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Abstract
Background
A field experiment to evaluate the dry matter yield and nutritive value of Sugar graze and Jumbo plus under irrigation was conducted at three different plant spacings (15 x 30, 15 x 45, 15 x 60 cm) on a red–yellow latosol in the dry zone of Sri Lanka from March to June 2016. The design was a factorial randomised complete block design with three replications. Morphological parameters measured were plant height, leaf length, leaf width, leaf area and number of leaves per plant, inter-node elongation and stem girth. Chemical composition of forages, viz. crude protein, crude fibre, neutral detergent fibre, acid detergent fibre and dry matter yield, was also determined.

Results
There was no difference in the chemical composition of Sugar graze and Jumbo plus 60 days after planting. Sugar graze had significantly higher values (p < 0.05) for stem girth, leaf length, leaf width and leaf area 60 days after planting. Sugar graze produced significantly higher dry matter yield than Jumbo plus. The narrowest spacing 15 × 30 cm gave the highest yield than the other 2 spacings.

Conclusions
It could be concluded that Sugar graze with 15 × 30 cm spacing will give more dry matter yield than Jumbo plus with similar chemical composition in the yala season of dry zone of Sri Lanka.
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Background
The performance of dairy animals depends on the consistent availability of quality fodder in adequate amount. Therefore, the critical limitation on profitable animal production in developing countries is the inadequacy of quality forage [1]. In many developing countries, because of ever growing human need for food, only limited cultivated land can be allocated to fodder production.
Most tropical grasses, like Guinea, Brachiaria and Napier, have high fibre content and low sugar and protein content. This affects the intake and digestibility of the grass, and most of the indigestible portions are passed as excreta. Furthermore, the critical lack of protein in many of these grasses directly limits the ability of the cow to produce milk.
In contrast, grasses like Sugar graze (sorghum), maize and improved Napier variants (CO-3 and CO-4) are considered high-quality cattle feed because of the nutritive value they bring. Among these grasses, sorghum and maize are high-energy sources when compared with the improved Napier varieties. While they are high in nutritive value, maize and improved Napier variants (CO-3 and CO-4) require a considerable amount of water for cultivation. In addition, maize can only be cut once while sorghum can be cut 4–5 times with one planting. Considering its nutritive value, production capacity and profitability, sorghum brings more benefit to farmers [2].
In arid and semi-arid areas of the world, water is the principal limiting factor of agricultural production primarily due to low and/or uneven distributions of annual rainfall [3, 4]. Pearl millet (Pennisetum miliaceum L.) and sorghum (Sorghum bicolor L.) are important forages in several arid and semi-arid regions of the world and are well adapted to environments with limited rainfall, high temperatures and low soil fertility [5, 6]. It has been shown that sorghum and millet were more drought resistant and have higher water-use efficiency compared with corn and are able to produce acceptable forage yields when exposed to drought [7, 8].
Sorghum (Sorghum bicolor (L) Moench) is an annual crop grown in the summer season for fodder production and is considered the fifth major cereal in terms of area and production in the world [9]. Recently, some varieties of this crop evolved as the hybrids by crossing between sorghum (Sorghum bicolor (L) Moench) and Sudan grass (Sorghum bicolor subsp. drummondii) that are known for their quick growth, multi-cuts and nutritious fodder with higher total digestive nutrients (TDN) and crude protein (CP) values exceeding 53-60% and 9–15%, respectively [10]. Fodder yield in sorghum is mainly affected by row spacing and seed rate [11]. To expand the utility of sorghum and corn as forage crops, breeders have focused on traits likely to affect its yield and forage quality [12].
Until recently little research has been done in forage productivity of sorghum especially on Sugar graze and Jumbo plus hybrid varieties in Sri Lanka. Hence, the present investigation was undertaken	To assess the forage productivity and nutritive value of two multi-cut Sorghum hybrid varieties which were recently introduced to the dry zone of Sri Lanka viz. Sugar graze and Jumbo plus.

	To study the growth parameters of Sugar graze and Jumbo plus

	To study the performance of Sugar graze and Jumbo plus in terms of dry matter yield and chemical composition

	To study the effect of spacing on the performance of Sugar graze and Jumbo plus.





Materials and methods
Location
The study was carried out at the livestock farm of the Department of Animal Science, Faculty of Agriculture, Ariviyal Nagar, Kilinochchi. This falls in the Northern Province and dry zone of Sri Lanka. The longitude of the location is 80°39′E, and latitude is 09°38′N. The Northern Province tends to be hot and dry in the dry season (Feb. to Sept.), and moderately cool and wet in the wet season (October to January). The soil type on the location is red–yellow latosol.

Planting material
The planting materials used in this study were 2 cultivars of fodder sorghum, viz. Sugar graze and Jumbo plus.

Experimental design
Treatments were arranged in factorial completely randomised block design, with 3 replicates. Treatments included 2 cultivars, viz. Sugar Graze and Jumbo Plus with 3 spacings (15 x 30, 15 x 45, 15 x 60 cm). Plot size was arranged in such a way to have 64 plants per plot with respective spacing. Basal dressing was done at the rate of 50 kg urea, 25 kg triple superphosphate and 1 2.5 kg muriate of potash/acre. Seeds were sown at the rate of 2 per hill in March 2016. Seedlings were thinned to a single plant per hill 2 weeks after sowing. One month after planting top dressing was done at the rate of 50 kg urea and 12.5 kg Muriate of Potash/acre. Irrigation was done once in 4 days. At the initial stage, manual weeding was done to reduce competition from weeds.

Data collection
Growth parameters
Sixty days after planting the growth parameters, viz. plant height, leaf area, leaf length, leaf width, stem girth, number of leaves per plant, were measured for each cultivar at different spacing.

Fresh and dry matter determination
Harvesting was done 60 days after planting. Forage was cut 15 cm above ground, and soon after harvest fresh matter yield per plot was taken. Ten plants from each plot were sampled to determine dry matter weight and to prepare samples for chemical analysis. For dry matter determination, 2 kg of chopped (1–2 cm long) samples were air-dried for 2 days and oven-dried at 80 °C till constant weight was reached.

Chemical composition
After dry matter determination, from each sample, 100 g of ground sub-samples were taken for chemical analysis and packed in polyethene bags till analysis. Crude fibres (CF), acid detergent fibre (ADF) and neutral detergent fibre (NDF) were determined in the laboratory on dry matter basis by method of [13]. Crude protein was determined on dry matter basis as per standard procedure [14].


Data analysis
Data were subjected to analysis of variance, and mean separation was done with Duncan’s multiple range test by SAS 9.1.3 software.


Results
Weather parameters
The air temperature and precipitation (30 days average values) that prevailed at the experimental site during the growing period between March and May 2016 are presented in Table 1. Though unexpected heavy rainfall was experienced in May, the harvest of the current study was completed before the commencement of heavy rainfall. Table 1Monthly weather parameters during the study period.
Source: Meteorology Department, Vavuniya, Department of Irrigation, Iranamadu (2016)


	Parameter
	Mean temperature (°C)
	Total rainfall (mm)

	March
	29.4
	1.6

	April
	31.4
	16.2

	May
	32.1
	478.1





Vegetative growth parameters
In terms of plant morphology, the 2 cultivars generally responded differently to variation in plant spacing (Table 2). Except plant height and stem diameter, all other parameters did not differ significantly at different spacing for both cultivars, for which plant height significantly decreased with increasing spacing. In general, the thickest stems were produced at the wider spacing and the thinnest at the narrower spacing. Plant height, inter-node elongation and number of leaves per plant were unaffected by cultivars. In contrast, there were significant differences between cultivars for leaf length, leaf width, leaf area and stem diameter. For all 4 parameters, Sugar graze had significantly higher value than Jumbo plus (Table 3). Table 2Effects of row spacing on growth parameters and yields of Sugar graze and Jumbo plus 60 days after planting


	Growth parameters
	Sugar graze
	Jumbo plus

	15 × 30 cm
	15 × 45 cm
	15 × 60 cm
	15 × 30 cm
	15 × 45 cm
	15 × 60 cm

	Height (cm)
	222.93 ± 6.45a
	203.26 ± 13.9b
	190.86 ± 13.57c
	221.0 ± 13.01a
	196.93 ± 10.34b
	174.53 ± 11.53c

	Leaf length (cm)
	95.26 ± 1.13a
	93.73 ± 1.20a
	94.13 ± 0.65a
	89.73 ± 2.41a
	86.73 ± 2.44a
	90.70 ± 1.55a

	Leaf width (cm)
	8.66 ± 0.07a
	8.80 ± 0.72a
	8.60 ± 0.21a
	6.03 ± 0.04a
	6.92 ± 0.14a
	6.14 ± 0.37a

	Leaf area (cm2)
	824.9 ± 11.77a
	861.04 ± 8.27a
	810.24 ± 25.61a
	540.96 ± 10.93a
	559.00 ± 15.90a
	556.57 ± 24.11a

	Stem girth (cm)
	9.93 ± 0.46b
	10.44 ± 0.083a
	10.2 ± 0.1a
	7.42 ± 0.27b
	8.27 ± 0.04a
	8.69 ± 0.06a

	Inter-node elongation (cm)
	21.3 ± 0.75a
	21.1 ± 0.66a
	21.5 ± 0.36a
	19.83 ± 0.51a
	19.93 ± 0.30a
	18.52 ± 0.69a

	Number of leaves/plant
	14.66 ± 0.23a
	14.13 ± 0.57a
	14.6 ± 0.34a
	13.936 ± 0.30a
	13.86 ± 0.30a
	14.6 ± 0.34a


a,b,cWithin a row, means without a common superscript differ (P < 0.05)


 Table 3Effects of variety on growth parameters 60 days after planting


	Growth parameters
	Sugar graze (mean ± SD)
	Jumbo plus (mean ± SD)

	Height (cm)
	205.68 ± 17.34a
	197.48 ± 22.52a

	Leaf length (cm)
	94.04 ± 1.41a
	88.98 ± 2.68b

	Leaf width (cm)
	9.21 ± 0.88a
	6.36 ± 0.46b

	Leaf area (cm2)
	865.39 ± 73.49a
	565.51 ± 30.25b

	Stem girth (cm)
	10.19 ± 0.32a
	8.14 ± 0.55b

	Inter-node elongation (cm)
	21.32 ± 0.55a
	19.43 ± 0.81a

	Number of leaves per plant
	14.4 ± 0.43a
	14.13 ± 0.44a


a,bWithin a row, means without a common superscript differ (P < 0.05)




Dry matter yield
Sugar graze produced higher dry matter yields than Jumbo plus (Table 4). Dry matter yields were inversely related to plant spacing with yield decreasing progressively as plant spacing increased and the differences were significant (Table 5). Table 4Effects of variety on dry matter yield 60 days after planting


	Variety
	Dry matter yield (t/ha)

	Sugar graze
	13.074 ± 2.17a

	Jumbo plus
	9.998 ± 1.89b


a,bWithin a column, means without a common superscript differ (P < 0.05)


 Table 5Effect of row spacing on dry matter yield 60 days after planting


	Spacing
	Dry matter yield (t/ha)

	15 cm × 30 cm
	14.03a

	15 cm × 45 cm
	10.82b

	15 cm × 60 cm
	9.76c


a,b,cWithin a column, means without a common superscript differ (P < 0.05)




Nutritive value
Table 6 shows the proximate composition of Sugar graze and Jumbo plus, 60 days after planting. Proximate composition was not influenced by cultivar and spacing.Table 6Proximate composition of Sugar graze and Jumbo plus 60 days after planting


	Variety
	DM% (mean ± SD)
	CF% (mean ± SD)
	NDF% (mean ± SD)
	ADF (mean ± SD)
	CP (mean ± SD)

	Sugar graze
	17.91 ± 0.95a
	29.22 ± 3.59a
	69.360 ± 5.33a
	47.08 ± 5.57a
	8.77 ± 1.35a

	Jumbo plus
	17.26 ± 1.16a
	31.09 ± 3.33a
	70.578 ± 4.06a
	45.54 ± 2.9a
	7.52 ± 0.33a


aWithin a column, means without a common superscript differ (P < 0.05)





Discussion
Plant height
Plant height as a growth parameter is a result of elongation of the stem internodes, which is influenced by the environment as suggested by Hozumi et al. [15]. In the current study, taller plants were observed with narrow spacing, which is in agreement with reports in the literature that narrower spacing will give taller plants as a result of competition for sunlight [16]. Taller plants led to narrower stem diameter as well.
The plant height observed in the current study for Sugar graze with 15 cm × 60 cm spacing is in agreement with the value (188.833 ± 1.922 cm) reported by Pahuja et al. [17] in India. The plant height at the spacing 15 cm × 30 cm was similar to the value (218 cm) reported by Epasinghe et al. [18] in the wet zone of Sri Lanka for Sugar graze, 60 days after planting where the spacing was not mentioned. Similarly [19] in wet zone of Sri Lanka reported lower value (213.5 cm) for Sugar graze and higher value (236.5 cm) for Jumbo plus where too the spacing was not mentioned. The plant height observed under spacing of 15 cm × 60 cm is similar to the value (191.1 cm) reported by Bandara et al. [20] in the wet zone of Sri Lanka for Sugar graze.

Stem girth
As far as the stem girth is concerned, the value observed for both varieties was higher than the range (0.01–0.05 m) reported for sweet sorghum in Portugal [21]. The current values were also higher than the mean stem girth (5.38 ± 0.15 cm) reported by Pahuja et al. [17] in a trial to evaluate 17 forage sorghum hybrids and 6 check varieties in India. The differences may be due to climatic condition, soil fertility and stage of maturity of the plants. In the current study, stem girth was affected by cultivars which is in agreement with the findings of Yousef et al. [22] and Ayub et al. [23] who reported a significant variation in stem girth among different cultivars of sorghum.

Leaf length, leaf width and leaf area
Leaf development has been described extensively for fodders, as growth is mostly reflected in large increase in leaf length as plants grow to maturity, accompanied by relatively small increase in width and thickness [24]. Large leave lengths are also important for the survival of individual plants within a sward [25]. In the current study, leaf length, leaf width and leaf area were unaffected by spacing within cultivar. The higher values for leaf length, leaf width and leaf area of Sugar graze than Jumbo plus are attributed to the genetic effect of these cultivars. Leaf length of Sugar graze was similar to the value 95 ± 2.0 cm reported by Pahuja et al. [17] in India for the first cut at 50% flowering and a spacing of 15 × 45 cm, whereas leaf width was higher than that recorded by the same authors (6 ± 0.58 cm).
The higher mean leaf area in Sugar graze than Jumbo plus in the current study may be attributable to genetic makeup of the cultivars [26–31] also observed variation in leaf area among various cultivars and varieties of forage sorghum.

Dry matter yield
Plant spacing has a marked impact on the efficiency of use of land, light, water and nutrients. By optimising plant spacing, highest yield potential can be achieved from the smallest possible area [32]. Significantly higher dry matter yield of Sugar graze is due to its genotype, and the growth parameters contributed for the higher yield were the higher values of leaf length, leaf width and stem girth than for the Jumbo plus. Erandathi et al. [19] and Bandara et al. [20] in the wet zone of Sri Lanka reported 6.6 and 6.01 t/ha dry matter yield, respectively, for Sugar graze where the harvesting was done at 50% flowering stage. Erandathi et al. [19] also reported the dry matter yield of 5.1 t/ha for Jumbo plus. Current values of dry matter yield of both were higher than the above values recorded in the wet zone of Sri Lanka. Similar value of the dry matter yield of current study was reported for Sugar graze in the wet zone of Sri Lanka [18] where the harvesting was done 60 days after planting as in the current study. Chaudhry et al. [26] recorded yields of 10,400–13,100 kgDM/ha for advanced lines of forage sorghums and [33] recorded 13,262 kgDM/ha at 15 cm row spacing 78 days after sowing for Sugar graze. The differences in the dry matter yield of cultivars of the present study with the literature are attributed to differences in the spacing, soil fertility, and environmental conditions.
Significant reduction in dry matter yield with increasing plant spacing may be due to decreasing plant density with increasing spacing. In a study conducted at Kemptville Research Station, Canada [34], planting density had a significant effect on fresh and dry matter production and two higher densities had significantly higher production than the 2 lower densities for 3 sweet sorghum hybrids including Sugar graze. In maize, total forage mass was greater at higher plant densities than at lower plant densities, but forage mass was not different among plant populations that exceeded 58,130 plants/ha [35]. Forage dry matter yield declined linearly from 10.9 to 8.1 Mg/ha as within-row spacing increased from 50 to 60 cm in Sorghum [36].
The dry matter percentage of Jumbo plus was higher than the values (15.9%) reported by Tauqir et al. [37] in Pakistan and [18] in Sri Lanka who reported a dry matter percentage of 12.66% for Sugar graze 45 days after planting. The low dry matter percentage of the latter may be due to 15 days early harvesting than the current study.
The crude fibre percentage of this study is in agreement with the finding of Epasinghe et al. [18] in Sri Lanka who reported CF% of 32.23 for Sugar graze 60 days after planting. Higher value of 36.8% was reported by Bandara et al. [20] in the wet zone of Sri Lanka at 50% flowering stage for Sugar graze, whereas lower value (25.12%) was reported by Bozorgvar et al. [12] for Sugar graze in Iran. The differences may be due to stage of maturity and soil fertility.
The NDF% of this study was similar to the finding of Epasinghe et al. [18] (2012) in Sri Lanka where the NDF% was 67.55 for Sugar graze 60 days after planting in the wet zone of Sri Lanka. Similar values NDF for Sugar graze and Jumbo plus were reported in Turkey [38]; the values were 67.97 and 74.89% for Sugar graze and Jumbo plus, respectively. But the result for Sugar graze was higher than the finding of Davison [39] in Manawatu, New Zealand, as he stated that NDF% of Sugar graze was 65.2, 78 days after sowing. For Jumbo plus cultivar, observed value was lower than related study [35] in Pakistan (75.2%). The differences may be due to stage of maturity at harvesting, soil fertility and other environmental factors.
The ADF% of this study was higher than the finding in Sri Lanka [18] reporting the ADF% for Sugar graze as 40.12, 60 days after planting. The current result for Sugar graze was higher than the finding in Manawatu, New Zealand [39], stating that ADF % of Sugar graze was 36.2 after 78 days of sowing. For Jumbo plus cultivar, observed value (39.7) was higher than related study in Pakistan [2]. But for Jumbo plus cultivar, observed value (48.32%) was in agreement with related study in Turkey [34], but the value (41.86) reported for Sugar graze was lower than the current study.
The CP% of this study was lower than the finding in Sri Lanka [18] reporting that CP% for Sugar graze was 17.2, 60 days after planting; also the result for Sugar graze was lower than the finding in Manawatu, New Zealand [37], stating that CP% of Sugar graze was 10.2 after 78 days of sowing. A lower value (7.45) than the current study was reported in Iran [12].
For Jumbo plus, observed CP value was lower than (11.05) the related study in Pakistan [37]. But for Jumbo plus and Sugar graze, observed values were in agreement with related study in Turkey [38] where the values reported were 7.2 and 6.82% at milking stage, respectively. The differences may be attributed to differences in soil fertility, stage of maturity and other environmental factors.
From the above discussion, Sugar graze showed significantly higher values for the growth parameters stem girth, leaf length, leaf width and leaf area than Jumbo plus. Sugar graze showed significantly higher dry matter yield than Jumbo plus. Dry matter yield was inversely related to spacing, and the narrowest spacing gave the highest dry matter yield. Nutritive value was unaffected by cultivar and spacing within cultivar.


Conclusions
Therefore, it can be concluded that Sugar graze with 15 × 30 cm could be used to get maximum yield in the dry season with irrigation in the dry zone of Sri Lanka.
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