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			Abstract | Rhizobium is well recognized because of their symbiotic association especially with leguminous forages and form special structure, i.e., nodules, with 90% of Fabaceae family and displayed all possible means for improving the fertility of soils. Rhizobium also forms a symbiotic association with non-legumes because of their great colonizing capability and helps in improving crop growth. Physiological precursors are also used in association with rhizobium because of their higher solubility in water, continuous providence of hormones as well as low cost. This study was conducted to evaluate the role of Rhizobium, with and without Tryptamine on growth and yield parameters of Berseem. Total of eight treatments was planned to conduct an experiment. Results revealed that the nodule mass (0.523 g plant-1), highest plant height (103.45 cm), number of seeds per head, thousand seeds weight were recorded with Co-inoculation + Tryptamine @ 10-5 M (T8). Nutritious Parameters crude protein (30.23%), neutral detergent fiber (33.45%) and acid detergent fiber (26.56%) gave significant results as compared to control (T1). Results indicated that the combined application of Rhizobium species and Tryptamine performed better by improving growth and yield and quality parameters. It is concluded that precursor-inoculum combination is an effective approach and should be tested in different ecologies.
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			Introduction

			 

			Plant growth promoting rhizobacteria (PGPR) form an association with Rhizobia and make colonization through roots. PGPR improve N2 fixation and nodulation process in leguminous crops (Paungfoo-Lonhienne et al., 2019). Rhizobium and PGPR co-inoculation have both positive and negative impact on plant growth. It caused a decrease in growth due to the competition for attachment sites on root surfaces and by the production of antibiotics (Mirza et al., 2007). Rhizobium and PGPR co-inoculation enhances growth by the reduction in direct spur of rhizobial growth/survival in the soil and ethylene level (Shaharoona et al., 2006), by the increase in phosphate solubilization and number of Rhizobium colonization sites, pathogen containment due to antibiotics production and hormone-induced amplification of the root system that results in enhanced nutrient uptake (Chebotar et al., 2001; Barea et al., 2005; Mishra et al., 2009). Bacterial and fungal-inoculation increased the stomatal conductance, water use efficiency (WUE) and photosynthetic rate (Vivas et al., 2003) and the relative water content of plants (Hamdia et al., 2004). Plants inoculated with Rhizobium and PGPR possessing ACC deaminase activity bears longer roots that help the plants to uptake more water from soil under stressed conditions (Hamdia et al., 2004). 

			 

			Berseem (Trifolium alexandrinum L.) is one of the most important leguminous forages in the Middle-East and the Mediterranean region. It is important winter forage because of its nutritional value and contains more than 20% and 70% crude protein and dry matter digestibility respectively (Pal et al., 2004). In Pakistan, it is also cultivated as rabi (winter) fodder crop in irrigated areas. Berseem is usually grown in early autumn months, so before and during the months having a low temperature, it is used as feed for livestock. It is very productive after winter when temperatures rise. It grows better on alkaline and high moisture soils but slightly less drought-resistant (Hannaway et al., 2004; Joshi, 2018). It can be categorized by their productivity and branching behavior, into four cultivar groups. Miscawi and Kahdrawiare are the berseem cultivars having higher productive potential with branching types of growth attributes (Hannaway et al., 2004). It is an erect, sparsely hairy, 30 to 80 cm in height and annual forage legume (Hackney et al., 2007). Flowers are yellowish-white and form elliptical, dense clustered heads that are 2 cm in diameter. The fruit is a pod with one white to purplish-red seed, shallow taproot system, hollow stems, base branching, alternate leaves, with 2-3 cm broad × 4-5 cm long leaflets (Smoliak et al., 2006). The seeds are abundant under favorable conditions due to its comparable feed value, and it is compared to alfalfa; however, unlike alfalfa, it never showed bloat symptoms (Suttie, 1999; Hannaway et al., 2004). Berseem clover is also used as a green manure crop (Hannaway et al., 2004). Berseem can also be made into silage with oats or be fed chaffed and mixed with chopped straw (Suttie, 1999; Hannaway et al., 2004). 

			 

			Tryptamine, a monoamine alkaloid with one indole ring, is similar in structure to the amino acid tryptophan. Tryptamine is found in many plants in small amounts. It influences plant microbiome and growth by acting as a feedstock for the metabolic pathways. It is found as a possible intermediate in the indole-3-acetic acid biosynthetic pathway. Total four tryptophan-dependent pathways occurred, 1): IPA Pathway (indole-3-pyrovate), 2): Tryptamine Pathway, 3): IAN Pathway (Indole-3-Acetonitrile), 4): IAM Pathway (Indole-3-Acetamide). The decarboxylation of tryptophan occurred, and then Tryptamine produced which convert it into indole-3-acetaldehyde with deamination. It has been demonstrated that Trp-dependent auxin biosynthesis is essential for embryogenesis, seedling growth, flower development, vascular pattern formation, and other developmental processes (Cheng et al., 2007; Stepanova et al., 2008; Tao et al., 2008).

			 

			However, considering the above-mentioned information, there is a need to conduct systematic work in Punjab province (Pakistan) on the factors limiting growth and fodder yield of Berseem with co-inoculation of PGPR and Rhizobia along with the foliar application of Tryptamine to enhance growth and fodder yield of berseem in the presence and absence of Tryptamine. 

			 

			Materials and Methods

			 

			Study site

			A field experiment was carried out to test the precursor Tryptamine with co-inoculation of Rhizobium and PGPR for growth and yield improvement of berseem fodder at Fodder Research Institute, Sargodha / Fodder Sub-station, Faisalabad.

			 

			Treatment plan

			Experiment was comprised to eight treatment T1: control; T2: Rhizobium inoculation; T3: PGPR inoculation; T4: Co-inoculation; T5: control + Tryptamine @ 10-5 M (foliar spray); T6: Rhizobium +Tryptamine @ 10-5 M (foliar spray); T7: PGPR + Tryptamine @ 10-5 M (foliar spray) and T8: Co-inoculation + Tryptamine @ 10-5 M (foliar spray). Randomized complete block (RCB) design was followed while experimenting with an individual plot size of 15 m2 (5 m × 3 m). The seed of berseem cultivar (SB-11) was used as test cultivar. The crop was sown on 3 November 2017 at the seed rate of 8 Kg acre-1 and 45g plot-1. Efficient isolates of Rhizobium and PGPR species obtained from the Soil Bacteriology Section, Ayub Agriculture Research Institute (ARRI) Faisalabad used for inoculum preparation while the Tryptamine was obtained from the Merck Millipore, Germany. It was mixed with 10% sugar solution with 1 ml of gum acacia (2%) sticker solution and applied to the seed before sowing by using seed coating method. Seeds were enough shaken for proper mixing and coating of inoculants. After little air drying in the shade, seeds were sown in the field. Tryptamine was applied in the form of foliar sprays after each cutting. Total three cutting was done on January 4, 2018, February 14, 2018, and March 20, 2018. All other agronomic practices kept constant for irrigation and fertilizer application. 

			 

			Nutritious parameters

			For each cut, the nutritive value of the forage was assessed with measures including crude protein (CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF). NDF and ADF analyzed sequentially (Van Soest et al., 1991) using the filter bag method. Nitrogen was analyzed using the distillation procedure. Crude protein (%) was calculated by the following equation.

			 

			[image: Image6109460.PNG] 

			 

			Statistical analysis 

			The experiment was led down in a randomized complete block design with three replicates. Statistical analysis of the data was done following the methods of analysis of variance (ANOVA) (Steel et al., 1997) by using the Statistix 8.1. The Least Significance Difference (LSD) values between the treatments were calculated at 5% probability levels.

			 

			Results and Discussion

			 

			Fresh fodder yield

			Fresh fodder yield of berseem plants affected by different treatments is depicted in (Figure 1). The fresh fodder yield was highest (42.6 ± 0.67 t ha-1) at T8 {Co-inoculation + Tryptamine @ 10-5 M (foliar spray)} which was 46% more than control treatment (T1). While the minimum increase was found with T5 (Control + Tryptamine @ 10-5 M) treatment (PGPR Inoculation) but it was also 10% more than control (Figure 1). The increasing trend for fresh fodder yield was as T8> T6> T7 > T4 > T2> T3 > T5 > T1.
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			Figure 1: Effect of treatment on fresh fodder berseem yield; T1: Control, T2: Rhizobium Inoculation, T3: PGPR Inoculation, T4: Co-Inoculation, T5: Control + Tryptamine @ 10-5 M, T6: Rhizobium + Tryptamine @ 10-5 M, T7: PGPR +Tryptamine @ 10-5 M, T8: Co-Inoculation + Tryptamine @ 10-5 M.

			 

			Dry matter yield

			The dry matter yield of berseem plants is significantly affected by different treatments. Results showed that Rhizobium application and exogenous application of Tryptamine at different doses significantly enhanced dry matter yield. The highest dry matter yield was obtained from T8 {Co-inoculation + Tryptamine @ 10-5 M (foliar spray)} which was 39% more than control (T1) where no Rhizobium inoculation and Tryptamine were applied (Figure 2). The increasing trend for dry matter yield was as T8> T4> T6 > T7> T2> T5 > T3> T1.
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			Figure 2: Effect of treatment on dry matter yield; T1: Control, T2: Rhizobium Inoculation, T3: PGPR Inoculation, T4: Co-Inoculation, T5: Control + Tryptamine @ 10-5 M, T6: Rhizobium + Tryptamine @ 10-5 M, T7: PGPR +Tryptamine @ 10-5 M, T8: Co-Inoculation + Tryptamine @ 10-5 M.

			Nodules per plant

			Nodule formation is typically a characteristic of Rhizobium, the microbe responsible for nodule formation in legumes. In this study, nodules were formed on the berseem crop. Maximum nodules (24 nodules plant-1) were formed on plants which were treated with Co-inoculation + Tryptamine @ 10-5 M (T8). Whereas, the minimum nodules were formed, where no treatment was applied (T1) (Table 2). The trend for increasing nodules per plants was as T8> T7 = T6 = T4 > T2> T3 = T5> T1.

			 

			Nodule mass

			The nodules mass was also affected by applied treatments. The highest nodule mass (0.523 ± 0.005 g plant-1) was recorded with T8 (Co-inoculation + Tryptamine @ 10-5 M) while minimum (0.023 ± 0.005 g plant-1) with T5 (control) (Table 2). The increasing trend for nodules mass was as T8> T4> T7 > T3 > T6> T2 > T1 > T5.

			 

			Plant height

			The highest plant height (103.45 cm) was recorded with Co-inoculation + Tryptamine @ 10-5 M (T8). However, the lowest was found with control treatment where no inoculation has been performed, and no Tryptamine was applied (Figure 3). 
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			Figure 3: Effect of treatment on plant height; T1: Control, T2: Rhizobium Inoculation, T3: PGPR Inoculation, T4: Co-Inoculation, T5: Control + Tryptamine @ 10-5 M, T6: Rhizobium + Tryptamine @ 10-5 M, T7: PGPR +Tryptamine @ 10-5 M, T8: Co-Inoculation + Tryptamine @ 10-5 M.

			 

			Number of seeds per head

			Data regarding the number of seed per head showed in Table 2. The maximum seeds per head showed by Co-inoculation + Tryptamine @ 10-5 M (T8). The decreasing trend was as T8> T7> T6 > T4 > T2> T3 > T5 > T1.

			 

			Thousand seeds weight 

			The last harvest was kept for seed production, and after maturity, the biomass of each plot was kept in the drying yard under the sun for one week, and threshing was operated to separate seed from the dried foliage. The seed from each plot was calculated following the same method employed in the calculation of green fodder yield ha-1. T8 obtained the highest thousand seed weight (Co-inoculation + Tryptamine @ 10-5 M) followed by T7 (Table 2).

			 

			Nutritious parameters

			Crude protein: The results regarding crude protein contents (%) showed in Table 2. The maximum was crude protein contents (%) was determined in T8 (Co-inoculation + Tryptamine @ 10-5 M) which was significantly higher (P<0.001) than that of all other forage cuts. However, the minimum (97.88%) crude protein value was obtained by T1 (control).

			 

			Neutral detergent fiber and acid detergent fiber: The results regarding neutral detergent fiber (NDF) showed in Table 2. The highest (33.45%) NDF was found with T8 (Co-inoculation + Tryptamine @ 10-5 M) and lowest (23.21%) with T1 (control). The results regarding Acid Detergent Fiber (ADF) showed in Table 2. The highest (26.56%) NDF was found with T8 (Co-inoculation + Tryptamine @ 10-5 M) and lowest (17.34%) with T1 (control). 

			 

			Agriculture industry and community-related to fodder sector, particularly in the twenty-first century faces a lot of challenges, associated with loss of soil fertility status, the increment in the use of synthetic fertilizers, high dose of pesticides, drought, salinity, fluctuating climatic conditions, and growing attack on crops by pathogens and pest. The worldwide necessity to boost agricultural production from rapidly shrinking land resources had placed substantial strain on the fragile agro-ecosystem. Agricultural sustainability, conservational security, and increased crop production can be attained by engaging eco-friendly approaches like the use of bio inoculants (Bhardwaj et al., 2014).

			 

			Different Rhizobium spp. isolated from different sources is reported to make an association with non-legumes and act as PGPR (Adnan et al., 2016). Rhizobium species as PGPR possess various mechanisms which are responsible for stimulating plant growth such as production of phytohormone, siderophores, cyanide, killing harmful pathogens by lytic enzymes, antibiotics, enhancing micro and macro-nutrients mobilization like phosphate solubilization, quorum-sensing signal interference, 

			Table 1: Effect of Treatments on Different Characteristics of Berseem Crop.

			 

			
				
					
					
					
					
					
				
				
					
							Treatment
							
							Nodules

							plant-1

						
							
							Nodule mass

							(g plant-1)

						
							
							Number of Leaves Plant-1

						
							
							Number of Branches Plant-1

						
					

					
							
							T1: Control

						
							
							11±0.98e

						
							
							0.088±0.001d

						
							
							69.50±5.12f

						
							
							13.33±1.2f

						
					

					
							
							T2: Rhizobium Inoculation

						
							
							16±1.21c

						
							
							0.105±0.002c

						
							
							83.45±7.12c

						
							
							20.03±2.12c

						
					

					
							
							T3: PGPR Inoculation

						
							
							15±1.02d

						
							
							0.125±0.014bc

						
							
							80.23±7.36d

						
							
							17.56±1.74d

						
					

					
							
							T4: Co-Inoculation

						
							
							19±1.40b

						
							
							0.140±0.001b

						
							
							86.45±8.12b

						
							
							21.01±2.22b

						
					

					
							
							T5:Control + Tryptamine @ 10-5 M

						
							
							15±0.99cd

						
							
							0.023±0.002e

						
							
							76.45±7.26e

						
							
							13.98±1.11e

						
					

					
							
							T6: Rhizobium + Tryptamine @ 10-5 M

						
							
							19±1.51b

						
							
							0.124±0.004bc

						
							
							85.67±8.23b

						
							
							21.45±1.89b

						
					

					
							
							T7: PGPR +Tryptamine @ 10-5 M

						
							
							19±1.24b

						
							
							0.136±0.001b

						
							
							86.45±8.24b

						
							
							22.56±1.99b

						
					

					
							
							T8: Co-Inoculation + Tryptamine @ 10-5 M

						
							
							24±1.93a

						
							
							0.523±0.001a

						
							
							90.67±9.45a

						
							
							24.34±2.12a

						
					

					
							
							LSD value

						
							
							0.653

						
							
							0.0180

						
							
							1.56

						
							
							0.98

						
					

				
			

			

			Means ±SE sharing the same letter(s) in a column do not differ significantly at p<0.05 according to LSD Test.

			 

			Table 2: Effect of Treatments on Yield and Nutritious Parameters of Berseem Crop.

			 

			
				
					
					
					
					
					
					
				
				
					
							Treatment
							No of seeds per head
							1000-seeds weight (g)
							Crude Protein (%)
							Neutral detergent fiber (%)
							Acid Detergent fiber (%)
					

					
							
							T1: Control

						
							
							10.34±0.89f

						
							
							1.20±0.85f 

						
							
							15.45±1.14f

						
							
							23.21±2.13e

						
							
							17.34±1.15d 

						
					

					
							
							T2: Rhizobium Inoculation

						
							
							22.67±1.24c

						
							
							2.11±0.97c 

						
							
							22.34±1.77c 

						
							
							27.40±1.32c

						
							
							20.56±2.36c 

						
					

					
							
							T3: PGPR Inoculation

						
							
							19.78±1.89d

						
							
							1.92±0.64d 

						
							
							19.45±1.68d 

						
							
							25.01±2.45d

						
							
							18.67±1.78d 

						
					

					
							
							T4: Co-Inoculation

						
							
							26.32±2.45b

						
							
							2.30±1.11b 

						
							
							26.01±2.14b 

						
							
							28.67±2.68b 

						
							
							22.90±2.38b 

						
					

					
							
							T5: Control + Tryptamine @ 10-5 M

						
							
							13.67±1.04e

						
							
							1.54±078e 

						
							
							17.56±1.67e 

						
							
							24.78±1.99d 

						
							
							17.68±1.68d 

						
					

					
							
							T6: Rhizobium + Tryptamine @ 10-5 M

						
							
							27.41±2.14b

						
							
							2.30±1.68b 

						
							
							26.45±2.43b 

						
							
							29.41±2.56b 

						
							
							23.01±2.12b 

						
					

					
							
							T7: PGPR +Tryptamine @ 10-5 M

						
							
							28.45±2.12b

						
							
							2.31±2.14b 

						
							
							27.34±1.65b 

						
							
							30.45±3.01b 

						
							
							23.45±2.45b 

						
					

					
							
							T8: Co-Inoculation + Tryptamine @ 10-5 M

						
							
							32.34±2.89a

						
							
							2.42±2.33a 

						
							
							30.23±2.69a 

						
							
							33.45±3.09a 

						
							
							26.56±2.56a

						
					

					
							
							LSD value

						
							
							1.23

						
							
							0.05

						
							
							0.91

						
							
							0.29

						
							
							1.01

						
					

				
			

			

			Means ±SE sharing the same letter(s) in a column do not differ significantly at p<0.05 according to LSD Test.

			 

			organic compounds, inducing systemic resistance, nitrogen fixation, biofilm formation, releasing ACC deaminase and symbiotic relation between plant and microbes (Compant et al., 2005; Jimenez Gomez et al., 2016). Rhizobium, are recognized for making the symbiotic association with legumes and are accountable to fix nitrogen, capable of producing hormones may be considered the most credible mean for plant growth promotion (Mehboob et al., 2008). Rhizobium inoculation significantly affected the growth and development of berseem. Effect of all isolates was variable, and it was more manifest when tryptamine was applied exogenously (Zahir et al., 2004). In our study, Rhizobium inoculation with and without PGPR and Tryptamine increased the growth and yield attributes of the berseem as compared to control treatment (Table 1, 2; Figures 1, 2 and 3). These results are in agreement with Zahir et al. (2004) who stated that increase in growth and yield attributes of the fodder crop was might be due to more production of auxin and many researchers have also observed potential of Rhizobium sp to biosynthesize auxin either in the presence or absence of L-TRP (Hussain et al., 2013; Zahir et al., 2010a, b).

			 

			A significant effect in the nodules per plant, nodule mass, number of leaves, number of branches, number of seeds per pod and 1000-seeds weight was noticed in the current study (Table 1, 2). Increase in the fresh fodder weight, dry matter yield, and plant height, while the separate application of PGPR also increased the fresh fodder weight, dry matter yield, and plant height but less than the separate application of Rhizobium inoculation. Improvement in growth and yield at the sole application of tryptamine might have occurred due to the IAA biosynthesis, hormonal imbalance and lower level of ethylene. Sole inoculation of Rhizobium species improved maize growth and yield that might have occurred due to the release of organic acids and siderophores, increased plant hormone production, better root colonization, better nutrient uptake and improved systemic resistance (Hmissi et al., 2011; Mehboob et al., 2011; Akhtar et al., 2013). Increased auxin biosynthesis is associated with better root colonization and better root system architecture that improved the growth and yield of the berseem crop (Zahir et al., 2004, 2005, 2010). These results are confirmed by another finding where Auxin biosynthesis potential as IAA equivalents improved root (Khalid et al., 2001).

			 

			The plant growth promoting rhizobacteria (PGPR), are characterized by the following inherent distinctiveness’s: (i) they must be proficient to colonize the root surface (ii) they must survive, multiply and compete with other microbiota, at least for the time needed to express their plant growth promotion/protection activities and (iii) they must promote plant growth (Kloepper, 1994). Our study indicated that co-inoculation along with Tryptamine @ 10-5 M provided the best results (Figure 1, 2 and 3) about fodder fresh weigh, dry matter yield and plant height. The combined application of Rhizobium + PGPR + Tryptamine @ 10-5 M promoted the yield of fodder. This might have occurred due to the improved biosynthesis of auxins in the rhizosphere (Zahir et al., 2005, 2010).

			 

			Similarly, Kang et al. (2007) observed an enhanced enzyme activity (T5H) coupled with a dose-dependent increase in serotonin in the rice seedling tissues, grown in the presence of tryptamine. T5H is a terminal enzyme responsible for serotonin synthesis using tryptamine as a substrate. The T5H enzyme occurred predominantly as a soluble protein and exhibited broad substrate specificity toward aromatic amino acids and their derived amine compounds such as tryptamine and octopamine. However, dopamine derived from phenylalanine did not affect T5H enzyme catalysis, suggesting that T5H harbors a certain level of substrate specificity among aromatic amino acid derivatives (Jang et al., 2004). The conversion of tryptophan into indole-3-acetic aldehyde (IAA) may involve an alternative pathway in which Tryptamine is formed as in pseudomonads and azospirilla.

			 

			A significant effect in the neutral and acid detergent fiber and crude protein was also observed by the application of Rhizobium and RGPR inoculations in a singlet and combined form using the tryptamine of berseem crop (Table 2). High plant crude protein content in maize might be due to better root growth and root system because of improved growth hormone in the rhizosphere (Hussain et al., 2009). Soil N and available P improved because of Precursor-inoculum interaction. The reason behind this improvement might be the solubilization of phosphates by organic acids production, enhanced root system for nutrients acquisition, increased microbial activities due to the precursor and thus increased berseem crop quality attributes (Fatima et al., 2006; Mehboob et al., 2011).

			 

			Conclusions and Recommendations

			 

			A field investigation was accompanied to assess the interaction of Rhizobium and PGPR to improve development, growth and fodder harvest of Berseem in the existence and lack of tryptamine. The results displayed that the collective plan of co-inoculation (PGPR + Rhizobium) + Tryptamine @ 10-5 M significantly improved the physical, nutritious, growth parameters as compared to all treatment. Precursor-inoculum interaction is an effective strategy to improve the berseem fresh and dry fodder yield. Comprehensive studies in different ecologies regarding the physiological and biochemical aspects are required to confirm this approach.
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Potential of Rhizobium and PGPR to Enhance Growth and Fodder

Yield of Berseem (Trifolium alexandrinum L.) in the Presence and
Absence of Tryptamine
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Abstract | Rhizobium is well recognized because of their symbiotic association especially with leguminous
forages and form special structure, i.e., nodules, with 90% of Fabaceae family and displayed all possible means
for improving the fertility of soils. Rhizobium also forms a symbiotic association with non-legumes because
of their great colonizing capability and helps in improving crop growth. Physiological precursors are also
used in association with rhizobium because of their higher solubility in water, continuous providence of
hormones as well as low cost. This study was conducted to evaluate the role of Rhizobium, with and without
Tryptamine on growth and yield parameters of Berseem. Total of eight treatments was planned to conduct
an experiment. Results revealed that the nodule mass (0.523 g plant™), highest plant height (103.45 cm),
number of seeds per head, thousand seeds weight were recorded with Co-inoculation + Tryptamine @ 107
M (T,). Nutritious Parameters crude protein (30.23%), neutral detergent fiber (33.45%) and acid detergent
fiber (26.56%) gave significant results as compared to control (T,). Results indicated that the combined
application of Rhizobium species and Tryptamine performed better by improving growth and yield and
quality parameters. It is concluded that precursor-inoculum combination is an eftective approach and should
be tested in different ecologies.
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Introduction colonization through roots. PGPR improve N2
fixation and nodulation process in leguminous crops
lant growth promoting rhizobacteria (PGPR) (Paungfoo-Lonhienne et al., 2019). Rhizobium

form an association with Rhizobia and make and PGPR co-inoculation have both positive and
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