., 2006) who reported 9 per cent decrease in soil pH under NT as compared to CT due to enhancement of acidification. 

			 

			Electrical Conductivity (EC)

			The data pertaining to EC as affected by tillage practices were not significantly different (p≤0.05) as shown in Figure 6. EC of ZT treatment gradually decreased (0.31 dSm-1) from the pre sowing EC condition (0.32 dSm-1) of the same treatment of RCBD experimental plot, While no change was observed in EC of CT and CP treatments before sowing (0.325 dSm-1), (0.328 dSm-1) and after harvesting (0.32 dSm-1), (0.324 dSm-1) respectively.
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			Figure 7: Summer sorghum crop shoot biomass under different tillage treatments in 2016, at BAC, Quetta.

			 

			From the results EC of ZT bit decreased hopefully due to the compactness of soil surface which decreased the evaporation rate due to which the salts in soil solution could not reached on the surface. The other reason was that the zero tillage (ZT) system improved the infiltration rate due to which salts in soil solution leached down with percolating water hence the EC of soil is decreased. (Kahlon and Gurpreet, 2014) also observed the mean highest EC under Conventionally tilled soil (CT) and low EC under ZT in two different soil types (SL and LS).

			 

			Soil bulk density

			The results pertaining to the bulk density of soil (0-15cm) expressed in Figure 5. The significant (P≤0.05) lowest bulk density was observed in CT treatment (1.28 gcm-3) as compared to ZT (1.36 gcm-3) and CP (1.33 gcm-3) after harvest. There was approximately similar bulk density of each treatment before sowing.
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			Figure 8: Grain yield of summer sorghum crop under different tillage systems in 2016, at BAC, Quetta.

			 

			A significant decrease in the bulk density of CT treatment was due to plowing, which mad soil very porous and wide spaces were created. Conversely ZT showed highest bulk density but not significant from CP, both of the conservation tillage treatments were not disturbed through plowing, hence soil became compacted at the surface resulting higher bulk density. The results were in correspondence to the work of (He et al., 2009) who observed the higher bulk density under ZT treatment plots and lower bulk density of CT treatment near to the surface.

			 

			Soil porosity

			The statistical results for soil porosity of CT (52%) was significantly (P≤0.05) higher than ZT (50%) treatment, while CP (51%) showed the mean pair wise relation to both of CT and ZT treatments as shown in Figure 6 for harvest. Before sowing, there was no significant difference observed under different tillage treatments for soil porosity.

			 

			The soil porosity is inversely proportional to the bulk density of soil. From the previous results of bulk density discussed, CT showed lowest bulk density, therefore the porosity of the same treatment increased due to loosening of compacted soil by inversion and pulverization, on the other hand ZT tillage treatment showed lowest porosity due to most compactness of soil and highest bulk density, and the CP in between both of these treatments. These results are in line with those found by (Lipiec et al., 2006).

			 

			Soil temperature

			The results regarding to soil temperature showed in Figure 6. The means of three tillage treatments were not significantly different at critical value of (p≤0.05). The soil temperature readings for ZT and CT were almost same (16.76 0C and 16.73 0C) respectively, but CP showed little bit less soil temperature reading (16.06 0C).

			 

			Initial soil temperature of treatments was almost same before sowing i.e. 25.37 0C, 25.5 0C and 25.5 0C for CP, CT and ZT respectively. The before sowing temperature was high because of warm weather condition in the month of August, while after harvest readings were taken in the month of October there for the temperature of soil also dropped down. The results were not significant, but ZT showed a minor high temperature, the reason is that in ZT treatment sorghum crop was sown without disturbing the soil. So therefore microbial population increased, and greater amount of organic decomposition took place releasing the CO2 gases, eventually the temperature of soil increased as compared to other tillage treatments in which soil was totally plowed for the purpose of seed bed preparation. The results of soil temperature were in accordance with the work of (Gauer et al., 1982) when he observed higher soil temperature in ZT treatments than CT treatments in plots without straw was spread on soil surface.

			 

			Sorghum dry shoot biomass

			The results of shoot biomass in Mg/ha of summer sorghum crop shown in Figure 7. Results showed not significant (P≤0.05) difference in grain yield of three tillage treatments. CT showed numerically highest sorghum dry shoot biomass yield converted from g/m2 to Mg/ha (2.44 Mg ha-1) followed by CP (2.37 Mg ha-1), while lowest yield observed in ZT (2.30 Mg ha-1) in semi arid climatic condition of Quetta, Balochistan Pakistan.

			 

			The biomass of CT was significantly higher than that of the ZT, because of the same reasons discussed in case of grain yield. The CP tillage treatment was in middle of CT and ZT for the purpose to pulverize the soil for seed bed preparation there for the shoot biomass yield also recorded in between the both of ZT and CT treatments. 

			 

			Sorghum grain yields

			The results of grain yield in Mg/ha of summer sorghum crop shown in Figure 8. Results showed significant (P≤0.05) difference in grain yield of CT (1.60 Mg ha-1) and ZT (1.31 Mg ha-1) tillage treatments, while CP (1.40 Mg ha-1) did not significantly differed with both of CT and ZT.

			 

			The differences among the yield of three tillage treatments were recorded at compromise able level. The conventional tillage treatment (CT) normally yielded according to area conditions, while in CP and ZT a minute decrease in yield was observed due to compactness of soil, eventually affected the seed germination percentage, and root penetration deep in layer, hence the crop nourishment possibly be affected due to which conservational tillage treatments resulted bit lower yield. (Mishra et al., 2010) reported tillage practices did not influence on wheat grain yield.

			 

			Conclusion and Recomendations

			 

			It is concluded that conservation tillage in the form of zero tillage and chisel plow has potential to improve soil properties, especially buildup of soil organic carbon and reduce input cost while provide sufficient crop yield. It is recommended to continue this experiment upto longer period and replicate different location in Balochistan to confirm and avail the utmost benefit of conservation tillage
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Abstract | Soil degradation due to structural instability and low contents of organic matters are serious
challenges for land and crop production in the upland of Balochistan. It is important to explore an alternative
farming system which improves soil properties, environment friendly and provide sufficient crop yield.
Conservation tillage system is successfully practiced worldwide as a resource conserving techniques. Therefore,
an experiment was conducted under the treatments, i.e. conventional tillage (CT), Zero tillage (ZT) and
Chisel plough (CP) during the year 2016 at the field research area of Balochistan Agriculture College, Quetta.
The study was designed to compare conventional versus conservation tillage practices and their effects on
soil physico-chemical properties such as total organic carbon (TOC), infiltration rates, soil water contents
(SWC), soil reaction (pH), electrical conductivity (EC), soil bulk density, total soil porosity, soil temperature,
crop biomass and crop yield. The results revealed that TOC under ZT (0.57%) was increased significantly.
EC of ZT (0.314 ds m™) was decreased numerically, but pH was not affected by tillage treatments. No
significant difference regarding SWC, soil temperature, infiltration rate was observed under different tillage
treatments, but the results under Z'T were appriciable and CT (1.28 g cm™) showed significantly less soil
bulk density as compared to both of the other treatments. The crop biomass and grain yield of sorghum were
observed CT>CP>ZT accordingly, but the differences were statistically significant for grain yield only. The
results indicated that conservation tillage in the form of zero tillage has potential to improve soil properties
but the yields of different treatments were same.
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Introduction

B alochistanisthe largest province of Pakistan which
covers 44% of its land and has predominantly
loose soil with hyper arid climate. The province is
located in the south western area of Pakistan in a
desert belt, and having a location on the global map

in between 250N to 320N and 600E to 720E of
coordinates and covers an area of 347190 Km? (Naz

Mirza, et al., 2009).

Soil in Balochistan is facing numerous challenges
such as desertification, land degradation, depletion of
soil fertility, structural instability, high pH and low
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