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Mango (Mangifera indica L.), a highly valued tropical fruit, faces challenges in
productivity due to the use of non-descriptive rootstocks and large tree
architecture. To address this, a � eld experiment was conducted at ICAR-IARI,
New Delhi (2021-2024), using Olour as rootstock and scion, with three grafting
combinations: without interstock, with Amrapali interstock, and with Mallika
interstock. The study aimed to evaluate their effects on morpho-physio-
chemical traits, leaf and soil nutrient content, and anatomical parameters. The
results revealed signi� cant differences in plant performance based on the
treatment combinations. The Olour/Mallika/Olour combination showed the
highest leaf width (3.71 cm),intercellular CO2 concentration (356.20mmole m-2

s-1), net photosynthetic rate (8.51 mmole m-2 s-1), leaf total soluble protein (4.34
mg/g FW), leaf total sugars (119.05 mg/g FW), total chlorophyll (4.04 mg/g FW),
total carotenoid (0.22 mg/g FW) and stomatal density (746.00 mm-2) and lowest
apical bud phenols (1014.31 mg/100 g) and leaf proline content (0.36 µg g-1 FW).
Conversely, the Olour/Amrapali/Olour combination exhibited lowest rootstock
girth(7.11 mm), scion girth (4.32 mm), leaf fresh weight (1.26 g), leaf dry weight
(0.40 g), leaf net photosynthesis (3.50 mmole m-2 s-1), leaf total soluble protein
(1.25 mg/g FW), total chlorophyll (1.65 mg/g FW), total carotenoid (0.13 mg/g FW)
and stomatal density (380.75 mm-2) and demonstrated higher proline (1.06 µg g-1

FW) and apical bud phenols (3067.53 mg/100 g)indicating dwar� ng potential.
Among the single-graft combinations, Amrapali/Olour exhibited moderate
vigour and nutrient content, while the Mallika/Olour combination maintained
high stomatal conductance and favourable growth traits. These � ndings con� rm
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that both interstock and direct scion-rootstock combinations signi� cantly
in� uence plant physiology and nutrient dynamics. Anatomically, stomatal
density and the complexity of the area were also signi� cantly affected by the
choice of interstock. Overall, these � ndings highlight the important role of
interstocks in modifying plant vigour, physiology, and nutrient acquisition.
Future studies are needed to assess the long-term � eld performance of these
combinations under various agro-climatic conditions.
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Introduction

Mango (Mangifera indicaL.) is a major commercial fruit crop
cultivated extensively in tropical and subtropical regions worldwide
(Bompard, 2009). It is believed to have originated in the Indo-
Burma region of Southeast Asia, particularly in the foothills of the
Himalayas (Mukherjee, 1951). Many research studies indicate that
mango possesses a wide range of health bene�ts, including
antidiabetic, antioxidant, antiviral, cardiotonic, hypotensive, and
anti-in�ammatory properties (Yahia et al., 2023; Zapata-Londoæo
et al., 2020; Xu et al., 2013; Shah et al., 2010). In India, it holds
signi�cant cultural importance and is often referred to as the “King
of fruits,” “Pride of Hindustan,” and “Bathroom fruit.” India is the
leading mango-producing country, occupying 2.39 million hectares
of land with a total annual production of around 22.39 million tons,
and an average productivity of ~9.36t/ha (Anonymous, 2023).
Despite being the world’s largest producer of mangoes, national
productivity is lower than that of some industrialized nations for a
variety of reasons. Low planting densities, large tree sizes, and the
use of non-standardized rootstocks with unknown pedigrees can
indeed contribute to lower productivity in mango orchards (Reddy
and Raj, 2015). Typically, mango grafting research has shown that
rootstocks have an impact on several scion physiological factors
(Rosa et al., 2003). The biggest issue with mango cultivation is the
lack of standardized rootstocks. Grafting is the ideal method for
commercial use because it maintains the genetic purity of the
propagated variety. Polyembryonic rootstocks play a crucial role
in the commercial production of grafted mango plants because they
are capable of producing both zygotic seedling (arising from sexual
reproduction) and multiple nucellar seedlings (arising from the
maternal tissue of the seed). These nucellar plantlets are genetically
identical to the mother plant and exhibit uniform growth
characteristics. Their abundance and uniformity make them ideal
rootstocks, as they provide a reliable and consistent foundation for
grafting superior scion varieties (Ravishankar et al., 2004).

While recent scienti�c endeavours have increasingly delved into
understanding the genetic and physiological basis of root traits to
improve crop productivity, grafting remains a practical and effective
technique employed by farmers and horticulturists worldwide
02
(Warschefsky et al., 2016). Rootstocks play a crucial role in
in�uencing gas exchange (Wang et al., 2017; Loreti et al., 2002),
tree vigour (Vahdati et al., 2021; Haak et al., 2006), fruit set, yield,
and fruit quality (Dayal et al., 2016; Sotiropoulos, 2006). By
selecting appropriate rootstocks, growers can optimize these
factors to enhance overall productivity. For instance, rootstocks
can regulate tree size, promoting manageable tree heights and
higher planting densities, which are essential in high-density
orchards (Webster, 2004; Tworkoski and Miller, 2007).
Additionally, scion-stock interactions in�uence the exchange of
gases such as carbon dioxide and water vapor, which directly impact
photosynthesis, transpiration, and overall tree health (Hartmann
et al., 2011). One of the most notable effects observed is the
reduction of scion growth, which has been extensively studied
withdwar�ng rootstocks and interstocks (Gonc�alves et al., 2003).
As the leaf is a crucial organ for photosynthesis, its size and stomatal
density play a vital role in determining photosynthetic ef�ciency
(Schechter et al., 1991). These factors, in turn, in�uence the overall
growth potential of the plant by affecting nutrient supply, resistance
to environmental stresses, and the distribution of carbon to various
plant organs.

Interstock or double graft has also been used with promising
results to reduce plant height. This technique may also minimize
incompatibility problems by using as intermediate stocks a cultivar
compatible with the other two incompatible cultivar combinations
(Ismail and Ebeed, 2013). Studies have shown that grafting onto
dwar�ng rootstocks or interstocks can effectively restrict plant
height, crown size, and tree volume (Valdivia et al., 2000).
However, it’s noteworthy that plants grafted onto vigorous
rootstocks often exhibit enhanced nutritional properties but lower
yields (Karlidag et al., 2014). This suggests a trade-off between
growth vigour and fruit production, highlighting the importance of
selecting the most appropriate graft combination based on speci�c
environmental conditions and desired fruit quality (Valdivia et al.,
2000). These interactions also affect fruit set and yield, ensuring
better fruit retention and development (Bosa et al., 2014).
Rootstocks can also enhance a plant’s resistance to factors like
drought, salinity, and soil-borne pathogens, which are crucial for
sustainable crop production in challenging growing conditions
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(Haroldsen et al., 2012; Davis et al., 2008). In other crops, such as
apples (Malus domestica), the choice of rootstock signi�cantly
impacts scion growth habits, in�uencing the balance between
reproductive and vegetative growth (Costes et al., 2003; Costes
and Garcõ�a-Villanueva, 2007).

Leaf nutrient analysis provides a critical insight into the actual
nutrient uptake and current nutritional status of fruit trees, serving
as a valuable tool for growers to make informed decisions about
orchard fertilizer requirements. Addressing the mineral nutrition of
trees is essential, as fertilization is a pivotal factor in fruit
production. De�ciency or toxicity of mineral elements can
signi�cantly hinder plant growth and development, leading to
reduced yields and compromised fruit quality (White and Brown,
2010). Rootstock selection plays a vital role in nutrient uptake and
utilization in grafted plants, directly impacting plant health, growth,
and fruit quality (Bavaresco et al., 2003; Habran et al., 2016).
Rootstocks in�uence the absorption, transport, and ef�ciency of
mineral elements from the soil to the scion (Nawaz et al., 2016).
These effects may be attributed to variations in root architecture,
alterations in ion transporter activity, hormonal regulation, and
miRNA expression (Meister et al., 2014; Zeng et al., 2014). Research
has shown that different rootstocks can modify mineral uptake,
transport, and assimilation. For instance, in apple trees, rootstocks
like M9 and MM106 exhibit distinct capacities for absorbing
nitrogen (N), manganese (Mn), iron (Fe), potassium (K), calcium
(Ca), and phosphorus (P) (Amiri et al., 2014; Fallahi et al., 2001;
Cheng and Raba, 2009). Similarly, grapevine rootstock architecture
plays a key role in nitrogen use ef�ciency (NUE) and phosphorus
(P) uptake (Zamboni et al., 2016). Additionally, Prunus rootstocks
signi�cantly in�uence macro- and micronutrient composition in
cherry (Hrotko et al., 2014), peach (Mestre et al., 2015), and plum
(Reig et al., 2018) leaves, as well as nutrient levels in cherry (Jimenez
et al., 2004) and peach (Zarrouk et al., 2005) �owers. Studies have
also shown that rootstocks signi�cantly affect mineral uptake in
pear (Pyrus communis L.) (North and Cook, 2006) and citrus (Zekri
and Parsons, 1992). Monitoring the physiological and nutritional
status of plants through leaf nutrient analysis is an established
method (Baxter et al., 2008; Uc�gun and Gezgin, 2017). This
technique also facilitates the evaluation of interactions between
scion and rootstock in terms of growth, nutrient uptake, and fruit
yield (Ahmed et al., 2007; Jime�nez et al., 2007; Savvas et al., 2011).

The rootstock effect on the performance of scion cultivars has
been studied and demonstrated in many of the fruit crops, including
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mango, however no such studies related to the effect of interstock on
grafting success, morpho-physio-chemical, and anatomical traits of
mango have been conducted yet. Thus, the present study was
conducted to evaluate the effect of different grafting combinations
on morpho-physio-chemical parameters, nutrient contents of leaf
and soil, and anatomical traits in mango.
Materials and methods

Plant materials

The present investigation was carried out in the Experimental
Orchard of the Division of Fruits and Horticultural Technology, ICAR-
IARI New Delhi, which is located at 77°07’E longitude, 28°41’N
latitude, and an altitude of 227.4 m above mean sea level during the
year 2021-24.The treatment consisted of various grafting combinations
involving two nterstocks: no interstock, Amrapali (Dashehari x
Neelum) as an interstock, and Mallika as an interstock (Neelum x
Dashehari), with Olour used as both the rootstock and scion. The
grafting combinations used in the experiment included both double
and single grafts, as outlined in Table 1. In mango rootstock research in
India, a major limitation is the absence of standardized clonal
rootstocks and the lack of reliable methods for identifying true-to-
type nucellar seedlings for grafting. This has resulted in inconsistency
and non-uniformity across studies, leading to variable performance.
Additionally, there is a notable gap in understanding the physiological
and anatomical changes occurring at the graft union, especially when
interstocks are used - an area that remains largely unexplored in
mango. In polyembryonic mango rootstocks, one sexual embryo and
multiple nucellar embryos are typically present, with the nucellar
embryos possessing the same genetic makeup as the mother plant
(Cordeiro et al., 2006). These adventitious embryos arise directly from
the maternal nucellar tissue surrounding the embryo sac, which
contains the developing zygotic embryo. Therefore, identifying the
zygotic embryo is of critical importance in mango. LMMA8 primer was
used in this study to detect polymorphism and to distinguish between
nucellar and zygotic seedlings derived from stones of Olour rootstock.
The forward primer sequence of LMMA8 marker was 5’-
CATGGAGTTGTGATACCTAC-3’, and the reverse primer
sequence was 5’-CAGAGTTAGCCATATAGAGTG-3’. The primer
was designed to amplify at an annealing temperature of 47 °C. The
identical SSR pro�les of seedlings and their mother plants (Olour)
TABLE 1 Grafting combinations used in the experiment.

S. no. Grafting combination Abbreviation Rootstock Interstock Scion

1 Olour / Amrapali / Olour O/A/O Olour Amrapali Olour

2 Olour / Mallika / Olour O/M/O Olour Mallika Olour

3 Mallika / Olour M/O Olour – Mallika

4 Amrapali / Olour A/O Olour – Amrapali

5 Olour / Olour O/O Olour – Olour
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con�rm their nucellar origin, while any deviation from the mother
plant’s SSR pro�le indicates a zygotic origin (Figure 1). Identi�ed
nucellar seedlings like seedling no. 152,155,167 etc. were subsequently
grafted by interstocks and scions whereas zygotic seedlings like seedling
no. 117, 112 etc. were discarded after screening from LMMA8 marker.
The selection of Olour as a rootstock for this study is based on its well-
documented salt tolerance, dwar�ng ability, and genetic uniformity,
making it a valuable choice for improving commercial mango cultivars
in diverse environmental conditions (Dubey et al., 2007). Additionally,
Olour exhibits good compatibility with most improved mango
cultivars, including Langra, Himsagar, and Alphonso, providing
greater �exibility in grafting combinations. One of Olour’s most
signi�cant traits is its polyembryonic nature, which ensures the
production of nucellar seedlings that are genetically uniform and
true-to-type. This study addresses this gap by selecting two
contrasting mango hybrid cultivars–Amrapali (Dashehari x Neelum),
known for its dwar�ng habit, and Mallika (Neelum x Dashehari),
recognized for its vigorous growth - as both interstocks and scions on a
common rootstock (Olour). Amrapaliis precocious, distinctly dwarf,
highly regular and proli�c in bearing. It is suitable for high-density
Frontiers in Plant Science 04
orcharding (Singh et al., 1972; Majumder et al., 1982). Mallika tree is
semi-vigorous. It is medium to heavy cropper, and has a strong
tendency to bear regularly. The fruits have an attractive appearance
and the average fruit weight is 307 g (Singh et al., 1972). Both these
hybrids original mother plants are present in ICAR- IARI experimental
�eld (Both the hybrids were developed at ICAR-IARI). By using
Amrapali and Mallika which are present on their own root system as
well as in combination with Olour rootstock, the study aims to
investigate how these genotypes in�uence scion vigour or dwarfness
and to evaluate the graft-transmissible effects across the graft union.
Initially ripened Olour fruits were harvested and then the stones were
extracted. The extracted stones were sown in July 2022, with
germination occurring within 30–40 days. After 3–4 months of
seedling growth, molecular screening using SSR markers was
conducted to identify true-to-type nucellar seedlings and eliminate
zygotic ones. The �rst grafting was carried out in May 2023, followed
by a second grafting in September 2023. Physiological, anatomical, and
biochemical observations were recorded in 2024, ensuring suf�cient
growth period post-grafting- (Figure 2). Softwood grafting was
performed in this study, and the plants were cultivated in the open
FIGURE 1

Screening of nucellar seedlings of Olour using SSR marker LMMA8.
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�eld. The grafting was carried out on newly emerged �ushes. Scion
wood, having the same thickness as the terminal shoot, was defoliated
10 days prior to grafting. The grafts were securely tied using a 1.5 cm
wide, 200-gauge polyethylene strip. In this technique, the graft union
was positioned higher above the ground, and the rootstock sprouts
were regularly pinched off as they have the potential to interfere with
scion growth to ensure better quality. This foundational step
validates the uniformity and reliability of the experimental material.
For the double-grafted plants, the length of the interstock was
uniformly maintained at 10 cm to ensure consistency across
treatments. All cultural practices, including irrigation, weeding,
hoeing, and fertilization, were performed uniformly across the
treatments to ensure consistency and eliminate variability due to
management practices.
Frontiers in Plant Science 05
Soil nutrient status of the experimental site

The physicochemical analysis of soil from the experimental site
revealed a nutrient-rich pro�le (Table 2). Macronutrient levels were
high, with nitrogen at 2.78%, phosphorus 1.004%, calcium 3.85%,
potassium 1.75%, and magnesium 0.45%. Micronutrients included zinc
(369.74 ppm), copper (300.98 ppm), iron (15,878.14 ppm), manganese
(381.13 ppm), boron (340.17 ppm), and sodium (19,889.11 ppm).
Trace elements such as cobalt (4.97 ppm), aluminium (5938.86 ppm),
chromium (32.57 ppm), nickel (16.68 ppm), cadmium (3.04 ppm),
strontium (212.29 ppm), and lead (16.48 ppm) were also present. These
values indicate that the soil was nutritionally suf�cient to support
healthy plant growth and allowed for a reliable assessment of grafting
effects without confounding limitations from nutrient de�ciencies.
FIGURE 2

Different graft combinations after screening Olour seedling with SSR markers.
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