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Abstract: Biological amendments namely, Pseudomonas florescence, Azotobacter chroococcum, K-mobi-
lizers and AM fungi were expedited during air-layering operation on litchi (Litchi chinensis Sonn.).
Twenty-five years healthy progeny of mother plants were maintained for air layering operation.
The treatments comprised of the combinations namely, Ty, litchi orchard soil + sand (1:1); T2, sand +
AM fungi + Azotobacter chroococcum (1:2:1); T3, sand + Pseudomonas florecence + K-mobilizer (1:1:1); T4,
AM fungi + K-mobilizers (1:1); Ts, P. florescence + A. chroococcum + K-mobilizer (1:1:1); Te, sand + P.
Florecence (1:2); Tz, uninoculated control. Treatment T2 significantly improved survival rate, plant
height, stem diameter, leaf number, leaf area and total leaf chlorophylls of the saplings. Microbial
biomass of A. chroococcum Pseudomonas, K-mobilizers and AM fungi were tremendously increased.
Soil enzymes activity in rhizosphere was increased which indicated better P nutrition. The study
indicated that biological amendments inoculation can be a promising technology to improve sur-
vival rate to produce elite litchi planting material.

Keywords: bio-inoculants; rhizosphere; soil enzymes; air-layering

1. Introduction

Biological amendments have the well-known property of symbiotic effects in the rhi-
zosphere. Litchi trees have been reported to have a very high dependence for AM fungi
and associated beneficial PGPRs because of farmers’” inoculation for new plantations with
soil of old litchi orchards. Air-layered saplings are devoid of microbial consortium at the
time of layering on shoots [1]. Further, these air-layered litchi plants in the absence of
natural inoculants usually take 3—4 years for establishment after transplanting in fields
even when provided with well fertile soils and irrigated conditions. The bottlenecks were
high mortality of layers once detached from mother plant of their own root system [2].
Biological amendments including PGPRs are rhizosphere-inhabiting bacteria, colonizing
the root system of plants and could stimulate plant growth and development processes
[3]. The genus Metarhizium (also known as green muscardine) is an entomo-pathogenic
fungus with a worldwide distribution. The fungi have long been recognized as biological
pesticide (myco-insecticide) with advent of genetic profiling known to colonize roots of
different species [4]. The fungal species are most frequently found as soil saprophytes in
agricultural fields [5]. Earlier literature has suggested that the fungi form associations with
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plant roots in the rhizosphere zone [6] for better survival over extended periods of time
[7] which alleviated in drought stress conditions [8]. In rhizosphere soil, the microbial
communities inhabiting have both direct interactions with the host plants in relation to
nutrient acquisition and organic matter recycling. Several experimental attempts have
been made for the establishment of air-layers in field conditions [1].

It has been shown that plant growth promoting endophytic bacteria can help their
host plants to coup with various biotic and abiotic stresses [9]. The present investigations
therefore, were planned and focused with the objective to study the effectiveness of
PGPRs coupled with interactive association of entomo-pathogenic fungus, Metarrhizium
inoculation at nursery stage on growth, survival, physiological profiling and rhizosphere
stochiometry of transplanted air-layered litchi saplings. PGPR are rhizosphere-inhabiting
bacteria, colonizing the root system of plants and could stimulate plant growth and de-
velopment processes. The saplings planted during the initial phase of air layering results
in very-very low survival due to poorly developed root system. Besides, the genus Me-
tarhizium is an entomo-pathogenic fungus with a worldwide distribution. The fungi have
long been recognized as biological pesticide with advent of genetic profiling known to
colonize roots of a variety of plants. The fungal species are most frequently found as soil
saprophytes in agricultural fields as compared to forest ecosystems. Earlier literature has
suggested that the fungi form association with plant roots in the rhizosphere and survive
better in that environment over extended periods of time. Several experimental attempts
on rooting media have been already made towards the success for the establishment of
air-layers in field conditions. The present investigations therefore, were planned and fo-
cused with the objective to study the effectiveness of PGPR probiotics on air-layers root
development on mother litchi plants and further evaluation of their interactive effects
along with Metarrhizium inoculation on survival and physiological profiling of trans-
planted air-layered saplings at nursery stage which could be an innovative scientific ap-
proach with consistent outcome for the production of elite planting material.

2. Materials and Methods

The experiment was conducted in RHRTS of Dr YS Parmar University of Horticul-
ture and Forestry at Dhaulakuan, Sirmour (HP). The trial site is located at an elevation of
468 m above mean sea level with geographical coordinates of 28°25’' North (latitude) and
75°48' East (longitude). The experiment was carried out on Litchi chinensis Sonn. cv. ‘Early
Large Red’ between late September and October until June commencing monsoon for two
consecutive years of 2015 and 2016. The climate of the experimental area was typically
sub-tropical. Winters are cold and the summers are very hot. Maximum mean tempera-
ture was 39.5 °C, while, the minimum mean temperature was 17.3 °C during the growth
periods. Normal annual rainfall is 1100 mm, which is almost unevenly distributed. The
south west monsoon contributes 90 per cent which sets in the last week of June and with-
draws in middle of September. July and August are rainy months. Maximum soil temper-
ature was 28.4 °C. Soil solarization increased the maximum daily temperature to 35.3 °C
and the average minimum daily soil temperature to 22.7 °C.

Biological amendments in growing media were used with the purpose to produce
quality planting material with better root system in air-layers and enhanced final survival
of litchi air layers within the nursery. PGPR bioinoculants namely, Pseudomonas florescence,
Azotobacter chroococcum, AM fungi consortia (Glomus fasciculatum, G. clarum and G.
mosseae) and Potash (K) mobilizers were included. The treatments comprised of the com-
binations namely, T1—litchi orchard soil + sand + Metarrhizium (1:1:1); T>—sand + AM
fungi + A. chroococcum + Metarrhizium (1:2:1:1); Ts—sand + P. florecence + K-mobilizer (1:1:1);
Ts—AM fungi + K-mobilizers + Metarrhizium (1:1:2); Ts—P. florescence + A. chroococcum +
K-mobilizer + Metarrhizium (1:1:1:1); Te—Sand + P. florescence + Metarrhizium (1:2); Tr—
Uninoculated control supplemented with farmyard manure along with recommanded
dose of fertilizers of N:P:K in the ratio of 60:30:30) for field performance. Besides, the air
layers saplings were root dip with Metarrhizium for 10 min following dual application of
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PGPR probiotics in each treatment combination in bulk as well as rhizosphere soil. The
detached rooted air layers from the mother plants were further transplanted in different
rooting media. The uniform air-layers were transplanted at 30 x 60 cm using double-row
planting method replicated thrice during the month of October. The probiotics application
was performed using a dipping method in which plant roots were inoculated with the
respective microbial suspensions for about 20 min prior to transplantation. Control plants
were dipped into sterile water. The nursery air-layered plantlets were also covered for 7—
8 months under shade net for improved viability of propagation period and success per-
centage to regulate micro-climate with temperature and humidity for improved survival
of detached layers.

3. Results and Discussion
3.1. Survival and Growth Traits of Saplings

It is further depicted that maximum number of roots was obtained in layers made on
the third week of June, which actually appeared early September (Figure 1). Variation in
the intensity of rooting emergence in layers could be due to fluctuations in tem-
perature especially high temperature coupled with high relative humidity in the
month of June, and thus increased the respiration of the plant with low net pho-
tosynthates for rooting. Besides, air temperatures had dropped which provided
lesser the utilization of carbohydrates for respiration; thus, an extra energy has
been diverted to root development. The treatment T2 contributed more nutrients
especially P and N which favored an ideal condition for the growth of roots in air
layers. Moreover, the potential of AM fungi and its ability to colonize roots appears to
depend upon relationship of fungus and host. Effectiveness of this colonization might be
due to better root colonization, which had direct relationship with growth [10]. Applica-
tion of bio-organics especially PGPR enhanced the absorption of nutrients by plants, es-
pecially availability of N, which led to higher levels of proteins [11], thereby, increased in
photosynthetic pigments which could accordingly strengthened photosynthetic activities
and ultimately posed balanced nutrition compared to traditional fertilizers for the conver-
sion process and sink-source relations. The stimulative effects of biological amendments
improved the acquisition and uptake of nutrient, release of growth promoting substances
in rhizosphere and the suppression of deleterious soil borne microbial communities due
to inoculation of Metarrhizium following dual application of biological amendments in
each treatment combination. Moreover, sapling’s growth after transplant encouraged the
litchi rooted layers had taken 95.4 days for plant establishment to achieve better survival
and vegetative growth traits.

Table 1. Effect of microbial inoculants on growth traits of Litchi chinensis Sonn. cv. ‘Early Large Red’
saplings.

Treatment Survival (%) Plant Height (cm) Stem Diameter Leaf Number 4 Leaf Area (cm”)
(mm) Transplanted Layer
T: 69.9 52.1 34.2 25.5 48.8
T2 89.2 62.5 42.8 31.2 53.6
Ts 85.7 52.9 35.3 26.1 46.9
Ta 78.2 55.6 32.8 22.4 42.8
Ts 81.2 50.6 38.8 22.8 47.3
Ts 78.3 53.2 31.4 20.6 42.8
Control (T 66.2 46.9 22.3 16.2 39.2
LSD (p <0.05) 9.03 4.08 5.82 2.97 322
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Figure 1. The effect of PGPR transplant treatments on root behaviour during layering process in
Litchi chinensis Sonn. cv. Early Large Red saplings, (A) Sand + AM fungi + Azotobacter chroococcum
(1:2:1), (B) Litchi orchard soil + Sand (1:1), (C) Uninoculated control (Sphagnum moss), (D) harden-
ing.

3.2. Rooting Characteristics

Highest fresh and dry weight of roots (11.2 g and 6.2 g) was achieved with PGPR
transplant amendments media (T2) followed by T, Ts, whereas lowest was recorded with
uninoculated. Moreover, the promotional effects on root characteristics ascribed to the
variation in the intensity of colonization due to capacity by forming extensive and effec-
tive network of external hyphae around the root zone for nutrient acquisition [12,13]. Be-
sides, the production of plant growth regulating substances like auxins, cytokinins and
gibberellins by PGPR probiotics interfere on resident soil microbial communities espe-
cially AM fungi by colonizing the roots causes increased root growth and exudation rate.
AM fungi promoted plant growth and improved plant establishment by increasing nutri-
ent and water relations especially ascribed to increased uptake of immobile P and plant
tolerance to biotic and abiotic stresses [8].

3.3. Microbial Population and Soil Enzymes

In general, the resident microbial population count in rhizosphere and non-rhizo-
sphere soils with the dual and or triple inoculation of different PGPR in air layered trans-
plants was increased over uninoculated control. PGPR probiotics had significant effect on
the total cultural microbial population both of the rhizosphere and non-rhizosphere zone.
The microbial biomass estimated less than 5 per cent of propagules of total culturable
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bacterial population in soil in terms of AM fungi, A. chroococcum, Pseudomonas and K-mo-
bilizers were significantly higher in rhizosphere than non-rhizospheric zone. Among dif-
ferent treatment combinations, the respective plate count of A. chroococcum, Pseudomonas
sp. and K-mobilizers also varied between the corresponding values of 13.0 x 100-25.7 x 10°
cfu g, 9.3 x 105-25.8 x 105 cfu g and 9.7 x 10*-19.6 x 10* cfu g in rhizosphere and 9.9 x
100-10.8 x 106 cfu g, 7.6 x 105-16.1 x 105 cfu g™ and 8.1 x 10*-16.2 x 10* cfu g non-rhizo-
spheric zone. Similarly, the propagules of AM fungi (per 50 g) ranged between 143.0, 282.8
and 102.0, 195.8 per 50 g of rhizosphere and non-rhizosphere moist soil (Figure 2).
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Figure 2. PGPR dependency and indigenous microflora affected by biological amendments in Litchi
chinensis Sonn. cv. Early Large Red saplings.

In rhizosphere zone, acid phosphatase (AcP) activity was significantly higher in T2
(163.2) followed by T1(149.3), T5(139.3) and T4 (138.5) ug PNP g h! than uninoculated
control. Treatment T> when compared to uninoculated control, AcP activity was 1.65 folds
within and 2.53 times more between rhizosphere and non-rhizosphere zone. The order of
alkaline phosphatase (AIP) activity varied significantly among the PGPR treatments in
rhizosphere as T2> T3> T1> Ts> Ts and T2> T3> T1> Ts> Ts> Tain non-rhizosphere zone. In
addition, dehydrogenases (DHA) activity showed the same trends with respect to AcP
and AIP both in rhizosphere and non-rhizosphere zone. In rhizosphere, DHA activity ex-
pressed in terms of ug TPF g h' was observed significantly higher in T2 (11.5) followed
by T1(10.6), T3(10.0) and T4 (9.6) and with no significant differences between T1, T3, Tsand
Ts treatments, whereas, it was least in T7 (9.6). Similar trends of DHA activity were ob-
served in non-rhizosphere zone with the orders T2> T1> T3> T4> T5, however, the differ-
ences among these were not significant. The superior treatment of T2in rhizosphere for
activities of AcP, AIP and DHA in layered transplants recorded 2.53, 2.08 and 30.2 times
higher than non-rhizosphere uninoculated control, respectively (Figure 3). Considering
physico-chemical and biological properties in rhizosphere, the flow of organic substrates
markedly influenced higher microbial population densities and also the microbial com-
munity structure [12]. The treatment of T:in rhizosphere for activities of AcP, AIP and
DHA in layered transplants recorded 2.53, 2.08 and 30.2 times higher than non-rhizo-
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sphere uninoculated control, respectively. Soil enzymatic bioassay was critically im-
portant for soil productivity which has provided indications of changes in metabolic ca-
pacity and nutrient cycling [14].
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Figure 3. Soil enzymes affected by biological amendments in Litchi chinensis Sonn. cv. Early Large
Red saplings.

4. Conclusions

Application of AM fungi + A. chroococcum + Metarrhizium (2:1:1) at hardening stage
in nursery recorded maximum per cent survival (34.7%) of air layered litchi plantlets over
control and better rooting, survival and the establishment of the layered guttee in soil. The
study indicated PGPR transplant amendments coupled with soil solarization as a prom-
ising technology to maintain healthy rhizosphere in litchi at nursery stage which could be
an innovative scientific approach with consistent outcome for the production of elite
planting material in Shiwalik foothills of north-west Himalayas.
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