[image: image3.png]cus 513





.     

.
              . 


.

..

[image: image4.png]Perfomance index

S o
o o

N}
a

o

| ‘ ‘ H ‘ ‘ ‘ H ‘ ‘ H
0 ““ ““H“l‘““ “ “‘“ ““ “ “ ‘“ “ ““‘“““l “

Accessions
mCUS1 mCUS2 mCUS3 mCUS4 mCUS5 mCUS6 mCUS7 mCUS8 mCUS9

mCUS10 mCUS11 mCUS12 = CUS13 = CUS14 = CUS15 n CUS16 m CUS17 = CUS18
mCUS19 mCUS20 m CUS21 m CUS22 m CUS23 m CUS24 = CUS25 = CUS26 - CUS27
 CUS28 m CUS29 = CUS30 mCUS31 mCUS32 m CUS33 m CUS34 m CUS35 mCUS36
= CUS37 m CUS38 = CUS39 = CUS40 = CUS41 = CUS42 m CUS43 m CUS44 m CUS45
= CUS46 mCUS47 mCUS48 ~ CUS49 =~ CUS50 - CUS51 + CUS52 = CUS53 = CUS54
mCUS55 1 CUS56 m CUS57 = CUS58 m CUS59 = CUS60 m CUS61 m CUS62 m CUS63
= CUS64 m CUSB5 m CUSE6 = CUS67 = CUS68 = CUSE9 = CUS70 m CUS71 = CUS72






Genetic variability, Performance analysis and Effect of Planting material on the Growth and Yield traits of shampoo ginger [Zingiber zerumbet (L.) Roscoe ex Sm] 

 ABSTRACT
	Background: Plants and humans have coevolved, with agriculture supporting global needs like food, medicine, and resources. Genetics and plant breeding play a key role in improving crop traits and maintaining diversity, while morphological analysis remains important for identifying superior varieties. Zingiber zerumbet is a valuable plant with potential medicinal and industrial uses, requiring proper conservation and cultivation.
Aims: This study aimed to evaluate 72 accessions of shampoo ginger (Zingiber zerumbet (L.) Roscoe ex Sm) to assess their performance and to identify the effect of the status of planting material on the yield and also to analyse the genetic variability of growth and yield characters, with the intention of formulating appropriate breeding techniques to increase its yield potential.

Study design: The research work was conducted in randomized block design (RBD). A crop of 72 accessions was raised using fresh and healthy rhizomes, with three replications and 18 plants per plot, adopting standard agronomic practices. The plants were allowed to grow for nine months and harvested simultaneously.

Place and Duration of Study: The experiments were carried out in the experimental garden of the Genetics and Plant Breeding Division of Department of Botany, University of Calicut, Kerala, India, during 2023-2025. The experimental plot is located at 75.8895°E longitude and 11.1338°N latitude at an elevation of 50m from MSL.
Methodology: Variation within and between the populations was assessed and an analysis of variance (ANOVA) was conducted. The comparative performance of different accessions of Zingiber zerumbet was evaluated based on seven growth and eleven yield characters by calculating the performance indices. A study was carried out to analyze the variation in yield of the species based on the type of planting materials used, such as mother rhizomes, primary fingers and secondary fingers. 

Results: The fresh yield per plant with a coefficient of variation (CV) of 34.54% was found to be the highest varying character and the moisture content with a CV of 5.01% was the least variable character. With a cumulative performance index of 23.31, accession number CUS 55 was ranked highest among the 72 Z. zerumbet accessions. Higher yield and growth characters could be observed when primary fingers were used for planting. This study implies that farmers can use primary fingers for the large-scale production of Z. zerumbet for maximum harvest.
Conclusion: The findings suggested that superior accessions have significantly higher values for the coefficient of variation of agronomic characters. The presence of statistically significant variability in every trait under study suggested that there is a significant amount of possibility for the selection of superior genotypes. These can be subjected to further breeding programmes so that farmers can have access to genotypes with better agromorphometric characters. 


Keywords: Zingiber zerumbet (L.) Roscoe ex Sm.; genetic variability; ANOVA; performance indices; mother rhizome; primary finger; secondary finger.
1. INTRODUCTION 

Plants and people coexisted over thousands of years, shaping their environment through mutual evolution. Consequently, domestication and agriculture altered the trajectory of human history by granting food, medicines, fibre, fuel etc. for billions of people worldwide. Sustainable harmony between the reducing phyto-diversity and the expanding population is the need of the hour. Efforts to enrich plants, make them more sustainable and combat global issues like climate change and population expansion are greatly aided by genetics and plant breeding (Buerstmayr et al., 2022). The field of genetics lays the groundwork for comprehending the concepts of heredity and genetic diversity, which in turn allow us to decipher the intricate processes that govern the manifestation of plant traits (Chahal and Gosal, 2002). It offers insights into the patterns of specific traits, such as disease resistance, abiotic stress tolerance, yield potential, and nutritional composition. The easiest way to identify mislabeled accessions and determine genetic diversity is to compare plant morphology. Morphological assessments are still crucial and very effective in identifying superior plants in the field and removing genetic contamination, despite the emergence of newer technologies. Assessment of variability for yield and its component characters is extremely essential for a successful breeding strategy for genetic improvement (Falconer and Mackay, 1996). Zingiber zerumbet (L.) Roscoe ex Sm. from the Zingiberaceae family has drawn a lot of interest worldwide for many years. The perennial, tuberous-rooted herb plant Z. zerumbet, commonly known as the pinecone or shampoo ginger, grows naturally in wet, shaded area of the lowlands or slopes of hills as scattered plants or thickets (Yob et al., 2011; Pradhan and Sarkar, 2023). With a variety of bioactive chemicals found in its rhizomes, leaves, and flowers, Z. zerumbet may have undiscovered industrial, medicinal, and phytochemical uses. So, proper collection, cultivation and conservation of this plant are required (Sahu et al., 2018). Despite this, not much research has been done on the morphological diversity of shampoo ginger germplasm. Continued cultivation and breeding efforts are necessary for shampoo ginger conservation in order to create and maintain genetic variability through selection. A comprehensive performance analysis of seventy-two Z. zerumbet accessions was undertaken using performance indices formulated for the principal growth and yield parameters. The integration of these indices into a cumulative performance index facilitated the identification of superior accessions. In order to popularize the plant, the current study was also conducted to assess the possibility of using mother rhizomes, primary fingers and secondary fingers of the rhizome as planting material. 
2. materialS and methods 
2.1. Experimental programme
The primary objective of resistance management is to slow the accumulation of resistance alleles, necessitating the early implementation of appropriate strategies before any clinical evidence of reduced anthelmintic efficacy becomes apparent. Central to this approach is adherence to practices that maintain an adequate level of refugia, defined as the proportion of a parasite population that remains unexposed to a given treatment and therefore escapes selection pressure for resistance.

Once anthelmintic resistance (AR) is established, it is generally considered irreversible, as resistance traits are heritable within parasite populations. The maintenance of refugia promotes the persistence of susceptible parasites, thereby diluting the frequency of resistant individuals that survive treatment. Consequently, larger refugia are associated with a reduced rate of resistance evolution, as they limit the selective advantage conferred upon resistant genotypes.

2.2. Phenotypic and genotypic variability
The genetic improvement of the majority of agricultural crops is significantly influenced by the availability of genetic variability and diversity. The genetic variability of Zingiber zerumbet was examined using agronomic characters from a population that was raised in the experimental field in 2023. 
Variation within and between populations was assessed, and an analysis of variance (ANOVA) was conducted to identify the substantial differences between the accessions in relation to the eighteen morphometric traits that are now being reviewed. The F value was calculated for the purpose, and its significance was tested with reference to the standard F table (Fischer and Yates,1963).
 Critical Difference (CD) was found out with the formula: CD = t0.05 × √ (2 × VE / r)

Where t0.05= t at the error degree of freedom at 5% level, VE= Error mean square, and r = Number of replications.

Coefficient of variation calculated with the formula: CV = (σ / μ) × 100

Where σ = Standard Deviation; μ = Mean

2.3.  Performance analysis of the accessions collected
The comparative performance of different accessions of Zingiber zerumbet was evaluated based on seven growth and eleven yield characters with the help of performance indices calculated for each agronomic character according to Amaravenmathy and Srinivasan (2003).
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2.4. Study on the status of the planting materials used
A study was conducted to evaluate variation in yield among plants derived from different types of planting material, namely mother rhizomes, primary fingers, and secondary fingers. These planting materials were collected for each accession from germplasm maintained at the University of Calicut. Healthy rhizome segments, weighing 25–30 g and measuring approximately 4–7 cm in length, were planted during the 2025 cropping season.

Plant growth parameters were recorded at six months, when the plants had reached maturity, and yield attributes were assessed following harvest at nine months. The collected data were subjected to analysis of variance (ANOVA) to compare the performance of plants established from the different categories of planting material.

Table 1. Accessions of Zingiber zerumbet studied
	Acc.No
	Source
	District
	Acc.No
	Source
	District

	CUS1
	Chuvannamannu
	Thrissur
	CUS37
	Chathamangalam
	Kozhikode

	CUS2
	Poinachi
	Kasaragod
	CUS38
	Thuvayoor
	Pathanamthitta

	CUS3
	Peruvemba
	Palakkad
	CUS39
	Chepra
	Kollam

	CUS4
	Koyilandi
	Kozhikode
	CUS40
	Neeleswaram
	Kasaragod

	CUS5
	Pattom
	Trivandrum
	CUS41
	Thazhava
	Kollam

	CUS6
	Ponnani
	Malappuram
	CUS42
	Aruvikkara
	Trivandrum

	CUS7
	Vellangallur
	Thrissur
	CUS43
	Edakkad
	Palakkad

	CUS8
	Devathiyal 
	Malappuram
	CUS44
	Kulamada
	Kollam

	CUS9
	Perinthalmanna
	Malappuram
	CUS45
	Kalluvathukkal
	Kollam

	CUS10
	Adimali
	Idukki
	CUS46
	Kaniyarvayal
	Kannur

	CUS11
	Mundur
	Thrissur
	CUS47
	Kallachi
	Kozhikode

	CUS12
	Maramon   
	Pathanamthitta
	CUS48
	Punnapra
	Alappuzha

	CUS13
	Tirur
	Malappuram
	CUS49
	Perunganmala
	Trivandrum

	CUS14
	Pattiyam
	Kannur
	CUS50
	Angamali
	Ernakulam

	CUS15
	Kallambalam
	Trivandrum
	CUS51
	Keezharoor
	Trivandrum

	CUS16
	Pollethai
	Alappuzha
	CUS52
	Mulamukku
	Trivandrum

	CUS17
	Charummoodu
	Alappuzha
	CUS53
	Parambram
	Kottayam

	CUS18
	Vythiri
	Wayanad
	CUS54
	Manvettom
	Kottayam

	CUS19
	Kunnathunadu
	Ernakulam
	CUS55
	Kurissumoodu
	Kottayam

	CUS20
	Ezhukone
	Kollam
	CUS56
	Kanjirappilly
	Kottayam

	CUS21
	Vadasserikkara
	Pathanamthitta
	CUS57
	Thiruvazhiyodu
	Palakkad

	CUS22
	Velloor
	Kottayam
	CUS58
	Perumbavoor
	Ernakulam

	CUS23
	Mangalam Dam
	Palakkad
	CUS59
	Moongode
	Trivandrum

	CUS24
	Kangarapady
	Ernakulam
	CUS60
	Velappaya
	Thrissur

	CUS25
	Anchal
	Kollam
	CUS61
	Athirappilly
	Thrissur

	CUS26
	Ilanji
	Ernakulam
	CUS62
	Nedumkandam
	Idukki

	CUS27
	Cherthala
	Alappuzha
	CUS63
	Vykilasseri
	Kozhikode

	CUS28
	Pallikkal
	Trivandrum
	CUS64
	Manakkala
	Pathanamthitta

	CUS29
	Vettinadu
	Trivandrum
	CUS65
	Pulpally
	Wayanad

	CUS30
	Kadumeni
	Kasaragod
	CUS66
	Mananthavadi
	Wayanad

	CUS31
	Kayaradi
	Palakkad
	CUS67
	Kunduparamba           
	Kozhikode

	CUS32
	Moothakunnam
	Ernakulam
	CUS68
	Dharmadam
	Kannur

	CUS33
	Koodal
	Pathanamthitta
	CUS69
	Kulappully                  
	Palakkad

	CUS34
	Vellappara
	Idukki
	CUS70
	Kalpetta
	Wayanad

	CUS35
	Ezhalloor
	Idukki
	CUS71
	Thomattuchal
	Wayanad

	CUS36
	Naimarmoola
	Kasaragod
	CUS72
	Engappuzha
	Kozhikode
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Fig. 1: (a) Experimental site; (b) Zingiber zerumbet (L.) Roscoe ex Sm. plant with inflorescence; (c) Zingiber zerumbet rhizome
3. results and discussion
3.1. Phenotypic and genotypic variability 
All growth characters examined exhibited statistically significant variation at the 1% level of significance. Analysis of variance (ANOVA) further confirmed significant differences among the studied accessions (Table 2).

The mean plant height was 74.14 cm, ranging from 40 to 140 cm, with a coefficient of variation (CV) of 16.58%. Stem circumference varied between 1.78 and 4.70 cm, with a mean of 2.40 cm and a CV of 11.49%. The number of tillers ranged from 1 to 11, with a mean of 4.15 and a relatively high CV of 22.30%. Leaves per tiller ranged from 3.5 to 20.33, with a mean of 11.12 and a CV of 12.08%.

Leaf length ranged from 2.9 to 10.5 cm, with a mean of 18.61 cm and the lowest CV among growth traits (10.25%). Leaf breadth varied from 2.9 to 10.5 cm, with a mean of 5.01 cm and a CV of 11.08%. Leaf area showed substantial variability, ranging from 24.47 to 164 cm², with a mean of 59.05 cm² and a CV of 21.72%. Among growth parameters, the number of tillers exhibited the highest variability, followed by leaf area, whereas leaf length showed the least variation.

Among yield attributes, fresh yield per plant ranged from 50 to 281 g, with a mean of 111.35 g and the highest CV (34.54%). Dry yield varied from 8 to 80 g, with a mean of 24.96 g and a CV of 31.51%. The number of primary fingers ranged from 1 to 7 (mean: 3.49; CV: 18.17%). The length and circumference of primary fingers ranged from 1.5 to 5.19 cm (mean: 2.82 cm; CV: 15.38%) and 2.55 to 13 cm (mean: 7.33 cm; CV: 14.75%), respectively.

The number of secondary fingers varied from 3 to 15, with a mean of 6.49 and a CV of 18.91%. Secondary finger length ranged from 1.5 to 6.92 cm (mean: 3.89 cm; CV: 18.79%), while circumference varied from 3.54 to 16.76 cm (mean: 8.09 cm; CV: 17.68%). The length of the mother rhizome ranged from 1.15 to 4.46 cm, with a mean of 2.25 cm and a CV of 16.19%, whereas its circumference ranged from 2.9 to 12.15 cm (mean: 6.57 cm; CV: 16.43%). Moisture content per plant ranged from 58.2% to 91.16%, with a mean of 77.14% and the lowest CV (5.01%) among yield traits (Table 2). Overall, the highest variability among agronomic traits was observed for the number of tillers, leaf area, and fresh yield per plant, while leaf length and moisture content exhibited the least variation. The statistically significant variation across all traits indicates substantial genetic variability, suggesting strong potential for the selection and improvement of superior genotypes.Similar trends have been reported in several studies across crops. Significant variability with higher CV% for yield traits was reported by Anargha et al. (2020) and Deve and Sharma (2022) in ginger genotypes; Mishra et al. (2015) in strawberry, Jayasree et al. (2014a) in mango ginger, Radhakrishnan et al. (2006) in cardamom, Lal et al. (2015) in turmeric, Soorya et al. (2016) in Curcuma aeruginosa and Khan et al. (2017) in wheat. Further research was carried out in turmeric (Gayatri et al., 2022), peacock ginger (Menon et al., 2022), arrowroot (Shintu et al., 2016), black ginger (Roslan et al., 2003), coffee (Nikhila et al., 2008) and cardamom (Preethy et al., 2023). In the case of pulses, similar investigations into CV classification were performed by Bairagi et al. (2023) for soybean (Glycine max) and by Choudhary et al. (2023) for cowpea (Vigna unguiculata).
Table 2. Genetic variability of the growth and yield characters in Zingiber zerumbet studied

	Character
	Mean
	Range
	CD
	SD
	CV (%)

	Plant height (cm)**
	74.14
	40-140
	12.46
	12.29
	16.58

	Stem circumference (cm)**
	2.40
	1.78-4.7
	0.33
	0.28
	11.49

	Number of tillers**
	4.15
	1-11
	1.52
	0.93
	22.30

	Number of leaves per tiller**
	11.12
	3.5-20.33
	2.3
	1.34
	12.08

	Leaf length (cm)**
	18.61
	12.1-32
	2.06
	1.91
	10.25

	Leaf breadth (cm)**
	5.01
	2.9-10.5
	0.66
	0.55
	11.08

	Leaf area (sq.cm)**
	59.05
	24.47-164
	12.92
	12.82
	21.72

	Fresh yield per plant (g)**
	111.35
	50-281
	23.02
	38.46
	34.54

	Dry yield per plant (g)**
	24.96
	8-80
	5.81
	10.13
	31.51

	Number of primary fingers**
	3.49
	1-7
	0.74
	0.63
	18.17

	Length of primary finger (cm)**
	2.82
	1.5-5.19
	0.48
	0.43
	15.38

	Circumference of primary finger (cm)**
	7.33
	2.55-13
	1.23
	1.08
	14.75

	Number of secondary fingers** 
	6.49
	3-15
	1.56
	1.23
	18.91

	Length of secondary finger (cm)**
	3.89
	1.5-6.92
	0.56
	0.73
	18.79

	Circumference of secondary finger (cm)**
	8.09
	3.54-16.76
	1.23
	1.43
	17.68

	Length of mother rhizome (cm)**
	2.25
	1.15-4.46
	1.29
	0.41
	16.19

	Circumference of mother rhizome (cm)**
	6.57
	2.9-12.15
	1.20
	1.08
	16.43

	Moisture content (%)
	77.14
	58.2-91.16
	3.52
	3.87
	5.01


**: Significant variation at 1% level
3.2. Performance analysis of the Zingiber zerumbet accessions collected

A comprehensive performance analysis of seventy two Z. zerumbet accessions was undertaken using performance indices formulated for the principal growth and yield parameters. The integration of these indices into a cumulative performance index facilitated the identification of superior accessions. With a cumulative performance index of 23.31, accession number CUS 55 was ranked highest among the 72 Z. zerumbet accessions. CUS 1 and CUS 51, with cumulative performance indices of 22.64 and 22.12 respectively, have been ranked second and third. The accessions CUS 50, CUS 69, CUS 42, CUS 54, CUS 70, CUS 45, and CUS 33 secured ranks four through ten, corresponding to cumulative performance index values of 21.95, 21.81, 21.32, 21.24, 21.05, 20.53 and 20.16 respectively (Fig. 2). In comparison to the other accessions, these elite accessions exhibited markedly higher values for the assessed agronomic parameters. Hence, they represent promising genetic material for future breeding programs aimed at generating high-performing genotypes that can be recommended for cultivation by farmers. 

Similar approaches have been successfully applied in turmeric, where Chapagain et al. (2021) reported significant differences in growth and yield attributes among seven Curcuma longa genotypes in the plains of Eastern Nepal, while Gayatri et al. (2022) identified promising turmeric lines based on combined evaluation of yield and quality traits. Further, Alam et al. (2024) demonstrated substantial genetic variability and adaptability among 53 turmeric genotypes. Sarkar et al. (2024) identified high-yielding turmeric genotypes suitable for Terai and northern plain conditions, respectively. In ginger, Soni et al. (2023) assessed diverse ginger accessions in Mizoram and recommended high-performing genotypes for local cultivation. Similar studies on performance analysis have been conducted on various crops by earlier workers, like Elavarasan et al. (2013) in cabbage.
Fig. 2: Performance analysis of the Zingiber zerumbet accessions collected

3.3. Performance of Zingiber zerumbet based on the status of the planting material used

The present study examined the effects of the morphological status of the planting material on the eighteen morphometric characters of Z. zerumbet. All the eighteen characters such as plant height, circumference of stem, number of tillers, number of leaves per tiller, leaf length, leaf breadth, leaf area, fresh yield per plant, dry yield per plant, number of primary fingers, length of primary finger, circumference of primary finger, number of secondary fingers, length of secondary finger, circumference of secondary finger, length of mother rhizome, circumference of mother rhizome and moisture content showed statistically significant variations based on the status of the planting material used (Table 3). 

Plant height, circumference of stem, number of leaves per tiller, leaf length, leaf breadth, leaf area, fresh yield per plant, dry yield per plant, length of primary finger, circumference of primary finger, length of secondary finger, circumference of secondary finger, length of mother rhizome, circumference of mother rhizome, and moisture content showed the highest values when the plants were derived from the primary finger. The number of tillers was high when plants derived from primary and secondary fingers were used as planting material. When secondary fingers were employed as planting material, the number of primary and secondary fingers was high. Higher yield was observed when the plants were raised from primary finger (137.00 g) and secondary finger (113.22 g) as planting materials. Higher yield and growth characters can be observed when primary fingers are used for planting. On the other hand, the plants derived from the mother rhizome yielded the least (90.43 g). This study implies that farmers can use primary fingers for large-scale production of Z. zerumbet for maximum harvest. 

Variations in rhizomatous crop growth and yield have commonly been related to differences in the condition and physiological quality of planting materials, which is compatible with the current findings. In ginger, Nair (2019) found that medium-sized primary fingers provided balanced performance by providing appropriate reserves. Several studies have demonstrated that primary fingers frequently perform comparably to mother rhizomes when utilized as planting material. Early turmeric research revealed that planting mother rhizomes improved field establishment and resulted in superior output compared to finger rhizomes due to greater carbohydrate and nutritional stores (Ravindran et al., 2007). Shaukat et al. (2021) reported similar results, that the mother rhizome as seed material produced better quantitative and qualitative growth characteristics of the turmeric plant. Manhas et al. (2010) found that in Curcuma longa, mother rhizomes produced more than primary and secondary fingers. Curcuma aeruginosa yield was not considerably lowered when rhizomes of varied statuses were used as seed material (Soorya et al., 2016b). Jayasree et al. (2014b) proposed that the mother rhizomes produced 35-50% higher yields than primary and secondary finger plantings of Curcuma amada.

Fig. 3: Genetic variability among the Zingiber zerumbet rhizome ranked based on the performance
Table 3. Observations on the growth and yield characters of Zingiber zerumbet in relation to the status of the planting material used
	Sl.No
	Characters
	Mother rhizome
	Primary finger
	Secondary finger
	CD 5%

	
	
	Mean ± SE
	CV
	Mean ± SE
	CV
	Mean ± SE
	CV
	

	1
	Plant height (cm)
	75.18 ± 2.39
	26.97
	97.99 ± 3.44
	29.82
	86.88 ± 3.13
	30.52
	8.54

	2
	Circumference of stem (cm)
	2.95 ± 0.11
	31.63
	3.38 ± 0.12
	31.23
	3.20 ± 0.13
	33.77
	0.34

	3
	Number of tillers
	2.69 ± 0.14
	43.89
	3.11 ± 0.13
	34.78
	3.11 ± 0.17
	46.89
	0.42

	4
	Number of leaves per tiller
	11.57 ± 0.30
	22.36
	12.68 ± 0.37
	24.79
	12.30 ± 0.33
	22.54
	0.94

	5
	Leaf length (cm)
	21.01 ± 0.50
	20.10
	24.73 ± 0.48
	16.39
	23.04 ± 0.42
	15.56
	1.33

	6
	Leaf breadth (cm)
	4.95 ± 0.10
	16.97
	5.88 ± 0.11
	16.54
	5.33 ± 0.10
	16.42
	0.28

	7
	Leaf area (cm2)
	63.90 ± 2.55
	33.87
	93.29 ± 3.28
	29.87
	78.78 ± 2.70
	29.09
	8.10

	8
	Fresh yield per plant (g)
	90.43 ± 4.81
	45.17
	137.00 ± 7.14
	44.08
	113.22 ± 6.03
	45.22
	17.17

	9
	Dry yield per plant (g)
	20.40 ± 1.13
	46.87
	29.49 ± 1.45
	41.62
	25.26 ± 1.50
	50. 26
	3.86

	10
	Number of primary fingers
	2.44 ± 0.11
	37.54
	3.09 ± 0.15
	39.85
	3.22 ± 0.16
	42.07
	0.40

	11
	Length of primary finger
	2.70 ± 0.06
	18.24
	3.39 ± 0.07
	18.64
	3.07 ± 0.07
	20.26
	0.02

	12
	Circumference of primary finger
	7.41 ± 0.18
	20.15
	8.86 ± 0.19
	17.98
	8.16 ± 0.18
	18.73
	1.17

	13
	Number of secondary fingers
	5.19 ± 0.23
	38.04
	5.82 ± 0.20
	29.32
	5.85 ± 0.18
	26.72
	0.60

	14
	Length of secondary finger
	3.49 ± 0.08
	18.78
	4.34 ± 0.08
	16.45
	4.01 ± 0.08
	16.04
	0.22

	15
	Circumference of secondary finger (cm)
	7.05 ± 0.16
	17.36
	9.03 ± 0.19
	17.94
	8.38 ± 0.18
	18.54
	0.49

	16
	Length of mother rhizome (cm)
	2.47 ± 0.15
	50.13
	2.88 ±0.07
	20.42
	2.64 ± 0.06
	19.10
	0.28

	17
	Circumference of mother rhizome (cm)
	6.17 ± 0.14
	18.65
	7.25 ± 0.15
	17.54
	6.85 ± 0.15
	18.45
	0.40

	18
	Moisture (%)
	76.86 ± 0.46
	5.08
	78.05 ± 0.45
	4.9
	77.73 ± 0.48
	5.29
	1.31


4. Conclusion
The findings of the present study indicate that fresh yield per plant, number of tillers, and leaf area are the most variable traits among the Zingiber zerumbet accessions evaluated, and should therefore be prioritised in selection programmes. The statistically significant variation observed across all studied characters suggests their suitability as reliable criteria for the identification and selection of promising genotypes in future improvement efforts. Furthermore, the significant variability detected among agronomic traits highlights the substantial genetic diversity present within the evaluated accessions. Effective utilisation of this variability is essential for the conservation and genetic improvement of Zingiber zerumbet, particularly in view of its recognised medicinal importance. Based on the results of this study, the use of primary fingers as planting material is recommended for large-scale cultivation of shampoo ginger, as it may contribute to maximising yield under field conditions.
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