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Screening and characterization of mulberry (Morus spp.) genotypes for enhanced photosynthetic efficiency and leaf yield

ABSTRACT
The present study was undertaken to evaluate the physiological basis of yield variation among 23 mulberry genotypes/varieties with an emphasis on identifying stable and high-performing varieties suitable for diverse agro-climatic conditions. The genetic and physiological variability in photosynthesis and associated traits such as leaf area, LAI, chlorophyll fluorescence and chlorophyll index were studied in promising mulberry genotypes, at 45 and 60 days after pruning (DAP).  Based on gas exchange parameters, ten superior genotypes were selected and further assessed for key physiological traits, like chlorophyll pigment composition, carotenoid content, and plant water relation traits (MC,MRC,and pWUE). Significant variation was observed among genotypes for all the parameters studied. Variety V1 consistently exhibited superior performance, recording higher photosynthetic rate, stomatal conductance, chlorophyll content, carotenoids, moisture retention capacity (MRC), and water use efficiency (WUE), followed by G4 and Morus indica. These traits were positively correlated with enhanced photosynthetic efficiency, improved water relations, and better stress tolerance. Consequently, V1 recorded the highest leaf yield per plant, followed by G4, while lower-performing genotypes such as S-54 and Kanva-2 exhibited reduced physiological efficiency and yield. The study highlights the strong interrelationship among physiological traits and their collective influence on leaf yield, suggesting that these parameters can serve as reliable selection criteria for identifying high-yielding and superior mulberry genotypes for successful sericulture activity.
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INTRODUCTION
	Sericulture is an agro-based industry that combines agriculture and textile manufacturing into a single value chain. Historically, sericulture originated in ancient China around 2700 BCE and gradually spread to other parts of Asia and the world through trade routes such as the ‘Silk Road’. At present, India is the second largest producer of natural silk after china and holds the unique distinction of producing all four major types of natural silk. The art of sericulture encompasses several stages, including mulberry cultivation, silkworm rearing, cocoon harvesting, and silk reeling. The domesticated silkworm Bombyx mori L. is monophagous in nature, feeding exclusively on mulberry leaves and considered as major economic part.
Mulberry (Morus spp.) belonging to the family Moraceae, is a woody, deep rooted perennial plant grows continuously throughout the year under favourable climatic conditions over a wide range of soils. Mulberry is considered as the backbone of sericulture, contributing significantly to successful cocoon production of about 38.2% (Shabir et al., 2014). Nutritious mulberry leaves enhance silkworm growth, development, and feed conversion efficiency, ultimately improving commercial silk output. (Harish et al., 2022). Beyond its pivotal role in sericulture, mulberry is a multifunctional tree species with wide-ranging economic and ecological significance (Tejasvini et al., 2025). Mulberry is an important resource for multiple industries, notably pharmaceuticals, beverage production, timber, and dyeing. (Anusuya et al., 2025; Menaka et al., 2025; Rohela et al., 2020). These diverse contributions make mulberry trees indispensable in agriculture, animal husbandry, nutrition, traditional medicine and environmental conservation.
Leaf productivity and quality are critical determinants of sericulture sustainability and profitability, as they directly influence silkworm growth, cocoon yield, and silk quality (Doss et al. 2012). Variation in the leaf quality among different mulberry varieties significantly influenced by its genome, cultivation practices, preservation techniques and leaf maturity which is turn responsible for silkworm rearing performances (Omais et al.,2023). 
In the present scenario, the primary objective in sericulture research is, improving the quality and quantity of mulberry leaves and developing mulberry varieties appropriate to diverse agro-climatic conditions. Traits such as leaf yield, leaf area, leaf area index, pigment composition, and moisture content, along with physiological processes like photosynthesis, play a crucial role in determining leaf productivity. This requires the selection of suitable parental material from a wide range of germplasm resources. (Rahman el al., 2020). Given the importance of leaf yield and associated traits, understanding the genetic and physiological variability among mulberry genotypes is essential. In particular, photosynthetic efficiency and related physio-biochemical parameters have been recognized as key factors influencing leaf productivity and, consequently, cocoon yield.
In this context, the present study was undertaken to evaluate the genetic and physiological variability in photosynthesis and associated traits in promising mulberry genotypes/ varieties, with a focus on improving leaf yield and overall sericultural productivity under changing climatic conditions.
2	MATERIALS AND METHODS:
2.1.	Plant materials and experimental design
The present study was undertaken during the period of 2016-17. A total of 23 mulberry genotypes/varieties (Table1) maintained in the Department of Sericulture, TNAU, Coimbatore, were used as the experimental material for this study.  Each mulberry genotype / variety was planted in one row consisting four plants with a spacing of 90cm x 90cm. These genotypes were planted during 2010 and maintained as per package of practices for rain fed conditions (Dandin, S.B. and Giridhar, K, 2010). Pruning was done at four feet height from the ground level. Treatments in the experiments were arranged in a Randomized block design (RBD), with three replications. 
All physiological traits, including leaf area, leaf area index and photosynthetic parameters, were assessed in all the 23 mulberry genotypes/varieties at two growth stages viz, 45th DAP and 60th DAP (Days after pruning).  Whereas, plant water relation traits such as leaf moisture content, moisture retention capacity (MRC), calculated water-use efficiency (pWUE) and chlorophyll pigment composition were evaluated in ten elite (Photosynthetically superior) genotypes/varieties. Leaf yield was estimated in all the genotypes/ varieties at the end of the study (60thDAP).
2.2	Morphophysiological traits
2.2.1. 	Leaf area 
Leaf area per plant was measured using a Leaf Area Meter (LICOR, Model LI 3000) and expressed as cm2 plant-1.
2.2.2.	 Leaf Area Index (LAI) 
The leaf area index was calculated by employing the formula of Williams (1946).
					
Leaf area per plant
 		LAI = 
 			                Ground area occupied by the plant
2.3 	Photosynthetic traits
2.3.1	Gas exchange parameters
Leaf gas exchange measurements were performed using Portable Photosynthesis System (PPS) (Model LI-6400 of LICOR inc., Lincoln, Nebraska, USA). Totally three measurements were taken in the same leaf at a constant flow rate of 500ml min-1and CO2 concentration of C.380 µmol mol-1 under a PAR of 1000 µmol m-2s-1 between 10.00 -12.30 hr. Using PPS system, the following gas exchange parameters were recorded.
Photosynthetic rate (Pn: lmol CO2 m-2 s-1); stomatal conductance (gs: mol H2O m-2 s-1); Transpiration rate (E: mmol H2O m-2 s-1).
2.3.2	Chlorophyll fluorescence
Chlorophyll fluorescence measurements were recorded by using Junior Pulse Amplitude Modulation Fluoro meter (PAM wincontrol-3.16, Germany) following the method of (Lu et al., 2001). Measurements were made between 9.00 hours to 12.00 hours on intact leaves, which were dark adapted for 30 minutes prior to measurement. Using light and dark fluorescence parameters, the maximal efficiency of PS II photochemistry in the dark adopted state, Fv/Fm = (Fm-Fo) / Fm (Kooten & Snel, 1990) was calculated.
2.3.3	Chlorophyll index (SPAD readings)
Chlorophyll index was recorded using a portable chlorophyll meter (Minolta SPAD 502). The Minolta SPAD-502 measures chlorophyll content as ratio of transmittance of light at wavelength of 650 nm and 940 nm. Five readings were taken from each replication and the average values computed using method described by (Minolta, 1989) and (Monje & Bughree, 1992). SPAD readings are calculated based on two transmission values: the transmission of red light at 650 nm, which is absorbed by chlorophyll, and the transmission of infrared light at 940 nm, at which no chlorophyll absorption occurs. Using this two absorbance, the meter calculates the numerical SPAD value which is proportion to chlorophyll content and SPAD output relates to log10(T940/T650).
2.3.4 Chlorophyll pigment composition
2.3.4.1	Chlorophyll content
In each treatment, three to four fresh leaves from middle shoot region was plucked for estimating chlorophyll content. Leaves from all the replications were pooled and chlorophyll content was estimated by following the method suggested by Yoshida et al., (1971) and expressed as mg g-1.
The chlorophyll a, b, total chlorophyll and chlorophyll a/b ratio were also computed using the formula as follows and expressed in mg g-1 fresh weight (Arnon, 1949).

                                                                                                      V
Chlorophyll  a  = (12.7 x OD₆₆₃) – (2.69 x OD₆₄₅) x  	                                   x1000   
      W
                                                                                             
                                                                                     
                                                                                                V
 Chlorophyll  b  =   (2.69 x OD₆₄₅) – (4.68 x OD₆₆₃) x    	           x1000                          
 W
                                                            OD₆₅₂ x 1000                V
 Total Chlorophyll =                                         x   	x 1000  
                                                  	    34.5                            W                     
2.3.4.2 Carotenoid content
	Carotenoid content of mulberry was estimated by following the method suggested by Yoshida et al. (1971) and expressed as mg g-1.                                          
                                                                                                                     V
  	Carotenoid content = (7.6 x OD480) – (1.49 x OD510) x	x W
                                                                                                                   1000
2.4	Plant water relation traits
2.4.1.	Leaf moisture content (%)
Moisture content of the leaves was calculated using fresh weight and dry weight of the leaves and expressed in per cent.
                                            	Fresh weight of leaf – dry weight of leaf
      Moisture content =                                                                                       x 100
                                          		  Fresh weight of leaf

2.4.2.	Leaf moisture retention capacity (MRC) (%)
Moisture retention capacity of the leaves was calculated using fresh weight, leaf weight after 6 hours and dry weight of the leaves and expressed in per cent.
                                      Weight of leaf after 6 hours – dry weight of leaf
      Leaf moisture =                                                                                           	     x 100
                                      Fresh weight of leaf – dry weight of leaf

2.4.3.	Calculated water use efficiency (pWUE)
	Physiological water use efficiency was recorded in the 5th-6th leaf from top by Portable Photosynthesis System (PPS) (Model LI-6400 of LICOR inc., Lincoln, Nebraska, USA) in the field.
2.5	Leaf yield per plant (kg)
Leaves were harvested from different replicated plants and their weight were recorded at 60DAP. The average leaf yield per plant was estimated. The total leaf yield per plant was expressed in kg.
2.6	Statistical analysis
Data on various characters studied during the study were subjected to an analysis of variance as per the methods suggested by Gomez and Gomez (2010).  An ANOVA was performed for each variable in this experiment was used to determine whether there were significant differences among the mulberry genotypes/ varieties. Regression and correlation coefficients were estimated between chlorophyll fluorescence and photosynthetic rate. Additionally, correlations between leaf yield and other photosynthetic traits were also performed.
3. 	RESULTS
3.1	Morphophysiological traits
3.1.1	Leaf area
	Leaf area, a key determinant of yield in mulberry, showed significant variation among genotypes across growth stages (Fig. 1). Among the genotypes, Morus rotundiloba recorded the highest leaf area (85.87 cm² and 88.50 cm² at 45 and 60 DAP, respectively). In contrast, the lowest leaf area was observed in Hon-seringe (27.37 cm²), followed by Kanva-2 (39.10 cm²) at 45 DAP, with a similar trend at 60 DAP.
3.1.2	Leaf area index (LAI)
	Leaf area index (LAI) is the ratio of leaf area to ground area, an indicator of assimilatory capacity in crops. LAI increased progressively from 45 to 60 DAP across all genotypes (Table 2). At 45 DAP, the highest LAI was recorded in Morus rotundiloba (1.06), followed by C-776 (0.97). Varieties S-706 and S-46 also exhibited significantly higher LAI compared to other genotypes (Table 2). The lowest LAI was consistently observed in Hon-seringe and Kanva-2, with values of 0.34 and 0.40 in Hon-seringe at 45 and 60 DAP, respectively.
3.2	Photosynthetic traits
3.2.1	Gas exchange parameters
	Photosynthetic rate (Pn) varied significantly among genotypes and increased from 45 to 60 DAP (Table 3). At 45 DAP, V1 recorded the highest Pn (26.94 µmol CO₂ m⁻² s⁻¹), followed by G4 (26.02 µmol CO₂ m⁻² s⁻¹), whereas the lowest was observed in S-54 (11.59 µmol CO₂ m⁻² s⁻¹). At 60 DAP, V1 (27.80 µmol CO₂ m⁻² s⁻¹) and G4 (27.12 µmol CO₂ m⁻² s⁻¹) maintained superior performance, while S-54 (12.14 µmol CO₂ m⁻² s⁻¹) and Kanva-2 (14.20 µmol CO₂ m⁻² s⁻¹) recorded the lowest values.
Transpiration rate (E) showed an inverse trend, with higher values recorded in S-54 (9.31 and 9.24 µmol H₂O m⁻² s⁻¹ at 45 and 60 DAP, respectively) and Kanva-2, whereas the lowest values were observed in RFS-135 and S-40.
Stomatal conductance (gs) was highest in V1 (0.44 and 0.49 cm s⁻¹ at 45 and 60 DAP, respectively), followed by G4, while the lowest values were recorded in S-54 and Kanva-2 (Table 3).
3.2.2	Chlorophyll fluorescence (Fv/Fm)
	Chlorophyll fluorescence (Fv/Fm), an indicator of PSII efficiency, differed significantly among genotypes (Table 5). At 45 DAP, V1 recorded the highest Fv/Fm value (0.872), followed by G4 (0.845). A similar trend was observed at 60 DAP. The lowest values were recorded in S-54 (0.665 and 0.670 at 45 and 60 DAP, respectively).
3.2.3	Chlorophyll index (SPAD readings)
	SPAD values, reflecting chlorophyll content, increased at 60 DAP compared to 45 DAP (Fig. 3). At 45 DAP, V1 recorded the highest SPAD value (45.3), followed by G4 (43.8) and Morus indica (42.9). The lowest values were observed in S-54 (31.0) and Morus australis (31.3). A similar trend was maintained at 60 DAP.
3.2.4	Chlorophyll pigment composition
Based on gas exchange performance, ten superior genotypes were selected for detailed physiological evaluation. Significant variation in chlorophyll (a, b, and total) and carotenoid content was observed across genotypes and growth stages (Tables 6 and 7).
V1 recorded the highest chlorophyll a and b content, with a positive association observed between the two pigments. Total chlorophyll content was higher at 60 DAP compared to 45 DAP. At 60 DAP, V1 recorded the highest total chlorophyll content (3.18 mg g⁻¹), followed by G4 (3.11 mg g⁻¹) and Morus indica (3.08 mg g⁻¹), whereas the lowest values were observed in Morus australis (1.24 mg g⁻¹) and S-54 (1.30 mg g⁻¹).
Carotenoid content also varied significantly among genotypes. At 45 DAP, V1 recorded the highest value (0.52 mg g⁻¹), followed by Morus indica (0.43 mg g⁻¹). A similar trend was observed at 60 DAP, while the lowest carotenoid content was recorded in Morus australis (0.18 mg g⁻¹).
3.3	Plant water relation traits
3.3.1.	Leaf moisture content (%)
	Leaf moisture content varied significantly among genotypes (Fig. 2). At 45 DAP, it ranged from 62.90% to 76.18%, with V1 recording the highest (76.18%), followed by G4 (74.10%), C2038 (70.19%), and Morus indica (70.16%). The lowest value was observed in S-54 (62.90%). At 60 DAP, V1 (65.19%) and G4 (65.11%) maintained higher moisture content, whereas S-54 recorded the lowest (57.90%).
3.3.2.	Leaf moisture retention capacity (%)
Moisture retention capacity was highest in V1 (76.64%) and lowest in Kanva-2 (67.51%) at 45 DAP.  At 60 DAP, V1 continued to record the highest value (71.47%), followed by G4 (69.92%) and Morus indica (69.19%).
3.3.3	Calculated water use efficiency (pWUE)
Water use efficiency (WUE) varied significantly among genotypes (Table 4). At 45 DAP, V1 recorded the highest WUE (3.326), followed by G4 (3.147), while the lowest values were observed in S-54 (2.051) and Kanva-2 (1.713). A similar trend was observed at 60 DAP, with V1 maintaining the highest WUE (3.440).
3.4	Leaf yield per plant
Leaf yield per plant, the most important economic trait in mulberry, varied significantly among genotypes (Fig. 4). V1 recorded the highest leaf yield (0.669 kg plant⁻¹), followed by G4. In contrast, the lowest yield was observed in Morus multicaulis (0.405 kg plant⁻¹) and Morus rotundiloba (0.426 kg plant⁻¹).
4	DISCUSSION
Stability across a wide range of environments is a key criterion in selecting mulberry varieties for large-scale cultivation (Tejaswini et al., 2025), as it directly influences leaf yield and quality which are the critical factors for the optimal growth and development of the silkworm, Bombyx mori. In this context, the present investigation aimed to elucidate the interrelationship among major physiological traits in 23 mulberry genotypes/varieties and their contribution to yield performance.
Leaf area, being the primary determinant of photosynthetic surface, plays a vital role in assimilate production and overall plant productivity (Song et al., 2013; Harish et al., 2024). It is largely governed by cell expansion and turgidity, thereby influencing light interception and CO₂ fixation. In the present study, both leaf area and leaf area index increased progressively from 45 to 60 DAP across all genotypes, with M. rotundiloba and C-776 recording higher values. Enhanced leaf area, coupled with increased photosynthetic rate per unit leaf area, contributed significantly to biomass accumulation and yield.
Gas exchange parameters further reinforced these observations, as photosynthetic rate and stomatal conductance increased with crop growth, while transpiration rate showed a declining trend. Among the genotypes, V1 consistently exhibited superior photosynthetic rate and stomatal conductance, followed by G4, indicating enhanced carbon assimilation capacity and physiological efficiency. These findings are in line with earlier reports (Durgadevi and Vijayalakshmi, 2020; Vineet Kumar et al., 2012), highlighting the superiority of V1 under varying environmental conditions. The positive association between photosynthetic activity and leaf yield observed in this study aligns with the findings of Doss et al. (2011) and Anosheh et al., 2016, suggesting that improved stomatal regulation and carbon fixation efficiency are key determinants of productivity.
Chlorophyll fluorescence and pigment composition further substantiated the superior performance of V1 and G4. Higher chlorophyll fluorescence values indicated better PSII efficiency and photochemical activity, while increased SPAD values and chlorophyll (a, b, and total) content reflected enhanced photosynthetic capacity. These traits collectively contribute to improved light harvesting, energy conversion, and ultimately higher biomass production. Fig 5 reflects strong and positive correlation between chlorophyll fluorescence and photosynthetic capacity. The observed positive correlation between chlorophyll content and photosynthetic efficiency supported by findings of Durgadevi et al., 2025 and Jalaja Kumar and Ram Rao, 2008).
The evaluation of chlorophyll pigment composition and plant water relation traits in the selected elite mulberry genotypes further substantiated the physiological superiority identified through gas exchange parameters. Significant variation in chlorophyll (a, b, and total) and carotenoid content across genotypes and growth stages indicates differential photosynthetic capacity and adaptive potential. The consistently higher chlorophyll a and b content observed in V1, along with a positive association between the two pigments, suggests an enhanced light-harvesting efficiency and coordinated functioning of the photosynthetic apparatus. The increase in total chlorophyll content at 60 DAP compared to 45 DAP across genotypes reflects improved photosynthetic maturity, which was most pronounced in V1, followed by G4 and Morus indica. These findings align with the earlier discussion, where higher SPAD values, chlorophyll fluorescence, and photosynthetic rates in these genotypes were indicative of superior PSII efficiency and carbon assimilation capacity.
	Carotenoids, which play a crucial role in photoprotection and antioxidative defense, also exhibited a similar trend, with V1 and Morus indica maintaining higher levels at both growth stages. The elevated carotenoid content in these genotypes complements their higher chlorophyll content and fluorescence, suggesting an efficient balance between light absorption and dissipation of excess energy. This supports the earlier observation that genotypes with superior gas exchange traits also possess enhanced photochemical efficiency and stress tolerance mechanisms.
Plant water relation traits further reinforced the superiority of V1 and G4. Higher leaf moisture content and moisture retention capacity observed in these genotypes indicate better cellular hydration and turgor maintenance, which are essential for sustained leaf expansion and stomatal functioning. Varieties with higher moisture content and MRC supposed to have higher leaf yield and have critical influence on silkworm rearing performance (Hanamant et al., 2018; Yogananda Murthy et al., 2013). This directly correlates with the previously observed higher stomatal conductance and photosynthetic rates, as adequate water status facilitates CO₂ diffusion and enzymatic activity involved in photosynthesis. The decline in moisture content at 60 DAP, particularly in lower-performing genotypes such as S-54, reflects reduced water retention ability, which may limit photosynthetic efficiency and growth.
Water use efficiency (WUE) emerged as a critical integrative parameter linking carbon assimilation and water conservation. The consistently higher WUE recorded in V1 and G4 at both growth stages indicates their ability to maintain higher photosynthetic rates with relatively lower water loss. This finding is in strong agreement with earlier observations of reduced transpiration rates coupled with increased photosynthetic activity, suggesting efficient stomatal regulation. Such traits are particularly advantageous under moisture-limited conditions and contribute to the stability of these genotypes across diverse environments.
Ultimately, the combined influence of these physiological traits was reflected in leaf yield, the most important economic parameter in mulberry cultivation. Table 8 shows strong positive correlation between leaf yield and photosynthetic traits.The significantly higher leaf yield recorded in V1, followed by G4, clearly demonstrates the cumulative effect of enhanced leaf area, higher chlorophyll content, improved photosynthetic efficiency, better water relations, and superior WUE. In contrast, genotypes such as Morus multicaulis and Morus rotundiloba, despite certain favourable traits like larger leaf area in earlier observations, recorded lower yields, indicating that yield is a function of multiple interacting physiological processes rather than a single trait.
5.	CONCLUSION
	The present investigation demonstrated that physiological traits such as leaf area, photosynthetic rate, chlorophyll content, chlorophyll fluorescence, carotenoid concentration, and plant water relation characteristics are closely interrelated and collectively influence leaf yield in mulberry. Genotypes exhibiting higher photosynthetic efficiency, better pigment composition, and improved water use efficiency showed superior performance in terms of growth and yield. Among the genotypes evaluated, V1 emerged as the most promising, followed by G4 and Morus indica, due to their consistent superiority across physiological and yield parameters. The study further emphasizes that traits like chlorophyll content, gas exchange parameters, and water use efficiency can serve as effective selection indices for identifying stable and high-yielding mulberry varieties suitable for large-scale cultivation under diverse environmental conditions. Therefore, these genotypes may be recommended for cultivation and can also be utilized in future breeding programs aimed at improving productivity and stress tolerance in mulberry.
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[bookmark: _Hlk209651345]Table 1: List of 23 Mulberry genotypes/varieties used in the present study
	SI.No
	Genotypes/Varieties

	1.
	S46

	2.
	C776

	3.
	Kosen

	4.
	BC259

	5.
	Hon-seringe

	6.
	S34

	7.
	MR2

	8.
	M.australis

	9.
	Kanva2

	10.
	E-Trip

	11.
	RFS135

	12.
	S1635

	13.
	M.multicaulis

	14.
	M.indica

	15.
	M.rotundiloba

	16.
	S708

	17.
	G4

	18.
	C2038

	19.
	S54

	20.
	V1

	21.
	S36

	22.
	S13

	23.
	S40





















Table 2. Genetic variation in the Leaf area index of mulberry genotypes / varieties at 45th DAP and 60th DAP
	Mulberry Genotypes/
Varieties
	Leaf area index

	
	45th DAP
	60th DAP

	BC-259
	0.72±0.09
	0.84±0.07

	C-776
	0.97±0.03
	1.06±0.04

	C-2038
	0.73±0.03
	0.78±0.04

	E TRIP
	0.53±0.01
	0.59±0.01

	G-4
	0.88±0.01
	0.94±0.03

	HON-SERINGE
	0.34±0.03
	0.40±0.02

	KANVA-2
	0.48±0.03
	0.54±0.02

	KOSEN
	0.72±0.11
	0.76±0.03

	MR2
	0.80±0.05
	0.85±0.03

	RFS-135
	0.51±0.06
	0.57±0.01

	S-13
	0.88±0.01
	0.93±0.03

	S-34
	0.74±0.10
	0.80±0.05

	S-36
	0.88±0.03
	0.93±0.04

	S-40
	0.52±0.06
	0.66±0.03

	S-46
	0.90±0.05
	0.97±0.02

	S-54
	0.57±0.04
	0.68±0.02

	S-1635
	0.78±0.04
	0.84±0.07

	S-706
	0.91±0.04
	0.99±0.06

	V1
	0.82±0.02
	0.95±0.03

	Morus australis
	0.67±0.01
	0.73±0.03

	Morus indica
	0.50±0.03
	0.59±0.01

	Morus multicaulis
	0.74±0.05
	0.80±0.03

	Morus rotundiloba
	1.06±0.07
	1.14±0.04

	S.Ed
	0.0727    
	0.0522    

	CD*p<0.05
	0.1464
	0.1051






Table 3. Gas exchange parameters of mulberry genotypes / varieties at two growth stages.
	Mulberry Genotypes/
Varieties
	Photosynthetic rate
 (μmol CO2 m-2 s-1)  

	Transpiration rate (mmol H2O m-2 s-1)
	Stomatal Conductance (cm s-1)

	
	45th DAP 
	60th DAP
	45th DAP 
	60th DAP
	45th DAP 
	60th DAP

	BC-259
	19.19±0.10
	20.01±0.09
	8.85±0.03
	8.82±0.03
	0.26±0.00
	0.28±0.00

	C-776
	20.23±0.18
	20.69±0.19
	9.06±0.06
	9.01±0.05
	0.24±0.01
	0.26±0.01

	C-2038
	25.46±0.04
	25.92±0.05
	8.70±0.14
	8.47±0.06
	0.32±0.02
	0.35±0.01

	E TRIP
	16.14±0.04
	17.31±0.02
	8.24±0.14
	8.22±0.04
	0.25±0.01
	0.28±0.01

	G-4
	26.02±0.68
	27.12±0.24
	8.76±0.04
	8.58±0.07
	0.39±0.01
	0.43±0.01

	HON-SERINGE
	19.93±0.03
	20.96±0.01
	9.14±0.07
	8.94±0.03
	0.22±0.01
	0.24±0.01

	KANVA-2
	13.15±0.09
	14.20±0.08
	9.26±0.05
	9.05±0.04
	0.17±0.01
	0.22±0.01

	KOSEN
	19.80±0.28
	20.82±0.41
	8.47±0.15
	8.36±0.07
	0.31±0.00
	0.33±0.01

	MR2
	25.37±0.06
	26.11±0.42
	8.25±0.28
	8.12±0.04
	0.36±0.00
	0.38±0.01

	RFS-135
	17.86±0.08
	18.44±0.08
	6.73±0.31
	6.62±0.03
	0.25±0.00
	0.27±0.01

	S-13
	14.79±0.12
	15.15±0.08
	8.77±0.27
	8.69±0.09
	0.23±0.01
	0.25±0.01

	S-34
	14.05±0.06
	15.92±0.02
	8.71±0.35
	8.66±0.04
	0.21±0.01
	0.26±0.02

	S-36
	24.73±0.28
	25.09±0.09
	7.66±0.14
	7.61±0.10
	0.31±0.01
	0.35±0.01

	S-40
	15.79±0.12
	16.50±0.30
	6.94±0.09
	6.75±0.13
	0.30±0.01
	0.33±0.01

	S-46
	17.37±0.24
	18.35±0.08
	8.27±0.06
	8.23±0.02
	0.26±0.01
	0.29±0.00

	S-54
	11.59±0.03
	12.14±0.09
	9.31±0.15
	9.24±0.07
	0.16±0.00
	0.20±0.01

	S-1635
	20.05±0.01
	21.05±0.02
	8.79±0.01
	8.74±0.04
	0.24±0.01
	0.28±0.01

	S-706
	17.09±0.11
	18.93±0.48
	7.36±0.04
	7.24±0.04
	0.27±0.01
	0.31±0.01

	V1
	26.94±0.04
	27.80±0.33
	8.33±0.30
	8.26±0.04
	0.44±0.01
	0.49±0.01

	Morus australis
	14.66±0.07
	15.87±0.02
	9.22±0.08
	8.36±0.02
	0.22±0.00
	0.25±0.01

	Morus indica
	25.70±0.04
	26.37±0.36
	8.24±0.07
	7.98±0.02
	0.35±0.01
	0.37±0.01

	Morus multicaulis
	18.84±0.05
	19.91±0.03
	8.92±0.02
	8.88±0.07
	0.23±0.01
	0.27±0.01

	Morus rotundiloba
	14.34±0.3210
	17.62±0.31
	8.02±0.08
	8.00±0.04
	0.24±0.01
	0.26±0.01

	S.Ed
	0.2806    
	0.3156    
	0.2309    
	0.0803    
	0.0118    
	0.0130    

	CD*p<0.05
	0.5649
	0.6353
	0.4647  
	0.1617
	0.0237
	0.0261




	Mulberry Genotypes/
Varieties
	Water Use Efficiency (pWUE)

	
	45th DAP
	60th DAP

	C2038
	3.085±0.02
	3.297±0.02

	G4
	3.147±0.04
	3.330±0.02

	KANVA-2
	1.713±0.00
	1.963±0.01

	Morus australis
	2.072±0.01
	2.305±0.01

	Morus indica
	3.049±0.02
	3.386±0.02

	MR2
	3.009±0.02
	3.211±0.03

	S1635
	2.300±0.02
	2.526±0.02

	S36
	2.967±0.02
	3.186±0.03

	S54
	2.051±0.04
	2.126±0.01

	V1
	3.326±0.01
	3.440±0.01

	S.Ed
	0.0258    
	0.0250    

	CD*p<0.05
	0.0539
	0.0522


 Table 4 Calculated Water Use Efficiency (pWUE) of elite mulberry genotypes/ varieties at 45th DAP and 60th DAP





























Table 5. Genetic variation in the Chlorophyll fluroscence (Fv/Fm) of mulberry genotypes/ varieties at 45th DAP and 60th DAP
	Mulberry Genotypes/
Varieties
	Chlorophyll fluroscence (Fv/Fm)

	
	45th DAP
	60th DAP

	BC-259
	0.752±0.02
	0.757±0.01

	C-776
	0.740±0.01
	0.743±0.00

	C-2038
	0.843±0.00
	0.841±0.01

	E TRIP
	0.678±0.01
	0.683±0.00

	G-4
	0.845±0.01
	0.855±0.01

	HON-SERINGE
	0.705±0.00
	0.719±0.00

	KANVA-2
	0.669±0.01
	0.675±0.01

	KOSEN
	0.785±0.01
	0.789±0.01

	MR2
	0.828±0.00
	0.844±0.01

	RFS-135
	0.756±0.02
	0.766±0.02

	S-13
	0.754±0.01
	0.763±0.01

	S-34
	0.761±0.02
	0.769±0.01

	S-36
	0.786±0.01
	0.790±0.00

	S-40
	0.749±0.02
	0.760±0.01

	S-46
	0.751±0.02
	0.758±0.01

	S-54
	0.665±0.01
	0.671±0.01

	S-1635
	0.708±0.01
	0.713±0.01

	S-706
	0.711±0.01
	0.715±0.00

	V1
	0.872±0.01
	0.888±0.01

	Morus australis
	0.706±0.01
	0.719±0.01

	Morus indica
	0.807±0.00
	0.825±0.01

	Morus multicaulis
	0.753±0.01
	0.757±0.01

	Morus rotundiloba
	0.731±0.03
	0.740±0.01

	S.Ed
	0.0137    
	0.0124    

	CD*p<0.05
	0.0275
	0.0251





Table 6. Changes in chlorophyll a content (mg g-1) and chlorophyll b content (mg g-1) in the elite mulberry genotypes/ varieties
	Mulberry Genotypes/
Varieties
	chlorophyll a content (mg g-1) and chlorophyll b content (mg g-1)  

	
	45th DAP
	60th DAP

	
	chlorophyll a content (mg g-1)
	Chlorophyll b content (mg g-1)
	chlorophyll a content (mg g-1)
	chlorophyll b content (mg g-1)

	C2038
	2.61±0.04
	0.80±0.02
	2.72±0.02
	0.88±0.01

	G4
	2.74±0.03
	0.89±0.02
	2.83±0.02
	0.93±0.01

	KANVA-2
	1.31±0.03
	0.26±0.01
	1.45±0.04
	0.35±0.01

	Morus australis
	1.41±0.04
	0.31±0.02
	1.49±0.02
	0.37±0.02

	Morus indica
	2.73±0.03
	0.86±0.01
	2.80±0.03
	0.90±0.02

	MR2
	2.51±0.02
	0.75±0.03
	2.63±0.03
	0.86±0.02

	S1635
	1.55±0.04
	0.32±0.02
	1.64±0.03
	0.38±0.02

	S36
	1.68±0.04
	0.40±0.01
	1.88±0.03
	0.48±0.01

	S54
	1.23±0.03
	0.22±0.01
	1.34±0.03
	0.30±0.03

	V1
	2.83±0.03
	0.92±0.01
	2.92±0.03
	0.98±0.01

	S.Ed
	0.0473
	0.0241
	0.0394
	0.0261

	CD*p<0.05
	0.0986
	0.0503
	0.0822
	0.0544



Table 7. Changes in Total chlorophyll content (mg g-1) and Carotenoid contents (mg g-1) in the elite mulberry genotypes/ varieties

	Mulberry Genotypes/
Varieties
	Total chlorophyll content (mg g-1) and Carotenoids content (mg g-1)

	
	45th DAP
	60th DAP

	
	Total chlorophyll content (mg g-1)
	Carotenoids content (mg g-1)
	Total chlorophyll content (mg g-1)
	Carotenoids content (mg g-1)

	C2038
	2.93±0.03
	0.35±0.02
	2.99±0.03
	0.40±0.01

	G4
	3.07±0.03
	        0.39±.02
	3.11±0.05
	0.45±0.03

	KANVA-2
	1.46±0.04
	0.17±0.01
	1.88±0.02
	0.23±0.01

	Morus australis
	1.16±0.04
	0.13±0.01
	1.24±0.03
	0.18±0.01

	Morus indica
	2.97±0.03
	0.43±0.01
	3.08±0.02
	0.49±0.01

	MR2
	2.58±0.02
	0.30±0.02
	2.68±0.05
	0.38±0.02

	S1635
	1.81±0.01
	0.20±0.01
	1.89±0.05
	0.25±0.01

	S36
	2.19±0.01
	0.25±0.01
	2.19±0.05
	0.31±0.01

	S54
	1.22±0.03
	0.16±0.01
	1.30±0.02
	0.20±0.01

	V1
	3.11±0.04
	0.52±0.01
	3.18±0.05
	0.58±0.01

	S.Ed
	0.0411    
	0.0196    
	0.0562    
	0.0198    

	CD*p<0.05
	0.0858  
	0.0408
	0.1173
	0.0414




Table 8 Correlation of photosynthetic rate and pigments with leaf yield of elite mulberry genotypes/varieties
	
	

Yield
	

Chlorophyll a
	

Chlorophyll b
	

Total Chlorophyll
	

Photosynthetic rate

	Yield
	1.000
	
	
	
	

	Chlorophyll a
	0.363
	1.000
	
	
	

	Chlorophyll b
	0.499
	0.956**
	1.000
	
	

	Total Chlorophyll
	0.315
	0.972**
	0.912**
	1.000
	

	Photosynthetic rate
	0.458*
	-0.004
	0.095
	0.061
	1.000
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Fig1.  Genetic variation in the Leaf area (cm2 plant-1) of select mulberry genotypes/ varieties at 45th DAP and 60th DAP

















Fig 2 Changes in Moisture content (percent) and Moisture retension capacity (percent) in the elite mulberry genotypes/ varieties














Fig3: Genetic variation in the SPAD values of select mulberry genotypes/ varieties at 45th DAP and 60th DAP



















Fig 4 Leaf yield (kg) of mulberry genotypes/ varieties

















Fig 5: Regression and correlation coefficients between Chlorophyll fluroscense(Fv/Fm) Photosynthesis rate (μmol CO2 m-2 s-1
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