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Cashew is the best income earning plantation crop of south eastern tropical regions in the coastal sandy and alluvial soils. Cashew 
has received adequate research attention in vegetative propagation, but its improvement for higher yields and high-density planting 
is still a necessity. To reach this milestone in research, an attempt was made twice experimentally at the cashew research station 
in Bapatla to identify the best method out of two techniques of soft-wood grafting (SWG) developed with different aged rootstocks 
of BPP-5 and scionsticks of BPP-6 cultivar under eight shade providing structures with a control in light, temperature and relative 
humidity for a period of seven months in three replications. The results revealed that a lesser aged (35-45 days old) rootstock with 
less number (only two) of leaves was prolific to give sufficient foliage after successful graft union using SWG under HDPS (high den-
sity polythene sheet) shade nets and low-cost structure like trench and a structure with coconut fronds. Significant differences were 
observed for all the growth traits except for height. These structures were providing a partial shade of 10 to 50 percent with success 
in sprouting (65.58%) and graft-take (50.1-59.81%) in a short period of time. All these structures with high success percentage pro-
vided more than 80 percent photosynthetically active radiation to the SWGs. Major achievement is attributed to identification of (1) 
reduced age of rootstock at 35 days for Bapatla method and 45 days for Puttur method (2) a prior requirement of shade for 20 days 
(3) a low-cost structure like shallow trench was suitable for microclimate required for successful SWG in cashew in our region. In this 
study, the rootstock BPP-5 was potential for producing more than 80 percent of successful SWGs made during the study period. For 
the establishment of new orchards with high density planting, genetically competent, prolific scion cultivars with high yield potential 
like BPP-6 were essential, though identification of its dwarfing rootstock is still a lacuna in cashew research.

Cashew is cultivated in 6,34,970 ha producing 4,17,830 tons of 
nuts in 1995-96. Due to increase in demands of processing units 
and exports, import of raw cashew nuts has been increasing since 
1970s. Though lots of hybrids, clonal cultivars of high yielding va-
rieties were developed at Cashew Research Station (CRS), Bapatla 
and other research locations of India there is still an apparent need 
for qualitative and quantitative increases in nut yields.

Introduction

Nursery production of softwood grafts (SWG) with quality, sur-
vival and better orchard establishment capacity is necessary. The 
major factors affecting the quality, mortality and establishment of 
SWGs were genetic, mainly genotype of scion and rootstock as well 
as climatic factors. Climatic factors include light, temperature, rain-
fall and humidity among which light helps to trigger the photosyn-
thetic activity and for nourishment of growth in grafts. Again, the 
rate of photosynthesis varies with percentage of available photo-
synthetically active radiation (PAR). The genetic factors are highly 
specific to cultivar that might boost the quality of growth under 
positive conditions of growth factors including PAR.

Establishment of new cashew orchards with proven elite plant-
ing material is the current need for improvement of yield, quality 
of nuts, to meet demands of imports, exports and sustainability in 
our nation. The graft-take and growth were highly dependent on 
potential rootstocks adopted for SWG and local weather conditions 

CRS: Cashew Research Station; HDPS: High density polyethylene 
netted sheet used as shade net also called as high-density poly-
thene shade nets and were available in 25, 50 and 75 percent 
shade; HD: High Density; M1 to M7: Month 1 (September) to Month 
7 (March); SWGs: Soft-Wood Grafts; SWG: Soft Wood Grafting; PAR: 
Photosynthetically Active Radiation; SS1 to SS7: Shade Structure 1 
to Shade Structure 7.
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The CRS in Bapatla is situated at an altitude of 5.49 m above msl 
with 80o 28' eastern longitude and 15o 54' Northern latitude. The 
experiment was conducted twice during 1996-97 in a factorial de-
sign with three replications, two main treatments of methods SWG 
technique (Bapatla and Puttur). Plate 1 shows the over view of the 
experimental nursery under open conditions as well as the grafts 
that were moved to open sun light conditions after 20 days of shade 
treatment under all shade structures. The two factors we tested to 
know the influence of shade for successful graft-take were i) Month 
of grafting include seven months from September (M1) to March 
(M7) during 1996-97 ii) Shade include eight treatments in percent-

congenial for improving the successful union of scion and root-
stock after grafting. Previous studies on SWG in cashew, mango, 
tamarind and other fruit crops revealed a diverse percentage of 
success under various geographical regions in India [1-3].

In Andhra Pradesh, CRS at Bapatla is the only place where re-
search on vegetative propagation in cashew has been conducted 
since 1900s. Sufficient progress made until the discovery of new 
and modified technique of epicotyl grafting named as SWG [4] and 
was also identified as easier, cheaper, viable and quick multiplica-
tion of high yielding cashew cultivars [4,5]. The SWG was practiced 
on rootstocks of one-month age to one year old depending on the 
purpose of rejuvenating old trees [6,7], for high graft take and suc-
cess percentages [8] to multiply new cultivars in large scale [9] for 
transplanting in a new orchard. The SWG was practiced successful-
ly in fruit crops like apple, cashew, citrus, guava, jack fruit, jujube, 
mango, pear, peach, pecan-nut and sapota. 

A successful graft union occurs in four steps 1) formation of a 
necrotic layer on the cut surface of each graft partner (scion and 
rootstock), 2) Parenchymatous tissue divides to form callus cells 
that fill the space between the graft partners and form an initial co-
hesion with cell wall materials, 3) The vascular cambium develops 
across the graft union linking the two partners when in close con-
tact, 4) secondary xylem and phloem re-differentiate across the 
graft union forming adequate vascular continuity to support plant 
growth. Hormones such as auxin and cytokinin affect callus forma-
tion and abscicic acid (ABA), Ethylene and gibberellic acid (GA) in-
hibitors increase wood formation and density that improves graft 
union strength [10]. Thus, grafting is an important event in cultiva-
tion of fruit crops including grapevine where rootstocks provide 
resistance to soil borne pests and diseases and improve tolerance 
to stresses [11].

The factors that benefit success of this SWG include but not lim-
ited to weather, age of the rootstock and number of leaves retained 
on the rootstock, rootstock cultivar, scion length, scion age, and 
precuring of the scion stick, shade provided during and after graft 
preparation [5]. Success in sprouting of scion sticks and survival of 
grafts was more in June-July to August months and sprouting was 
observed within a very short period of time in days ranging from 
14.33 to 20.66 days in mango [12], 23.3 days in cashew [13] while 
it took 28 days when grafted from October to December months in 
Mango [14]. 

Afternoon relative humidity and higher monthly mean mini-
mum temperatures coupled with high number of rainy days per 
month are necessary at the time of grafting in mango [15-17], ca-
shew [18,19] and in sapota [20] for rapid callus formation leading 
to speedy healing of the graft union as well as higher growth of 
scion shoot and leaf. The success of cashew graft-take and better 
growth with maximum graft height, leaf area was recorded in Au-
gust and September months when the climate was hot and humid 

Materials and Methods

while the least success with few leaves was observed in November 
and December [21].

Number of days took for scion bud sprouting were very mini-
mum (12 to 24 days) when grafts were placed in glasshouse and 
partial shade with a maximum sprouting percentage of 95.3 when 
placed in a chamber. The percentage of sprouting was quick with a 
pair of leaves on the rootstock in mango [22]. In mango, spring and 
summer grafting produced more rapid growth while late monsoon, 
prewinter and winter periods produced only moderate to poor veg-
etative growth [23].

Shade structure “humid chamber” gave the highest percentage 
of rooting of cashew cuttings [24]. In a sixty-day period, the grafted 
plants grown in full sun with wind breaks were 47 percent larger 
and produced more luxuriant foliage compared to those kept in 60 
percent shade [25]. While 50 percent and 75 percent shade pro-
duced longer shoots and larger leaf area [26], contrarily a reduced 
growth when shade was increased to more than 50 percent [27]. In 
citrus seedling, better growth was reported when shade was pro-
vided with a black net and transparent 0.22mm plastic film [28]. 
When compared, cleft grafting gave high percent success under 
shade and produced strong trees [29].

The SWG or grafting alone is more promising and gaining popu-
larity because of benefits of tolerance to cold, salinity, drought, and 
heavy metal toxicity and soilborne pathogens, due to the resistance 
found in the rootstocks such as BPP-5 in cashew. Many aspects re-
lated to rootstock/scion interactions are poorly understood, which 
can cause loss of fruit quality, reduced production, shorter posthar-
vest time, and, most commonly, incompatibility between rootstock 
and scion. Our BPP-5 rootstock and BPP-6 scion were highly com-
patible and proven successful in cashew. Therefore, the present in-
vestigation was carried out twice to study the two methods of soft-
wood grafting using two factors with treatments of shade provided 
by eight shade structures in a seven-month period during 1996-97 
at CRS, Bapatla in Andhra Pradesh. The objective of the research 
investigation is to find out the best shade structure for producing 
successful softwood grafts in Bapatla.
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Plate 1: Over all view of the experiments at cashew nursery.

ages of 0, 10-15, 12.5-20, 25, 50, 75, 100, and diffused shade). The 
weekly mean meteorological data collected during experimental 
period at meteorological observatory of Agricultural College Farm 
in Bapatla was presented in table 1.

Standard week Dates and Month
Mean temperature 

Maximum (oC)
Mean temperature 

Minimum (oC)
Mean relative 
humidity (%)

Rainfall (mm)

36 3/9/96 - 9/9/96 30.80 24.80 84.70 101.50
37 10/9/96 - 16/9/96 32.60 24.80 78.60 26.00
38 17/9/96 - 23/9/96 33.95 25.40 74.00 11.40
39 24/9/96 - 30/9/96 34.00 26.10 79.50 13.90
40 1/10/96 - 7/10/96 31.60 25.20 79.00 99.40
41 8/10/96 - 14/10/96 30.20 24.20 92.10 41.20
42 15/10/96 - 21/10/96 29.30 23.30 90.60 264.10
43 22/10/96 - 28/10/96 30.20 24.20 83.80 10.70
44 29/10/96 - 4/11/96 31.80 22.20 76.90 0.00
45 5/11/96 - 11/11/96 31.10 22.40 78.00 15.80
46 12/11/96 - 18/11/96 31.30 21.50 86.00 2.80
47 19/11/96 - 25/11/96 29.10 20.80 81.00 52.00
48 26/11/96 - 2/12/96 29.30 17.20 76.00 0.00
49 3/12/96 - 9/12/96 27.30 20.00 78.50 15.00
50 10/12/96 - 16/12/96 28.80 20.20 78.20 4.40
51 17/12/96 - 23/12/96 28.60 18.20 81.60 0.00
52 24/12/96 - 31/12/96 28.80 16.20 77.10 0.00
1 1/1/97 - 7/1/97 28.60 14.80 71.80 0.00
2 8/1/97 - 14/1/97 26.90 18.60 85.60 22.30
3 15/1/97 - 21/1/97 28.50 18.50 74.90 0.00
4 22/1/97 - 28/1/97 29.00 16.20 73.80 0.00
5 29/1/97 - 4/2/97 28.70 16.70 81.10 0.00
6 5/2/97 - 11/2/97 29.40 19.70 82.80 0.00
7 12/2/97 - 18/2/97 31.40 17.00 78.60 0.00
8 19/2/97 - 25/2/97 30.50 19.80 80.80 0.00
9 26/2/97 - 4/3/97 31.00 18.10 75.20 0.00
10 5/3/97 - 11/3/97 32.20 17.40 76.40 0.00
11 12/3/97 - 18/3/97 32.30 21.90 81.30 0.00
12 19/3/97 - 25/3/97 34.70 24.40 79.00 0.00
13 26/3/97 - 1/ 4/97 32.10 23.10 72.20 0.00
14 2/4/97 - 8/4/97 31.10 23.50 74.60 99.30
15 9/4/97 - 15/4/97 32.70 24.60 79.40 0.90
16 16/4/97 - 22/4/97 32.70 23.30 70.60 0.10
17 23/4/97 - 29/4/97 32.50 23.40 70.80 0.00
18 30/4/97 - 7/5/97 33.60 24.30 71.10 8.00
19 8/5/97 - 14/5/97 33.60 25.60 73.20 0.00
20 15/5/97 - 21/5/97 38.00 27.30 61.30 0.20
21 22/5/97 - 28/5/97 40.80 28.70 53.40 1.60
22 29/5/97 - 4/6/97 44.10 28.30 23.60 0.00
23 5/6/97 - 11/6/97 40.60 27.50 59.80 1.30

Total 1273.74 1046.73 3032.78 791.89
Mean 32.84 26.17 75.82 19.80

The potting mixture was prepared by mixing red earth, farm 
yard manure and sand in equal proportions and admixtured with 
single superphosphate at the rate of 5 g per 1 kg of potting mix-
ture and filled in 25 x 15 cm, 250 guage polythene bags. The root-
stocks were raised from matured, well filled seeds weighing 25g 
each from cultivar BPP-5 (Plate 2). The method of SWG technique 

Table 1: Mean weekly meteorological data during the crop period from 3 - 9 - 96 to 10 - 6 - 97.
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include (a) retaining two leaves on 30 days old rootstock and (b) 
retaining four leaves on 45 days old rootstock while grafting on to a 
scion bud stick from vigorously growing cashew cultivar BPP-6. We 
slightly modified previous methods recommended for commercial 
propagation of cashew using SWG methodology suggested at (a) 
Bapatla [4] and (b) Puttur [22] locations by reducing number of 
days of the rootstock seedlings to prepare SWGs [30-32].

The precuring of apical scion bud shoots from terminal branch-
es of cultivar BPP-6 was done 10 days prior to the collection of scion 
sticks by clipping off leaf blades and leaving petioles. The precured 
scion-sticks of a pencil size, brown colored round shaped and mea-
suring about 10 cm length and 2-2.5 cm girth were separated from 
mother tree on the day of SWG (10 days after defoliation). These 
sticks were kept in polythene bags with water to avoid dessication 
until used for SWG in the presented research study [33,34]. 

The thirty- and forty-five days old rootstocks were prepared by 
giving transverse cut to the seedling at a height of 10-15 cm and 
15-20 cm from the base retaining 2 and 4 leaves respectively for 
Bapatla and Puttur methods of SWG. A cleft of 4- 5 cm deep was 
made in the middle of the decapitated stem by giving longitudinal 
cut. The scions sticks of same thickness were chosen to mend the 
cut end into a wedge shape of 4-5 cm length by chopping off the 
bark and little portion of wood from two opposite sides to retain 
a thin slice of wood along with bark to fit exactly when inserted 
into the cleft made in the respective rootstocks. After the wedge of 
scion inserted into the cleft by matching the cambial layers of both 
scion and rootstock, the graft joint is secured firmly wrapping with 
2.5 cm wide and 30 cm long polythene trip of 100 guage thickness. 
The scion portion of the grafted plant is covered with 100 guage 
thick HD polythene bag of 15 cm x 10 cm x 100 cm size to prevent 
dessication of scion sticks and maintain humidity inside the en-
closed space. Plates 2, 3 and 4 represent the methodologies of two 
techniques used for SWG in our research investigation.

Plate 2: Seedlings ready to use as rootstocks for  
softwood grafting.

a. In Bapatla Technique, b. In Puttur Technique

Plate 3: Scion inserted into the cleft matching the cambial regions.

a. In Bapatla Technique, b. In Puttur Technique

Plate 4: Scion grafted on the rootstock closely fastened  
and graft covered with polythene cover.

a. In Bapatla Technique, b. In Puttur Technique

The factor "shade" includes seven shade structures (SS1 to 
SS7) and the eighth treatment was without any structure to pro-
vide shade and the prepared grafts were left in the open air under 
natural climate and weather conditions from September (M1) to 
March (M7). A black colored high density polythene shade nets or 
high density polyethylene shade nets (HDPS) that were provided 
with very small holes of varying sizes to penetrate light and pro-
vide shades of different grade namely (i) SS1 to provide 25 percent 
shade (ii) SS2 to provide 50 percent shade (iii) SS3 to provide 75 
percent shade iv) SS4 to provide 100 percent shade. The light in-
tensities were maintained by digital lux meter. In SS4 treatment, 
the prepared grafts were kept inside a graft-shed where complete 
shade of 100 percent provided. Plates 5, 6 and 7 display the HDPS 
shade nets of 25, 50 and 75 percent shade respectively.

In addition, shade structures that were most common in  
Krishna-Godavari Zone (SS5, SS6, and SS7) were also included in 
the study to compare and provide low cost structure and to elimi-
nate any unnecessary expenditure for nursery graft production. 
These include (v) A trench with partial shade (SS5): This structure 
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was prepared by digging a shallow trench (3m x 1m x 0.6m size) in 
the ground to fit all the three replications of two main treatments 
and two experiments. A thick blue polythene sheet of 250 gauge 
was used to cover the trench and it was opened only during time of 

Plate 5: Grafts treated with 25 percent shade 
 under HDPS net-structure (SS1).

Plate 6: Grafts treated with 50 percent shade  
under HDPS net-structure (SS2).

Plate 7: Grafts treated with 75 percent shade  
under HDPS net-structure (SS3).

irrigation, twice daily (Plate 8). The data was collected only during 
these specified timings without disturbing the structure and micro-
climate inside the trench. In trench the relative humidity was main-
tained between 88 and 92 percent while the shade was maintained 
between 12.5 and 20 percent. This structure "Trench" (SS5) was 
dug in the ground with a facility to provide constant temperature 
and relative humidity which was measured with Pscychrometer. 
The psychrometer is a hygrometer consisting of a wet-bulb and 
a dry-bulb thermometer, the difference in the two thermometer 
readings being used to determine atmospheric humidity.

Plate 8: Grafts treated with partial shade inside trench (SS5).

The structure providing partial shade under coconut leaves 
(SS6) was constructed by erecting a pandal and covered with dried 
coconut fronds collected from local coconut (Cocos nucifera) trees. 
This structure was observed providing shade ranging from 10 to 15 
percent (Plate 10). In some areas, use of toddy palm (Phoenix dac-
tylifera) leaves was seen, but we preferred to use coconut fronds 
due to the increased per cent of light and optimum shade provision 
by coconut leaves compared to palmyra leaves. 

Partial shade with coconut fronds (SS6)

This is a cabinet like portable structure with dimensions 3.6m x 
100m x 0.75m) and was covered with 250-gauge polythene sheet 
on all sides (Plate 9). In both trench and low- cost humid chamber, 
only diffused light is allowed to pass through. (viii) No shade (SS8). 
In SS8, grafts were kept on the ground in the open air without any 
shade and with provision of 100 percent sun light. The images of 
the shade treatments were provided for reference and understand-
ing the construction and design (Plate 5 to 10).

Low cost humid chamber (SS7)

All the treatments in two experiments, three replications, re-
ceived same level of irrigation scheduled twice daily in the morn-
ing and evening manually using a sprinkler hose as well as other 
nursery management practices as necessary. The prepared SWGs 
of BPP-5 as rootstock and vigorously growing BPP-6 as scion mate-
rial using 2 methods of SWG technique were not moved after im-
posing treatments of shade until 20 DAG. Five grafts were chosen 
randomly as samples to collect the data from all the experimental 
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Description of the variables measured

Plate 9: Grafts treated with complete shade in  
low cost humid chamber (SS7).

Plate 10: Grafts treated with partial shade under  
coconut fronds (SS6).

treatments and replications. These five sample data plants were 
tagged for recording data on the growth parameters like number 
of leaves, graft height and total leaf area. The percent sprouting, 
success rate or mortality percentage were also recorded for every 
treatment plot at regular intervals as explained below.

•	 Number of scion-sticks sprouted: The grafts show the 
sign of growth with terminal bud sprouting and producing 
small leaves. The grafts sprouted per plot of 25 grafts were 
counted and recorded at 15, 30 and 45 days after grafting 
and expressed as percentage.

•	 Percentage of successful grafts: This is also termed as 
graft-take and was noted at monthly intervals till 90 days 
after grafting and expressed in percentage.

•	 Mortality rate: The total number of sprouts failed to sprout 
and dried were recorded at monthly intervals till 90 days af-
ter grafting and expressed as percentage.

•	 Graft height: The height of the graft was measured from the 
collar region of the rootstock to the tip (terminal bud) of the 
grafted scion at monthly intervals till 90 days after grafting.

•	 Number of leaves: Total number of fully emerged leaves were 
counted and recorded at monthly intervals till 90 days after 
grafting.

•	 Leaf area: Fifty leaves of different sizes were separated from 
grafted plants and leaf area was recorded by a digital leaf area 
meter calibrated correctly. The maximum length and breadth 
of individual leaves were taken from each graft and their prod-
uct were obtained (LXB) to have the apparent leaf area. The 
leaf area was measured in square centimeters as suggested 
[35].

Actual leaf area, A = (LXB) K, where K is the leaf area constant 
equal to 0.75.

From the above equation the value for K was estimated by divid-
ing actual leaf area with apparent leaf area.

For the selected five grafts in every treated plot, the total leaf 
area per each graft was obtained using K value and by measuring 
the length and breadth of individual leaves. Then the total mean 
leaf area per graft was calculated.

The data collected from observations made at 15, 30, 45, 60 and 
90 DAG for the respective traits were tabulated after calculating 
means of samples, replications and treatments. The data on these 
parameters was analysed statistically by the method of analysis of 
variance procedures outlined [36]. The statistical significance, and 
critical difference (CD) were worked out based on F test values at 5 
percent level of significance. The analysis did not include any data 
on SS8 treatment and hence the presented tables are without the 
data on eighth shade treatment.

The weekly mean minimum and mean maximum temperatures 
during the period of investigation ranged from 14.8oC to 28.7oC and 
27.3oC to 44.1oC respectively. The weekly mean relative humidity 
was ranging from 29.6 to 92.1 percent and total rainfall received 
during the period of investigation was 791.89 mm (Table 1). The 
data presented here is the averages obtained from five samples, 
three replications in seven months under seven different shade 
treatments.

Results and Discussion

Influence of shade on sprouting and production of successful 
grafts

The analysis of variance revealed significant treatment dif-
ferences for all the traits studied between two methods of SWG 
employed as well as among shade structures. The summary of 
comparisons on success percentages was provided (Table 2) indi-
cating high success in Bapatla (59.62%) method followed by Puttur 
(56.23%) method by 30 DAG and a stability in success after 30 DAG 
with a reduction of less than 10% in both techniques. The average 
per cent of successful grafts were more in Bapatla (52.54) com-
pared to Puttur (49.31). Further, the overall success percentage in-
creased due to shade treatment during various months of different 
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climate and rainfall in Bapatla. The reason for this is early success 
in healing of graft union in both techniques due to shade treatment 
provided for first 20 days and were discussed in detail below.

Treatment
Success grafts (%) obtained with Bapatla method 

on the following days after grafting
Success grafts (%) obtained with Puttur method 

on the following days after grafting
30 60 90 Mean 30 60 90 Mean

Shade (SS) 58.90 50.10 47.89 52.30 56.29 46.03 45.67 49.33
Month (M) 60.33 50.10 47.89 52.77 56.16 46.03 45.67 49.29
Grandmean 59.62 50.10 47.89 52.54 56.23 46.03 45.67 49.31

The average data in percentage for sprouting was observed with 
extreme variation from 15 to 45DAG under all shade treatments 
and was presented in tables 3 and 4 for Bapatla and Puttur meth-
ods. The treatments and interactions showed significant variation 

Note: SS represents mean data obtained from softwood grafts under various shade structures 
 excluding 100 percent shade and no shade during the experimental period.

Shade Structure 
Code (% shade)

Sprouting percentage Success Percentage
Bapatla method Puttur method Mean Bapatla method Puttur Method Mean

SS1 (25%) 68.76 58.93 67.79 45.90 44.38 45.14
SS2 (50%) 72.38 52.18 62.28 50.10 57.14 53.62
SS3 (75%) 72.94 47.81 60.38 54.48 51.23 52.86
SS4 (100%) 32.19 56.41 44.30 29.71 33.91 31.81
SS5 (12.5-20%) 67.21 66.72 66.97 59.81 43.24 51.53
SS6 (10-15%) 79.23 61.04 70.16 50.48 37.82 44.15
*SS7 (100%) 66.32 46.85 56.59 44.76 51.95 48.36
SS8 (0%) - - - - - -
Mean 65.58 55.71 60.65 47.89 45.67 46.78
CD (p=0.05) 00.08 00.09 - 00.08 00.11 -
CV % 16.62 23.70 - 17.87 24.16 -

Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 
was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; 

SS6 is a structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 
percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air.

Shade Structure Code 
(% shade)

Sprouting percentage in Bapatla method on 
the following days after grafting

Sprouting percentage in Puttur method on 
the following days after grafting

15 30 45 15 30 45
SS1 (25%) 12.00 51.81 04.95 18.68 37.42 02.86
SS2 (50%) 17.52 47.05 07.81 14.65 10.47 06.86
SS3(75%) 10.85 58.86 03.23 09.33 12.00 06.48
SS4 (100%) 08.00 23.62 00.57 26.29 27.18 02.94
SS5 (12.5-20%) 09.90 56.38 00.95 20.24 46.47 00.00
SS6 (10-15%) 10.09 68.57 00.57 29.33 30.57 01.14
*SS7(100%) 08.95 46.29 11.08 06.28 40.00 00.57
SS8 (0%) - - - - - -
Mean 11.04 50.37 04.17 17.86 34.87 02.98
CD (p=0.05) 00.05 00.08 00.03 00.07 00.09 00.05
CV (%) 28.18 16.62 29.41 30.65 23.70 48.25

Table 2: Comparison of Bapatla and Puttur techniques of softwood grafting in cashew at 30, 60 and 90 days after grafting (DAG) for 
average success due to shade treatments in percentage.

Table 3: Comparison of shade structures and two techniques of soft-wood grafting in terms of total percent of scion-sticks sprouted by 
45 days after grafting (DAG) and successful cashew grafts produced by 90 DAG.

Citation: Satya SS Narina., et al. “Potential Shade Structures to Improve Graft-Take and the Growth of Soft -Wood Grafts in Cashew (Anacardium  
occidentale L.)". Acta Scientific Nutritional Health 4.2 (2020): 161-178.

Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 was 
a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; SS6 is a 
structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 percent 

shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air.

Table 4: Comparison of successful sprouting of scion under different shade structures during a period of 45 days using two methods of 
Bapatla and Puttur.
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at 5 percent level. Among seven shade structures, the maximum 
sprouting percentage was recorded by SS2 (17.52) within 15DAG, 
by SS6 (68.57) within 30DAG and SS7 (11.08) even at 45DAG. 
Here in SS7, the scion sprouting was continued even at 45 DAG 
to a greater percentage which is unexpected and a deviation from 
regular observation at Bapatla. In Puttur technique, SS6 (29.33%) 
was the lead structure for shade followed by SS4 (26.29%) within 
15DAG while SS5 was the best within 30DAG followed by SS7. The 
reason for success might be due to differentially expressed genes 
responsible for activation of stem growth and cell wall synthesis 
from 3 to 28th day after grafting by upregulation of genes asso-
ciated with cell wall synthesis, xylem development [11].Though 
sprouting was limited after 30DAG, we observed few more scion 
sprouts in SS2 and SS3 structures that was attributed to the great 
potential of BPP-6 scion towards delayed cell division for healing 
and in utilization of available metabolites in warm and entrapped 
humid conditions under these shade nets [37]. Major success in 
sprouting within 30 days was supported by previous reports 
[12,13] .

Considering the total number of scion sticks sprouted during 
45 DAG, the maximum number was recorded by SS6 (79.23%) and 
minimum was recorded by SS4 (32.19%). It is also clear from the 
table 4, that the percentage of sprouting is maximum during 30 
DAG in the structures and reduced gradually after 30 DAG indicat-
ing precured scion sticks generally takes 15 to 30 days to complete 
sprouting after grafting by which time the metabolites present in 
the scion sticks will be utilized by the sprouting buds [14,38] Over 
all an observed percentage of sprouting in Bapatla method by 45 
DAG was 10 to 20 times more than Puttur method and Bapatla 
method proven successful with 10 to 15 percent increase in suc-
cess rate when compared to Puttur method under all shade treat-
ments (Table 3).

Interaction effects of month and shade structures (Table 
5) revealed maximum sprouting in M3(November) under SS3 
(90.68%), M4 (December) under SS5 (94.68%), M5 (January) 
under SS7 (93.36%). The structure SS4 was observed with very 
low sprouting except during M1(September) with 57.32 percent. 
Almost all structures gave more than 50 percent sprouting during 
seven months of study except SS4 where 100 percent shade was 
imposed inside a graft-shed. The percentage was observed very 
low in March (M7) due to high temperatures and relative humidity 
in March and subsequent months. These temperatures might have 
increased temperatures under HDPS nets as well. The complete 
shade (SS4) during some months (M1 and M3) were observed with 
more than 50 percent sprouting (54-57%). The success here is 
purely attributed to diffused light from glass windows of the graft-
shed during these months. Because graft-shed has no provision for 
synthesis of assimilates. The partial shade under coconut fronds 
(SS6) was also a success with more-than 60 percent sprouting dur-
ing entire experimental period of seven months. This proved that 
the genotype has definitely a greater influence on the successful 

The treatment of complete light conditions (SS8) is a failure as 
no sprout was observed under Bapatla agro-climatic conditions in 
both techniques if prepared grafts were left in open sun light during 
initial 20 days period. The reason for failure under open conditions 
without shade might be detrimental to newly grafted plants due to 
high day temperatures which might have caused death of the scion 
buds and the exhaustion of the moisture in the grafted-region that 
lead to separation of scion and rootstock without cambial reunion. 
we observed lot of sprouting on the rootstock below the graft-joint.

Thus, taking this success into consideration, locally available 
cost-effective shade structures are potential competitors in provid-
ing shade during initial 20 days period in place of costly high-den-
sity polyethylene shade (HDPS) nets and in achieving equal amount 
of scion sprouting and success. The shade structures of HDPS 
providing shade levels in percentages of 25 (SS1), 50 (SS2) and 
75 (SS3) were providing light with photosynthetically active ra-
diation (PAR) at 75, 50 and 25 percentage respectively. The trench 
(SS5) and low-cost humid chamber (SS7) were providing the same 
amount of humidity and light conditions that were received by the 
SWGs under HDPS nets as revealed from the observed sprouting 
data under these shade structures. Thus, the prepared SWGs need-
ed a range of 25 to 80 percent light (with PAR) penetration and high 
humidity for sprouting and healing of graft union.

Influence of shade on the vegetative growth of soft-wood grafts
The necessary measures of growth as indicated by plant height, 

leaf number and leaf area were scored to compare the efficiency of 
shade structures in providing required amount of light, tempera-
ture and humidity. The graft growth was observed with significant 
differences among and within treatments of shade and their inter-
actions with prevailing climate (p=0.05, Tables 6 to 9).

From table 6, although non-significant differences observed in 
average graft height, we observed significant differences among 
the sample mean under different shade structures during different 
months (Table 9). The grafts prepared and kept in trenches (SS%, 
23.18 cm) with partial shade recorded maximum graft height and 
was supported by previous research reports of CRS, Bapatla [41]. 
There were significant differences in the number of leaves per graft 
and leaf area due to different shade treatments. The structures 
which provide partial shade SS6, (11.66) followed by SS7 (19.81) 
are found to be useful in the production of leaves with larger leaf 
area 202.48 cm2 and 200.12 cm2 respectively compared to the 
structures providing complete shade (SS4,144.91 cm2).The com-
plete shade affected the leaf size by partially preventing the radia-
tion to the growing grafted plants resulting in the reduction of pho-
tosynthetic efficiency of the graft. This might have affected leaf area 
and was supported by previous research findings [42,43].

graft union leading to eventual success in scion sprouting. All these 
results were in line with the previous findings in mango and pep-
per [39,40].
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Shade Structure Code (% Shade) Month of Grafting
M1 M2 M3 M4 M5 M6 M7 Mean

SS1(25%) 84.00
(73.32)

77.32 
(70.64)

90.68
(76.00)

88.00
(89.48)

88.00
(67.32)

40.00
(18.68)

13.32
(17.32)

67.79
(58.93)

SS2(50%) 65.32
(80.00)

68.00
(54.68)

62.64
(58.68)

94.68
(46.68)

65.36
(20.00)

70.64
(46.68)

80.00
(58.64)

72.38
(52.18)

SS3(75%) 97.32
(60.00)

17.32
(32.00)

84.00
(53.32)

80.00
(86.68)

90.64
(24.00)

82.64
(54.68)

58.68
(24.00)

72.94
(47.81)

SS4(100%) 57.32
(38.64)

28.00
(69.32)

54.68
(63.32)

33.32
(45.32)

32.00
(56.00)

18.68
(56.00)

01.32
(66.40)

32.19
(56.41)

SS5(12.5-20%) 85.32
(97.82)

60.00
(81.32)

98.68
(76.00)

84.00
(74.68)

73.32
(43.08)

48.00
(56.00)

29.32
(38.64)

67.21
(66.72)

SS6 (10-15%) 81.32
(64.68)

77.32
(69.36)

81.36
(72.00)

82.68
(96.00)

82.64
(52.00)

81.32
(60.00)

68.00
(13.36)

79.23
(61.04)

*SS7 (100%) 64.00
(54.68)

68.00
(44.00)

65.32
(54.68)

93.36
(68.00)

81.32
(50.68)

41.32
(19.96)

16.00
(36.00)

66.32
(46.85)

SS8 (0) - - - - - - - -
Mean 76.58

(66.94)
56.57

(60.18)
68.66

(64.84)
82.49

(72.39)
73.32

(44.77)
54.66

(44.56)
38.09

(36.33)
SEM
M/SS
M x SS

01 (0.02)
03 (0.05)

CD (p=0.05)
M/SS
Mx SS

0.03 (0.05)
0.09 (0.13)

CV(%) 29.41 (48.25)
Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 

was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; 
SS6 is a structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 
percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The columns from 
2 to 8 include data on the total percent of scion sprouts observed from September (M1) to March(M7) for Bapatla method. The column 

data in the parenthesis below Bapatla data were the scion sprout data observed in Puttur method.

Shade Structure Code 
(% Shade)

Graft growth at 90 days after grafting
Plant Height (cm) Number of leaves Total Leaf Area (cm2)

SS1(25%) 22.02
(25.2)

09.76
(10.1)

194.05
(168.6)

SS2(50%) 21.57
(28.23)

10.40
(9.7)

188.52
(172.6)

SS3(75%) 21.25
(25.9)

10.09
(9.9)

174.94
(145.6)

SS4(100%) 21.78
(25.9)

08.77
(8.2)

144.94
(125.8)

SS5(12.5-20%) 23.18
(25.8)

19.81
(12.0)

200.12
(191.6)

SS6 (10-15%) 22.24
(25.2)

11.66
(10.0)

202.48
(153.8)

*SS7(100%) 22.30
(27.1)

09.24
(9.7)

170.97
(181.6)

SS8(0) - - -
Mean 22.05

(26.19)
11.39
(9.94)

182.28
(162.8)

CD (p=0.05) 01.13
(1.34)

01.36
(1.35)

22.50
(25.3)

CV (%) 08.47
(8.46)

22.22
(22.63)

19.84
(25.39)

Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 
was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; 

SS6 is a structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 
percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The column data 

from 2 to 4 columns is the average data obtained from Bapatla method and the data in parenthesis is obtained from Puttur method from 
two factors of shade.

Table 5: Total percent of sprouting in soft-wood grafts by 45 DAG from two methods during the experimental period (M1 to M7) under 
various shade structures (SS1 to SS8).

Table 6: Mean growth observed in soft-wood grafts raised under different shade structures at 90 days after grafting (DAG).
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Shade Structure Code (% Shade) Month of Grafting
M1 M2 M3 M4 M5 M6 M7 Mean

SS1(25%) 296.9
189.4

166.9
200.1

158.3
192.2

213.8
196.9

192.6139.3 183.6
174.6

146.3
087.8

194.1
168.6

SS2(50%) 271.6
196.3

190.8
167.0

126.7
115.7

169.2
235.9

204.8146.3 195.7
185.3

160.9
161.4

188.5
172.6

SS3(75%) 169.5
111.4

158.0
100.4

116.0
77.7

201.9
261.4

161.7163.5 160.5
163.0

257.0
141.9

174.9
145.6

SS4(100%) 223.6
199.7

118.6
120.4

065.4
70.4

126.8
135.6

179.9097.4 151.9
097.9

148.2
160.0

144.9
125.8

SS5(12.5-20%) 390.5
317.1

108.1
116.7

109.8
127.9

211.9
147.3

181.5268.3 248.9
153.9

150.2
210.1

200.1
191.6

SS6 (10-15%) 305.1
334.3

233.9
119.9

116.5
131.5

193.7
181.6

197.9093.2 141.8
096.2

228.5
120.1

202.5
153.8

*SS7(100%) 288.0
288.0

195.7
285.4

059.5
89.4

260.4
205.5

146.6150.3 120.5
136.5

126.1
112.4

171.0
181.6

SS8(0) - - - - - - - -
Mean 277.9

233.0
167.4
170.0

107.5
115.0

196.8
194.0

180.7151 171.8
143.0

173.9
142.0

SEM
M/SS
M x SS

8.12 (9.12)
21.48 (24.12)

CD(p=0.05)
M/SS
M x SS

59.50 (25.33)
22.50 (66.9)

CV (%) 19.84 (25.39)
Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 was 
a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; SS6 is a 
structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 percent 
shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The column data from M1 
to M7 and mean were total leaf area observed from September (M1) to March (M7) at 90 DAG in each treatment of shade under Bapatla 

method while the data highlighted in bold font immediately below these Bapatla values or in parenthesis pertains to Puttur method.

Shade Structure Code (% Shade) Month of Grafting
M1 M2 M3 M4 M5 M6 M7 Mean

SS1(25%) 11.1
(8.3)

11.1
(8.3)

09.3
(12)

08.2
(9.4)

10.9
(10.4)

10.4
(11.1)

07.3
(11.1)

09.76
(10.1)

SS2(50%) 08.8
(8.0)

10.5
(11)

07.0
(7.3)

09.7
(13.3)

16.5
(10.6)

10.3
(11.0)

10.0
(6.6)

10.40
(9.7)

SS3(75%) 10.5
(4.9)

05.7
(12)

09.3
(6.7)

12.3
(13.3)

13.7
(12.1)

10.2
(10.3)

08.9
(10.3)

10.10
(9.9)

SS4(100%) 09.3
(7.2)

05.9
(8.1)

08.0
(6.9)

08.7
(13.5)

14.7
(10.3)

08.9
(6.3)

05.9
(5.3)

08.80
(9.9)

SS5(12.5-20%) 10.2
(9.3)

08.0
(11.6)

07.7
(12)

10.7
(14.7)

11.8
(11.5)

11.3
(12.6)

09.0
(8)

09.80
(8.2)

SS6 (10-15%) 12.1
(10.4)

11.9
(10.4)

17.0
(8)

17.0
(12.7)

13.4
(7.7)

09.4
(10.4)

09.1
(10.7)

11.7
(12)

*SS7(100%) 12.0
(12.0)

06.6
(8.0)

09.0
(9)

09.0
(13.0)

16.3
(8.2)

06.2
(8.7)

07.7
(8.7)

09.2
(10)

SS8 (0) - - - - - - - -
Mean 10.6

(8.5)
08.5
(9.9)

08.1
(8.8)

10.8
(12.8)

13.9
(10.1)

09.5
(10)

08.2
(8.6)

SEM
M/SS
M x SS

0.49 (0.49)
1.30 (1.29)

CD(p=0.05)
M/SS
M x SS

3.6 (1.35)
1.36 (3.56)

CV (%) 22.22 (22.63)

Table 7: Total leaf area (cm2) of soft-wood grafts at 90 days after grafting (DAG) during the experimental period (M1 to M7) under vari-
ous shade structures (SS1 to SS8).
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Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 was 
a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; SS6 is a 
structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 percent 
shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The column data from M1 
to M7 and mean were total number of leaves observed from September (M1) to March (M7) at 90 DAG in each treatment of shade under 

Bapatla method while the data in parenthesis pertains to Puttur method.

Table 8: Total number of leaves produced by soft-wood grafts under various shade structures (SS1 to SS8) during the experimental 
period (M1 to M7).
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Interactions effects of shade and month on vegetative growth 
of softwood grafts

The shade structure SS5 and SS6 gave maximum average leaf 
area per graft (Table 7) during experimental period. September is 
the best month for all the structures providing shade to produce 
maximum leaf area. The structures SS1, SS3, SS5 and SS7 recorded 
maximum in December month while only SS3 and SS6 were ob-
served with maximum leaf area in the month of March. The reason 
for high success in September might be conducive warm climate 
with high rainfall and humidity (24-32oC, 80% RH, 37mm rainfall). 
The success achieved due to HDPS nets (SS1, SS2 and SS3) might 
be because of the heat and humidity entrapped by the plastic nets 
inside the microclimate of growing SWGs that have caused the in-
creased total leaf area as similar to the structure SS7 in supplying 
photosynthates and providing maximum PAR. Though the leaf area 
is not more than 200 cm2 in the rest of the treatments, combina-
tions or their interactions, but it is not less than 115 cm2 except in 
treatment interactions of M3 with SS4 and M3 with SS7 indicat-
ing all treatments of shade were very good in providing good graft 
growth. As explained earlier for SS4 which was observed with least 
amount of leaf area due to non-provision of light conditions except 

during September when grafts received some amount of diffused 
light through windows. Over all, leaf area is completely dependent 
on the genotype of the cultivar and light perception to provide 
photosynthetically active radiation to the growing grafts at CRS in 
Bapatla. These results are in line with previous findings [42,43].

Number of leaves per graft (Table 8) were more (9.76 to 11.7) 
in SS1 to SS3 as well as SS6 and in September, December to Febru-
ary months. In all the shade treatments, and their interactions with 
month of grafting, the SWGs produced a minimum of six leaves on 
an average and a maximum of 17 leaves per graft. The potential 
shade structure SS6 was producing a range of 8.7 to 17 leaves dur-
ing the experimental period. This provided solid proof in sustain-
able use of dried coconut fronds as a shade for SWGs to improve 
their growth. The increased number of leaves also contributed in-
creased total leaf area in some treatments and success in both traits 
could be attributed to the early sprouting of scion under these 
structures and efficient utilization of available photosynthates (Ta-
ble 4). The results were supported by previous findings [44]

Graft height (Table 9) was equal to 20 cm in all the shade treat-
ments and in their interactions with month of grafting. Although, 
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Shade Structure Code (% Shade)
Month of Grafting

M1 M2 M3 M4 M5 M6 M7 Mean
SS1 (25%) 22.4

(23)
22.0

(23.6)
20.8

(28.7)
20.9

(27.7)
22.3
(27)

23.5
(22.9)

22.3
(23.2)

22.0
(25.2)

SS2 (50%) 20.0
(25.2)

20.7
(24.8)

20.2
(29.2)

21.5
(32.4)

27.1
(30)

21.3
(33.2)

20.2
(23.8)

21.6
(28.23)

SS3 (75%) 21.2
(23.3)

20.4
(23.9)

20.5
(26.3)

22.3
(33.8)

23.2
(25.9)

19.2
(25.8)

22.0
(22.5)

21.3
(25.9)

SS4 (100%) 20.2
(23)

21.6
(24.2)

22.5
(28.7)

22.0
(29.1)

25.1
(28.3)

19.8
(24.8)

21.3
(23.2)

21.8
(25.9)

SS5 (12.5-20%) 22.7
(29.1)

20.5
(22.5)

22.3
(29.7)

26.5
(26.7)

26.3
(28)

23.5
(24.2)

20.5
(20.3)

23.2
(25.8)

SS6 (10-15%) 23.0
(25.5)

22.0
(26.7)

20.2
(26.8)

22.0
(23.6)

23.9
(27.8)

21.8
(23.3)

22.8
(22.7)

22.2
(25.2)

*SS7 (100%) 23.3
(29.8)

23.1
(26)

20.7
(29.5)

25.8
(27.3)

25.6
(31.9)

19.0
(24.8)

19.6
(20.8)

22.3
(27.1)

SS8 (0) - - - - - - - -
Mean 21.8

(25.5)
21.3

(24.5)
21.0

(28.4)
23.0

(28.6)
24.8

(28.4)
21.2

(25.5)
21.3

(22.2)
SEM
M/SS
M x SS

0.41 (0.48)
1.08 (1.28)

CD(p=0.05)
M/SS
M x SS

1.13 (1.34)
2.99 (3.54)

CV (%) 8.47 (8.46)

Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 
was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; 

SS6 is a structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 
100 percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The column 

data from M1 to M7 and mean were total graft height observed from September (M1) to March (M7) at 90 DAG in each treatment of 
shade under Bapatla method while the data in parenthesis pertains to Puttur method.

Table 9: Total graft height (cm) observed at 90 days after grafting under various shade structures (SS1 to SS8) during the experimental 
period (M1 to M7).
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we observed an exceptional performance of 23 to 27 cm in Sep-
tember (M1) under structures SS6 and SS7, in October (M2) un-
der SS5, in December (M4) under SS7 while under SS2 to SS7 in 
January and SS1 in February months. The results are supported 
(Patil, 1983, Anonymous 1994). Over all the maximum graft height 
was realized due to the active transport of growth promoting hor-
mones like GA synthesized from the source (rootstock) to sink 
(scion), production of a greater number of leaves and larger size 
leaves under different shade treatments and favorable climate 
conditions for biosynthesis of growth hormones. From this data 
it is concluded that the structure SS5 is potential shade structure 
producing 22-23 cm height on an average followed by SS7 and SS6. 
These structures were equally competing with HDPS nets pro-
ducing graft heights of 20 to 27 cm. Another reason for increase 
in graft height might be due to phototropism effect of plants in 
search of light for photosynthesis under these structures that en-
hanced stress induced synthesis of growth promoting hormones 
like Gibberellins. At farmers or business level, cost-benefit ratio is 

Success and mortality of softwood grafts

The success of the grafts was scored by measuring survival and 
mortality of grafts at 30, 60 and 90DAG (Tables 2, 3, 10, 11 and 12) 
for both techniques and were observed with significant differences 
under various shade structures. High humidity is the key feature 
of the tropical and coastal regions. But in Bapatla, during summer, 
day temperatures were at its maximum which were elevated even 
higher due to the reflected radiation from sandy soils. This caused 
reduced success rate in open conditions providing 100 percent 
light and during summer months of the experiment.

Shade Structure Code (% Shade)
Month of Grafting

M1 M2 M3 M4 M5 M6 M7 Mean
SS1(25%) 60.0 41.3 58.7 61.3 45.3 46.7 08.0 45.9
SS2(50%) 42.7 50.7 44.0 82.7 48.0 69.3 13.3 50.1
SS3(75%) 42.7 57.3 70.7 46.7 64.0 65.3 34.7 54.5
SS4(100%) 34.7 25.3 24.7 10.7 38.0 41.3 33.3 29.7
SS5(12.5-20%) 81.3 61.3 70.7 70.7 70.7 53.3 10.7 59.8
SS6 (10-15%) 65.3 32.0 38.7 64.0 65.3 68.0 20.0 50.5
*SS7(100%) 42.7 38.7 49.3 78.7 61.3 21.3 21.3 44.8
SS8(0) - - - - - - - -
Mean 52.7 43.8 50.9 59.2 56.1 52.2 20.2
SEM
M/SS
M x SS

0.03
0.08

CD(p=0.05)
M/SS
M x SS

0.08
0.22

CV (%) 17.87

important factor besides climate sustainability. Therefore, provision 
of shade from locally available plant materials like coconut fronds is 
a viable option economically as it was observed with more than 20 
cm graft height in all the months and equally potential to trench with 
partial shade (SS5). The reason for this could be attributed to avail-
ability of uninterrupted light with PAR, humidity, rainfall to the grow-
ing grafts [26,28,29]. 

Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 was 
a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; SS6 is a 
structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 percent 
shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air. The column data from M1 to 
M7 and mean were total percent of successful graft observed from September (M1) to March (M7) at 90 DAG in each treatment of shade 

under Bapatla method.

The percentage of successful grafts (Tables 3 and 10) signifi-
cantly influenced by shade structures among which, trench provid-
ed with partial shade (SS5) recorded maximum success (59.81%) 
followed by SS3 and SS6. The trenches were made to a depth of 
3 feet in a way to maintain constant temperatures and high rela-
tive humidity as achieved by ventilating twice, for irrigation and 
to provide condensed water left on the covering blue sheet to the 
growing grafts. The prevailing optimum favorable temperatures in 

the trenches were conducive for quick healing of the cambial region 
in the grafted joint. The lowest success was recorded by the grafts 
under 100 percent shade where there is no provision for synthesis 
of assimilates by the sprouted scion bud sticks. Similar results were 
observed by previous researchers in mango [45] and Cashew [40]. 
Therefore, SWG require structures like SS2, SS3, SS5 and SS6 that 
provide partial shade of at least 50 percent under Bapatla condi-
tions.

Table 10: Total percent of successful soft-wood grafts produced by 90 days under various shade structures (SS1 to SS8) during the 
experimental period (M1 to M7).
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When Structures providing 100 percent shade is considered, it 
has no success more than 40 percent except in February (41.3%) 
which was very less when compared to the maximum success ob-
served under other structures for shade provision (SS1, SS2, SS3, 
SS5, SS6 and SS7). When compared to 100 percent shade, open 
conditions were better for growth and graft take with success us-
ing Bapatla technique after 20DAG. The treatments of 100 percent 
light under open air conditions (SS8), 100 shade in dark conditions 

(SS4) inside a room of graft-shed are not recommended for SWGs 
produced by Bapatla or Puttur method due to their no or low per 
cent of success.

When interactions effects were considered, the structures SS2 
in December (82.7%) followed by SS5 in September (81.3%) were 
promising (Table 10). March was the worst time for SWG and due 
to gradual rise of temperatures in this region of dry climate result-

Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 
was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; 

SS6 is a structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 
percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air.

Shade Structure Code  
(% shade)

Mortality (%) in Bapatla method on the 
following days after grafting

Mortality (%) in Puttur method on the 
following days after grafting

30 60 90 30 60 90
SS1 (25%) 41.91 08.62 02.81 43.62 11.81 00.57
SS2 (50%) 38.00 10.43 00.90 32.38 08.38 00.00
SS3(75%) 34.29 07.05 00.00 33.91 10.67 00.00
SS4 (100%) 54.29 12.19 04.14 55.24 10.28 00.57
SS5 (12.5-20%) 31.43 02.14 00.85 48.00 08.76 00.00
SS6 (10-15%) 38.29 07.81 02.29 49.14 06.29 00.00
*SS7 (100%) 40.38 14.86 01.90 38.46 09.33 08.76
SS8 (0%) - - - - - -
Mean 39.80 09.01 1.84 42.96 9.36 1.41
SEM 0.03 0.02 0.02 0.03 0.03 0.01
CD (p=0.05) 0.08 0.05 0.05 0.09 0.07 0.01
CV (%) 19.07 28.96 51.63 20.06 41.76 28.33

Shade Structure Code  
(% shade)

Success (%) in Bapatla method on the 
following days after grafting

Success (%) in Puttur method on the 
following days after grafting

30 60 90 30 60 90
SS1 (25%) 58.67 48.95 45.90 56.19 44.76 44.38
SS2 (50%) 62.29 51.43 50.10 66.48 57.14 57.14
SS3(75%) 65.71 58.67 54.48 64.61 51.52 51.23
SS4 (100%) 45.71 32.19 29.71 44.57 34.48 33.91
SS5 (12.5-20%) 68.57 60.00 59.81 52.14 43.24 43.24
SS6 (10-15%) 61.71 52.76 50.48 48.52 38.66 37.82
*SS7 (100%) 59.62 46.67 44.76 61.52 52.38 51.95
SS8 (0%) - - - - - -
Mean 58.90 50.10 47.89 56.29 46.03 45.67
SEM 0.03 0.03 0.03 0.03 0.04 0.04
CD (p=0.05) 0.08 0.08 0.08 0.09 0.11 0.11
CV (%) 14.06 17.13 17.87 17.55 24.13 24.16

Note: The description of structures in first column: SS1, SS2 and SS3 were High density black polythene sheet (HDPS) shade nets; SS4 
was a dark room inside the graft shed at cashew research station of Bapatla; SS5 is a trench providing partial shade of 12.5-20 percent; 

SS6 is a structure providing partial shade with coconut fronds; *SS7- low cost humid chamber providing only diffused light and with 100 
percent shade; while SS8-was without any shade providing complete light of 100 per cent from direct sun in open air.

Table 11: Mortality (%) of soft-wood grafts observed from 30 to 90 days after grafting (DAG) under  various shade structures (SS1 to 
SS8) using Bapatla and Puttur Techniques.

Table 12: Success (%) of soft-wood grafts observed from 30 to 90 days after grafting (DAG) under various shade structures (SS1 to SS8) 
using Bapatla and Puttur Techniques.
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ing reduced success due to increased evapotranspiration losses 
from the graft surface and potted soil. Among all the structures, 
SS5 (trench) is the potential structure for shade with more than 
60 percent success in five months out of seven months tested. 
This is providing a viable information necessary for graft suc-
cess in Bapatla climate to avoid dry months for SWG. If there is no 
proper structure like this trench is built to maintain the humidity 
and prevailing summer temperatures, there could be no success in 
obtaining SWGs in cashew. Further, trench produced viable grafts 
in terms of success, graft height, number of leaves and leaf area 
when compared to other shade structures including HDPS shade 
nets though were providing various amounts of PAR for graft 
growth and enhancement. Trench was observed a success for both 
methods, though we chose Bapatla because of early, easy, success-
ful and rapid production of cashew SWGs during warm summer 
and throughout the cropping year as observed during our inves-
tigation. These results are in line with the observations in guava 
SWGs [46] where mist-house ecosystem produced more success 
percentage (62 to 97.4%) with maximum measures in all growth 
parameters followed by shade house (48 to 95%) and mango [44] 
where naturally ventilated poly-house recorded significantly high-
est sprout length, graft height, maximum sprouted grafts (71.27%) 
within 12.11 days with a maximum number of leaves (17.34) and 
maximum survival percentage (67.18%) at 90 days after veneer 
grafting.

Trench (SS5) is simple, economical and provides a mass-mul-
tiplication facility of SWG in a short span of time and at no cost. 
It can become a permanent and reusable structure in all the crop 
seasons of the year if one adopts this structure for cashew nursery. 
We constructed a small trench for our experimental need, a perma-
nent structure of trench that can hold maximum number of grafts 
on routine basis in Bapatla region is viable compared to the rest of 
the structures studied including HDPS nets. The duration and tim-
ing of ventilation, level of shade and stable temperature require-
ments are essentially satisfied for this structure (SS5). Further, the 
trench (SS5) is purely outlined both base and walls out of mud in 
our experiment. If this trench is constructed with low cost thermo-
protective for high temperature situations as well as with water 
proof materials as a lining inside the walls, may help to prevent 
possible hazards during heavy rainfall and cyclones.

In low income situations, a farmer can adopt partial shade with 
coconut fronds (SS6) to full fill the shade requirements for produc-
tion of cashew grafts with equal success percentage with Bapatla 
method. High density black polythene shade nets (SS1, SS2 and 
SS3) are recommended only to the regions with colder climate and 
with low average or mean minimum temperatures and low humid-
ity where these nets help to modify the microclimate and enhance 
the sprouting and success of SWGs.

The low cost humid chamber was highly unsuccessful under 
Bapatla agroclimatic conditions recording less than 50 percent 

success in all the months except December providing us a valuable 
information that this structure has its adoptive advantage in cold 
or temperate regions and not at all good for tropical climatic condi-
tions of southern states of coastal Andhra Pradesh where Bapatla 
is located.

Mortality is less in Bapatla method (39.80%) compared to Put-
tur method (42.96%) of SWG at 30 DAG and gradually decreased 
to 9 percent and 1-2 percent in both techniques by 60 and 90 DAG 
respectively (Table11). The shade structure trench (SS5) is the lead 
with less mortality (31.43%) in Bapatla method followed by SS3 
HDPS net (34.29%) while SS2 was the lead structure with Puttur 
method recording 32.38 percent mortality. These observations 
indicate that graft union and healing occur within 30 days after 
grafting and later there is no observed failure of SWGs to grow and 
establish. The observed failure in some interactions of shade and 
some months as well as under complete shade or sun light condi-
tions might be due to translocated incompatibility because some 
grafted plants were observed with leaf wilting. This failure could 
also to due to delayed differentiation of cambial cells in the tissues 
of graft joint which obstructed the flow of nutrients in the vessels 
and necessary hormones.

From Table 2 and 12, The success percentage was relatively high 
first 30 days and was more stable afterwards irrespective of the 
shade treatments in all the months. The structure SS5 is the best 
structure with more success (68.57%) at 30 DAG followed by SS2, 
SS3 and SS6 in Bapatla method. In Puttur method, we observed 
greater success (66.48%) under HDPS nets with 50 percent shade 
(SS2) followed by SS3 and SS7 at 30 DAG. The twenty-day shade 
treatment helped freshly prepared SWGs to heal quickly and sup-
port scion sprout and eventual growth of grafted plants. The per-
centages of 60 and 90 DAG were attributed to the representation 
of continuity in success by maintaining stability in growth. This 
explains us SWGs need initial shade treatment for successful graft-
take and graft growth under Bapatla agroclimatic conditions.

A summary of results obtained on vegetative growth from Put-
tur method of grafting

In puttur method (Tables 6-9), we observed maximum success 
during all months except in January under SS2 and with mean 
maximum of 57.1 percent when compared to the remaining shade 
treatments. The same structure (SS2) was observed with 78.7 per-
cent success in October. The maximum leaf area was produced in 
all the shade treatments, but the lead structure was SS5 producing 
191.5 cm2 on average in all the months. September is the month 
that produced maximum leaf area in most of the shade structures 
with a key finding of observation in locally adopted structures for 
shade (SS5 to SS7). In Contrary, the number of leaves were less in 
September under all shade structures when compared to Decem-
ber, while graft height was maximum in SS2 in all the months. The 
structure SS5 was best in Bapatla region even if Puttur method is 
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Conclusion and Future Thirst

Shade is the major means of providing optimum temperatures 
of growing climate, but the design and construction was always in-
fluencing the microclimate. A potential rootstock cultivar, produc-
tive scion, skillful management of shading, ventilation, optimum 
temperatures and high relative humidity of congenial growth en-
vironment are essential for success and for providing growth pro-
moting substances for successful scion growth in Bapatla method 
of SWG in cashew at CRS, Bapatla.

For stable higher yields and early productivity, dwarfing root-
stocks of cashew must be identified and thoroughly evaluated to 
accommodate the maximum grafted tree population per acre in 
newly established orchards in upcoming years. Some improve-
ments were made by testing hydraulic and tensile strength through 
the graft joint for successful graft union in a non-destructive way. 
As of now only one dwarf cashew cultivar (Anacardium occidentale 
L var. nanum) available with various clones developed for earliness 
[48]. Studies on hormonal application on the graft joint and testing 
the hydraulic conductance to understand the waterflow continu-
um also will help to maximize the SWG production in cashew as it 

adopted because we observed with a maximum leaf number (12), 
graft height (25.8 cm), leaf area (191.6 cm2) though success was 
only 43.2 per cent at 90DAG which was less when compared to SS2 
from HDPS nets with more than 50 per cent success. Thus, opti-
mum number of leaves, age of rootstock has greater impact on the 
graft union, success and growth of SWGs and to efficiently utilize 
the available PAR and for accumulation of photosynthates.

 Because our investigation was to reveal the potential method 
with better shade structure for Bapatla climatic conditions in com-
parison to Puttur method, we mostly concentrated our discussion 
to successful Bapatla method of SWG being proven by its potential 
during our investigation, though data on both methods was com-
pared and presented throught in detail (Table 2 to 12). The numer-
als on growth parameters in Puttur method were more or less on 
par with those of Bapatla method under all shade structures. There 
are two major reasons observed for poorer performance in all the 
parameters studied in Puttur method of grafting. These are 1) Age 
of rootstock, as the age increases there is always a reduced suc-
cess in cambial union of the graft joint. Here scion bud is precured, 
means a forced apical or terminal bud-stick of the mother culti-
var, with a high expected percent of success in producing the new 
growth flush when implanted in cambial region of similar aged vig-
orous rootstock. This is more important factor to consider when 
successful and early graft union is expected. Successful matching 
of grafted region of scion and rootstock will lead to a maximum 
utilization of available nutrients from rootstock and help in early 
sprouting of scion bud because of tight early joining of softwood in 
the grafted region through the transport of hormones synthesized 
especially auxins. 2) Number of leaves retained on the rootstock 
that reduced its ability to provide hormonal signals necessary 
for graft union, and scion sprout on time. This led to a marginal 
recorded loss in success percentage when compared to Bapatla 
technique. The greater number of leaves might have needed more 
nutrients, more water for their growth on the rootstock creating 
a competition for growth as well as in union of the graft regions 
for early healing of the graft joint and subsequently to boost the 
scion-bud sprouting and the growth above the grafted region in 
Puttur method. 3) Quick and easy method: The age of the seedling 
used as rootstock is only 30 days in Bapatla method which will re-
duce waiting time to do grafting when compared to Puttur method 
where two-month-old seedlings were used as rootstock. We re-
duced the rootstock’s age of the Puttur method as well to 45 days 
through our investigation 4) Saves resources: A 30-day period of 
seedling nursery maintenance for rootstock will save water, space 
and other necessary resources required for raising rootstocks.

Today, there are several structures designed for vegetative 
propagation of temperate fruit crops to know and understand the 
practical application of those for various climatic situations. These 
structures were made of polythene, and were in need of covers 
within a low profile enclosing larger area. The success achieved 
with trench in our investigation might be maintaining sufficient 
heat from bottom of the trench due to the plastic bag used for rais-

ing SWGs as well as thick sheet covering the trench during night 
time with entrapped heat during day. Previous researchers from 
temperate regions working on vegetative propagation in various 
fruit crops also stated that definite shape of the polythene structure 
in rectangular or square were more appropriate in sealing water 
vapor, maintaining humidity levels using bottom heat to raise the 
temperature of the substrate thereby increasing evaporation and 
humidity in cold and enclosed conditions [47]. Thus, trench with 
Bapatla method of grafting is viable for high success and good graft 
growth. A shade requirement of 20 days is essential for good qual-
ity sprouts.

Based on the observations and results obtained from various 
shade structures, rootstock age and stage of grafting and a poten-
tial BPP-6 scion bud sticks, it is recommended that a future need 
for study of various rootstocks identified in cashew growing re-
gions using Bapatla method of SWG using trench with partial shade 
and BPP-6 as scion-bud sticks to know the influence of rootstock 
on scion-bud stick sprouting, graft-take, graft height, orchard es-
tablishment and to identify any dwarfing rootstock available in the 
Bapatla germplasm of cashew. The choice of rootstocks for study 
may include traits such as dwarfness, earliness in productivity, bi-
otic and abiotic resistance, adaptability to soil or nutrient stress 
conditions, and suitability to high density planting if already iden-
tified for some of these traits. Among central leader, vertical axis, 
hybrid tree cone (HYTEC), and the slender spindle training systems 
(SSTS), SSTS was identified as the most productive for high-den-
sity planting using dwarfing rootstock in apple (https://content.
ces.ncsu.edu). Therefore, studies on recommendations of suitable 
training and pruning systems for cashew trees in the first five years 
should be standardized before recommending the SWGs on dwarf-
ing rootstock for new and high-density orchard establishment.
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might leave some clues for induction of dwarfness in rootstocks. 
These necessary research inputs for high density planting in com-
ing years will help to improve cashew by protecting from wind 
damage and heavy flower drop.

Biochemical analysis of softwood region in grafted joint for the 
synthesis of compounds such as carbohydrates, lipids, starch, cel-
lulose, hemicellulose, lignin etc., may help to reveal the underlying 
reasons for the successful graft take and quick healing by resisting 
separation during graft union in Bapatla method (35 days old root-
stock of BPP-5 retaining two leaves). This analysis might also re-
veal some negative effects of compounds such as polyphenols and 
flavanols produced in response to stress due to wounding caused 
while grafting. This will help to understand the reasons for the re-
quirement of initial 20-day period of shade to the prepared soft-
wood grafts and the factors that were down regulated by provision 
of shade.

Continuous plasmodesmata occurs in well matched vascular 
regions when parenchymatous tissue of same kind from both root-
stock and scion were aligned like pith with pith and cortex with 
cortex which initiates early cell to cell communication between 
dividing cells. A compatible graft union quickly initiates a callus 
bridge leading wound repair xylem and phloem and cambial cell 
differentiation. If the vessels are not connected graft trees may re-
sult in a s-shaped curve. Vascular continuity allows transport of 
water and nutrient absorbed in the roots to the leaves where pho-
tosynthesis converts carbon dioxide to sugars which can be trans-
ported back to roots and other plant parts. During the disturbance 
of this normal flow, auxins were primary hormones responsible for 
xylem (high auxin) and phloem (low auxin) differentiation and in-
creased vessel number leading to success.

When the genetic basis for dwarfism in peach was studied, the 
sequence of dw revealed allele PpeGID1c in vegetative growth and 
elongation, whereas GID1b to regulate gibberellic acid perception 
in reproductive organs and suggested that modification of GID1c 
expression may control tree size without impairing fruit develop-
ment [49]. Thus, by managing shade and light provisions we might 
understand the hormonal basis as well as the expression of genes 
favoring low graft height because we observed extreme variations 
in graft height under certain shade structures.
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