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Effect of Moisture deficit stress on morphology, physiology and yield responses of mulberry (Morus alba. L)


ABSTRACT
The present experiment was carried out to assess the effect of moisture stress on four mulberry genotypes and three varieties in Rain Out Shelter at TNAU, Coimbatore. Four months old mulberry plants were grown in pots and subjected to three water regimes viz., 100% PC, 50% PC and 25% PC for 30 days. All the morphological (plant height, number of branches, number of leaves) and physiological traits (leaf area, RLWC-relative leaf water content) were studied before imposing stress and 30 days after drought stress. All the morphological characters were found to be reduced in plants at intense water stress compared to control plants. MI-0613 had taller plants while drought tolerant MI-0425 had smaller plants at 25% PC. Plant height was significantly altered within genotype and between treatments, but number of branches were not significantly altered in all the genotypes. Physiological parameters were decreased significantly under intense water stress. Mulberry genotype, MI-0425 was found to be drought tolerant with higher leaf area (117.24cm2/plant) and RLWC (78.55 %). Drought caused severe reduction in yield and TDMA in the genotypes viz., MI-0613 (45. 96%) and MI-0658 (36.70%). V1 recorded higher yield under drought stress. While the genotype MI-0425 showed lesser reduction in yield and TDMA (Total Dry Matter Accumulation) under drought stress. Hence the study has identified genotype MI-0425 and variety V1 to be drought tolerant.
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1. INTRODUCTION
“Sericulture is an Agro -based cottage industry and Mulberry (Morus alba.L) is the sole food for silkworm (Bombyx mori.L). From centuries, mulberry was well known as a plant used for silk production and feeding domesticated animals. Now in recent years, Mulberry is well regarded as a multipurpose plant due to its industrial exploitation across various sectors” (Rohela, G. K et al.,2020; Mithilasri, M. et al.,2022; Sahin, C. K., & Onay, B, 2020). In sericulture more than 60% of cost of cocoon production goes towards mulberry cultivation alone. Being perennial crop mulberry requires 110-120 cm irrigation water annually (Verma, S and Bindroo, B.B., 2014). Mulberry leaf is the major economic component in sericulture and quality leaf produced per unit area has a direct effect on growth and development of silkworm cocoon quality. Quality of mulberry leaves was determined mainly based on moisture content on it (Kumar et al., 1996). The full potential of mulberry crop production is frequently decreased by the limitations on water and its effect on various physiological and biochemical characteristics (Manjula et al., 2015)
“Water deficit stress can be defined as a situation in which plant water potential and turgor are reduced enough to interface with normal functions” (Shao, H.B et al., 2008). “The unpredictable nature of the drought is dependent upon various factors such as uneven and undependable distribution of rainfall, evapotranspiration, and water holding capacity around the rhizosphere” (Seleiman, M.F et al., 2021). 
 “In India mulberry is cultivated under the risk of either intermittent or terminal drought, as 50% of the area under mulberry cultivation falls under arid and semi-arid conditions” (Guha et al., 2010) “Reduction in the amount of water which is used for irrigation and environmental concerns make necessary to reach the highest benefit from the unit of water” (Tekelioğlu, B et.al.,2017). Only few mulberry varieties are available which could perform well with the limited water conditions. 
“Plant height can be considered as an important trait for determining drought tolerance under water stress conditions. Decline in the cell enlargement caused severe reduction in plant height coupled with more leaf senescence under water stress” (Bhatt and Rao, 2005). Leaves are the main assimilatory organ chiefly concerned with photosynthesis and leaf area is important in determining overall efficiency of plant in terms of yield and quality (Song et al., 2013). Reduction in leaf area might be an adaptive mechanism under heat and moisture stresses for continued existence, but larger reduction in leaf area alters the photosynthetic capacity of plants. Relative Leaf water content is considered a measure of plant water status (Lugojan and Ciulca, 2011), reflecting the metabolic activity in tissues and used as a most meaningful index for dehydration tolerance. With this background, the present study was designed to understand the morphological and physiological variations in mulberry exposed to different level of drought stress. 
2. MATERIALS AND METHODS
2.1	Plant materials and stress treatments
The present work was carried out during November, 2018 to April, 2019 in the Rain Out Shelter (ROS) at Department of Crop Physiology, TNAU, Coimbatore. Plant materials used for this study (Table 1) were obtained from CSGRC (Central Sericultural Germplasm Resource Center), Hosur, Tamil Nadu. The mulberry cuttings of 12-15 cm length with 3 to 4 active buds were planted in pots of size 37×35cm filled with red loamy soil with the pH of 7.5. The pots were maintained under normal condition and watered daily up to 120 days. After 120 days the pots were kept inside the Rain Out Shelter for inducing drought stress, while a similar area of control was maintained adjacent to the ROS facility.
Pots of each genotypes/varieties were divided into three sets and arranged in the Factorial Completely Randomized design (FCRD), with three replications. Mulberry genotypes/ varieties kept as one factor and drought stress treatments were kept as another factor. Drought stress was imposed by dry down method (Guha et al., 2012) for the period of 30 days. Plants were submitted to three water regimes viz. T1-Control: pots maintained at 100% pot water holding capacity (PC) T2- moderate drought stress: 50% PC, T3- intense drought stress: 25% PC. The measured soil water content equivalent to 100% PC was 62.5% (weight basis). Likewise, the soil water contents equivalent to 50% and 25% PC was determined. Water was added to the pots to restore the required level of pot water holding capacity by weight basis. All the morphological and physiological parameters were assessed at two stages viz., before imposing and thirty days after stress. Yield and TDMA were recorded at the end of the stress treatment.
2.2	Morphological traits
Plant height was measured from the ground level to the tip of the growing point and expressed as cm. Total number of fully opened leaves from all the mulberry genotypes/ varieties were counted and average number of leaves was obtained. Likewise, number of branches also calculated. 
2.3	Physiological traits
Leaf area per plant was measured using a Leaf Area Meter (LICOR, Model LI 3000) and expressed as cm2 plant-1. 
The Relative Leaf Water Content (RLWC) was estimated by the formula given by Barrs and Weatherly (1962). Leaf samples of 1.5 cm diameter were soaked in water for 4 hours and turgid weight was determined from these leaves. The samples were then kept in hot air oven at 60 oC. The RLWC was worked out after recording dry weight and expressed in per cent.
RLWC = [(Fresh weight - Dry weight) / (Turgid weight – Dry weight)] * 100 
2.4	Yield traits
Leaves were harvested from different drought stressed and control plants and their weights were recorded. The average leaf yield per plant was estimated. The total leaf yield per plant was expressed in grams. The plants were first shade dried and then oven dried at 72ºC for 48 hours for measuring Total Dry Matter Accumulation (TDMA). The dry weight of the whole plant at maturity (170 days) were recorded and expressed as g plant-1.
2.5	Statistical analysis
Data on various characters studied during the analysis 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 to determine whether there were differences among the mulberry genotypes. A Pearson correlation analysis for leaf yield with leaf area and TDMA with relative leaf water content was worked out.
3.	RESULTS AND DISCUSSION
Morphological and physiological traits of selected mulberry genotypes/ varieties before imposing drought stress are presented in Table 2. Morphological traits were found to be higher in MI-0613 in four months old mulberry plants. Plant height of mulberry varies from 53.43 to 75.78 cm. Highest leaf area was recorded in V1 followed by MI-0425. Leaf area ranged from 75.05 cm2/ plant to 120.65 cm2/ plant before imposing drought stress. 
3.1	Morphological traits
3.1.1	Total plant height and No.of branches
Total plant height was consistently decreased (P< 0.05) with increasing water stress intensity in all mulberry genotypes (Table 3). Plant height was found to be less in intense water stress (25% PC) compared to their respective control plants. Among all the genotypes MI-0613 had higher plants at 25% PC followed by V1 and MR2. Whereas, smaller plants were observed in G4 (58.2 cm) followed by MI-0425 (62.0 cm) at 25% PC. Contradictory to the plant height no.of branches were not altered by drought stress treatments. There was no further increment in the total no.of branches after imposing drought stress. It remains unaltered in before and after imposing drought stress. Total no.of branches varied from 3 to 5 in control as well as in stressed plants. MI-0613 were tall plants with more no.of branches. Since MI-0613 had taller plants the percent reduction in plant height was high (13.90%) followed by MI-0425 (13.86%). Lesser reduction was reported in MR2 (3.07%) followed by G4 (3.48%) and V1 (7.77%). The above said results were supported by the findings of Misra et al., (2012), who reported reduced plant height of one-year old S-1635 watering once in month. Plant height was found to be reduced in mulberry under water stress ie., irrigation at once in seven days (Manjula and Vijayakumari 2017).
3.1.2	Number of leaves
No.of leaves was maximum in T1 (control) and gradually declined in T3 (Intense water stress) ranging from 30 to 75 (Table 3). Genotype MI-0613 had more no.of leaves at 25% PC (75) and 50% PC (85). It had smaller leaves too. Reduction percentage in no.of leaves was higher in MI-0613(25%) compared to the tolerant genotype V1 (16.12%) and MI-0425 (16.67%). This is in line with the findings of Misra et al., (2012), who reported reduced leaf number in one year old S-1635 irrigated once in a month. Manjula and Vijayakumari (2017) reported that Mysore Local had 50% reduction in no.of leaves when irrigated once in seven days, under field conditions. Singhvi and Kumar (2013) reported, 60% reduction in total no.of leaves in susceptible mulberry genotype (K2) at 25% PC under green- house conditions. 
3.2	Physiological traits
3.2.1	Leaf area (cm2/ plant)
Leaf area is the important economic part of mulberry crop and a direct component of yield. The mulberry genotypes differed significantly in leaf area regardless of watering regimes (Table 3). Under well- watered conditions, V1 and MI-0425 had greater leaf area of 156.49 cm2 and 148.02 cm2 respectively. No significant variation was encountered in leaf area under well-watered conditions (100% PC), while significant (P<0.05) reduction was observed in leaf area at moderate and intense water stress in all the genotype. Among all the genotype studied, V1 recorded highest leaf area (120.02 cm2) at 25% PC followed by MI-0425 (117.24 cm2). These two genotypes exhibit higher plasticity to drought stress, by maintaining higher leaf area at moderate and intense water stress. Lower leaf area was found in MI-0613 both in control and water stress conditions. 
The most important and immediate response of drought stress in mulberry was the reduction in leaf surface size. A decreasing trend was observed in leaf area as drought intensity increase. Reduction in the leaf area was more in MI-0613 with decrease percentage of 31.65% over control at 25% PC whereas in the tolerant genotype MI-0425 the decrease percentage was around 20.95%. Guha et al., (2010) observed reduction in leaf area in two drought susceptible genotypes (DD and Bongurai) at 25% PC under glass house condition. This was supported by Singhvi et al., (2013), where lesser leaf area reduction was observed in V1 under severe water stress. In line with the above findings Misra et al., (2012) reported reduction in average leaf area of S-1635 under limited irrigated condition and (Ranjithkumar, 2018), observed lesser leaf area reduction in variety V1 exposed to high temperature stress. Fig.3.A showed the significant positive correlation of leaf area with leaf yield, since leaf area is the important economic part of mulberry crop and a direct component of yield.
3.2.2	Relative leaf water content (RLWC) (%)
Relative leaf water content consistently decreased (P< 0.05) with increase in water stress intensity in all mulberry genotypes (Table 3). No significant differences in RLWC were observed in well-watered genotypes. RLWC values were maintained above 78%. However, in stressed plants RLWC differed significantly within genotypes and among treatments. MI-0425 showed relative tolerance compared to other genotypes as substantiated by maintenance of better water status in all water stress regimes. At highest water stress (25% PC) RLWC was found to be minimum in MI-0613 (55.05%) followed by MI-0535 (68.08%) and MI-0658 (69.34%). Whereas MI-0425 maintained relatively higher RLWC of 78.55% than other genotypes at the same stress level.
The percent reduction is very minimum in MI-0425 (6.98%) and V1 (11.53%). Whereas the genotype MI-0613 which is sensitive to water stress maintained poor relative leaf water content with higher reduction percentage of 32.41%. Maintenance of higher RLWC was observed in tolerant mulberry genotype V1 exposed to severe water stress (Guha et al., 2012). Relative water content was found to be decreased in mulberry genotype Sujanpuri subjected to salt stress (Ahmad et al., 2007).  Similar results were obtained in chinese potato (Colocasia esculenta (L.) Schott), where Fully irrigated plants   had larger leaf areas and higher RWC compared to those under 50% soil moisture (Lasso-Rivas et al., 2025).
3.3	Yield traits
3.3.1	Leaf yield
“All water stress treatments (50% and 25% PC) consistently reduced leaf yield and TDMA, in all genotypes/ varieties. Significant reduction in leaf yield was observed at 25% PC compared to control and 50% PC plants (Fig 1). Among all the genotypes, MI-0613 and MI-0658 suffered greater reduction in leaf yield thanV1 which maintained higher yield at water stress condition (95.48g/ plant). In MI-0613 leaf yield was around 53.34 g. Significant positive correlation was obtained between leaf yield with leaf area (Fig 3.A). It clearly revealed that, the genotypes suppose to have higher leaf area possess higher leaf yield under stress conditions. Leaf yield was found to decrease with increasing water stress conditions. Among all the genotypes, variety V1 was found to have lesser reduction in leaf yield and TDMA. Reduction in yield of V1 was 12.32% and 20.46% at 50% PC and 25% PC respectively. This was followed by MI-0425 where the reduction percentage was 15.67% and 19.24% at 50% PC and 25% PC respectively. At intense drought stress percentage reduction of leaf yield was lower in MI-0425”. (Durgadevi et al. 2019) This is line with the findings of Guha et al., (2010) who noticed “higher yield performance in drought tolerant mulberry variety (V1) when irrigated once a fortnight in a growing season under field conditions”. Singhvi et al., (2013) reported “a reduction of upto 65.62% in leaf yield in the drought tolerant mulberry genotype (S-13). The other six mulberry genotypes also had shown yield reduction at 25% field capacity by withholding irrigation”. Similar trend was observed by Manjula and Vijayakumari (2017), “where field grown mulberry variety V1 recorded highest leaf yield under different irrigation schedules of five and seven days”. 
3.3.2	Total Dry Matter Accumulation (TDMA)
Significant difference was observed in total biomass/ plant of all the genotype compared to control (Fig 2). V1 recorded highest TDMA (52.50, 47.50 and 38.65) followed by MI-0425 (50.35, 45.75 and 36.78) at 100%, 50% and 25% PC respectively. Significant positive correlation was observed TDMA with relative leaf water content (Fig 3 B). The reduction percentage in TDMA was 55.05% in MI-0613. Whereas in V1 and MI-0425 is 26.38% and 26.95% in respectively. Similar to the above findings, Paul and Quaiyuum (2015) noticed “a reduction in dry weight of five mulberry varieties subjected to 25% PC in pot culture experiments”. Singhvi et al., (2013) also noted “reduction in TDMA in mulberry genotypes at 25% field capacity by withholding irrigation”. In addition to the above, Misra et al., (2012) reported “a reduced TDMA in one-year old mulberry variety S-1635 irrigated once in a month under glass house condition”.
4.	CONCLUSION
Leaves are the main assimilatory organs as well as the economic component in Sericulture. Relative leaf water content reflects the balance between water supply to the leaf tissue and transpiration rate in plants at stress conditions. The genotype MI-0425 and variety V1 could able to maintain higher leaf area with lesser reduction percentage even at intense water stress. Whereas MI-0613 recorded higher reduction in leaf area as well as tissue water potential at water stress conditions. Hence this study has concluded, MI-0425 as the drought tolerant mulberry genotype followed by variety V1 and MI-0613 as drought susceptible. Therefore, the physiological basis for drought tolerant capacity of genotype MI-0425 might be due to the maintenance better plant water status, higher leaf area, and yield attributes. 
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Table1. List of mulberry genotypes/ varieties taken for study
	Sl.No
	Genotypes / Varieties
	Origin

	1.
	MI-0613- Chandrapuri
	Jammu & Kashmir

	2.
	MI-0658- Roop Nagar
	Himachal Pradesh

	3.
	MI-0425- Deharadun local-11
	Tamil Nadu

	4.
	MI-0535- Araku Local-2
	Himachal Pradesh

	5.
	V1- Victory 1
	Karnataka

	6.
	MR2- Midew Resistant2
	Tamil Nadu

	7.
	G4
	Karnataka


Table 2. Genetic variability in morphological and physiological traits of mulberry before imposing drought stress
	Mullberry 
Genotypes/ Varieties
	Total plant height (cm)
	No.of branches
	No.of leaves
	Leaf area
(cm2 plant-1)
	Relative leaf water content (%)

	MI-0613
	75.78 ± 3.6
	5.0 ± 0.20
	88 ± 3.3
	75.05 ± 1.6
	79.45 ± 0.1

	MI-0658
	60.05 ± 1.2
	4.0 ± 0.10
	23 ± 0.5
	78.05 ± 0.1
	76.25 ± 3.9

	MI-0425
	59.46 ± 2.0
	3.0 ± 0.10
	22 ± 0.1
	90.02 ± 2.7
	80.74 ± 1.2

	MI-0535
	58.75 ± 1.9
	4.0 ± 0.20
	31 ± 0.8
	82.47 ± 2.5
	72.18 ± 2.7

	V1
	60.98 ± 2.2
	4.0 ± 0.01
	41 ± 0.9
	120.65 ± 4.7
	79.95 ± 0.1

	MR2
	57.41 ± 0.8
	4.0 ± 0.01
	34 ± 1.6
	87.77 ± 1.4
	80.02 ± 2.8

	G4
	53.43 ± 2.0
	4.0 ± 0.10
	32 ± 0.3
	100.75 ± 0.2
	76.86 ± 3.5

	S.Ed
	2.795
	0.196
	2.143
	3.369
	NS

	CD (P<0.05)
	5.994*
	0.420*
	4.596*
	7.230*
	NS







Table 3. Effect of different levels of drought stress on the morphological and physiological traits in five months old mulberry
	Genotypes/ Varieties
	Drought stress treatments
	Total plant height (cm)
	No.of branches
	No.of leaves
	Leaf area
(cm2/ plant)
	Relative leaf water content (%)

	MI-0613
	100% PC
	89.20 ± 4.1
	4.0 ± 0.02
	100 ± 2.9
	  88.07 ± 2.4
	81.45 ± 1.1

	
	  50% PC
	78.40 ± 0.3
	5.0 ± 0.20
	85 ± 3.3
	  78.87 ± 0.5
	60.05 ± 0.9

	
	  25% PC
	76.80 ± 3.7
	4.0 ± 0.20
	75 ± 2.6
	  60.20 ± 1.2
	55.05 ± 1.2

	MI-0658
	100% PC
	70.20 ± 1.1
	3.0 ± 0.02
	39 ± 0.4
	120.88 ± 5.2
	79.98 ± 1.2

	
	  50% PC
	61.50 ± 1.1
	4.0 ± 0.05
	34 ± 1.3
	  92.90 ± 4.8
	74.41 ± 2.2

	
	  25% PC
	63.10 ± 3.1
	4.0 ± 0.20
	30 ± 1.3
	  66.56 ± 3.1
	69.34 ± 1.9

	MI-0425
	100% PC
	72.00 ± 0.1
	3.0 ± 0.80
	36 ± 0.9
	148.02 ± 1.3
	84.45 ± 0.2

	
	  50% PC
	66.00 ± 2.3
	3.0 ± 0.10
	32 ± 0.9
	128.56 ± 3.1
	82.40 ± 0.2

	
	  25% PC
	62.00 ± 2.4
	3.0 ± 0.10
	30 ± 0.1
	117.24 ± 2.9
	78.55 ± 1.6

	MI-0535
	100% PC
	68.00 ± 2.3
	4.0 ± 0.20
	55 ± 1.7
	127.88 ± 3.1
	78.71 ± 0.4

	
	  50% PC
	62.50 ± 0.1
	5.0 ± 0.05
	48 ± 1.4
	102.56 ± 3.4
	72.45 ± 0.9

	
	  25% PC
	61.50 ± 0.2
	4.0 ± 0.10
	42 ± 0.7
	  98.08 ± 1.0
	68.08 ± 0.5

	V1
	100% PC
	71.20 ± 1.8
	4.0 ± 0.01
	62 ± 3.1
	156.49 ± 2.8
	85.98 ± 2.2

	
	  50% PC
	66.40 ± 0.3
	3.0 ± 0.10
	55 ± 1.9
	125.02 ± 2.7
	80.18 ± 0.9

	
	  25% PC
	65.70 ± 2.8
	4.0 ± 0.10
	52 ± 1.0
	120.02 ± 1.8
	76.07 ± 0.7

	MR2
	100% PC
	65.00 ± 2.1
	3.0 ± 0.04
	50 ± 1.7
	126.58 ± 6.4
	83.45 ± 0.7

	
	  50% PC
	63.00 ± 1.0
	4.0 ± 0.01
	44 ± 1.9
	  98.22 ± 1.9
	75.32 ± 0.6

	
	  25% PC
	60.50 ± 2.2
	4.0 ± 0.20
	42 ± 0.8
	  82.65 ± 0.7
	70.71 ± 0.8

	G4
	100% PC
	60.30 ± 2.3
	4.0 ± 0.03
	47 ± 0.9
	128.44 ± 3.7
	82.47 ± 0.8

	
	  50% PC
	62.30 ± 1.4
	4.0 ± 0.06
	42 ± 1.8
	106.67 ± 4.2
	75.47 ± 0.6

	
	  25% PC
	58.20 ± 2.4
	3.0 ± 0.10
	38 ± 1.6
	  99.86 ± 0.8
	70.74 ± 0.7

	Between subjects
(P<0.05)
	Genotypes       G          
	3.485*
	0.215*
	2.906*
	5.123*
	1.841*

	
	Treatment       T
	2.282*
	NS
	1.902*
	3.353*
	1.206*

	
	                   G× T
	NS
	0.373*
	5.033*
	8.873*
	3.189*




Fig1. Leaf yield of Mulberry genotypes exposed to different levels of drought stress



Fig 2. Effect of drought stress on TDMA of mulberry genotypes







Fig. 3.A. Correlation co-efficient of Leaf yield with leaf area

Fig. 3.B. Correlation co-efficient of RLWC with TDMA
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57.895000000000003	64.900000000000006	92.45	68.319999999999993	101.505	83.11999999999999	89.765000000000001	26.724999999999987	29.084999999999987	41.265000000000164	30.924999999999986	43.075000000000003	39.93	36.449999999999996	Relative leaf water content (%)
TDMA g/ plant
T1	MI-0613	MI-0658	MI-0425	MI-0535	V1	MR2	G4	98.7	98.5	112	99.85	120	100	118	T2	MI-0613	MI-0658	MI-0425	MI-0535	V1	MR2	G4	62.449999999999996	67.45	94.45	75.86	107.56	87.679999999999978	90.56	T3	MI-0613	MI-0658	MI-0425	MI-0535	V1	MR2	G4	53.339999999999996	62.349999999999994	90.45	60.78	95.45	78.56	88.97	Mulberry genotypes/ varieties
leaf yield (g/ plant)
T1	MI-0613	MI-0658	MI-0425	MI-0535	V1	MR2	G4	45.349999999999994	46.1	50.349999999999994	46.75	52.5	49.6	48.9	T2	MI-0613	MI-0658	MI-0425	MI-0535	V1	MR2	G4	33.200000000000003	35.700000000000003	45.75	36.449999999999996	47.5	44.43	40.6	T3	MI-0613	MI-0658	MI-0425	MI-0535	V1	MR2	G4	20.25	22.47	36.78	25.4	38.65	35.43	32.300000000000004	Mulberry genotypes/ varieties
TDMA (g/ plant)



