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Abstract

:

The mulberry tree (Morus alba) is a perennial and fast-growing tree distributed worldwide under different climatic conditions. Most of the world’s silk production (>90%) is facilitated by the feeding of silkworm larvae on the leaves of mulberry (Morus alba L.) varieties. Therefore, exploration of the protocol for improving the propagation efficiency and increasing the reproductive capacity of M. alba varieties could be of great significance. This study aimed to determine the effect of four concentrations (0, 100, 200 and 400 mg L−1) each of naphthaleneacetic acid (NAA), indole-3-butyric acid (IBA), and zinc sulfate (0, 100 and 200 mg L−1), supplied separately or combined, on the rooting and growth of mulberry cuttings. M. alba cuttings were immersed for 5 s in each solution using the quick-dip method and subsequently, the cuttings were dried and planted in plastic pots and maintained in a greenhouse for 60 days. The number of leaves (NL), longest root size (LRS), longest stem size (LSS), number of rooted cuttings (NRC), number of stems per tree (NSP), rooting percentage (RP), wet root weight (WRW), dry root weight (DRW), wet stem weight (WSW), dry stem weight (DSW), wet leaf weight (WLW) and dry leaf weight (DLW) were evaluated. The results obtained showed an increase in all growth parameters of the mulberry cuttings. Treatments of hormones (IBA and NAA) and Zn sulfate were effective on LSS, LRS and WSW. The highest values of LSS were obtained for the treatments T5, T6, T14, T15, T16 and T18. Moreover, T5, T12 and T10 showed the highest values of LRS. The highest value of WSW was observed for T18, T5, T14, T15 and T16. The highest values of WLW and DLW were observed in T20 and T14. Dry stem weight (DSW) was high in T18 and T14. The application of NAA (at 200 mg L−1), IBA (200 and 400 mg L−1) and Zn sulfate (200 and 400 mg L−1), either alone or in double combination, can be a suitable and reliable method for mulberry propagation.






Keywords:


auxin regulators; cutting times; mulberry; propagation; rooting












1. Introduction


The mulberry tree (Morus alba L.) is a perennial and fast-growing tree distributed worldwide under different climatic conditions. M. alba has great economic importance and its production is focused on the improvement of its foliage for the feeding of the silkworm (Bombyx mori Linnaeus, 1758), which converts M. alba into silk protein [1]. M. alba fruits are tasty and are widely used in the production of jellies, pulps, juices, ice creams, and wines [2,3]. M. alba fruits contain several health-promoting compounds, such as carbohydrates, vitamins, minerals, amino acids, and antioxidants [4]. In addition, the roots and stem bark of M. alba are a rich source of phenolic compounds, such as maclurin, rutin, isoquercitrin, and resveratrol, and have purgative and astringent properties [5]. Mulberry leaves are a rich source of (poly)phenolic substances, including phenolic acids and flavonoids such as caffeic acid, caffeoylquinic acids, kaempferol-3-O-(6-malonyl)–glucoside, quercetin-3-O-(6-malonyl)–glucoside, and quercetin-3-O-glucoside [6].



Plants of the Morus genus are valuable and are popular in ancient herbal medicine with extensive pharmacological potential to cure various ailments. While phytochemicals from plants of the Morus genus have already been extensively analysed, there may still be unknown compounds that play a role in the plant’s biological function, which needs to be elucidated [7]. Preparations made from the leaves have been used for treating elevated glucose levels in blood, high blood pressure, inflammation, cancer, and as a cough suppressant. Leaves are dried and used, as infusions of the dried leaves are rich in amino acids, steroids, flavonoids, vitamins and proteins; therefore, the dried leaf infusions areused as a supplement for general wellness [8]. The root bark of Morus plants has been used for the treatment of cough, yellow sputum, bronchitis, xerophthalmia, nephritis, pulmonary diseases, and incised wounds. They have also been used for anti-inflammatory, diuretic, anti-tussive, and anti-pyretic purposes in oriental medicine [9]. Stem bark is used as an anti-rheumatic, anti-spasmodic, diuretic, hypotensive, and pectoral medicine. The stem bark is also used as a purgative and vermifuge agent [10]. Specifically, the methanolic extract of Morus alba has a strong antidopaminergic impact, which suggests it may be used to alleviate psychotic symptoms alongside pharmaceutical treatments and manage psychotic disorders [11]. Around 14 compounds were isolated from the ethanolic extract of the root bark of Morus alba, primarily flavonoids, such asmulberrofuran D, mulberrofuran G, and mulberrofuran K., morusin, kuwanon G, kuwanon H, and their other derivatives. When tested against human immunodeficiency virus (HIV-1), only morusin 4′-glucoside, kuwanon H, and morusin were found to be effective against the virus [12]. Black mulberry consumption by patients with lipid disorders can affect heart health risk factors such as apolipoprotein concentration, blood pressure, and inflammatory markers [13].



The adventitious root formation in hardwood cuttings is a key physiological process for the propagation of many plant species of economic importance. Despite the intensive control of environmental factors, high economic losses still occur because of insufficient rooting [14]. The propagation of M. alba can be performed using different sexual or asexual methods. Sexual reproduction is accomplished through seed preparation and planting, whereas asexual multiplication includes grafting, sprouting, cuttings, and tissue culture. Because of the existence of mixed and randomized pollination in M. alba, the sexual reproduction method is not appropriate for large-scale propagation. In addition, some methods of asexual transplantation and tissue culture demand high production and maintenance costs [15]. Therefore, shoot-cutting with the use of growth regulators appears to be the most suitable option for mulberry propagation. It is urgent and necessary to develop new techniques of M. alba propagation using biotechnological tools, to guarantee the conservation of this species and to increase its productivity [1].



Auxin activity was classically defined as the competence to stimulate elongation in coleoptile and stem sections, and also rooting. Auxin plays an essential role in the formation of adventitious roots by increasing root primordia initiation and growth via cell division, as well as promoting the hydrolysis of starch and the mobilization of sugars and nutrients to the cutting base. In addition, auxin not only acts through linear pathways but is also involved in many cross-talk responses with other phytohormones [16,17]. Natural auxins, such as indole-3-acetic acid (IAA), phenylacetic acid (PAA) and indole-3-butyric acid (IBA) regulate cell division, cell growth, ethylene biosynthesis, root development, leaf formation, apical dominance, differentiation of vascular tissues, and fruit setting [18]. Synthetic auxins such as 1-naphthaleneacetic acid (NAA) induce similar physiological responses to natural auxins in bioassays [19]. In particular, IBA and NAA are the most important auxins for the rooting of cuttings, as most plant species respond positively to their action [20,21]. IBA is more stable than IAA and persists longer in the plant tissues [22]. The use of IBA generally causes root production in a larger number of cuttings, a faster rooting onset and a significant improvement in root quality and seedling production [23,24]. Henrique et al. [25] evaluated the effect of different growth regulators on the rooting of Pinus caribaea and found that an IBA + paclobutrazol treatment produced a higher percentage of rooted cuttings than those treated with NAA in different concentrations. Similarly, Singh et al. [26] observed that IBA (2000 mg L−1) application improved all growth parameters in M. alba cuttings. The study of the exogenous application of natural (IAA, PAA and IBA) and synthetic (NAA) auxins on the growth and metabolism of the green microalga Chlorella vulgaris showed that IAA and IBA had the highest biological activity at 0.1 μM, whereas PAA and NAA had the highest stimulatory effect on the number of cells at 1 µM [27].



Mineral nutrients can be an important source of several cofactors for adventitious root production, and their use in appropriate amounts might be critical for a satisfactory rooting rate of cuttings. Zinc (Zn) is a micronutrient that contributes to tryptophan biosynthesis, the amino acid precursor for IAA production [28]. In addition, Zn takes part in the biosynthesis of essential enzymes, protein synthesis, carbohydrate regulation and starch production [29], as well as in proper root differentiation, all of which are essential cuttingpropagation processes [30,31]. Thus, the use of a combination of Zn with synthetic auxin-derivatives for the rooting of cuttings can not only increase the production of roots but also improve other growth parameters. Although the seedling propagation of different mulberry varieties using plant regulators is well-known, little is known about the action of these hormones combined with mineral compounds, such as Zn.



Given the above, this study was conducted to assess if the rooting and growth parameters in M. alba can be increased by the addition of Zn and different IBA and NAA concentrations at two cutting times.




2. Materials and Methods


The study was conducted at the Iran Silk Research Centre (ISRC), Rasht, Iran. The harvesting of branches for preparing M. alba seedlings of the Kairyo-nezumigaeshi variety was carried out using twenty healthy adult trees of uniform size, maintained with daily irrigation. For this purpose, after a light pruning in the previous winter, no harvest was performed until the collection of branches for cutting preparation. The branches were collected, identified and stored in the dark at a low temperature (<10 °C). The medium regions of the tree lateral branches were evenly cut to prepare the cuttings. Each cutting had at least five buds and was 20–25 cm long × 1.0–1.5 cm in diameter. The experiment was conducted using afactorial design with three randomized replications (three cuttings per replicate). Two cutting times (March and April), and twenty combinations of different concentrations of two plant hormones and Zn sulfate (T1 to T25) were used as factors in this experiment. The Kairyo-nezumigaeshi, as the main mulberry variety of region, was studied. The treatments included four different concentrations (0, 100, 200 and 400 mg L−1) of NAA and IBA and three concentrations (0, 200 and 400 mg L−1) of Zn sulfate. The effect of each compound on plant growth was evaluated separately and combined. The different solutions were prepared by dissolving the amount of each hormone in 10 mL of methanol and adding distilled water to make up a final solution of 1 L. The basal ends of the cuttings obtained from M. alba matrices were immediately immersed in the respective solutions using the quick-dip method, which consists of the dissolution of auxin in alcohol and the immersion of ~3 cm of the cut end of the cutting in the solution for 1min. The cuttings were dried for 15 min and then planted in plastic pots (20 × 10 cm) filled with a mixture of soil + bovine manure and sand (1:3; v/v). The pots were maintained in a greenhouse with periodic irrigation, a relative air humidity of between 75–80% and a controlled temperature of approximately 25 °C for 60 days (Figure 1). The same methods of maintaining climatic conditions were used.



For the measurement of growth parameters, the rooted cuttings in each treatment were collected and removed from the experimental units twice (in March and April). A cutting was considered rooted when it exhibited one or more roots with a length longer than 1 cm [13]. The standard maintenance protocols followed for normal survival and growing. Twelve growth parameters were measured: number of leaves (NL); the longest root size (LRS); the longest stem size (LSS); number of rooted cuttings (NRC); number of stems per tree (NSP); rooting percentage (RP); wet root weight (WRW); dry root weight (DRW); wet stem weight (WSW); dry stem weight (DSW); wet leaf weight (WLW); and dry leaf weight (DLW), using a measuring tape with an accuracy of 0.1 cm and a digital scale with an accuracy of 0.01 g [23]. The data were collected from all of the treatments together. Data were tested for normality and homogeneity of variance using the Kolmogorov–Smirnov test. Because the test of homogeneity of variances and test of normality of data are prerequisites for an analysis of variance (ANOVA), these statistical analyses were performed to inform the ANOVA. The analysis of variance was performed considering the cutting time (March and April) as a factor (independent variable) and the biometric parameters × treatments as response variables (dependent variables). Differences of statistical significance between means were evaluated with the LSD test (p < 0.05), using the statistical package SAS 2000 (SAS Institute Inc., Cary, NC, USA).




3. Results


The analysis of variance showed that the effect of cutting time was significant for NL, WRW and DRW (Table 1). The application of hormone + Zn sulfate evidenced the interaction of most parameters, such as NL, LSS, NRC, RP, LRS, WRW, DRW, WLW, DLW and WSW. The interaction between cutting time × hormone + Zn sulfate treatments did not show differences in the two years. In Figure 2, wet root weight (WRW) and dry root weight (DRW) are shown in white and gray, respectively. Both of these parameters increased at the first cutting time (March) compared to the second cutting time (April). The cutting time also influenced the rooting and growth parameters of the cuttings (Table 2). The number of leaves increased in March, whereas the number of rooted cuttings was only higher in April. The rooting percentage increased in April. The wet and dry weight of the leaves was significantly different between cutting times.



Treatments of hormones and Zn sulfate were effective for LSS, LRS and WSW (Table 3). The highest values of LSS were obtained for T5, T6, T14, T15, T16 and T18. Moreover, T5, T12 and T10 showed the highest values of LRS. The highest value of WSW was observed for T18, which was significantly similar to T5, T14, T15 and T16 and there were not significant differences between these treatments (Table 3).



The LSD statistic, placed at the bottom of each column, can be used to compare the mean of treatments. The highest mean NL per cutting was observed for T5, T12 and T19. We also observed the lowest mean number of leaves per cutting in T17, T8 and T4. Similarly, the NRC was significantly higher in T1, T11, T14, T18 and T19. The lowest NRC values were found for T7. The RP showed a trend similar to the NRC and the highest values were observed in T1, T11, T14, T18 and T19. However, regarding the WRW, the cuttings subjected to T10 showed the highest values, which were similar to the values observed for T1, T2, T5, T6, T18, T19 and T20. Moreover, the cuttings subjected to the IBA treatment alone (100 mg L−1) showed the highest DRW, however the value decreased with the addition of Zn sulfate. The highest values of WLW and DLW (dry leaf weight) were observed in T14 and T19. Dry stem weight (DSW) was high in T14 and T18 (Table 4).



In general, the highest values of WLW were recorded in April (especially in T7 and T14), when compared to March (Figure 3). T14 differed by approximately 40% compared to T9, which showed the lowest DLW values.




4. Discussion


The rooting of cuttings and growth parameters of M. alba appear to depend on both the applied growth regulators and the cutting time. High concentrations of IBA activate mitotic genes that are generally regulated by auxins, which might stimulate cell division [32]. In addition, because IBA is an auxin precursor, it might act in regulating IAA levels by β-oxidation [33]. Sometimes, this conjugation process may be irreversibly inactivated by oxidation, regulating adventitious root growth [22,33]. It is well-known that IBA induces the development of adventitious roots in cuttings. However, to obtain the best rooting percentages, IBA concentrations should be adjusted depending on the type of treatment and the genetic material. Chandrashekar et al. [34] found positive effects of growth regulators on S-36 M. alba after a 24 h treatment with IBA (25 and 50 mg L−1) and NAA (50 and 75 mg L−1). Similarly, Brondani et al. [35] observed that Eucalyptus benthamii Maiden &Cambage cuttings also responded positively to rooting at IBA concentrations ≥ 2000 mg L−1. Gehlot et al. [36] found the maximum rooting percentage in Azadirachta indica A Juss at 250 mg L−1 IBA. This hormone concentration increased the lateral growth in the basal region of mini cuttings and resulted in the differentiation of a larger number of primordial roots. During external contact with the cell, IBA induces changes in the metabolism of enzymes, carbohydrates, RNA, DNA and proteins in the rooting zone, which might either inhibit or promote root growth, especially during cell division and differentiation [37]. Indole-3-butyric acid (IBA) is the most widely used root promoting chemical in the nursery trade, along with 1-naphthaleneacetic acid (NAA), because it is nontoxic over a wide range of concentrations [38]. A concentration of 2000 to 4000 ppm IBA will cause good rooting for most shrubs and evergreens, but a lower concentration of NAA was also mentioned for rooting [39]. Adventitious root formation in woody plants is associated with the action of endogenous auxin and can be triggered by the application of exogenous auxin, such as 1-naphthylacetic acid (NAA). NAA is used to influence/induce and to ensure a greater rooting capacity of cuttings and the better establishment of numerous shrubs and trees. NAA could even effectively improve the survival rate of cuttings or shorten the rooting period [40].



We observed the highest stem, as well as the longest root length; these results not only showed the positive effect of growth regulators on the rooting percentage and the production of high-quality roots but also the positive effect of the combination of these compounds with Zn sulfate. Zinc acts as a cofactor of various enzymes in catalytic processes, the production of chlorophyll [41], the synthesis of carbohydrates and proteins, the metabolism of nucleic acids and lipids, auxin formation and cell multiplication [42,43]. Zinc activates tryptophan synthetase, the enzyme responsible for the synthesis of tryptophan in the indoleacetic acid (IAA) biochemical pattern, which is a heteroauxine [44]. Indole-3-butyric acid (IBA) is a similar auxin that differs from IAA only in the length of its chain, which contains additional -CH2 groups [45]. Two major pathways for IAA biosynthesis have been proposed: the tryptophan (Trp)-independent and Trp-dependent pathways. In Trp-dependent IAA biosynthesis, four pathways have been postulated in plants: (i) the indole-3-acetamide (IAM) pathway; (ii) the indole-3-pyruvic acid (IPA) pathway; (iii) the tryptamine (TAM) pathway; and (iv) the indole-3-acetaldoxime (IAOX) pathway [46]. The two-step conversion of Trp to IAA is the main auxin biosynthesis pathway that plays an essential role in many developmental processes. TAA1 (tryptophan aminotransferase of Arabidopsis 1), an aminotransferase, catalyzes the formation of indole-3-pyruvic acid (IPA) from L-tryptophan (L-Trp), the first step in a previously proposed auxin biosynthetic pathway [47]. Zhao [48] reported tryptophan is first converted to indole-3-pyruvate (IPA) by the TAA family of amino transferases, and subsequently IAA is produced from IPA by the YUC family of flavin monooxygenases. Erland and Saxena [49] also indicated tryptophan primarily as a precursor for auxin and indoleamines, among other metabolites, and the mediation of auxin action by the indoleamines as a one-way interaction. They proposed that these processes run in both directions, with auxin modifying indoleamine biosynthesis and the melatonin–serotonin balance, contributing to its effects on plant morphogenesis, and that tryptophan also functions as an inductive signal to mediate diverse phytochemical and morphogenetic pathways. Karakeçili et al. [45] indicated that auxins (IBA and IAA) loading ZnO nanoparticles could be used as efficient nanocarriers in agricultural applications. In addition, Zn plays a key role in maintaining cell membrane integrity, preventing the oxidation of growth hormones and controlling the production of reactive oxygen species [50,51]. Therefore, our results showed that the addition of different concentrations of Zn sulfate and hormones favored rooting and increased the growth and biomass allocation of roots and aerial parts in M. alba trees, without showing phytotoxicity. Similar results were obtained by Nejad et al. [52], who observed that Zn sulfate (50 μmol) combined with IBA synergistically increased the leaf area and fresh and dry weight of shoots and roots in beans.



Regarding the comparison of growth characteristics between cutting time, it was evidenced that the highest number of rooted cuttings coincided with the highest rooting percentage. However, the highest RP correlated significantly with the highest wet leaf weight only in April, which might be due to the higher water retention of the leaves, and consequently of the cuttings, and favored fungal proliferation. Moreover, the higher leaf retention of water did not influence the wet root weight in April, which was lower than in March. The interaction between the applied treatments × cutting time evidenced that climatic characteristics might vary from one cutting time to another, affecting the rooting and other growth parameters of M. alba trees. It is likely that the warm weather in March and April favored the rooting of the cuttings and the growth and biomass allocation of roots and shoots. The results could also be related to the cold storage period and/or the different temperatures in March and April. Singh et al. [26] observed a poor rooting in M. alba cuttings planted during the coldest season, while they found a higher number of sprouted cuttings with a longer root length and a larger number of leaves in August. In addition, Cristofori et al. [53] also found that rooting ability was related to the interaction between year and cutting time.



Even if IBA, NAA, and Zn had positive effects on the rooting and growth of mulberry cuttings, M. alba rooting varied significantly depending on the type and concentration of the hormone used. The application of NAA (at 200 mg L−1), IBA (200 and 400 mg L−1) and Zn sulfate (200 and 400 mg L−1), either alone or in combination, can be a suitable and reliable method for mulberry propagation. Specifically, we demonstrated that the positive effect of IBA + Zn sulfate was more marked, compared to the other treatments tested. Nevertheless, this study has some limitations because, for successful root formation, factors such as cutting origin, type of phytohormone applied, nutritional composition, age of the matrix, and season of cutting can all play a significant role in the propagation of M. alba. For this reason, all the synergic effects and actions of these parameters are complicated to predict, and they should be better investigated in the future. The results of this study could help to mitigate the high economic losses due to low mulberry rooting, that in turn has a severe impact on the sericulture industry.
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Figure 1. Mulberry cuttings with NAA, IBA, and Zn sulfate. (a) Mulberry cuttings in pots with soil + bovine manure and sand (1:3; v/v), and (b,c) the growth of mulberry cuttings in the greenhouse at 75–80% relative humidity and 25 °C. 
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Figure 2. Comparison of wet root weight (WRW, white) and dry root weight (DRW, gray) of mulberry cuttings with NAA, IBA and Zn sulfate in successive years. Different letters for any of the traits (white and gray) indicate differences of statistical significance (p < 0.05) by LSD test. 
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Figure 3. Comparison of (a) wet leaf weight (WLW) and (b) dry leaf weight (DLW) of mulberry cuttings with NAA, IBA and Zn sulfate in successive years. Different letters for any of the traits indicate differences of statistical significance (p < 0.05) by LSD test. 
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Table 1. Analysis of Variance (ANOVA) for growth parameters of mulberry cuttings considering cutting time, hormone (NAA, IBA) and Zn sulfate treatments. NL, number of leaves; LSS, longest stem size; NRC, number of rooted cuttings; RP, rooting percentage; NSP, number of stems per tree; LRS, longest root size; WRW, wet root weight; DRW, dry root weight; WLW, wet leaf weight; DLW, dry leaf weight; WSW, wet stem weight; DSW, dry stem weight. * and ** indicate statistical significance at p < 0.05 and p < 0.01, respectively, by LSD test.
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	Factor
	df
	NL (n)
	LSS (cm)
	NRC (n)
	RP (%)
	NSP (n)
	LRS (cm)
	WRW (g)
	DRW (g)
	WLW (g)
	DLW (g)
	WSW (g)
	DSW (g)





	Cutting time
	1
	784.7 **
	850.7 **
	0.03
	3.00
	1.3
	122.0 **
	33.80 *
	1.4 *
	93.6
	7.04
	2.38
	0.18



	Hormone

+ Zn sulfate
	20
	60.6 **
	95.5 **
	7.4 **
	737.6 **
	3.0
	75.5 **
	1.86 *
	0.07 *
	16.5 **
	1.24 **
	1.17 **
	0.09



	Cutting time × hormone + Zn sulfate
	21
	118.6 **
	44.9
	17.3 **
	1734 **
	2.1
	11.3
	3.89 **
	0.16
	21.6 **
	1.63 **
	0.84
	0.06 **



	Error
	195
	8.9
	46.9
	1.5
	146.6
	2.3
	32.4
	1.09
	0.04
	5.61
	0.42
	0.56
	0.04



	CV%
	
	13.8
	27.7
	18.6
	18.5
	72.5
	24.8
	23.53
	23.5
	19.33
	19.32
	36.25
	36.27
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Table 2. Influence of cutting time on the growth parameters of mulberry cuttings. NL, number of leaves; NRC, number of rooted cuttings; RP, rooting percentage. Different letters indicate differences with a statistical significance (p < 0.05) by LSD test.
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	Cutting Time
	NL (n)
	NRC (n)
	RP (%)





	March
	22.27a
	5.32b
	53.21b



	April
	17.08b
	6.90a
	69.04a



	LSD (5%)
	2.69
	0.65
	6.52
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Table 3. Longest stem size (LSS), longest root size (LRS), and wet stem weight (WSW) of mulberry cuttings with different concentrations of NAA, IBA, and Zn sulfate. Different letters indicate differences with a statistical significance (p < 0.05) by LSD test.
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	Hormone and Zn Sulfate
	LSS (cm)
	LRS (cm)
	WSW (g)





	Control (NAA + IBA + Zn sulfate = 0 mg L−1) (Control)
	21.8c
	21.2bc
	1.71d



	NAA (100 mg L−1) (T1)
	23.5b
	23.7b
	2.10b



	NAA (100 mg L−1) + Zn sulfate (200 mg L−1) (T2)
	25.5b
	24.5ab
	2.16b



	NAA (100 mg L−1) + Zn sulfate (400 mg L−1) (T3)
	22.3bc
	20.5bc
	1.88c



	NAA (200 mg L−1) (T4)
	21.8c
	22.1bc
	1.83cd



	NAA (200 mg L−1) + Zn sulfate (200 mg L−1) (T5)
	29.9a
	25.3ab
	2.29ab



	NAA (200 mg L−1) + Zn sulfate (400 mg L−1) (T6)
	27.4ab
	23.4b
	2.13b



	NAA (400 mg L−1) (T7)
	22.8bc
	22.4b
	2.07b



	NAA (400 mg L−1) + Zn sulfate (200 mg L−1) (T8)
	22.3c
	24.4ab
	1.69d



	NAA (400 mg L−1) + Zn sulfate (400 mg L−1) (T9)
	21.2c
	21.9bc
	1.74d



	IBA (100 mg L−1) (T10)
	25.1b
	26.2a
	1.99bc



	IBA (100 mg L−1) + Zn sulfate (200 mg L−1) (T11)
	23.4b
	23.5b
	1.98bc



	IBA (100 mg L−1) + Zn sulfate (400 mg L−1) (T12)
	23.3b
	29.2a
	1.91bc



	IBA (200mg L−1) (T13)
	24.6b
	23.5b
	2.03b



	IBA (200 mg L−1) + Zn sulfate (200 mg L−1) (T14)
	29.6a
	22.8b
	2.74a



	IBA (200 mg L−1) + Zn sulfate (400 mg L−1) (T15)
	28.8a
	23.5b
	2.20ab



	IBA (400 mg L−1) (T16)
	26.5ab
	23.9b
	2.33ab



	IBA (400 mg L−1) + Zn sulfate (200 mg L−1) (T17)
	24.2b
	18.0c
	2.17b



	IBA (400 mg L−1) + Zn sulfate (400 mg L−1) (T18)
	29.0a
	22.9b
	2.92a



	Zn sulfate (200 mg L−1) (T19)
	23.2b
	19.3c
	1.87c



	Zn sulfate (400 mg L−1) (T20)
	21.5c
	19.1c
	1.80cd



	LSD (5%)
	5.52
	4.59
	0.60
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Table 4. Effects of hormones and Zn sulfate on growth parameters of mulberry cuttings. NL, number of leaves; NRC, number of rooted cuttings; RP, rooting percentage; WRW, wet root weight; DRW, dry root weight; WLW, wet leaf weight; DLW, dry leaf weight; DSW, dry stem weight. Different letters indicate differences with a statistical significance (p < 0.05) by LSD test.






Table 4. Effects of hormones and Zn sulfate on growth parameters of mulberry cuttings. NL, number of leaves; NRC, number of rooted cuttings; RP, rooting percentage; WRW, wet root weight; DRW, dry root weight; WLW, wet leaf weight; DLW, dry leaf weight; DSW, dry stem weight. Different letters indicate differences with a statistical significance (p < 0.05) by LSD test.





	Parameters→

Treatments↓
	NL (n)
	NRC (n)
	RP (%)
	WRW (g)
	DRW (g)
	WLW (g)
	DLW (g)
	DSW (g)





	Control (NAA + IBA + Zn sulfate = 0 mg L−1) (Control)
	20.5abcd
	7.3abc
	73.3abc
	4.5abc
	0.89abc
	12.6abcd
	3.4abcd
	0.57abc



	NAA (100 mg L−1) (T1)
	20.8abcd
	7.0abc
	70.1abc
	4.8abc
	0.97abc
	13.7abcd
	3.7abcd
	0.65abc



	NAA (100 mg L−1) + Zn sulfate (200 mg L−1)(T2)
	20.7abcd
	6.3abcde
	63.3abcde
	4.7abc
	0.95abc
	14.2abc
	3.9abc
	0.67abc



	NAA (100 mg L−1) + Zn sulfate (400 mg L−1)(T3)
	21.4abc
	6.8abcd
	68.3abcd
	4.1abc
	0.82abc
	11.9abcd
	3.2abcd
	0.49bc



	NAA (200 mg L−1) (T4)
	17.3bcd
	4.6dgef
	46.6defg
	3.2c
	0.65c
	11.1abcd
	3.0abcd
	0.47c



	NAA (200 mg L−1) + Zn sulfate (200 mg L−1)(T5)
	22.8ab
	6.1abcde
	61.6abcde
	5.2ab
	1.02ab
	14.3abc
	3.9abc
	0.67abc



	NAA (200 mg L−1) + Zn sulfate (400 mg L−1)(T6)
	19.9abcd
	5.3cdgef
	53.3bcde
	4.8abc
	0.97abc
	13.3abcd
	3.6abcd
	0.56abc



	NAA (400 mg L−1) (T7)
	20.3abcd
	3.5g
	35.0g
	3.9abc
	0.78abc
	11.5abcd
	3.2abcd
	0.61abc



	NAA (400 mg L−1) + Zn sulfate (200 mg L−1)(T8)
	16.4cd
	5.2cdgef
	51.6cdefg
	3.4bc
	0.68bc
	10.1cd
	2.8cd
	0.37c



	NAA (400 mg L−1) + Zn sulfate (400 mg L−1)(T9)
	19.2abcd
	5.5bcdefg
	55.0bcdefg
	3.4bc
	0.69bc
	9.2d
	2.5d
	0.39c



	IBA (100 mg L−1) (T10)
	20.9abcd
	6.7abcd
	66.6abcd
	5.3a
	1.07a
	13.6abcd
	3.7abcd
	0.57abc



	IBA (100 mg L−1) + Zn sulfate (200 mg L−1) (T11)
	18.9abcd
	7.3abc
	73.3abc
	3.6bc
	0.72bc
	13.5abcd
	3.7abcd
	0.57abc



	IBA (100 mg L−1) + Zn sulfate (400 mg L−1) (T12)
	22.6ab
	6.8abcd
	68.3abcd
	4.2abc
	0.84abc
	10.3bcd
	2.8cd
	0.49bc



	IBA (200mg L−1)(T13)
	19.0abcd
	5.7bcdefg
	56.6cdefg
	3.6abc
	0.73abc
	12.3abcd
	3.3abcd
	0.53abc



	IBA (200 mg L−1) + Zn sulfate (200 mg L−1) (T14)
	18.7abcd
	7.7ab
	76.6ab
	4.4abc
	0.89abc
	15.3a
	4.2a
	0.89ab



	IBA (200 mg L−1) + Zn sulfate (400 mg L−1) (T15)
	17.9abcd
	6.5abcd
	65.0abcd
	3.9abc
	0.80abc
	13.8abcd
	3.8abcd
	0.60abc



	IBA (400 mg L−1) (T16)
	18.8abcd
	4.0fg
	40.0fg
	3.9abc
	0.78abc
	13.7abcd
	3.7abcd
	0.63abc



	IBA (400 mg L−1) + Zn sulfate (200 mg L−1) (T17)
	15.2d
	4.1fg
	41.6fg
	3.2c
	0.65c
	10.2bcd
	2.8cd
	0.52abc



	IBA (400 mg L−1) + Zn sulfate (400 mg L−1) (T18)
	17.8bcd
	7.0abc
	70.3abc
	4.5abc
	0.90abc
	13.9abc
	3.8abc
	0.92a



	Zn sulfate (200 mg L−1)(T19)
	23.7a
	7.8a
	78.7a
	5.1ab
	1.00ab
	14.9ab
	4.1ab
	0.64abc



	Zn sulfate (400 mg L−1)(T20)
	19.6abcd
	6.8abcd
	68.3abcd
	4.8abc
	0.96abc
	13.5abcd
	3.7abcd
	0.58abc



	LSD (5%)
	5.8
	2.2
	22.03
	1.7
	0.34
	4.7
	1.3
	0.4
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