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Short Note

Preliminary studies on semi-hardwood grafting technique in apple under polyhouse con-
dition in mid hill area of Himachal Pradesh
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Abstract

A study was carried during 2012-13 at Palampumntestigate the possibilities of semi-hardwood gngftechnique in apple
under polyhouse. The tongue grafting was perforomedour different dates (September 11, 18, 25 éhd2R12). A success
rate of 93.33 to 100% with proper callusing andihgaof graft unions was achieved. Among differgrafting dates, the plants
grafted on September 11 attained the maximum h¢&fhi0 cm) with lateral branching of 2.67 latefalsnt. The minimum

plant height of 14.50 cm was recorded in plantstggaon September, 29. Similarly, total number edves, dry and fresh
weight and chlorophyll content were also more ianpd grafted on September 11. This technique neebs investigated in
apple and other temperate fruit plants under palgkaondition for quick multiplication and reducimgrsery production dura-

tion.
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Plant propagation including grafting played an impo
tant role in mankind since the beginning of cilibn
when man started to grow crops (Mahwhal. 2012). The
grafting is a technique used to combine one planit\pith
another to encourage growth as a unified plars. dccom-
plished by inserting a piece of stem containing & wege-
tative buds onto the stem of the plant that willveeas the
root system for the unified plant (Hartmaeral. 2002). It
has been successful in producing fruit trees ofllsaral

manageable sizes which are precocious, productidk a

true-to-type. The basis of unity between two paftplants
depends on mutual responsibility. Apart from treelant
size control, grafting produces planting stock thas suit-
able characteristics such as resistance to pestliaadses.
Additionally, it provides an opportunity to clonalpropa-
gate selected trees with desirable phenotypes (Kenah

2015; Ranat al. 2015). The branch top-work grafting has

been used to improve upon pollination in apple ardh
having inadequate pollinizers (Sharma and Rana5)201
The impact of grafting on apical dominance (Mapahid
Kinet 1992), mineral nutrition (Jayawickrarsfal. 1992),
flowering (Corbesiert al. 2007), dwarfism (Whitest al.
1992) and abiotic stress (Kumaral. 2015) has been stud-
ied.
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Almost all temperate fruit plants are multipliedatgh
grafting, budding and tissue culture. Grafting exfprmed
during dormant season whereas, budding in actieaigg
season (June-September). However, there is nentidic
research devoted to success of semi-hardwaoafting
in apple to date except the shoot tip graftingarhe woody
plants including apple by grafting a small shoptdf 0.1 to
1.0 mm, onto a young seedling rootstock growingitro.
The same technique has been used with citrus, pelaetry,
plum, apricot, apple, almond, grapevine, avocadmedlia
and sequoia (Navarro 1988).

It takes complete two years to produce plantsaftgd
onto seedling rootstocks. Therefore, there is a neénvent
new techniques to reduce this time. Althouighvitro multi-
plication gives quick and disease free plantingemials but
it requires modernize and professionally qualifeed com-
petent manpower. Further, to meet the ever-grow&mand
and inadequate supply of quality planting materigde semi

-hardwood grafting technique could be employed unde

polyhouse condition for quick supply of plants. Mover,
the growth in polyhouse condition is faster andairs more
as compared to open field condition. Therefore, ghesent
experiment was conducted to determine the posgkilof
semi-hardwood grafting in apple under polyhouseddam.



A semi-hardwood grafting experiment was conducted
in apple cultivar Scarlet Gala as scion and M-halaoot-
stock at Palampur, (32.116N latitude, 76.533E longi-
tude and 1280 m altitude) during 2012-13. Both ¢bm-
ponents (scion and rootstock) were multiplieelitro at
The Energy and Resources Institute (TERI), New Delh
and hardened plantlets at three leaves stage wams-t
ferred to Palampur in April, 2011. After acclimaion
and attainment of graftable size (17 month old)paty-
house tongue grafting was done on September 112518,
and 29, 2012. On each grafting dates 21 plante wer
grafted and the scionwood having the same thickoéss
rootstocks was selected. While preparing scionwdbd,
middle portion (semi-hardwood) of shoots with aasie
three nodes was selected and leaves were remotedhei
help of secateur just leaving the petioles as surcithem.
Care was taken that all buds at each node weredeed!-
oped and the wood was not succulent. The scionwasd
detached directly from mother plant and no curirg/p
conditioning was done prior to the grafting, ase@anmost
of the evergreen plants. The average temperatuhéwthe
polyhouse was 27C during day time. No misting was
done except cooling the structure by exhaust famsnted
in it. The observations were recorded from 15 espnta-
tive plants selected randomly from each graftinged@he
experiment was laid out in Randomized Block Design
(RBD) with three replications. The growth of graftelants
was recorded at weekly interval starting from Oetobl to
December 5, 2012. In the following year, the plamtse
kept as such in beds and observations on varionstiyr
parameters and foliar characteristics were takea(dot
presented).

Estimation of chlorophyll content

Dimethyl sulfoxide (DMSO) solvent was used to ex-
tract the chlorophyll from leaves as described bgcbix
and Israelstam (1979). Chlorophyll a (mgfznchlorophyll
b (mg/cn?) and total chlorophyll content (mg/émwere
calculated from absorbance at 663nm and 645 nm\Mn U
Spectronic-20 according to Arnon’s (1949) equations

Chlorophyll a= (ml of solvent) [(0.0127 x absorbarG63)-
(0.00269 x absorbance 645)]/leaf area?icm

Chlorophyll b= (ml of solvent) [(0.0229 x absorbar&45)
-(0.00468 x absorbance 663)]/leaf areafcm

Total chlorophyll content = (ml of solvent) [(0.2& ab-
sorbance 645) + (0.00802 x absorbance 663)]/
leaf area (cf)
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The wound healing procesdz, callus formation,
cambial differentiation and connectivity and vascuissue
formation was observed visually in both years (2032
without histological studies. The data were analyby
using Assex, an MS-DOS based program and CPCS1 soft
ware at 0.05 % rejection level.

Bud take

The buds started bursting after 7 todi&s of graft-
ing. There was 93.33 to 100 % success with propkuss
ing and healing of graft wounds under differenatneents
(Table 1). The callus formation and wound healingrav
observed visually. It was observed that after 46Qalays
of grafting, wounds were healed except those phahish
were grafted on September 29, where the wound rggali
was a bit slow (data not presented).

The ontogeny of graft union formation was also ob-
served in the following year (2013). There was igm of
abnormality and incompatibility in graft unions amy of
the treatments. Although, it takes several yeachtzk the
incompatibility but in this study the growth of alhe
grafted plants was normal and no abnormality/oestn
or necrotic portion in graft unions was observedisisally
seen in incompatible combinations. Many workershieir
histological studies have also confirmed the camina-
nectivity in 45 days after grafting in fruit treek this
study, the maximum growth of 5.60 cm after 30 daf/s
grafting was recorded (Figure 1) in plants grafbedSep-
tember 11.

It has been earlier reported that it took 30 ddter a
grafting for proper cambial connectivity and vesicuor-
mation in nectarine/almond combination (Tekintad an
Doigun 1996) and 45 days after grafting for camioiath-
nectivity in citrus (Tekintas 1991). Similarly, R®land
Kaska (1992) observed 40 days in pear/Quince-C ownb
tion. Oguzet al. (2008) reported that the establishment of
cambial connectivity is vital for producing vesiaultis-
sues. After this continuity, new cambium cells tstarpro-
duce new vascular tissues which are the last sibgec-
cessful grafting. A good established vascular cotioe
provides a good water and nutrient flow from romt&t to
bud (Unal 1992).

Vegetative growth

The observation on plant growth during the year of
grafting i.e. in 2012 was recorded at differenteimgls
(Table 1 and Figure 1). Among different graftingegathe
maximum growth (25.10 cm) was observed in plants
grafted on September, 11 fTwhile minimum in plants
grafted on 29 September, 2012. During the courseves-
tigation it was observed that the growth rate b§edfted



Table 1. Effect of grafting dates on bud take and vegetajioavth in apple

Grafting date (2012) Bud take (%)

Plant height (cm) Laterals/plant

Radial growth (mm)

(No.)
Above graft Below graft
union union
September, 11 100 25.53 2.67 12.68 14.21
September, 18 100 20.58 2.33 12.38 14.15
September, 25 100 18.91 1.67 11.60 13.13
September, 29 93.33 14.50 1.33 12.21 13.98
SEmz+ -- 0.35 0.49 0.28 0.41
CDogos -- 0.86 1.20 0.69 1.01

plants was highest at,0o Dsinterval (Figure 1) and the
growth continued up to Dinterval in plants grafted on
September 11, 18 and 25. Whereas, the plants drafie
September, 29 ceased their growth much earlierfroe
November, 16 (E) onwards. The overall average height
was highest in plants grafted earliest (Septembpramhd it
decreased linearly with the advancement of graftiates
(Table 1). Similarly, the number of lateral shopés plant
was also significantly affected by grafting dat@alfle 1).
It is clear from the table that maximum number atttal
shoots (2.67 shoots/plant) were recorded in plgraged
on September 11, however; it was statistically at \pith
plants grafted on September 18 and 25.

The radial growth of grafted plants both above and
below graft union was also significantly influencéy
grafting dates (Table 1). Although, no abnormalvgloat
graft union was observed in all plants but theabgiowth
was more in case of plants grafted on Septembefiis.
was also an indication of healthy graft union fotioa as
suggested by Simon and Elsa (2007), in histological
evaluation of early graft compatibility ibapaca kirkiana
Muell Arg. scion/stock combinations. However, thegd
reported that the excess growth at graft union firas
visual indicator of incompatibility between stoakdascion.

L eaf characteristics

The foliar status of plants is also an indicatoplaint
health, and in this study also; these parameters feeind
significantly influenced by grafting dates (Table Rum-
ber of leaves per plant, dry and fresh weight ahidro-
phyll contents were found significantly affecteddmafting
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Fig 1. Growth pattern of apple plants grafted on different
dates

dates and plants with healthy growth had maximulnes
of these parameters. The maximum fresh and dryhweiy
leaves was found in plants grafted in Septembersitii-

larly, the total chlorophyll content in termsrfy/cnt leaf

area was also more in these plants (Table 2). foler

characteristics such as; leaf area, dry and fresighw and
chlorophyll contents are major parameters in ddténg

the plant health and other physiological processeh as
photosynthesis.

Thus from this study it can be concluded that semi-
hardwood grafting in apple under polyhouse conditan
reduce the duration of nursery production time.tlren;
this technique needs to be standardized for quigckipli-
cation of other temperate fruit plants.



Table 2. Effect of grafting dates on leaf characteristicajple

Grafting dates No. of Leafarea Leaf weight (g) Chlorophyll content (mg/éneaf area)
Ie?vets/ (cn) Fresh  Dry  Chlorophylla  Chlorophyll b Total chlotogl
plan
September, 11 13.26 34.19 7.11 4.03 0.0223 0.0347 0.0589
September, 18 12.89 34.29 6.26 3.50 0.0227 0.0284 0.0519
September, 25 12.17 34.38 6.25 3.26 0.0222 0.0257 0.0482
September, 29 10.97 34.63 6.79 3.56 0.0217 0.0254 0.0519
SEm+ 0.70 -- 0.11 0.09 -- 0.0020 0.0022
CD g5 1.72 NS 0.27 0.24 NS 0.0050 0.0055
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