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			Abstract | Management practices are very important for increasing yield of sugar beet crop, amongst them irrigation intervals play an important role. The farmers do not have sufficient knowledge about the suitable irrigation time (interval). The aim of study was to explore the best irrigation time for sugar beet crop. Hence, this study examines the physiological response of sugar beet cv. California-kws with different irrigation intervals at the research farm, Faculty of Agriculture, Gomal university Dera Ismail Khan Pakistan during 2013-14 and 2014-15. The study was conducted using Randomized Complete Block Design (RCBD) having six treatments i.e. (I1= 05 days’, I2= 10 days’, I3= 15 days’, I4= 20 days’, I5= 25 days’, and I6= 30 days’’ interval) and three replications. Data were recorded on total chlorophyll content, photosynthesis, plant height (cm), number of leaves plant -1, leaf length (cm), leaf area (cm2), leaf weight plant-1(g), root weight plant-1 (g), root/top ratio, root length (cm), root diameter (cm), sucrose%, tss %, purity %, leaf yield (t ha-1), root yield (t ha-1), sugar yield (t ha-1) and harvesting index. The results indicated significant variation among the treatments for all parameters during both years of study. Among the treatments I3 (15 days’’ interval) improved almost all the studied characters. However, increasing interval improves the sucrose% and TSS% during both years. Hence I3 (15 days’’ interval) is the best for obtaining highest beet yield and quality under Dera Ismail Khan Conditions.
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			Introduction

			 

			Sugar beet (Beta vulgaris L.), is one of the most important crops within beet species (Gill and Vear, 1980). It is a biennial, dicotyledonous, herbaceous crop (Smith, 1987), having 18 chromosomes (Elliot and Weston, 1993) and harvested for its sugar during first growing season (Beta vulgaris L.). Sugar beet is successfully grown in more than forty countries (Whitney and Duffus, 1986). It is a temperate crop but also cultivated under arid and semi-arid climatic conditions. It is grown as a winter crop in countries like Pakistan. (Niazi et al., 1997 and 1998) found that wild beet species could be grown successfully in Dera Ismail Khan. Sugar beet is commercially grown in Pakistan in the provinces of Khyber Pakhtunkhwa (K.P.K) and Punjab, whereas it is grown as a vegetable on marginal scale in Sindh and Baluchistan (Ahmad et al., 2012). During 2010-2011, Sugar beet was grown on an area of 0.8 thousand hectares with production of 20.9 thousand tones per annum and average yield of 25.4 tones ha-1 in Pakistan, while in Khyber Pakhtunkhwa (K.P.K), it was grown on 0.4 thousand hectares giving an annual production of 0.4 thousand tones and average yield of 1.0 tones ha-1 (Anonymous, 2011). Khyber Pakhtunkhwa enjoys a unique position throughout Pakistan where sugar beet can be successfully cultivated.

			 

			Water shortage significantly reduced sugar beet leaf, root and sugar yield under semi-arid conditions (Kiziloglu et al., 2006) and suitable irrigation program can maximize sugar beet yield. Over or under irrigation may affect crop yields (Reddy et al., 2007). Irrigation regimes had significant effect on sugar beet yield and quality (Mahmoodi et al., 2008). Full irrigation expressed yield (root and sugar) of sugar beet (Yonts, 2011). Pakistan is though an extensively irrigated country, but in some of its dry regions water is insufficient even to provide initial crop requirements. On the other side where water is available throughout the year, farmers do not irrigate properly due to lack of knowledge about the quantitity and timing of irrigation. Farmers irrigate according to the conventional method which prevents efficacy of water use (Kiymaz and Ertek, 2015). Proper irrigation scheduling is essential for water use efficiency during growing season (Passioura, 2007). Due to lack of knowledge of production technology the average yield obtained in Pakistan is very low. Similarly, among the crop production tools, irrigation is one of the main factors (Bakhsh et al., 1999). Crops water requirement from sowing to harvest depend upon plant species and crop growth stage (Raza et al., 2012). Sugar beet has the specialty of producing high yield acre-1 like sugar cane with high recovery (20-25%) in a short period (5-6 months) (Iqbal and Saleem, 2015). In Pakistan first sugar beet factory was established in Charsadda (KPK) in 1963 and four sugar beet factories were operating in KPK that time but now-a-days’, only Premier (Charsadda) and Al-Moiz (Dera Ismail Khan) are functional (Iqbal and Saleem, 2015). Due to continuous decline of available water the sugar cane cultivation in some areas has become a difficult task. To fulfil the demand of sugar, sugar beet is a suitable solution because it can produce two times higher sugar yield per hectare in a short period (5-6 months) with less water demand as compared to sugarcane (Ahmad and Rasool, 2011). Dera Ismail Khan has the potential for sugar beet cultivation, with a sugar beet factory (Almoiz) available in the area, but so for no research work reported in the area compared irrigation intervals effect on sugar beet, therefore, the present study was designed to provide an overview of agronomic aspects of sugar beet to ensure continue sugar production and to suggest a suitable irrigation program to the farmers in the area.

			 

			Materials and Methods

			 

			The study was carried out during 2013-14 and 2014-15 at research farm, Faculty of Agriculture, Gomal University Dera Ismail Khan. Before soil preparation, samples were collected at five different points randomly between 0-30 cm depth and were thoroughly mixed to make a composite soil sample for physicochemical analysis as shown in Table 1. Meteorological data i.e. mean temperature; total rainfall and relative humidity of the two growing season of 2013-14 and 2014-15 of the site is shown in Figure 1. Before sowing.

			 

			the experimental field was well prepared through two ploughing, leveling, ridging and then divided into the experimental units. Cultural practices were performed throughout growing season. Sugar beet seeds were manually sown on 15th of October and harvesting was done on the 1st week of May during both growing season. The experimental plots were arranged in RCB (Randomized Complete Block) Design having six treatments i.e. (I1= 05 days’, I2= 10 days’, I3= 15 days’, I4=20days’, I5=25 days’, and I6=30 days’ interval) and three replications, comprising of 18 plots. Each plot was separated as 2.0 m to avoid water movement among the treatments. The plant-plant distance was kept as 30 cm. Experimental plots were consisted of five rows each 45 cm apart and 4 m long. The plots were lightly irrigated after sowing (seeding) followed by irrigation as per experimental designed. Flood irrigation method was used to irrigate the plots without submerging the tops of ridges. The field received Nitrogen, phosphorus and potassium @ 120:100:75 kg ha-1, respectively (Ahmed et al., 2010). 2/3 of N and all P and K were applied before ridge formation and rest of N was applied before earthing up. Thinning was carried out at 4-leaf stage and 6-leaf stage to maintain constant plant population.

			 

			Total Chlorophyll

			Total chlorophyll in the leaves were measured by SPAD-502 Minolta Co. Ltd. Osaka, Japan. To measure leaf chlorophyll content, five plants were taken from the randomly selected plants of each plot. 

			[image: Image11813616.PNG] 

			Figure 1: Meteorological data of mean monthly temperature (0C) (minimum and maximum), total Rainfall (mm) and relative humidity %(0800 hrs and 1400 hrs) from October to May of two years experimental duration (2013-14 and 2014-15) of site.

			 

			The reading was made on five fully expanded leaves per plant considering their average as the leaf chlorophyll content of each replication.

			 

			Table 1: Soil Physicochemical properties.

			 

			
				
					
					
					
				
				
					
							Soil analysis
							2013-14
							2014-15
					

					
							EC (ds/m)
							
							4.07

						
							
							4.06

						
					

					
							pH
							
							7.6

						
							
							7.7

						
					

					
							Texture
							
							Clay loam

						
							
							Clay loam

						
					

					
							Saturation%
							
							56

						
							
							55

						
					

					
							Organic matter (%)
							
							0.62

						
							
							0.63

						
					

					
							N (%)
							
							0.04

						
							
							0.06

						
					

					
							P ppm
							
							8

						
							
							8.02

						
					

					
							K ppm
							
							250

						
							
							256

						
					

				
			

			

			 

			Photosynthesis (µmolm-2s-1)

			Leaf photosynthesis rate was assessed by photosynthesis meter (CI-340 handheld Photosynthesis System). Leaf photosynthesis rate was measured using photosynthesis meter (CI-340 handheld Photosynthesis System). The measurements were taken by choosing, at random, the five plants from each replication. The reading on Pn (Net photosynthetic rate) and PAR (Photosynthetically Active Radients) were made simultaneously, on five fully expanded leaves per plant considering their average as photosynthesis rate of each replication.

			 

			Plant height (cm)

			Five plants were randomly selected from each replication and height was measured with measuring tape in cm and mean was computed.

			 

			Number of leaves plant-1

			Number of leaves plant-1 were counted from randomly selected five plants from each replication and mean was computed.

			 

			Leaf length (cm)

			Leaf length (leaf base to leaf apex) of randomly selected five plants from each replication was measured with measuring tape in cm and the mean were calculated.

			 

			Leaf area plant-1 (cm2)

			It was determined as stated by Ahmad et al (2010).

			 

			A= 159.52 - 21.95L + 21.33W + 1.59LW + 0.22LL - 1.41WW

			 

			Where;

			A is leaf area; L is leaf length and W is leaf width.

			Leaf weight plant-1

			At maturity five plants were chosen at random from each treatment to determine the leaf weight in g by a digital scale (0.01-g precision) and mean was calculated.

			 

			Root weight plant-1

			At maturity five plants were chosen at random from each treatment to determine the root weight in g by a digital scale (0.01-g precision) and mean was calculated.

			 

			Root/top ratio

			Five plants were chosen at random from each plot and root: top ratio was calculated by dividing root weight by leaf weight.

			 

			Root length (cm)

			Five roots were selected from each replication after harvest to record root length (cm) with the help of measuring tape and mean was calculated.

			 

			Root diameter (cm)

			Five roots were selected from each replication after harvest to record circumference (cm) with the help of measuring tape and then root diameter was calculated using following equation (Ahmad et al. 2010).
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			Total soluble solids%

			For TSS % reading, five beets were washed and crushed to get juice. Then one drop of juice was placed on a hand refractometer to record TSS (%) reading as reported by Kamal et al. (2003).

			 

			Sucrose percentage (%)

			To measure the relative sucrose percentage, a subsample of five beets was washed, sliced, and stirred for three minutes after mixing with the distilled water and then was filtered and then subjected to a saccharimeter for recoding sugar percentage as reported by Kamal et al. (2003).

			 

			Apparent purity % was determined as a ratio between sucrose % and TSS %.

			 

			Root Yield (t ha-1)

			At harvest, plants that produced from each plot were collected and cleaned. Roots and tops were separated and weighted in kilograms, then were converted to estimate root yield ton ha-1 as below;

			 

			[image: Eq2.PNG] 

			 

			Leaf yield (t ha-1)

			At harvest, plants that produced from each plot were collected and cleaned. Leaves were separated and weighted in kilograms, then were converted to estimate leaf yield ton ha-1.

			 

			Sugar yield (t ha-1) was calculated by using equation,

			 

			[image: Image1061040.PNG] 

			 

			Harvesting index was computed by following formula.

			 

			[image: Image11745882.PNG] 

			 

			Data analysis

			The treatment means were compared at a significance level of 0.05 using least significant difference (LSD) test (Steel and Torrie, 1997). Pearson correlation coefficient was calculated to assess the relationship among various physicochemical properties of sugar beet.

			 

			Results and Discussion

			 

			Total Chlorophyll

			Irrigation intervals affected (P<0.05) the total chlorophyll content during both experimental years (Table 2). Maximum chlorophyll content of (49.62 and 49.61) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15 and minimum chlorophyll content (47.72 and 47.72) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. The minimum chlorophyll content at maximum interval might be due to the reason that drought stress prevents making it, as it lowers the capacity of light harvesting (Lessani and Mojtahedi, 2002; Cornic and Masacci, 1996). Similar results were reported by Leufen et al. (2013).

			 

			Photosynthesis (µmolm-2s-1)

			Photosynthesis was also affected (P<0.05) by irrigation intervals during both years (Table 2). Maximum photosynthesis (Pn/PAR 32.60/353.67 and 32.63/353.33) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. 

			Table 2: Effect of irrigation intervals on Total Chlorophyll, Photosynthesis (Pn/PAR), Plant height of sugar beet cv. California-kws during 2013-14 and 2014-15.

			 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments (irrigation intervals)
							Total Chlorophyll (SPAD)
							
							Photosynthesis (µmolm-2s-1)

						
							Plant height (cm)
					

					
							2013/14
							2014/15
							
							Pn 2013/14

						
							
							PAR 2013/14

						
							
							Pn 2014/15

						
							
							PAR 2014/15

						
							2013/14
							2014/15
					

					
							
							I1

						
							
							47.73c

						
							
							47.74c

						
							
							29.70d

						
							
							298.33c

						
							
							29.667d

						
							
							298.33c

						
							
							39.67c

						
							
							39.69c

						
					

					
							
							I2

						
							
							48.73b

						
							
							48.73b

						
							
							31.60b

						
							
							334.33b

						
							
							31.53b

						
							
							334.33b

						
							
							40.71b

						
							
							40.74b

						
					

					
							
							I3

						
							
							49.62a

						
							
							49.61a

						
							
							32.60a

						
							
							353.67a

						
							
							32.63a

						
							
							353.33a

						
							
							42.53 a

						
							
							42.55a

						
					

					
							
							I4

						
							
							49.52a

						
							
							49.50a

						
							
							32.43a

						
							
							353.33a

						
							
							32.43a

						
							
							352.33a

						
							
							42.49a

						
							
							42.43a

						
					

					
							
							I5

						
							
							48.72b

						
							
							48.72b

						
							
							30.73c

						
							
							331.67b

						
							
							30.63c

						
							
							331.33b

						
							
							39.74c

						
							
							39.78c

						
					

					
							
							I6

						
							
							47.72c

						
							
							47.72c

						
							
							28.70e

						
							
							285.00c

						
							
							28.60e

						
							
							285.67c

						
							
							39.52d

						
							
							39.43d

						
					

					
							LSD
							
							0.2490

						
							
							0.2515

						
							
							0.4622

						
							
							15.859

						
							
							0.2877

						
							
							15.532

						
							
							0.1504

						
							
							0.2222

						
					

				
			

			

			Means in each column with same letter are not significantly different at P≤0.05; (I1=5 days, I2= 10 days, I3= 15 days, I4=20days, I5=25 days, and I6=30 days interval); Pn: Net photosynthesis, PAR: Photosynthetically active radiants.

			 

			Table 3: Effect of irrigation intervals on number of leaves plant-1, leaf length, leaf area plant-1, leaf weight plant-1 of sugar beet cv. California-kws during 2013-14 and 2014-15.

			 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments (irrigation intervals)
							
							Number of leaves Plant-1

						
							Leaf length (cm)
							
							Leaf area Plant-1 (cm2)

						
							
							Leaf weight plant-1 (g)

						
					

					
							2013/14
							2014/15
							2013/14
							2014/15
							2013/14
							2014/15
							2013/14
							2014/15
					

					
							
							I1

						
							
							42.67 d

						
							
							42.73 d

						
							
							36.86 b

						
							
							36.69 b

						
							
							453.05 c

						
							
							445.56 cd

						
							
							464.67 d

						
							
							465.00 d

						
					

					
							
							I2

						
							
							43.40 c

						
							
							43.47 c

						
							
							36.95 b

						
							
							36.79 b

						
							
							473.59 b

						
							
							470.92 b

						
							
							479.06 b

						
							
							482.76 b

						
					

					
							
							I3

						
							
							45.67 a

						
							
							45.63 a

						
							
							37.96 a

						
							
							37.84 a

						
							
							502.34 a

						
							
							499.30 a

						
							
							482.45 a

						
							
							483.65 a

						
					

					
							
							I4

						
							
							44.43 b

						
							
							44.57 b

						
							
							37.89 a

						
							
							37.81 a

						
							
							497.24 a

						
							
							497.08 a

						
							
							481.65 ab

						
							
							482.54 b

						
					

					
							
							I5

						
							
							43.37 c

						
							
							43.33c

						
							
							36.92 b

						
							
							36.76 b

						
							
							451.86 c

						
							
							450.70 c

						
							
							475.53 c

						
							
							475.52 c

						
					

					
							
							I6

						
							
							42.33 d

						
							
							42.40d

						
							
							36.46 c

						
							
							36.51 c

						
							
							441.98 c

						
							
							442.52 d

						
							
							454.66 e

						
							
							455.32 e

						
					

					
							LSD
							
							0.3494

						
							
							0.3953

						
							
							0.1265

						
							
							0.1656

						
							
							12.910

						
							
							6.7800

						
							
							2.9114

						
							
							0.6591

						
					

				
			

			

			Means in each column with same letter are not significantly different at P≤0.05; (I1=5 days, I2= 10 days, I3= 15 days, I4=20days, I5=25 days, and I6=30 days’ interval).

			 

			Minimum photosynthesis (Pn/PAR 28.70/285.00 and 28.60/285.67) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. As verified, Photosynthesis is highly sensitive to drought (Bloch et al., 2006). Mainly drought damages and limits photosynthesis of plants (Flexas and medrano, 2002). Other researches reported that due to drought photosynthetic activity decreases which lead to stomatal closure (Shangguan et al., 2000; Zlatev and Yordanov, 2004) which allow plants to limit transpiration and CO2 absorption (Nayyar and Gupta, 2006). Ashraf et al. (2007) reported a decrease in photosynthetic activity of all maize cultivars under drought condition. The present findings agreed with those reported by Leufen et al. (2013) who found that Pn is also affected like chlorophyll under temporary water shortage as stressed plant utilize low light as compared to well-watered plants.

			 

			Plant height (cm)

			Irrigation intervals affected (P<0.05) the plant height during both experimental years (Table 2). Maximum plant height of (42.53 and 42.55 cm) was observed in I3 (15 days’ interval) during 2013-14 and 2014-15 while minimum plant height of (39.52 and 39.43 cm) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. These results might be due to adequate available soil moisture within the root zone, highest chlorophyll content and photosynthetic activity in leaves that increased the plant height. Ucan and Gencoglan (2004) found vegetative growth of sugar beet declined severely as water deficit increased. Similar results have been reported previously (Mirabadi et al., 2013; Baloch et al., 2014).

			 

			Number of leaves plant-1

			Irrigation interval influenced (P<0.05) the number of leaves plant-1 during both study years (Table 3). Least number of leaves plant-1 (42.33 and 42.40) were recorded in I6 (30 days’ interval) during 2013-14 and 2014-15 whereas maximum number of leaves plant-1 (45.67 and 45.63) were recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. Zao (1990) reported leaf as the main assimilation organ of sugar beet. The reduction in leaf number in response to maximum interval can be attributed to the enhancement of leaf abscission due to hormonal imbalance. Consequently, it increased Abscisic acid (ABA) and decreased Indoleacetic acid (IAA) levels in stressed plants (Nandi et al., 2002, Wu et al., 2005). This supports the results of Abayomi (2002) on Sugar beet (Beta vulgaris L) and Mirabadi et al. (2013) on Cantaloupe (Cucumis melo L.).

			 

			Leaf length (cm)

			Irrigation intervals affected (P<0.05) the leaf length during both experimental years (Table 3). Maximum leaf length of 37.96 and 37.84 was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. Minimum leaf length of 36.46 and 36.51 was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. The shortest leaf length at 30 days’ irrigation interval might be due to blocking up of xylem and phloem vessels thus hindering any translocation through them (Khalil and El-Noemani, 2012). This also confirms the results of Abayomi (2002) on sugar beet and Baloch et al. (2014) on wheat.

			 

			Leaf area (cm2)

			Leaf area (cm2) was also affected (P<0.05) by irrigation intervals during both years (Table 3). Maximum leaf area (cm2) (502.34 and 499.30) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. Minimum leaf area (cm2) of (441.98 and 442.52) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. Ucan and Gencoglan (2004) found LAI values increased with increasing water use. This might be attributed to greater cell elongation and turgidity owing to adequate moisture availability in the soil (Channagoudar and Janawade, 2006). Similarly, a reduction in leaf area due to water stress may represent an increase in xeromorphy (Stocker, 1960). This also supports the results of Abayomi (2002) on Sugar beet (Beta vulgaris L) and Mirabadi et al. (2013) on Cantaloupe (Cucumis melo L.).

			 

			Leaf weight plant-1 (g)

			Irrigation intervals affected (P<0.05) the leaf weight plant-1 (g) during both experimental years (Table 3). Maximum leaf weight plant-1 (g) of (482.45 and 483.65) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. Minimum leaf weight plant-1 (g) of 454.66 and 455.32 was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. The results might be due to greater leaf size at 15 days’ interval as leaf weight is associated with leaf size. The results are in concord with Ucan and Gencoglan (2004); Hussein et al. (2008) and Farnia and Hashemi (2015). Similar results were also reported in sugar beet (Farnia and Hashemi, 2015), chickpea (Gunes et al., 2006; Rahbarian et al., 2011) and in maize (Ashraf et al., 2007).

			 

			Root weight plant-1(g)

			Root weight plant-1 (g) was also affected (P<0.05) by irrigation intervals during both years (Table 4). Minimum root weight plant-1 (g) of (1279.2 and 1275.1) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. Maximum root weight plant-1 (g) of (1484.6 and 1484.3) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. The results might be due to greater root dimensions at 15 days’ interval. The findings are in line with Kassab et al. (2012) who reported that the extension of irrigation days’ reduced the root weight plant-1 in fodder beet. Similarly, Snyman (2004) reported significant decrease in root mass with water stress in Opuntiaficus indica and O. robusta.

			 

			Root/top ratio

			Irrigation intervals affected (P<0.05) the root/top ratio during both experimental years (Table 4). Maximum root/top ratio of (3.08 and 3.07) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. Minimum root/top ratio of (2.81 and 2.80) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. Water stress condition have been found to disrupt several physiological processes leading to reduction in growth (Bloch and Hoffmann, 2005), restrict growth and alter the chemical composition of beet under drought. Ucan and Gencoglan (2004) found vegetative growth of sugar beet declined severely as water deficit increased.

			 

			Root length (cm)

			Root length (cm) was also affected (P<0.05) by irrigation intervals during both years (Table 4). Minimum root length (cm) of (22.26 and 22.33) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15 whereas maximum root length of (25.30 and 25.34) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. The findings show similarity with Kassab et al. (2012) who recorded increase in root length plant-1 (cm) in fodder beet by increasing

			Table 4: Effect of irrigation intervals on root weight plant-1, root/top ratio, root length and root diameter of sugar beet cv. California-kws during 2013-14 and 2014-15.

			 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments (irrigation intervals)
							
							Root weight plant-1 (g)

						
							Root/ top ratio 
							Root length (cm)
							Root diameter (cm)
					

					
							2013/14
							2014/15
							2013/14
							2014/15
							2013/14
							2014/15
							2013/14
							2014/15
					

					
							
							I1

						
							
							1364.2 d

						
							
							1365.5 e

						
							
							2.94 b

						
							
							2.94 d

						
							
							22.43 c

						
							
							22.43 d

						
							
							9.99 c

						
							
							9.97 c

						
					

					
							
							I2

						
							
							1470.5 b

						
							
							1469.7 c

						
							
							3.07 a

						
							
							3.04 c

						
							
							23.41b

						
							
							23.44 c

						
							
							10.47 b

						
							
							10.50 b

						
					

					
							
							I3

						
							
							1484.6 a

						
							
							1484.3 a

						
							
							3.08 a

						
							
							3.07 a

						
							
							25.30 a

						
							
							25.34 a

						
							
							11.55 a

						
							
							11.56  a

						
					

					
							
							I4

						
							
							1475.8 b

						
							
							1476.9 b

						
							
							3.06 a

						
							
							3.06 b

						
							
							25.25 a

						
							
							25.28 a

						
							
							11.53 a

						
							
							11.54  a

						
					

					
							
							I5

						
							
							1374.1 c

						
							
							1373.8 d

						
							
							2.89 c

						
							
							2.89 e

						
							
							23.53 b

						
							
							23.61 b

						
							
							10.47 b

						
							
							10.47 b

						
					

					
							
							I6

						
							
							1279.2  e

						
							
							1275.1  f

						
							
							2.81    d

						
							
							2.80   f

						
							
							22.26  c

						
							
							22.33  d

						
							
							9.53   d

						
							
							9.50   d

						
					

					
							LSD
							
							7.3212

						
							
							2.7749

						
							
							0.0242

						
							
							4.591e-03

						
							
							0.3220

						
							
							0.1313

						
							
							0.2710

						
							
							0.1461

						
					

				
			

			

			Means in each column with same letter are not significantly different at P≤0.05; (I1=5 days, I2= 10 days, I3= 15 days, I4=20days, I5=25 days, and I6=30 days interval).

			 

			Table 5: Effect of irrigation intervals on Sucrose% (Pol%), TSS (Brix%), Purity %, Leaf Yield of sugar beet cv. California-kws during 2013-14 and 2014-15.

			 

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments (irrigation intervals)
							Sucrose% (Pol%)
							TSS (Brix%)
							Purity %
							
							Leaf yield (t ha-1)

						
					

					
							2013/14
							2014/15
							2013/14
							2014/15
							2013/14
							2014/15
							2013/14
							2014/15
					

					
							
							I1

						
							
							15.56 d

						
							
							15.56 d

						
							
							17.85 e

						
							
							17.88 e

						
							
							87.14 b

						
							
							87.01 c

						
							
							23.03 d

						
							
							23.03 d

						
					

					
							
							I2

						
							
							15.74 c

						
							
							15.69 c

						
							
							17.92 e

						
							
							17.93 d

						
							
							87.83 b

						
							
							87.49 b

						
							
							24.00 b

						
							
							23.94 b

						
					

					
							
							I3

						
							
							16.47 b

						
							
							16.51 b

						
							
							18.36 d

						
							
							18.41 c

						
							
							89.74 a

						
							
							89.70  a

						
							
							24.40 a

						
							
							24.33 a

						
					

					
							
							I4

						
							
							16.49 b

						
							
							16.53 ab

						
							
							18.48  c

						
							
							18.45 b

						
							
							89.23 a

						
							
							89.58  a

						
							
							24.38 a

						
							
							24.31 a

						
					

					
							
							I5

						
							
							16.58 ab

						
							
							16.57 ab

						
							
							18.58 b

						
							
							18.50 a

						
							
							89.24 a

						
							
							89.55  a

						
							
							23.51 c

						
							
							23.47 c

						
					

					
							
							I6

						
							
							16.66 a

						
							
							16.58 a

						
							
							18.69 a

						
							
							18.54 a

						
							
							89.12 a

						
							
							89.46 a

						
							
							22.98 d

						
							
							22.95 e

						
					

					
							LSD
							
							0.1203

						
							
							0.0601

						
							
							0.0741

						
							
							0.0369

						
							
							0.7851

						
							
							0.4476

						
							
							0.1206

						
							
							0.0675

						
					

				
			

			

			Means in each column with same letter are not significantly different at P≤0.05; (I1=5 days, I2= 10 days, I3= 15 days, I4=20days, I5=25 days, and I6=30 days interval).

			 

			irrigation amount from 1132 and up to 2106 m3fed-1 per season. Similarly, Snyman (2004) reported significant decrease in root length (cm) with water stress in Opuntiaficus indica and O. robusta.

			 

			Root diameter (cm)

			Irrigation intervals affected (P<0.05) the root diameter (cm) during both experimental years (Table 4). Maximum root diameter (cm) of (11.55 and 11.56) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. Minimum diameter (cm) of (9.53 and 9.50) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. Ucan and Gencoglan (2004) found vegetative growth of sugar beet declined severely as water deficit increased. Results are in agreement with M. Al-Barrak (2006) who reported highest value of stem diameter with irrigation every 14 days’ in Canola (Brassica napus L.).

			 

			Sucrose %

			Sucrose % was also affected (P<0.05) by irrigation intervals during both years (Table 5). Maximum sucrose % of (16.66 and 16.58) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. Minimum of (15.56 and 15.56) was recorded in I1 (5 days’ interval) during 2013-14 and 2014-15. The increase in sucrose content in roots by increasing intervals might be due to slower accumulation of water. Similar results were reported by Ucan and Gencoglan (2004), Bloch and Hoffman (2005), Mahmoodi et al. (2008), Topak et al. (2011) and Ghamarnia et al. (2012).

			 

			Total Soluble Solids (TSS) %

			Irrigation intervals affected (P<0.05) the total soluble solids during both experimental years (Table 5). Maximum TSS % of (18.69 and 18.54) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. Minimum of (17.85 and 17.88) was recorded in I1 (5 days’ interval) during 2013-14 and 2014-15. The reduction in TSS due to excess water might be due to the dilution of sugars with excessive moisture contents (Nasir and Mian, 1993). Some researchers reported that total soluble solids values showed high positive correleation with total sucrose content, but it is also accepted as an important quality trait (Gaafer and Rafaie, 2006; Long, 2006; Keshavarzpour and Rashidi, 2011). Mirabadi et al. (2013) reported that water deficit effects the fruit sugar content positively. The results are in alignment with Mahmoodi et al. (2008) who found that sugar beet quality was significantly affected by irrigation regimes.

			 

			Purity%

			Purity % was also influenced (P<0.05) with irrigation intervals during both years (Table 5). Minimum purity % (87.14 and 87.01) was recorded in I1 (5 days’ interval) during 2013-14 and 2014-15 whereas maximum purity % of (89.74 and 89.70) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. The findings agree with Mahmoodi et al. (2008) who found that sugar beet quality was significantly affected by irrigation regimes.

			 

			Leaf yield (t ha-1)

			Irrigation intervals affected (P<0.05) the leaf yield (t ha-1) during both experimental years (Table 5). Maximum leaf yield (t ha-1) (24.40 and 24.33) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. Minimum yield (t ha-1) of (22.98 and 22.95) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15. The results might be due to adequate available soil moisture within the root zone which led to better uptake of nutrients that increased the various physiological processes and better leaf growth (Gaafer and Refaie, 2006; Rashidi and Seyfi, 2007; Simsek and Comlekcioglu, 2011). The results are in harmony with Kiziloglu et al. (2006) and Mahmoodi et al. (2008) who reported lowest leaf yield under lowest soil water conditions.

			 

			Root yield (t ha-1)

			Root yield (t ha-1) was also affected (P<0.05) by irrigation intervals during both years (Table 6). Minimum root yield (t ha-1) (60.28 and 60.19) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15, whereas maximum root yield (t ha-1) of (64.48 and 64.52) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. The results might be due to better root growth and size because of the availability of adequate soil moisture at 15 days’ interval. The results are in agreement with Winter (1989), Ucan and Gencoglan (2004), Gaafer and Refaie (2006), Rashidi and Seyfi (2007), Kiziloglu et al. (2008), Mahmoodi et al. (2008), Nourjou (2008), Sayfzadeh and Rashidi (2010), Esmaeili (2011), Simsek and Comlekcioglu (2011), Topak et al. (2011), Yonts (2011), Ghamarnia et al. (2012).

			 

			Sugar yield (t ha-1)

			Irrigation intervals affected (P<0.05) the sugar yield (t ha-1) during both experimental years (Table 6). Minimum sugar yield (t ha-1) of (9.41 and 9.41) was recorded in I1 (5 days’ interval) during 2013-14 and 2014-15. Maximum sugar yield (t ha-1) of (10.62 and 10.65) was recorded in I3 (15 days’ interval) during 2013-14 and 2014-15. The increase in sugar yield might be due to the increase in root yield at 15 days’ interval. The findings show similarity with Ucan and Gencoglan (2004), Isoda et al. (2007) and Mahmoodi et al. (2008).

			 

			Harvesting index

			Harvesting index was also influenced (P<0.05) with irrigation intervals during both years (Table 6). Minimum harvesting index of (0.72 and 0.72) was recorded in I6 (30 days’ interval) during 2013-14 and 2014-15, whereas maximum harvesting index of (0.73) was recorded in I3 (15 days’ interval) during 2013-14 and 0.73 was recorded in I3 (15 days’ interval) and I4 (20 days’ interval) during 2014-15. The findings are similar to Baloch et al. (2014) who reported maximum harvesting index in wheat irrigated five times at 15 days’ interval.

			 

			Correlation relationship

			Pearson correlation coefficient for relationship among various physicochemical properties of sugar beet cv. California-kws for the years 2013-14 and 2014-15, have been shown in Table 7.

			 

			Leaf Yield is strongly correlated with Chlorophyll (r=0.971 and 0.970, P≤0.01), Pn (net photosynthetic rate) (r=0.980 and 0.982 P≤0.01, PAR (Photosynthetically active radiant) (r = 0.960 and 0.962 (P≤0.01), plant height (r= 0.937 and 0.946, P≤0.01), leaf area (r= 0.954 and 0.968, P≤0.01), leaf weight (r= 0.922 and 0.928, P≤0.01), root weight (r=0.937 and 0.937, P≤0.01), root length (r=0.947 and 0.946, P≤0.01), root diameter (r=0.946 and 0.954, P≤0.01), Root Yield (r=0.984 and 0.985, P≤0.01). The positive nature of these correlations indicates that any change (decrease or increase) in the growth characters will translate into the yield, which suggests a very high degree of association between growth and yield attributes. Hence the growth characters are considered to be an important determiner of the yield (Msaakpa and Obasi, 2014).

			Table 6: Effect of irrigation intervals on root yield (t ha-1), sugar yield (t ha-1) and harvesting index of sugar beet cv. California-kws during 2013-14 and 2014-15.

			 

			
				
					
					
					
					
					
					
					
				
				
					
							Treatments (irrigation intervals)
							
							Root yield(t ha-1)

						
							
							Sugar yield(t ha-1)

						
							Harvesting Index
					

					
							2013/14
							2014/15
							2013/14
							2014/15
							2013/14
							2014/15
					

					
							
							I1

						
							
							60.46 d

						
							
							60.45 d

						
							
							9.41 e

						
							
							9.41 e

						
							
							0.72 b

						
							
							0.72 b

						
					

					
							
							I2

						
							
							62.45 b

						
							
							62.46 b

						
							
							9.83 d

						
							
							9.80 d

						
							
							0.72 c

						
							
							0.72 c

						
					

					
							
							I3

						
							
							64.48 a

						
							
							64.52 a

						
							
							10.62 a

						
							
							10.65 a

						
							
							0.73 a

						
							
							0.73 a

						
					

					
							
							I4

						
							
							64.40 a

						
							
							64.43 a

						
							
							10.62 a

						
							
							10.65 a

						
							
							0.73 a

						
							
							0.73 a

						
					

					
							
							I5

						
							
							61.73 c

						
							
							61.66 c

						
							
							10.24 b

						
							
							10.22 b

						
							
							0.72 b

						
							
							0.72 b

						
					

					
							
							I6

						
							
							60.28 e

						
							
							60.19 e

						
							
							10.04 c

						
							
							9.98 c

						
							
							0.72 b

						
							
							0.72 b

						
					

					
							LSD
							
							0.1663

						
							
							0.1427

						
							
							0.0611

						
							
							0.0546

						
							
							9.220e-04

						
							
							7.388e-04

						
					

				
			

			

			Means in each column with same letter are not significantly different at P≤0.05; (I1=5 days, I2= 10 days, I3= 15 days, I4=20days, I5=25 days, and I6=30 days interval).

			 

			Table 7: Pearson correlation coefficients between various physico-chemical properties of sugar beet cv. California-kws (2013-14 and 2014-15).

			 

			
				
					
					
					
					
					
					
					
				
				
					
							 
							2013-14
							2014-15
					

					
							LY
							RY
							SY
							LY
							RY
							SY
					

					
							CHL
							
							0.971**

						
							
							0.983**

						
							
							0.838*

						
							
							0.970**

						
							
							0.980**

						
							
							0.858*

						
					

					
							Pn
							
							0.980**

						
							
							0.965**

						
							
							0.662

						
							
							0.982**

						
							
							0.969**

						
							
							0.694

						
					

					
							PAR
							
							0.960**

						
							
							0.950**

						
							
							0.726

						
							
							0.962**

						
							
							0.950**

						
							
							0.752

						
					

					
							PH
							
							0.937**

						
							
							0.970**

						
							
							0.759

						
							
							0.946**

						
							
							0.977**

						
							
							0.782

						
					

					
							NL
							
							0.900*

						
							
							0.940**

						
							
							0.775

						
							
							0.916*

						
							
							0.955**

						
							
							0.809

						
					

					
							LL
							
							0.895*

						
							
							0.953**

						
							
							0.743

						
							
							0.883*

						
							
							0.948**

						
							
							0.828*

						
					

					
							LA
							
							0.954**

						
							
							0.971**

						
							
							0.686

						
							
							0.968**

						
							
							0.986**

						
							
							0.778

						
					

					
							LW
							
							0.922**

						
							
							0.888*

						
							
							0.575

						
							
							0.928**

						
							
							0.878*

						
							
							0.563

						
					

					
							RW
							
							0.937**

						
							
							0.893*

						
							
							0.471

						
							
							0.937**

						
							
							0.896*

						
							
							0.501

						
					

					
							R/T
							
							0.887*

						
							
							0.839*

						
							
							0.361

						
							
							0.899*

						
							
							0.868*

						
							
							0.433

						
					

					
							RL
							
							0.947**

						
							
							0.987**

						
							
							0.852*

						
							
							0.946**

						
							
							0.984**

						
							
							0.888*

						
					

					
							RD
							
							0.946**

						
							
							0.981**

						
							
							0.772

						
							
							0.954**

						
							
							0.983**

						
							
							0.802

						
					

					
							SUC
							
							0.178

						
							
							0.266

						
							
							0.785

						
							
							0.231

						
							
							0.323

						
							
							0.803

						
					

					
							TSS
							
							0.015

						
							
							0.103

						
							
							0.669

						
							
							0.136

						
							
							0.230

						
							
							0.741

						
					

					
							PUR
							
							0.458

						
							
							0.538

						
							
							0.922**

						
							
							0.339

						
							
							0.428

						
							
							0.865*

						
					

					
							LY
							
							 

						
							
							0.984**

						
							
							0.739

						
							
							 

						
							
							0.985**

						
							
							0.757

						
					

					
							RY
							
							 

						
							
							 

						
							
							0.806

						
							
							 

						
							
							 

						
							
							0.823*

						
					

					
							SY
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

				
			

			

			Chl: chlorophyll; Pn: net photosynthetic rate; PAR: Photosynthetically Active Radiants; PH: Plant Height; NL: Number of Leaves; LL: Leaf Length; LA: Leaf Area; LW: Leaf Weight; RW: Root Weight; R/T: Root top Ratio; RL: Root Length; RD: Root Diameter; SUC: sucrose%; TSS: Total Soluble Solids; PUR: Purity; LY: Leaf Yield; RY: Root Yield; SY: Sugar Yield; HI: Harvesting Index; **P <0.01; *P < 0.05.

			 

			Similar to Ahmad et al. (2012) who reported that leaf weight has strong association with root yield. Leaf yield also positively correlated with number of leaves (r=0.900 and 0.916, P≤0.05), leaf length (r=0.895 and 0.883, P≤0.05), root/top ratio (r=0.887 and 0.899, P≤0.05) during both years.

			 

			Root Yield showed strong correlation with Chlorophyll (r=0.983 and 0.980, P≤0.01), Pn (net photosynthetic rate) (r= 0.965 and 0.969, P≤0.01), PAR (Photosynthetically active radiant) (r=0.950 and 0.950, P≤0.01), plant height (r=0.970 and 0.977, P≤0.01), number of leaves (r=0.940 and 0.955, P≤0.01), leaf length (r=0.953 and o.948, P≤0.01), Leaf area (r=0.971 and 0.986, P≤0.01). Kazakov et al. (1988) reported root yield is correlated with leaf area duration. Root length (r= 0.987 and 0.984, P≤0.01), root diameter (r=0.981 and 0.983, P≤0.01), leaf yield (r=0.984 and 0.985, P≤0.01) and positively correlated with leaf weight (r=0.888 and 0.878, P≤0.05), root weight (r=0.893 and 0.896, P≤0.05) and root/top ratio (r=0.839 and 0.868, P≤0.05) during both years. It is in line with Hozayn et al. (2013) who correlated beet root yield with fresh root weight and root diameter and Ahmad et al. (2012) reported that increase in beet growth characters from a normal size may results in reducing quality of sugar beet.

			 

			Sugar Yield is strongly correlated with Purity (r=0.922, P≤0.01) during first year only and is positively correlated with chlorophyll (r=0.838 and 0.858, P≤0.05), leaf length (r=0.743 and 0.828, P≤0.05), root length (r=0.852 and 0.888, P≤0.05) during both year and purity (r=0.865, P≤0.05), Root Yield (r=0.823, P≤0.05) during second year. The results agree with Hozayn et al. (2013) and Ahmad et al. (2012) who reported strong positive correlation of sugar yield with beet root yield. Similarly, Farina and Hashemi (2015) correlated root yield with sugar yield.

			Conclusions and Recommendations

			 

			The study has investigated the effect of different irrigation intervals on the yield and quality of sugar beet. It is inferred that irrigation at 15 days’ interval was found the most effective irrigation interval with a 7 % and 6 % increase in root and sugar yield t ha1, respectively. However, increasing interval up to 30 days’ improved the sucrose % and T.S.S % but decreased growth and yield.
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Physicochemical Characteristics and Yield of Sugar Beet (Beta vulgaris
L.) Cv. “California-Kws” Influenced with Irrigation Intervals
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Abstract | Management practices are very important for increasing yield of sugar beet crop, amongst them
irrigation intervals play an important role. The farmers do not have sufficient knowledge about the suitable
irrigation time (interval). The aim of study was to explore the best irrigation time for sugar beet crop. Hence,
this study examines the physiological response of sugar beet cv. California-kws with different irrigation
intervals at the research farm, Faculty of Agriculture, Gomal university Dera Ismail Khan Pakistan during
2013-14 and 2014-15. The study was conducted using Randomized Complete Block Design (RCBD) having
six treatments i.e. (I = 05 days’, I = 10 days’, I = 15 days’, I .= 20 days’, I.= 25 days’, and I ,= 30 days” interval)
and three replications. Data were recorded on total chlorophyll content, photosynthesis, plant height (cm),
number of leaves plant 7, leaf length (cm), leaf area (cm?), leaf weight plant™(g), root weight plant™ (g), root/
top ratio, root length (cm), root diameter (cm), sucrose%, tss %, purity %, leaf yield (t ha™), root yield (t ha™),
sugar yield (t ha') and harvesting index. The results indicated significant variation among the treatments for
all parameters during both years of study. Among the treatments I (15 days”interval) improved almost all the
studied characters. However, increasing interval improves the sucrose% and TSS% during both years. Hence I,
(15 days”interval) is the best for obtaining highest beet yield and quality under Dera Ismail Khan Conditions.
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Introduction conditions. It is grown as a winter crop in countries
like Pakistan. (Niazi et al., 1997 and 1998) found

that wild beet species could be grown successfully in
Dera Ismail Khan. Sugar beet is commercially grown

Sugar beet (Beta wvulgaris L.), is one of the most

important crops within beet species (Gill and Vear,

1980). It is a biennial, dicotyledonous, herbaceous
crop (Smith, 1987), having 18 chromosomes (Elliot
and Weston, 1993) and harvested for its sugar during
first growing season (Beta wulgaris L.). Sugar beet
is successfully grown in more than forty countries
(Whitney and Duffus, 1986). It is a temperate crop
but also cultivated under arid and semi-arid climatic

in Pakistan in the provinces of Khyber Pakhtunkhwa
(K.P.K) and Punjab, whereas it is grown as a vegetable
on marginal scale in Sindh and Baluchistan (Ahmad
et al, 2012). During 2010-2011, Sugar beet was
grown on an area of 0.8 thousand hectares with
production of 20.9 thousand tones per annum and
average yield of 25.4 tones ha™ in Pakistan, while in
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