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Abstract o 5w . ;

Field experiments were conducted at four adjoining farmer's field in district Sirohi of Ra_]asthan during 2012-13 and
2013-14. The experiments comprised of three transplanting dates i.e. first week of March (Temp. 30 C RH 42%), first week of
July (Temp. 35°C, RH 60%), first week of September (Temp. 32°C, RH 70%)] and three crop geometries f-:r!lﬂwed werelim x.3rn
(1111 plants ha™"), 2m x 2Zm (2500 plants ha™), 2.5m x 1.6m (2500 plants ha™). The experiments were replicated four times in a
Randomized Block Design. Results revealed that the maximum seedling survival per cent at 20 DAT (89.30%) and 30 DAT
(81.45%) was recorded in T, treatment (1" September + 2.5m x 1.6m). The combination of crop geometry of 3m x 3m and
transplanting date in first week of March (T,) resulted maximum plant height (289.61 cm), stem girth (50.76 cm), number of
leaves (42.45), number of fruits plant’ (82.46), highest average fruit weight (1.98 kg) and fruit yield plants” (163.28 kg).
However, maximum fruit set (57.70 %), fruit retention (75.50 %), vield ha’ (2372.47 g in two year of experimentation) and
quahity parameters viz., TSS (11.80°Brix), ascorbic acid (58.35 mg lﬂﬂg" fruit pulp), pulp thickness (3.20 cm), overall quality
score of fruit(8.36) and low acidity (1.30%) with highest net return (10.689 lakh ha™ in two years of experimentation) and benefit:
costratio (4.54) was found in the combination of crop geometry of 2.5m x 1.6m and transplanting date in first week of March (T,).
This led to lower virus incidence (leaf curl & ring spot virus), sun scald and frost injury symptoms,
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Introduction

Papaya (Carica papaya L.) is an important quick
growing delicious and nutritious fruit crop. It is not only

fertilizer, pesticides etc.) for higher yield. Because Red Lady
variety is a new plant type, as imported hermaphrodite short
duration hybrid (F,) there is an urgent need to find out suitable
needed as a fresh fruit but also used for processing of fruits and transplanting dates and crop geometry for higher production
as vegetable for cooking. It contains high amount of vitamin ~ indyce mechanization for reduction of labour cost. Dptimum'
A, vitamin C and iron (Rashid et a/ 1987). Papaya is available crop geometry is one of the important factors for higher
round the year and grown easily in the homesteads as well as production, by efficient utilization of underground resources
large scale farms in India (Bhardwaj et al 2013). India leads (plant nutrient and water) and converges maximum solar
the world in papaya production with an annual outputofabout  radiation and in turn better photosynthate formation
4.1 million tones. Rajasthan state occupied 9,000 ha area with (Bhardwaj and Agrawal, 2014). Ideal crop geometry was also
pm:!ucu‘un 16,010 tones, Sirohi is leading districts in papaya minimizing the effect of unfavorable climatic condition (Sun
::l-llt}"-’?ll{ﬂﬂ {ﬁnun:.rfnnus, IZEIIE}. Among pgynodiocious scald and frost) and discase indecency on crop. According to
varictics, Red Lady is a choicest variety which fetches high  bench mark survey report of Sirohi district for papaya
Ikt " Eh',{].“‘_"rk“‘ for good shape, size, delicious taste and cultivation reported that significant increase in papaya fruit
Iung !:-L“ t_JIn,.1 Though South Western Rajasthan is naturally  yield with cost minimizing by increase row to row spacing
blessed with suitable condition for growing papaya, yet the upto 2.5 meter for initial weeding by tractor operated
average yield of papuya is not satisfactory compared to many  cultivator and reduce plant spacing next to 1.6 meter for
mhur_ stales in I[udla due to lack of systematic management  maintained maximum plant ulati t- 2500 ha'
praclices especially adequate spacing on proper plant  (Bhardwajetal 201 3) g populafion upto
|mpu1u|_mnlplcr unit area and dﬂlﬂt of transplanting, However, ‘ippmprim,:'ﬁme of seedling transplanting not onl
the EI"_-’HI|EIIbI11Il}' of cut_lwnhlc land Is decreasing day by day,the  increases the productivity and quali gﬂfﬁm?h T_a-ﬁ' hu lun-}r
solution lies in rL':sm'tmglu mn_mlmrl l!rnp-:ﬁrcrnpgmmutr}' and synchronized uniform rcr'ml? dt},fd | " tbfc'[ epf‘f -
it not un!yfm‘{ldcﬁ cconomic use of land but also helps in and fruiting) n;f plants regduce wcaf.:] ancel?sopmffnf : T?WETﬂEf
efficient utilization of resources or inputs (solar energy, water,  curl virus and papa:-’,ra ring spot virus; E%m‘;nz;:nlgﬂlgne:r
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Erﬂ‘“h in p_!ant }_:ly providing optimum growing period
through manipulation of planting time may offer the most
promising appmacl'{ for increasing production and reducing
the virus incidence in papaya (Singh and Singh, 1998). Leaf
curl and ring spot virus disease plays havoc in papaya
production and there being no effective control measures, the
only alternative approach in the absence of virus resistant
varieties is to escape the infestation through cultural
manipulation, i.e. to avoid the infestation by checking the
vector population at its active stage or planting at such a time
when vectors are not active (Chadha, 1992).

Information on seedling transplanting dates and crop
geometry for production of papaya cv. Red Lady in Rajasthan
is lacking and it is desirable to obtain precise information in
this aspect. Hence, keeping this in view the present study was
undertaken to find out the best time for transplanting and crop

geometry for higher yield, quality of fruits and economic
returns from papaya cultivation.

Materials and Methods

The effect of transplanting dates and crop geometry
on the growth, yield and quality of papaya cv. Red Lady-786
was investigated at four adjoining fields of farmers during two
consecutive years i.e., 2012-13 and 2013-14 in district Sirchi
(Rajasthan). The abiotic factors viz., average minimum and
maximum temperatures were 28.0°C + 5.0°C and 38.0°C +
5.0°C, relative humidity of 58.0 + 25.0 per cent and total
rainfall 585.0 mm per annum were recorded during the
experimentation (24 months). Treatment comprised of nmine
combinations consisting by three transplanting dates and three
crop geometry viz., (T,) Transplanted in first week of March +
3mx 3m (1111 plants ha"), (T,) Transplanted in first week of
March + 2m x 2m (2500 plants ha™), (T,) Transplanted in first
week of March + 2.5m x1.6m (2500 plants ha"), (T.)

Transplanted in first week of July + 3mx 3m (1111 plants ha™),
(T,) Transplanted in first week of July +2m x 2m (2500 plants
ha"), (T,) Transplanted in first week of July + 2.5m x1.6m
(2500 plants ha™), (T,) Transplanted in first week of
September + 3m x 3m (1111 plants ha"), (T,) Transplanted in
first week of September + 2m x 2m (2500 plants ha")and (T,)
Transplanted in first week of September +2.5m x1.6m (2500
plants ha™). The experiment was laid outin Randomized Block
Design with four replications in 10m x 10m plot size and
accommodated plants at 3m x 3m (9 plants), Zm x 2m (25
plants) and 2.5m x 1.6 m (25 plants) per plot' for each
replication, The beds were prepared and pits measuring 50 *
50 % 50 cm were dug 15 days prior to transplanting. The 45
days old disease free seedlings were transplanted in the main
plot as per treatments. First half recommended dosage of
organic matter and fertilizer (10 kg Farm Yard Manure + 150g
nitrogen + 150 g phosphorus + 250 g p-uta§h) were applied at
the time of transplanting in pits and remaining half quantity of
organic matter and fertilizer was applied in four splits dosage
ie3 month, 6 month, 9 month and 12 :pﬂnm after
transplanting by ring method near root zone. The intercultural
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operations (weeding, irrigation, mulching, insecticide spray
etc.) were followed as and when required.
All the abservations were taken from randomly selected five
plants of each replication throughout the investigation period
at appropriate time by adopting standard methodology.
Seedling survival per cent (after transplanting in main field
recorded at 10, 20 and 30 DAT) was recorded by following
formula:

Survival plants

Survival percent=..........ccoeiiieeinnennns x 100
Total transplanted plants

The plant height was measured three-monthly
starting after third months of planting upto 24 months (at last
harvesting). Plant height was measured from the ground level
to the highest point of plant in centimeters (at 3, 6,9, 12, 15,
18, 21 & 24 months after transplanting). Stem girth was
determined 15 cm above ground by a vemear caliper in
centimeters, Number of functional leaves was counted which
were green and photosynthetically active at the time of
observations. While leaf area was determined by tracing the
leaves on a graph paper and calculating the areas covered and
expressed in square meter. Days taken to first flower initiation,
number of flowers plant” number of fruits plant” and days
taken fruit setting to harvesting was calculated by simple
counting method. Fruit set and retention were recorded from
randomly selected five tagged plants by using following
formulae;

Total number of fruit set plant
Fruitset{%a)=........

Totul number of flowers plant’”’

Totl nwmber of fruit gets maturity plant”

Fruit retention (%) = x100

Total number of fruit st plant”

Fruit yield and fruit weight was recorded after 10
months from the date of planting to 24 months age of plants,
which was o first spell of complete fruiting and expressed in kg
fruit’. The total fruit yield plant” and hectare were calculated
by weighing total marketable fruits during successive
harvesting obtained from each plant, per plot and per hectare
estimated by multiplied yield per plant to planting density and
expressed in kg and quintal, respectively. Further, the net
return was calculated by subtracting cost of each treatment
from gross return, The gross return was calculated from yield
multiplied by avernge market rate during the period of
investigation. The benefit cost ratio was calculated by
dividing net return to total cost of cultivation.

Total soluble solids (TSS}) of the fruit pulps was
determined by Zeiss Hand Juice Brix Refractometer, values
corrected to 20°C and expressed s “Brix. Acidity (as citne
acid) was determined by using standard N/10 NaOH solution
in the presence of phenolphthalein as an indicator, AOAC
(1984). Total sugar in the pulp was determined by the
Anthrone reagent method AOAC, (1984). The ascorbic acid
(vitamin C) content of the pulp was estimated by titration
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method with 2, 6-dichlorophenol-indonenol dye solution
(AOAC, 1984). The pulp thickness was measured from cavity
surface to outer surface of fruit by scale and expressed in
centimeter. The over all quality (pulp colour, cavity size, seed
content, skin colour, size and shape of papaya fruits) and
consumer preference of fruits was done by a panel of five
semi-trained judges using 10 point hedonic scale (Amerine et
al 1965). Chlorophyll content of leaves was estimated by the
method of Amon ( 1949) at 6 and 24 month after transplanting.

Incidence or occurrence of leaf curl and ring spot virus as well
as sun scald and frost injury symptoms were recorded visually
on leaves and fruits, respectively and expressed in percentage
in relation to the total sample by the panel of five members at
6, 12 and 18 months after transplanting,.

All data were subjected to analysis of variance
(ANOVA) to determine sigmificant differences followed by
Tukey's test for comparisons of means at significance level of
P=0.05.

Results and Discussion
Vegetative growth parameters
It appears from the figure-1 that the maximum
seedling survivality was recorded at 20 DAT (89.30%) closely
followed by at 30 DAT (81.45%) in T, treatment (1" week of
September + 2.5m x 1.6m), which was significantly superior
to other treatment combinations but at par with T, treatment
(1° September + 2m x 2m). The maximum survival per cent of
seedling in T, treatment might be due to more favorable
environmental condition (Temp. 32°C and RH 70%) in the
month of September for seedling transplanting and re-
establishment of the seedling than other. The results of present
investigation were also supported by Bhardwaj et al (2013) in
papaya. Data presented in Table 1, 2 and 3 the vegetative
parameters i.e., plant height (77.83 cm), leafarea (2.40 m") and
number of leaves (12.22) was recorded maximum in treatment
T, (I" week of July + 3m x3 m), whereas stem girth (8.99 cm)
was in T, (I" week of March + 3m x3 m) at 3 months after
transplanting. At the end of crop season .., at 24" month after
transplanting maximum plant height (289.61 cm), stem
diameter (50.76cm), leaf area (3.84 m’) and number of leaves
(42.45) were recorded in treatment T, (I" week of March + 3m
x3 m). Whereas, respective vegetative parameters were
recorded minimum in T, treatment (I" week of September +
2mx 2m). .

The seedling transplanted in I week of March favour
higher vegetative growth than later dates of transplanting of
papaya seedling due to better establishment of seedlings prior
to onset of monsoon and that plants use maximum rain water
and soluble nutrients for initial growth and development. The
warmer and intermediate temperature with wider diumnal
fluctuation in environment gave congenial conditions for
good mean growth rate in papaya plant, accumulation of
reserves in more quantity and fairly large sweet fruit (Allan et
al 1987). Similarly better plant growth due to higher
temperature {35“{:}28‘6} in the present study confirms the
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observations of Singh and Singh (199 8) in papaya. ,

Vigorous vegetative growth (plant he gh}, stem girth,
number of leaves and leaf area) and root volume m‘wu!er line
spacing (3m x 3m) planting, might be due to reduction in crop
competition for nutrients, water, light and spacing than the
closer space planting (T, & T,), eventually enhanced
photosynthesis and contributed to produce higher dry matter.
This was also enunciated by Chattopadhayay et al (1985),
Reynolds and Robinson (1985), Chaudhuri and Baruah (2010)
in banana and Bhardwaj et al (2013) in papaya, lending ample
support to the present study.

Yield and yield attributes

The yield among different months was strongly
influenced by transplanting dates and crop geometry.
Transplanting of seedling in month of March with 2.5m x 1.6
m crop geometry was more productive over the other months
of transplanting and crop geometry. However, highest number
of fruits plant”' (82.46), fruit weight (1.98kg), fruit yield plant’
(163.28 kg) was recorded in treatment T, (I" week of March +
3m x 3m), whereas the minimum number of fruit plant’
(50.78), lowest fruit weight (1.15 kg) and fruit yield plant’
(58.39 kg) was recorded in T, treatment (I" week of September
+2m x 2m). Reduction in number of fruits, fruit weight and
fruit yield plant’ with increasing plant density may be due to
excessive interception of light by the enhanced canopy and
higher crop competition for nutrients and water under high
density planting. When the plant population was low, more
leaf surface was exposed to sunlight and indirectly greater
amount of assimilates accumulated in the various organs of the
plant leading to increased number of fruits plant™, fruit weight
and fruit yield plant’. Interestingly, computation the
marketable yield from fruit weight, the present study showed a
tremendous increase in yield per unit area with increasing
plant population (T,and T,). Similar results were also reported
by Bhardwaj etal (2013) in papaya.

Minimum days required in flower initiation (154.40
days) and least days taken from fruit set to harvest (112.12
days), maximum fruit set (57.70 %), fruit retention (75.50%),
fruit yield ha” (2372.47 q in 24 month of cropping duration),
netreturn (Rs.10.689 lakh) and benefit: cost ratio (4.54:1) was
ubs_ﬂwud m T, treatment (1" week of March + 2.5m x 1.6m)
Whl'l'.‘-!] was significantly different from all other treatments.
Maximum number of flowers plant" (285.33 in 24 month of
cropping duration) was reported in T, treatment. Minimum
days required in flower initiation and least days taken from
fruit setting to harvesting in T, treatment might be due to more
total leaf surfaces exposed to light due to wider spacing
between rows, which increased the metabolism of the plant
causing early physiological maturity and flowering. The
enhanced yield components might be due to the fact that wider
space availability between the rows and closer space between
plants is favourable for more sun light penetrates within the
crop canopy leading to i :
lenfarcs). (hag b E to mcreased photosynthesis area (total

» thus higher photosynthetic rate and accumulation of
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more assimilates which in turn increased the sink size and
finally increased yield and quality of fruits. Higher yield
attributes ol papaya under wider row space planting due to
better availability of resources was also noted by Bhardwaj et
al (2013) in papaya. Mchta etal (2012) they were reported that
the proper crop geometry significantly increases yield, quality
of seed, profitability and productivity of dill. The present
study gets ample support from the work of Singh and Singh
(1998), Kudada and Prasad (1999) in papaya.

Seedling transplanting dates also play a significant
role on quality and yicld of fruit in papaya. The seedling
ransplanted in the month of March the fruiting cycle of
papaya was started in the month of August - September (154
DAT), which was coincide with suitable climatic condition
(Temp. 28-32°C with 50-60% RH) for maximum flowering,
fruit setting, fruit retention and development of fruit and
harvesting of fruits in month of March-April before on-set of
sever hot scason, these conditions congenial for enhancing
yield and quality of fruits. Bhardwaj et al (2013) also observed
that the transplanting of papaya seedling in the month of
March significantly increase number of flower, fruits, fruit set
per cent and yield due to coincide with favorable climatic
condition for first flowering and fruiting. Similar results were
also in conformity with the finding of Muthukrishnan and
Irulappan (1990), Singh and Singh (1998) in papaya plants.

Quality parameters

The maximum leaf chlorophyll content (3.38 um
100g" leaf) was observed in T, treatment, which was at par
with T, (3.36 um 100g" leaf) and minimum in treatment T,
Higher chlorophyll content in wider space planting might be
due to high light penetration at lower leafy portion of the
plants and availability of nutrient and water also higher than
other crop geometry. Similar result was also reported by

Table 1. Effect of transplanting dates and crop geometry on plant height of papaya cv. Red Lady

Bhardwaj et al {2013) in papaya and Bhardwaj and Agrawal
{2014) in fennel.

It was interesting to know that the seedling
transplanting dates and crop geometry exhibited a significant
effect on the fruit quality parameter viz., TSS, acidity, total
sugar, ascorbic acid, pulp thickness and overall quality score
of fruits (pulp colour, cavity size, seed content, skin colour,
size and shape of papaya fruits) (Table 5). In the present
investigation, the plant raised under high density (2500 plant
ha") with wider line spacing exhibited superior fruit quality
and extended harvesting period. The sweetness of papaya,
mainly assessed by TS5 (total soluble solids) content and
maximum TS8 (11.80°Brix) was reported in T, treatment
which was statistically similar to T, (11.78°Brix) and T,
{11.75°Brix), and rest of the treatments was significantly
different and lowest TSS (11.17"Brix) was in T,. Lower
acidity in papaya fruit increase public choice and market value
of the fruits. The minimum acidity (1.30%) was observedin T,
treatment, which was at par with T, {1.32%) and T, (1.31%),
and rest of the treatments was significantly different and
highest acidity (1.45%) was in T, treatment. Maximum total
sugar (7.97%), highest ascorbic acid (58.35 mg 100g" of fruit
pulp), pulp thickness (3.20 cm) and maximum overall fruit
quality score (8.36) was also observed in T, treatment. This
probably due to the fact that papaya planted in wider line space
and closer plant space (2.5m x 1.6m), there is no significant
change in plant population per hectare and high light
penetration at lower leafy portion of the plants due to wider
line spacing which is positive for increased rate of
photosynthesis and accumulate more dry matter in fruits
which ultimately resulted in higher quality of the fruits.
Higher acidity in higher plant population (2m x 2m) may be
due to shade effect where sugar conversion from organic acid
is hampered due to lack of sufficient light. Moreover, lower

Treatments Plant height (cm)
3 MAT 6 MAT 9 MAT 12 MAT 15 MAT 18 MAT 21 MAT 24
MAT
T, 61.90 153.05 201.68 236,84 267.10 271.92 284.87 | 289.61
Ta 54.12 129.30 173.68 212.88 240.50 24587 251.77 | 254.56
Ty 49.47 12528 166.68 201.92 22145 228.82 23587 | 23994
T, 77.83 162.65 191.62 212.01 220,28 234.34 241.99 246.58
Ts 69,87 145,90 175.62 197.02 204,33 219.34 23509 237.83
Tg 62.91 | 16.64 168.62 191,00 200.33 21434 226.29 229.44
T; 71.17 143,04 17038 |B5.52 190,37 201.25 207.69 | 209.20
o 61.30 128.00 157.28 175.50 178.37 182.25 188.29 | 185.78
Ty 56.25 122.25 152.38 165.47 167.57 179.55 184.30 191.58
8.Emt 6.43 1.859 4.011 5.862 6.102 5.054 5433 | 6513
CD at 594 2.17 5579 12.033 17.586 18.308 15.162 16.299 19.540
Al data o ableare pooled ol 2011-12 & 2013- 14. MAT=monLhs nfler transplanting
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Treaiments

Stem girth {cm)

1 MAT 6 MAT o MAT 12 MAT 15 MAT 18 MAT 21 MAT 24
MAT
T, $.09 18.80 27.40 34.70 20.16 34.60 3|20 50.76
Tz T.18 15.47 22.45 28.37 32.32 35.27 37.22 38,50
T 7.92 17.13 25.01 11,89 36.77 40.65 4220 4356
Ty 8.09 16.07 23.05 29.03 33.01 36.11 3788 43.15
Ts 6.41 14.32 21.25 27.18 31.11 33.95 35.88 37.30
T G670 15.07 2245 29.25 33.63 37.01 39.05 31097
T 7.24 15.53 22.83 29.07 33.83 37.00 3928  39.87
Ty 5.57 12.95 19.36 24.77 28.18 30.98 3238 3323
Ty 5.59 13.35 20.08 25.83 29.56 32.68 3443 3548
S5.Em+ .250 0636 0.636 0.636 0.938 1.450 1.450 1.450
CD at 5% 0.751 1.908 1.908 1,908 2814 4,352 4352 4352

Table 3. Effect of transplanting dates and crop geometry on leaf area and total number of leaves pet plant of papaya cv. Red

Lady
Treatmments Leaf area (m') Number of total leaves, months after ransplanting
3 MAT 12 MAT 24 MAT  3IMAT 6 MAT 9 MAT 12 MAT 15 MAT 18 MAT 21 MAT 24
MAT
Ty L.80 6.25 384 9.30 I7.55 25.17 31.55 36.55 39.55 41.55 42.45
T: 1.57 517 .00 B.20 15.25 21.30 1665 20,45 3l.45 34.95 34.25
Ty 162 5.73 320 825 16,30 23.55 29.45 3345 36.35 IRA45 19.45
T, 240 614 3,50 1222 19.47 20,00 33.00 34.10 36.10 27.00  38.05
Ts 2,10 448 3.04 10,26 15.56 21.30 24.10 26.10 28.30 29.50 30,50
Te 2.20 513 3.43 1131 17.51 24,10 28.00 30.90 3310 34.00 3410
Ty 201 5.08 3,23 10.10 16,10 2147 2517 2R.87 30,17 1347 31537
Ty 1.84 4.03 2.61 025 1360 1747 2007 22.37 2447 2557 2587
T 1.63 452 2,71 850 1310 1947 22.47 24,97 2637 2717 2867
SEm+ 0.092 0.159 0,102 0487  0.487 1162 1162 1.162 1.162 1162 1162
CD at 5% 0.278 0478 0.307 1463 1463 3487 1,487 3.487 31487 3,487 3.487

* All data in table are pooled of 2011-12 & 2013-14. MAT= months after transplanting

Table 4. Effeci of iransplanting dates and crop geometry on yield attributes and economics of papaya cv. Red Lad

Trearments Days Mumber | Fruit Fruit Number Days Fruit Fruit Fruit MNet B:C
taken o of set retention | of fruit taken | weight | wield yield return | ratio

first flowers (o) (%) plant! fruit (kg plant! | ha'{g) {Rs.in

. f]‘alwer plant! 3et to (kg lakh)

initiation harvest

Ty 165.65 263,70 45.25 6911 H22.46 126.32 1.98 163,28 1814.05 7.617 3.24
Tz 157.50 173.65 51.33 71.40 63.64 120,27 1.2R Bl.46 2036.55 B.841 376
T, 154.40 155,60 57.70 75,50 67,78 112.12 1.40 94.90 237247 10689 4.54
Ti 169,14 278.79 4217 06,87 78.61 132,39 1.91 150014 | 1668.03 7.007 2.8
Ts 166.19 179.14 | 47.84 69,17 59.27 123.34 1.25 74.00 | 1852.25 | B.021 3.31
Ts 163.39 159,39 | 53.79 72.92 62.51 125.39 1.32 B2.52 | 206289 | 9179 3-80
Ty 169.38 28533 | 37.73 64,73 69.69 131.58 1.75 121.96 | 1355.03 | 5.093 2-39
Ts 165.33 193,38 | 42.53 61,73 50.78 123,38 1.15 58.39 | 145980 | 5.669 EIM
T, 161,08 175,13 48.83 65.73 56,22 12538 1.28 71.96 1798,90 '?-534 3-43
S Em+ 1.603 6259 | 1.570 1.570 1.052 1.472 | 0.044 3.932 45.15? t}..ll] n;:lﬁﬁ
CDats% | 4809 | 18778 [4712] 4712 | 5857 | 44i8 | 0.134 | 11.796 [ 135413 | 0335 0.200
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Table 5. Effect of transplanting dates on quality of papaya cv. Red Lady.

“Treatments TSS of Acidity Total sugar  Ascorbic Pulp Owerall Leaf chlorophyll
fruit pulp (%) (%) acid thickness organaleptic content {mg/g leaf)

("B} (mg/100g {cm) score (out of 10 6 MAT 24
pulp) marks) MAT
e 11.78 1.31 7.92 57.20 310 7.82 3.43 338
T2 11.75 1.32 1.78 5815 3.15 7.46 3.8 3.32
Ts 11.80 1.30 7.97 5835 3.20 8.36 3.39 3.3
T4 11.50 1.40 7.90 56.52 2.70 7.30 341 336
Ts 11.45 1.43 1.73 57.05 275 6.90 3.37 3.30
T 11.52 1.42 7.82 57.94 2.80 7.95 3.38 3.33
Ty 11.26 1.43 7.84 55.08 245 T.15 3.40 335
Ts 1117 1.45 1.72 55.63 2.53 6.75 31.32 3.29

Ty 11.21 1.44 71.75 56.81 2.58 7.50 3.36 3.31
SEm+ 0.576 0.016 0.078 1.570 0.008 0.162 0.008 0.008
CD at 3% 0,172 0.048 0.235 4.712 0.026 0.486 0.026 0.026

* All data in table are pooled of 2011-12 & 2013-14, MAT= months after transplanting

total sugar in late transplanted (September) and 2m x 2m crop
geometry plants may be due to less conversion of sugar from
starch. The present study support from the work of Reddy
{1991), Chaudhuri and Baruah (2010) in Banana.

Occurrence of abiotic siresses

Occurrence of papaya leaf curl and ring spot virus
was observed throughout the investigation period. Least in
viral infection was observed with transplanting in first week of
March with 2.5 m x 1.6 m crop geometry (Fig.2 and Fig.3) The
minimum incidence of leaf curl virus (27.52 %) and papaya
ringspot virus (26.30 %) was observed in T, treatment (1" week
of March +2.5m x 1.6m), whereas maximum incidence of leaf
curl virus (42.57%) and papaya ring spot virus (30.45%) at 18
month afier transplanting was reported in T, treatment (I"
week of September + 2m x 2m). The papaya leaf curl virus was
transmitted by white fly and its infestation is higher in weed
infested field. Change in crop geometry (wider line spacing
and closer plant spacing) for weed management by tractor
operated machine, which was significantly reduces weed
infestation as well as white flv population in initial stage of the
plants. However, March transplanting was found to be safer in
respect to virus infestation because at that time the weed and
vector population was very low due to high temperature and
low relative humidity upto month of July. Mora-Aguilera et al
(1996) reported the usefulness of transplanting dates in
controlling papaya ringspot virus in Maxico. Occurrence of
virus infestation influenced by different planting months was
also reported by Singh and Singh (1998), Ray et al (1999),
Kudada and Prasad (1999) in papaya. Similarly Bhardwaj and
Agrawal (2014) was also observed that minimum infestation
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of disease in fennel, when crop was planted in higher line
spacing and low plant spacing method then other crop
geometry.

The minimum sun scald and frost injury (32.25%)
was observed in T, treatment whereas highest incidence
(89.10%) was reported in T, treatment (Fig. 4). The possible
explanation of minimum incidence of abiotic stress (sun scald
and frost) in the later transplanting dates (First week of July)
and close planting (Zm x 2m) due to favorable environmental
condition and high density planting reduce effect of sun scald
and frost by shading effect on each other. Similar results are
also reported by Bhardwaj etal (2013) in papaya crop.

Conclusion

The papaya seedling transplanted in first week of
March in 3m x 3m crop geometry gave better vegetative
growth rates and development compared to other treatments.
On the same date of transplanting with 2.5m x1.6 m (2500
plants ha') crop geometry recorded maximum fruit set,
retention, yield ha” and better quality attributes of fruits and
highest net return and benefit: cost ratio along with minimum
days to first flower initiation and fruit set to harvest. In
addition to this, this transplanting date (I" week of March) and
crop geometry (2.5 x 1.6 m) also reduce the severity of leaf
curl and papaya ring spot virus including comparatively less
incidence of sun scald and frost injury. Thus, March
transplanting with 2.5 m x 1.6 m crop geometry treatment
combination (T,) is much suitable for higher yield with better
fruit quality under agro-climatic conditions of South- West
Rajasthan.
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Figure 1. Effect of transplanting dates and crop geometry on field survival of seedlings of papaya.
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Figure 2. Effect of transplanting dates and crop geometry on incidence of Papaya ring spot virus in papaya
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Figure 4. Effect of transplanting dates and crop geometry on sun scald and frost injury ineidence in papaya.

Pre cent incidence of Abiotic Stress
m&Meonth __ m12Month = 18 month

25




R. L. Bhardwaj, D.K.Sarolia and M.M.Sunda

References ) . I

Allan P, Chalery JMC and Biggs D 1987. Environmenta
effects on clonal female and male of Carica papayd
L. plants, Seientia Hort., 32:221-232.

- Amering MA, Pangbron RM and Rossler EA 1963. Principles
of sensory evaluation of food. Academic Press, New
York and London.

Anonymous 2013. Indian Horticul
Ministry of Agriculture,
Gurgaon, p5-6.

AOAC 1984. Official Methods of Analysis, 12" (cd),
Association of Official Agricultural Chemist.

Washington D.C.

Armon DL 1949, Copper enzymes in isolated chloroplasts
polyphenol oxidase in Beta vulgaris. Plant
Physiology, 24: 1-15.

Bhardwaj RL and Agrawal SK 2014. Effect of irrigation and
crop geometry on growth, yield, quality and
profitability of transplanted fennel (Foeniculum
vulgare Mill.). .J. of Spices and Aromatic Crops, 23:
5158.

Bhardwaj RL, Dadhich SK and Meena CB 2013. Bench mark
survey of papaya cultivation in district Sitohi. K.V.K,
Sirohi, MPUAT, Udaipur, p3-6.

Chadha KL 1992. Scenario of papaya production and
utilization in India. Indian J. of Horticulture, 49: 97-

119,
Chattopadhayay PK, Bhowmik DJ, Maiti DC and Bose TK

ture Database-2011-12.
Government of India,

ria, fndiar Jowrnal of Arid Horticulture, 2015, Fal. 101

1985. Optimum planting density for plant and ratoon -

crops of 'Giant Governor’ Cavendish banana in West
Bengal. Indian J. Agriculture Science, 55: 17-21.
Chaudhuri P and Baruah K 2010. Studies on planting density
in Banana cv. Jahaji (AAA). Indian J aof Hill
Farming, 23:31-38.
Kudada N and Prasad SM 1999. Effect of planting time on the
incidence of papaya ringspot virus disease and yield

76

26876

of fruits. Indian Phytopathology, 52: 224-227.

Mehta RS, Anwer MM and Sharma YK 2012. Effect of
irmgation, nutrient levels and crop geometry on
growth and yield of dill (Anethum sowo L.).J. Spices

and Aromatic Crop, 21:20-24.

Misra ADD, Kumar A and Meitei W1 2014. Effect of spacing
and planting time on growth and yield of onion var.,
N-53 under Manipur Himalayas. IndianJ. Hort., 71:
207-210.

Mora-Aguilera G, Nieto-Angel D, Teliz D and Campbell CL
1996. Development of prediction model for papaya
ringspot in Veracruz, Maxico. Plant Disease, 7T
1205-1211.

Muthukrishnan CR and Irulappam J 1990. Papaya. (fn} Fruits
Tropical and Subtropical, p 314 -315. Bose T. K.
(Ed). Naya Prakash, Calcutta.

Rashid MM, Quadir MA, Hossain MM 1987. Bangladesher
Phal (Fruit of Bangladesh). Rashid Publishing
House, Bangladesh, Agril. Res. Inst. Campus
Gazipur, pl130-137.

Ray PK, Yadav JP and Kumar A 1999. Effect of transplanting
dates and mineral nutrient on yield and susceptibility
of papaya to ringspot virus. Horticultural Journal,
12: 15-26.

Reddy, 1991. Effect of spacing, plant density on growth, yield
and quality of 'Dwarf Cavendish' banana. AICRP
(TF) Res. Rep on Citrus, Banana, Pineapple, Papaya
and Sapota, [IHR, Bangalore, p103- 105,

Reynolds RE, Robinson JC 1985, Banana plant densities for
MNational Information Bulletin, Citrus and sub trop.
FruitRes. Inst., 158: 14-16.

Singh AK and Singh G 1998, Effect of time of planting on
growth, fruiting behaviour and sex relations of
papaya (Carica papaya L ). Indian J. Agricultural
Sciences, 68:769-772,




