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Abstract
In order to maintain the health and v

igour and tu.susluin the productivi i Exner W
four year old *Balwant’ cultivar of aonla arown in laterite soil | [:jﬂ lILtI".-:I[jI-'. 4 pruning experiment was conducted on
okl g bd T ieriie soil, planted at a spacing of 5x5m. To find out the best pruning
2 |1r_".-":.:| iyl Pd ormed /e, l_j!_ng]‘:tJudn:mus pruning, ii) Detopping of primary branches at 8 feet from
grow all secondary branches, iii) Detopping of primary branches at 8 feet from the zround level + removal
of all secondary branches at 2 feet from the b fpri i i i i
e N D e € Dase of primary L"'_'ﬂ”ffhfﬁ« iv) Detopping of primary branches at 8 feet from the
ground leve [. IL alofa scwndar;,r branches at [ feet from the base of primary branches, v) Light judicious pruning +
_D.;mplpm%- ol plant canopy nfal 8 ff:et trom the ground level. vi) No pruning (contral). Results of three conseeutive years of
il -5 Y - . X . = -
nvestigation TE‘_“"-'“Ed _th?“ E'gh'f_JUdlCJUUS pruning of thin, overlapping. criss-crossed, dead, unproductive and looping
h(an ches gave highest fruit yield in all the three years and resulted 64 4 per cent yield increment over control when average
of three years was considered. Severe pruning of primary and secondary branches caused drastic reduction of vield for two

consecutive years after pruning. Judicious pruning helped to produce better sizeable and quality fruits,

Key words : donla, close spacing, prining, canopy management, vield, friit gquality.

Introduction

Aonla or Indian gooseberry ( Emblica Officinalis
Gaertin.). a versalile tree, is adaptable in diverse soil and
climatic condition. Aonlais considered to be one the im-
portant fruits for its nutritive, medicinal and industrial value.
Due to its multipurpose importance, cultivation of this crop
is gradually spreading in different land situation including
waste lands. It can be grown in the soil having pH 5.0
(acidic) to even in 8.5 (saline and alkaline). In West Bengal,
an eastern state of India, the crop is being grown n red and
laterite zone where the soil is red and lateritic type and pH
ranges between 4.5 and 5.5, In this zone, the crop show
luxuriant grewih under proper nutritional care and the
branches are need 1o be pruned within six years of planting
for better acration, sunlight penetration, improving yield
and 1o minimize the pest population like mealy bug and
shoot hole borer. The pruning is an art of removal of un-
wanted growth of plant parts in a scientific manner with
~ the view 1o improve the productivity and efficacy of the
orchard. In every fruit crop requires specialized pruning
methad in various agro-climatic situation. No work has been

carried out on canopy management through judicious prun-

g i mature aonla plants arown under moderate planl ing
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system in laterite soil. So, an intensive investigation was
made for three consecutive years 10 optimize the best and
effective pruning method for increasing the yield and qual-
ity ol fruits of aonla grown in laterite soilat 5 m x 5 m
spacing. :

Muaterial and methods .

The trial was conducted in a farmer’s field in the
district of Paschim Midnapore, West Bengal, India during
2006 to 2008 on four year old plants of* Balwant™ cultivar of
aonla of uniform vigour and productivity. The plants were
planted at a spacing of 5 x 5m. The sil of the uxperimenml
orchard was lateritic having pH 5.7. The experiment was
conducted in Randomized Block Design (RBD) having four
replications with four plants in cach replication. There were

6 pruning treatments viz., . |
T, : Lightjudicious pruning (removal of thin. overlapping,

T :
' criss-cross and looping branches near the ground
level).
T.: Detopping of primary branches at § feet from ground

*" |evel + removal of secondary branches.

T.: Detopping of primary hranches at 8 feet trom gm]nd
level + removal of all secondary branches at 2 feet
from the base of primary branches.

T : Detopping of primary branches at 8 feet from ground
level + removal of secondary branches at | feet from

the base of primary branches.
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T,: Light judicious pruning + detopping of the canopy at
8 feet from the ground level,
T : No pruning except removal of dead branches (con-
trel).
The pruning operation was conducted on 5" Febru-
ary. 2000. The plants were fentilized with yearly dose of 30
kg FYM: 200g N 100g PO, and 100g K,O per plant in two
split doses viz, April and July. The plams were irrigated
once in a month during February 10 May.
Obscrvation on fruit yvield was recorded on the basis
ol actual weight of mature fruils harvesied per plant.
Physico-chemical characteristics ol mature fruits were oh-

served in cach year following standard method (AOAC., -

1900} and average was presented. All the collected data
were statistically analyzed,

Results and discussion /

Frait pield

The fruit yield which is the main aim of the experi-
ment was significantly influenced by different pruning treat-
ments. The results clearly indicated that yearly light judi-
cious pruning (T ) in aonla was helpful for maintaining its
health, vigour and productivily as it resulted highest yield
in every year. 1t was calculated that light judicious pruning
gave 192, 63 and 18 per cemt more yield as compared 1o
unpruned plants (control). Yield improvement due to light
judicious pruning is explained from the fact that removal of
overlapping, criss-crossed, dead, thin and dropping and
unproductive branches resulted good light penetration and
air circulation which may caused higher photosynthetic
rate (Pratap et af.,2003). Besides, this pruning method also
helped for proper wiilization and distribution of reserve
food materials by the growing fruits, which were on re-

maining shoots. It was further observed that severe prun-
ing like T,, T, and T, had detrimental effect on yield in
aonla which was due to loss of fruit bearing shogr. Unlike
other fruit crops, aonla put forth lowers and fruits op ma-
ture shoots of more than one year age. So, remoyy| of pri-
mary and/or secondary branches result loss of frujt bear.
ing shoots which was reflected in subsequent years after
pruning. Another interesting observation was noted thar
aonla has strong tendency to alternate bearing as yield
pattern in judicious pruned and unpruned plants was like
tide, Beneficial effect of light pruning on yield improve-
ment was also observed by Jadav and Khimani (2003} and
Prabhu et ¢, (2003)in aonla.

Fruit weight

The fruit weight in pruned and unpruned plants
was differed significantly. Maximum fruit weight of 25 3 a
was measured from judicious pruned plants (T ) and mini-
mum weighted fruit (21.4 g) was recorded from the contro)
plants (T,). Higher fruit weight in pruned plants was due 1o
more available photosynthates as compared to unpruned
plants and this observation was also noted by Sharma e
al (1997) in kinnow mandarin; Pratap et o/, (2003)in Mangu:
Khan and Syamal (2004) in Kagzi lime.

Pulp content

As aonla, is mainly utilized for preparation of vari-
ous bye-products including ayurvedic medicine, pulp re-
covery is one of the important physical parameter for de-
termining the treatments” effect. Investisation showed that
pulp recovery percentage was more in fruits of pruned
plants as compared to unpruned plants and it was highest
from judicious pruned plants (94.2%). Similar observation
was also noted by Jadav and Khimani (2003} in aonla.

Table 1. Effeet of severity of pruning on yield and fruit quality of aonla cv. NA-10 grown in laterite soil

Pruning Fruit yield/plant (kg) .

Treatment 2006 2007 2008 Total yield Av.yield of * Fruit *Pulp *T.S.5 *Acidity *Wit.C
in3years 3years  weight content ("B) . (%) {mgﬁlﬂ[:lg [L:ulp}

(2 % ) .

:ijl 18.1 .2 20.0 443 14.8 ?.f;i:?? 594.}2 10,2 [.4 550

5 00 05 305 310 103 244 930 94 1 538

|‘l 0.6 260 13.2 164 5.5 23.2 92.8 9.9 J-'J ‘r-;H

T, 0.0 26 39 65 22 241 939 98 |2 542

T, 2402 70 197 66 245 932 04 ] 540

. 62 38 10 7m0 90 24 o1 g7 - 530

CD.as% 44 11 28 38 29 08 09 05 NS Er

* Average of 3 years
I', = Lightjudicious pruning -
Detopping of primary branches at 8 feet from ground level +

T = l}ul?pging of primary branches at 8 feet from gound level + ren
of primary branches,

e DCIE?ppiJlg of primary branches at 8 feet from ground level + removal
primary branches.
T,=

= Light judicious pruning + detopping of the canopy at 8 feet from the ground level

2

-]

removal of secondary branches.
1oval of all secondary branches at 2 feet from the base

of secondary branches at 1 feet from the base of
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Toral sofuble solids

The total soluble solids (1.5.5.) content of fruit is
considered to be one of (he important parameler for as-
s.essjng its qualitative value, The T.S.S. content in fruils
from the all the pruned plants was higher as compared 1o
tnprunned plants which showe

¢ : d the lowest value (4.7"
Brix). High T.8.S. content in the fruits of pruned plants was
due to accumulation of

_ more carbohydrates and other me-
tabolites. This obse

rvation was also corroborated the find-
ngs of Singh ef ol (2004% in ber,

Fruit acidity

The fruit acidity in aonla was not significantly
alfected due 10 various pruning treatments.

Vit. C content i

The vit. C or ascorbic acid is an important antioxi-
dant for which aonla is considered to be one of the best
nutritious fruit. It is the highest source of vit, C among the
fruits afier burbados cherry. Investigation showed that the
pruning treatments has significant effeet on vit. C content
of the fruits. The fruits of all the pruned plants have higher
vit. C content as compared to unpruned ones. The vit. C
content was measured highest (550 mg/100 g) from the
fruits of judicious pruned plants (T} and lowest (530 mg/
100 ) in control plants (T,). Improvement in vit. C content
in fruits due to different pruning practices was also ab-
served by Ghosh(2008) in ber.

vlournal of Arid Horticulture, 2008, Vol 3 fll: 1-3
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Performance of nitrogen and zinc on yield and physico-
chemical composition of ber (Zizyphus mauritiana Lamk)
fruits cv. Gola

Hari Dayal*, G. Lal.. D. Singh and P. Kumar _
Central Arid Zone Research tnstituie, Krishi Vigyan Kendra, Pali - 306401, India.

Abstract

A field experiment was carried out to study the influence of different levels of nitrogen (230, 500 and 730 plant!
vear') and zine sulphate (0.4, 0.6 and (1.8 per cent plant” year') on yield and phy5|m.-chcm_1cnt composition of ber fruits,
-Applical]nns of 500g nitrogen and 0.6% zinc sulphate plant* exhibited highest fruit yield with maximum df_-"' matter, pulp,
pulp: seed ratio, TSS, ascorbic acid, reducing sugar, non reducing sugar, total sugars and minimum moisture and seed

content.

Key words: Bex mitrogen, zine, yield, phvsico-chemical guality parameters.

Introduction
The ber (Zizyphus manritiana Lamk) is hardy
fruit plant. regular bearing habit and adaptability to adverse
climatic condition. It can give better income on marginal
lands where other fruit plant and crops can not survive,
Since the ber crops is mainly grown in arid and semi-arid
rezion where major and minor nutrients are lacking, the
- need for fertilizer application becomes essential. Among
the major nutrients, nitrogen is considered to be the vital
in case of ber and its requirement, depends on agro climatic
situation where crop is grown. '

Inarid and semi-arid region, one of the factors
which can ensure lucrative income from ber growing arca
continuously over number of years is proper feeding and
judicious use of nutrients for plants. In case of ber
nutrition, increase the fruit plant nutrient, nitrogen is major
nutrient and zinc is minor nutrient, which are already

deficient in Rajasthan soil (Akbary ef af, 1995), Doses of -

these nutrients affect the quantity and quality of ber fruits.
With this observation that present investigation was
undertaken to carried out the application of nitrogen in
soil in split and zine as foliar spray on the performance of
yield and quality of ber fruits,

Material and methods

The investigation was carried out on productive
healthy and vigorous ber trees cv. Gola at Central ,q,;-i.;;
Zone Research Institute, Krishi Vigyan Kendra Pali, during

* Corresponding author's email:
drharidayal@gmail.com

2004-05 and 2005-06. The location was latitude 25"47° | 3"

north altitudes and 73° 18" 42" east longitudes. The

experimental soil was silty loam with available nitrogen

(135.9kg ha'), available phosphorus (18.2kg ha™),

potassium (236.1 kg ha'), Zinc (0.18 ppm)and p* 8.3, The
area received annual rainfall of 325.9 and 645.6mm and
average minimum 3.2°C and maximum 43 .4°C temperature.

Of the total precipitation 90 per cent was received during
Tuly to September. The relative humidity ranged from 25 to
95 per cent during the experimental span. The treatmenis
composed of three levels of nitrogen viz 250, 500 and 750p
plant " year'and three levels of zinc sulphate 0.4, 0.6 and
0.8 per cent plant ' year”. In all, there were ten freatment
combinations including control. The experiment was laid
out in RBD with factorial approach having three
replications. Half dose was applied in month of July and
remaining dose of nitrogen was applied in month of

- November. The zinc sulphate was - sprayed thrice along

with equal dose of lime for neutralization and teepol as a
sticking agent in the 19 week of August, September and
October. '

All the common cultural practices were adopled and
the ber trees were maintained under uniform conditions of
orchard management, At the time ber fruit green colour
turned light yellow colour (ripening stage), fruits were
harvested and the yield was recorded accordingly. In all,
there were 5 pickings, A sample of 500g fruits was collected
randomly from 2 picking from each treatment under all
the replications to estimate the physico-chemical
characteristics viz; moisture (%), dry matter (%), pulp
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content (*a), seed content (%), pulp: seed ratio. TSS (%)
ascorhic acid (mg 100g! pulp). reducing suear (%), non-
reducing sugar (%) and total sugars (%). Pulp of'the fruits
was separated after removing the secds and weight of
pulp and sced was recorded and pulp: seed ratio was
caleulated accordingly. Fruit pulp was dehydrated at 60" C
up to constant weight and rotal dry matter and moisture
content was recorded. Total soluble solids (TSS) of the
fruits were measured with the help of *Erma’ hand
refractometer and corrected at 20"C lemperature. Ascorbic
acid, reducing sugar, non- reducing sugar and total sugar
contents were determined with the help of methods
suggested by A.O.A.C.(1990). The data for both the years
were pooled and statistically apalyzed with the help of
method suggested by Gomez and Gomez ( 1984).

Result and discussion

The application of nitrogen significantly
increased the dry matter, pulp, pulp: seed ratio, TSS,
ascorbic acid, reducing sugar, total sugar and yield of fruit.
Howewver, non reducing sugar was not influenced
significantly by the application of nitrogen. The maximum
pulp content (91.27%), pulp: seed ratio (10.80), TSS
(16.75%), ascorbic acid content (87.53mg 1002, reducing
sugar {5.30%). total sugar (10.71%) and yield of fruits
(37.82kg tree") were recorded at N_ (500g N tree''} treatment
as compared to mjnimum (85.40%, 5.86, 14.41%, 65.39mi
100a', 3.75%, 8.56% and 26.8 | kg tree”', respectively) under
control, while the dry matter content (21.36%) was the
highest with 750z N tree”! treatment and lowest (17.79%)
under control. On other hand the meisture and seed
content degreased significantly with the increasing rate
of nitrogen from unfertilized control to 750g N tree’!
treatment. The lowes) moisture (78.56%) content was
recorded at 750z N free”', while the minimum seed content
(B.73%) was recorded at 500g N tree’ treatment as

compared to the maximum values of these parameters.

(82.21% and 14.60%, respectively) under control (Table 1
and 2).

The uselul cffect of nitrogen is attributed to
increased efficiency of metabolic and physiological
processes of plants, which encouraged the growth of trees

" and consequently increased size and weight of fruns. The

size of fruit depends mainly upon the photosynthetic
activity of planms and hence the healthy plants produced
the Truits with maximum length. diameter, weight and
volume (Singh er al., 1994). The probable reason for the
improvement in size may be due to the beneficial effect of
M in cell division and cell enlargement, and increased
activities of living tissues such as parenchyma. These
changes altogether produced ultimately higher vield of
ber in this investigation. Unsurprisingly, similar results
had been reporied by Lal e o, (2001 and 2003). Prosad
and Bankar (2002). Prasad and Vashishtha (2004), and
Prasad. (20047 in ber.

The foliar application of zinc mgmﬁcnnlly
influenced the, dry matter, pulp, pulp: seed ratio, ascorbic
acid, reducing sugar, total sugar and yield of fruits. while
maoisture and seed content significantly decreased with
the foliar application of zinc. The maximum dry mater
content (21.25%), pulp (91.28%), pulp: seed ratio (1 0.77).
ascorbic acid (87.30mg 100g™), reducing sugar (5.33%).
total sugars (1 0.66%) and fruit yield (3742 kg tree ') were
recorded at Zn, (0.6% ZnS0,) as compared to minimum
{17.79%, 85.40%, 5.86. 6539 mg 100g". 3.75%. 8.56%and
26.81 kg tree’, respectively) under control, while TS5
content in fruit (16.65%) was maximum at £n, (0.8% ZnS0) )

- treatment as compared to minimum (14,4 1%) under control,

However, the lowest moisture {78.74%), and seed contem
(8.72%) were recorded at Zn,(0.6% ZnS0 ) treatment as
compared to highest (82.21% and 14.60%. respectively)
under control (Table | and 2).

The improvement in quality of fruits with the
application of zinc might also be due to improved auxin
content and at zine acting as a catalyst in oxidation-
reduction process. Besides, zinc helps the enzymatic
reaction like hexokinase and formation of cellulose. Change

Tahle |, Effect of N and Zn on moisture, dry matter, pulp and seed content of ber fruits.

Treatment Muoistire( %) Oy muarter®a  Pulp(¥a) Seed contenti™)  Pulp seedratio
Uniertilized contral 22| 17.79 8540 14.60 586
250g Mtree ' (M} TO08 2031 90.34 964 958
5008 M tree (M.} T8.71 2126 9127 873 10.80
750e N tree ' (N,) 78.56 21.36 9120 B77 C 1056
SEm+ 0.16 0.4 0.15 015 !]2?
0.4% ZnSO, (Z,) 79.46 2048 9046 9.50 ?;;r;?
0.6% Zn50, (Z,) 78.74 2125 0128 . 872 ml4-'
0.8% ZnS0O, {ZJ} 78,76 21.19 91.08 392 {u.ﬂ.r
SEm+ 0.16 0.16 0.15 0.5

CcD '5-% 046 045 043 042 0.56
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Table 2. Effect of N and Zn on yield, TSS, ascorbic acid sugars content of ber fruits.

Treatment 1SS (%) Ascorbic acid  Reducing Non-reducing  Total Sugar (%) Yicldkgitree
(mal00a! pulp) (Sugar %) (Sugar %a) % 5 i

Unfertilized control |4.41 6a39 375 4,55 ?ﬂ 3 54 -43

230 Miree '(N) 1582 80.50 485 R Jn;-lj 3?-32

S00g Miree '"(N.) 16,75 B7.53 530 549 IU-JS 3?}3,7

750p Ntree '(N)) 16.67 86.38 5.17 521 : i

Sl .04 1.03 (.08 0.1 009 !

CD 5% 025 289 21 NS 026 076

0.4% ZnSO, (£, 614 81.75 488 528 10.16 35.6‘:

0.6% oS0, (2.) 16.45 w730 333 539 1066 3742

0.8% ZnSO, (2.) 16.65 8538 5.10 5.26 1027 36.88

SFin- (.09 103 0.08 011 (0.0 027

Chimg 023 289 021 NS 026 0.76

in sugar content of fruit may be attributed to the action of
zine on zymohexose, a metal protein in blocked by
formation of complex cystein. The blocked enzyme is
reactivated with zine, Its presence however, is of great
importance of sugar metabolism (Levitt, 1972), These
findings are similar 1o the findings of Hoda ef af (1975)
and Babu and Yadav (2005) who reported similar pattern
in Khasi mandarin.

Hence, it is concluded that the application of 500g
N per tree along with 0.6% ZnS0O, as foliar application was
found highest yvield apd gopd quality fruit of ber,
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Control of oxidative browning during in vitro culture
: initiation of guava genotypes
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Abstract

Micro propagation in guava is impaired by th prablem of oxidative browning ol explants and culture media during
culture establishment phase, The study was conducted to see the efficiency of different techniques and antioxidant
compounds on cantrolling phenolic browning and ultimate culture establishment for micropropagation. Significant differences
were recorded berween Allahabad Safeda and Ancuploid Mo, 82 in rfespect to quantum of exudated phenol and per cent
sprouting. Agitation of explants in 0.5% PY PP and 2% sucrose for 40 minutes followed by a quick dip in a solution of citric
acid and ascorbic acid @ 75 my L' and 50 mg L' respectively before inoculation resulted in maximum sprouting and reduced
exudation of phenal in both the genotypes. Mean phenol exudation in different seasons from nodal and shoot tip explant -
indicated lower phenol exudation and higher sprouting in Allahabad Safeda as compared to Ancuploid No. 82. Significantly
higher sprouting was recorded when the explants were collected during spring or summer as compared 1o that of autumn
scason. The quantum of phenol leached into the medium and percent Spruulln" was found to be negatively correlated

Fey words: Oxidutive browning, explamt, polvphenol oxidase, amioxidants, in vitro colture initsation,

Introduction

The poor response of explants from woody trees
to @ vitre manipulation is associated with leaching of
phenalic compounds produced by the injured tissues of

explants. The browning of explants and culture media is -

generaily considered to be the results of oxidation of
phenolic compounds by poly phenol oxidase (Mayer and
Hasel. 1979), Peroxidases (Loomis and Battlaile, 1966) or
by air (Robinson, 19 1), The oxidized product guinones
are known 1o be highly reactive and ‘inhibit enzyme
activity leading to the killing of explants due to necrosis
{Hu and Wang, 1983).

In guava. tissue culiure is essential for clonal
propagation and genctic manipulation. since availability
of planting mater il throush conventional means is in shon
supply. Several previous studies have indicated the

*Corresponding author’s email:
prineghwal @ cazri.res.in

pmblr:.m of oxidutive browning during micropropagation
from mature trees (Amin and Jaiswal, 1987; Prakash, 1992),
Many lechniques have been used in an attempt to limit
detrimental ¢ffect of oxidized phenolics on explant
survival. Vieitez and Vietez (1980} partially overcome the
prablem by soaking Custainea sativa explants in sterile
distilled water for 2-3 hours prior to in vitro culture.

Several antioxidants such as polyviny Ipyrrolidone {Me
Comb, 1978). ascorbic acid and €itric acid { Ziv and | Lvels,
1983) and glutathione (Rugini and Fontanazzi, 198 1) have
also been tried to overcome the problem of oxidative
browning in different woody species. Partial etiolation af
stock plants (Sharma ef al.. 1997y and collection of explants
in the besinning of spring (Chevre ef el 1983) have also
been found to minimize the problem. Various techniques
have been employed w oreduce the inhibitors effect ol
exudated phenols and its correlation with explants sursival
and bud sprouting is lacking. Hence, the study was aimed
at quantifying the exudation of phenolics as aftected by



P R Meelneal and 15 C Sharone, Indian Journl of Arid Horticulture, 2005, Vol 3¢1): 7-10

seasons of explanting. explants tvpe and beneficial effect
of media supplementation of different antioxidants and
to establish correlation between exudated phenolics into
the medium and successlul culture establishment.

Material and methods
The study was conducted in the division of

Fruits and Horticultural Techinology and Central Tissue.

Culture Laboratory. NRC on Plant Biotechnology, 1ARL,
New Delhi during 1997-99. Nodal and shoot tip explants
were collected from coppiced growth of 12 -years old
plants of varicty Allahbad Safeda and Aneuploid No. 82
Spring (March-April), Summer
(May-June) and Autwmn (Seplember-October). Various
techniques ( Table 1) were adopted for controlling oxidative
browning as pretreatment or medium supplement or both,
The explants were surlace sterilized using methods
reported carlier (Meghwal et al., 2003). M S medium
(Murashige and Skoog, 1962) supplemented with | mg L
'BAP (6-Bengylaminopurine), 3 %o sucrose and 089, agar

during three seasons i.e.

was used. The cultures were imitiated on semi solid
mediunt in test tube 20 mm x | 50mm size containing 15 ml
of medium. They were incubated at 25 + 2°C undera 16/8
hour phato period at photon flux intensity of 50-70 u Em-
P87 provided from cool white Norescent tubes.

The alcoholic extraction of total phenol exudated
into the medium was prepared as per method followed in
wrape explants (Sharma, 1993), while total phenol was

estimated by following improved procedure of Singleton
and Rossi Jr. (1965). The total phenol leached into the
medium was estimated 7 days after inoculation taking
whole quantity 15 ml medium after removing the explants,
The total phenol was expressed as pg gallic acid ml-
medium, Before analysis, the explants were transferred on
fresh media to see per cent sprouting till one-month of
inoculation. The data were recorded on per cent sprouting
and total phenol exudation into the media and a correlation
coelficient was alse worked out between total phenol
exudation into the media and per cent bud sprouting. The
experiment was laid out in CRD and repeated for three
times. The data were analyzed statistically.

Results and discussions

The effect of different techniques for controlling
phenolic browning on explants survival and phenol
exudation into medium was found to be significant (Table
1). The genotypic differences were significant in respect
to per cent sprouting and phenol exudation with Allahabad
Safeda showing higher sprouting and lesser phenolic
browning as compared to Aneuploid No. 82, Among
different treatments, agitation of explants with 0.5% PVPP
and 2% sucrose for 40 minutes followed by a quick dip in
anti oxidant solution (T ) before inoculation resulted in
maximum sprouting and lower phenol exudation in both
the genotypes. The lowest phenol exudation was however,

Table 1. Effect of different treatments on total phenol exudation and per cent bud sprouting during culture

initiation of fuava genotypes

Total phenol exudation

Bud- sprouting (%)

Treatments (ug ml'medium) _
Allahabad Anrcuploid Allahabad Aneuploid
Safeda Mo.82 Safeda MNo.B2
T, Control 9.66 41.00 72.00(58.18) 33.33(35.17)
T Incubation in dark for48 hrs 9.55 39.00 61.66(51.92) 28.33(32.01)
T, Addition of 0.4% PV P o the 9,22 32.55 53.33 10.00
media ' :
L 47.9 1843
[, Agiation in 0.5% PVPP& 2% 6.11 30.02 {?1 62} {4[1.{1431
Sucrose for 40 minutes at 100 pm. {59.54} (39.15)
[ Rapid rinse in CA &AA 595 25 45 7833 36,66
(75&%50 mg L (62.47) (3726)
T T.& T 4.1 21.00 80.00 50.66
T Sealing basal ends of explants 10.6 1.55 {_35{3:5 [j;—ﬁ;g)
ith wax : k)
i 3 o (34.02) (26.45)
Ty Media supplementation with 10011 316.78 55.00 o
75&50mg L 'CA&AA e : 5.58
?ﬁﬁha 05) e 28.66 69.44 G420
: =i 8.64 14.11 14.95

CA-Ciric Acid, AA-Ascorbic acid, PVP-Polyvinlyl pymolidone, .

PVPP-Poly vinyl polypymrolidone; Figures in parenthesis- Angular transformed values
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medium and explant survival of guava

recorded by sealing basal cut end (T, Jwith wax in both the

senotypes but per cent sprouting was drastically reduced.

in that case. The positive effect of PVPP, ascorbic acid
and citric acid on reduced phenolic browning have also
been reported earlier in apple {Walkey, 1972, chestunt
(Vieitez&: Vieiter, 1980) and suava {Amin & Jaiswal, 1088),
Media supplementation of PVP, citric acid and ascorbic
acid resulted in reduced Sprouting per cent as compared
to control. This might be proba bly due to detrimental effect
of these compounds. The toxic effect of citrjc acid and
ascorbic acid were recorded by Broome and Zimmerman
(1978) in black berry and in teak (Gupta er al., 1980). Mean

phenol exudation in different seasons from two types of
explants and corresponding bud sprouting have been
illustrated in Fig.1& 2 for Allahabad Safeda and Aneuploid
No. 82 genotypes respectively, It was indicated that in
general phenol exudation in the media was much less in
Allahabad Safeda as compared to Aneuploid No. 82 in all
the seasons and accordingly higher per cent bud sprouting
was recorded in this variety. The difference in phenol
exudation as well as per cent sprouting were non significant
between spring and summer season but it was highly
significant when compared with the values of these
parameters recorded during autumn season in both the
genotypes. The lesser phenol release from Allahabad
Safeda explants might be due to lower tissue content of
phenolic compound as compared to those in Aneuploid
Mo. 82. This implied that phenol content of explants and
phenolic browning of explants and media may be positively
correlated. Although phenol content of explants was not
estimated but the release of phenol in the medium and
corresponding sprouting was found to be negatively
correlated in Aneuploid No. 82 zenotype (Fig. 3). In this
context it is imperative to mention that many plants are
naturally rich in polyphenolic compounds, which are
commonly, regarded as inhibitory agents. Preece and
Compton (1991) emphasized that these inhibitary agents
have various phyto toxic effects on plants, It is possible
that Aneuploid No. 82 being dwarfing in nature might have

high level of inhibitory phenols, which would also have
leached into the medium.

References

Amin, M.N. and laiswal, V.5, 1987, Rapid clonal
Propagation of guava through in vitro shoot
proliferation on nodal explants of mature trees.
Plant Cell Tissue and Organ Culture, 9:235-243.

Amin, M\N. and Jaiswal, V.S, 1988, Micropropagation as
an aid to rapid cloning of guava cultivars.
Scientia Horticulture, 36(1-2): 89-95,

Broome, O.C. and Zimmerman, R.H. 1978, In vitro
propagation of blackberry. HortSeience., 13:151-
153.

Chevre, AM., GillS.S,, Mauras, A. and Salesses. G., 1983,
In vitro.vegetative multiplication of chestnut,
Journal of Horticultural Science. 17:259-268.

Gupta. PK., Nadir, A. | Mascarenhas, A.F.and
Jagannathan, V., 1980, Tissue culture of Forest
trees: Clonal propagation of teak by tissue
culture. Plant Science Letters. 17: 259-268.




P. R. Meghwal and H. C. Sharma,, Indian Journal of Arid Horticulture, 2008, Vol. 3 (2): 7-10

Hu, C.Y.and Wang, P. ). 1983. Meristem shoot tip and bud
culture, In: Handbook of plant cell culture Vol. 1.
(Eds D.A Evans ef.al. ) Macmillan, New York.
Loomis.. W.0O. and Battlaile, J. 1966. Plant phenolic
compounds and the isolation of plant enzymes.
Physiolgia Plantarum, 18:100-127.
Mayer, A.M. and Hasel, T. 197%. In vitre morphogenetic
studies. Photochemistry, 18: 193-215. McComb,
1.A. 1978. Clonal Propagation of woody plants
using tissue culture with special reference o
apples. Combined Proceedings of International
Plant Propagator s Sociefy. 28:41 31-426.
Meghwal, P.R ., Singh, S.K. and Sharma, H.C. 2003.
Micropropagntion of Aneuploid guava.
Indian Journal of Horticulture. 60(1): 29-33.
Murashige, T. and Skoog, F. 1962. A revised medium for
rapid growth and bioassay with tobacco tissue
culture. Physiolgia Plantarum. 15:473-497.
Prakash. H. 1992. Micropropagation of guava. Ph.D. Thesis,
submitted to G. B. Pant University of Agriculture
and Techmology, Pant Nagar '
Preece. ] .E.and Compton, M.E. 1991, Problem with explant
exudation in micropropagation. In: Biotechnology
in Agriculture and Forestry Vol. | T(ed. Y PS Bajaj),
Springer-Verlag, Berlin pp. l69- 189,

10

Robbinson, T. 1983. The organic constituents of higher
plants. 5" ed. Cordus PressAmherst, Muss.

Rugini, E. and Fontanazza, G. 1981. /n vitro propagation of
Dolce Agogia oliva, HortScience. 16: 492-493,

Sharma. R.R. 1993, ln vivo and in vitro polyphenol oxidase
activity in grapes. Thesis submitied 1o Post
Graduate School IAR], New Delhi.

Sharma, R.R. Sharma, H.C. and Goswami, A.M. 1997. /n
vitfro Polyphenol oxidase activity and phenolic
content pattern during shoot development of
grapes. Annals of Agricultural Research.
20(11:9-13.

Singleton, V. L. and Rossi Jr. J.A. 1965. Colorimetery of
total phenol with phosphomolybdic
phosphotungstic acid reagents. American
Journal of Enology and Viticulture, 16: 144-158.

Vieitez, A.M. und Vieitez, M.L. 1980. Culture of chestnut
shoots from buds in vitre. Journal of
Horticultural Science. 55:83-84.

Walkey, D.G. 1972. Production of apple plantlets from
axillary bud meristems. Canadian Journal of
Plant sciences, 52: 1087-1097.

Ziv, M. and Halevy, A.H. 1983. Control of oxidative
browning and in vitro propagation of Strelitziu
reginae. HortScience. 18: 434-436.



INDIAN JOURNAL OF

ARID HORTICULTURE
2008, Vol. 3(1): 11-15
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Abstract

_ To evatluale the aonla cultivars in Chhattisgarh the physi..-chemical characters of eight aonla cultivars viz,
BEJ_'IHF&SI, Chakaiva, Francis, Kanchan, Krishna, NA-6, NA-7 and NA-10 were studied. Significant variation in average
weight, volume, Ien.gt_h, diameter and stone weight of different cultivars were found coupled with a similar variation in their
contents of TSS, acidity, ascorbic acid and total sugars. Among the physical characters at maturity the maximum dimensions
of fruit ‘-'-’elgh_t, fruit volume, fruit diameter, fruit length and stone weight respectively were possessed by the cvs. Banarasi
(57.74 g}, Krishna (57.97 ml), NA-7 (4.38 em), Banarasi (4.76 cm) and Krishna (5.03 g). Similarly, among the chemical
characters at maturity the maximum chemical content of TSS, acidity, ascorbic ucid and total sugars respectively were
possessed by the cvs. Banarasi (] 2.71%), Banarasi (2.32%), Banarasi (882.1 | mg/100g of pulp) and Krishna (8.23%), Thus,
from the overall physical characteristics paint of view the cv. Banarasi may be declared to be of best fruit size (fruit weight
=27.74 g, fruit volume = 56.68 ml, fruit diameter =4.10 ¢m, fruit length =4.76 cm) followed by Krishna, Kanchan, Chakaiya
and Francis, with the fruit of most inferior size to be the cv. NA-6, Similarly, from the chemical characteristics point of view,
the best chemical composition at maturity may be attributed to Banarasi (TSS = 15.71%, acidity = 2,32%, total sugars =
8.09%, ascorbic acid = 882,11 mg/100g of pulp) followed by the cvs. Chakaiya and Francis. However, no single cultivar
stands out to be of most inferior chemical quality. :

Key words: donia, growth and development and physico-chemical characteristic.

Introduction the future. Its cultivation has increased in wasteland

Aonla (Emblica officinalis Gaertn.) is an situations during recent years because it can be
important fruit crop of India, which belongs to the family successfully gown in variable agro-¢limatic areas and
Euphorbiaceae, sub-family Phyllanthoideae. Wext to variable soil conditions like that of Chhattigarh as its plant
Barbados cherry (Malpighia glabra) aonla is the richest is resistant to hardy and opposite actions of nature. It is
and cheapest source of Vitamin ‘C" among fruits (Asenjo, the native of tropical south eastern Asia, particularly
1953}, and a fair source of minerals, carbohydrates, carotene, central or south India (Firminger, 1947: Mortan, 1960). Itis
thiamin and riboflavin (Pillay and Mahadeva, 1958). being cultivated since ancient times of India. Seedling
Looking to better prospects created by some medicinal trees in large numbers are common in Vindhyan hills (M.P.
corporates in recent years, which are encouraging the local and U.P.) and Himalayan hills up to an elevation of 1350 M
farmers for cultivation of aonla in their wastelands, the {(Anon., 1960; Ram, 1974). Its cultivation is mare common
scope of cultivation of this crop is increasing day by day in central Uttar Pradesh apart from some western and
in wasteland situations. Further, considering the high easlern segments (Bajpai, 1965; Ram, 1971). It is also
productivity per unit area, hardy nature of the plant, high cultivated in Gujarat, Maharashtra, Haryana and Rajasthan,
medicinal and nutritional value of aonla, there is a high Chhattisgarh is situated between 17914'N-24945'N latitude
possibility that it will be one of the most important fruit of and 79°30'E-84°15°E longitude. Raipur falls between

26°16'N latitude and 80936 longitude at an altitude of
289.6 meters above the mean sea level. Aonla cultivation
suits very well 1o all the soil conditions of Chhattisgarh,
* Corresponding author’s email: namely, Bhatta (morrum soil), Matasi, sandy loam and
virendrahorti_2008@yahoo.com clayey soils. It has great tolerance to salinity and sodicity

and can be successfully cultivated in pH range of 6.0 to
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8.0. It can be grown in irrigated as well as ull'l-il'Vl'EE"“l"‘:I raimn
fed area, because the plant of aonla is resistant to hardy
and opposite actions of nature. Since its roots penetrate
into deep soil and absorb the moisture, it can also be grown
easily in unfavorable conditions. The leaves of aonla are
narrow in size so the evaporation of water is less. The bark
of aonla is thick and semi-dry, which makes it rusislfmt to
water evaporation. These traits of aonla make it suitable
for dry land areas. _

* Raipur is classified under dry and sub-humid agro-
climatic region. The annual rainfall of this region ranges
between 1200-1400mm, of which about §5% is received
from third week of June to mid September and very little
during October to February. May is the hottest month
and December is the coolest. The maximum temperature
of this region may reach as high as 46°C during summer
and minimum may fall to as low as 6°C during winter. The
atmospheric humidity is higher from June to October, The
available cultivars in Chhattisgarh so far are not ideal for
commercial cultivation because they do not fulfill domestic

or export requirements. Therefore, it has been felt

necessary to evaluate aonla cultivars in Chhattisgarh, The
knowledge about the physico-chemical changes in the fruit
at various stages (say, Initial, Middle and Maturity) of its
growth and development may be helpful in evaluating the
cultivars, The available cultivars so far are not ideal for
commercial cultivation because they do not fulfill domestic
orexport requirements. Sufficient information on physico-

chemical changes during growth and development of

aonla cultivars, especially in Chhattisgarh, is not available.
Hence the present study has been conducted at Raipur,
Chhattisgarh. -

Materials and methods

The investigations were carried out in the
Horticulture Department, Indira Gandhi Agricultural
University, Raipur, Chhattisgarh. The experiment was
conducted on the layout of Randomized Block Design,
wherein 2 trees of each of above eight cultivars have been
randomly grown within each replication. Some of the
observations were recorded in percent, like in case of total
soluble solids (%), titrable acidity (%) and sugars (%).
Such percent variables do not follow normal distribution;
therefore, a direct analysis of variance for these variables
will be invalid. Thus, to maintain the validity of the analysis,
arcsine-transformation of the ahove per cent
characteristics were done and then subsequent analyses
of variance were carried out for the transformed variables,
following Snedecor and Cochran (1967). But for the ease
of interpretation, means of these transformed values are
presented along with their inverse transformed means in
original units. _

The observations were recorded at three stapes,
one at 10 days from the initiation of fruit growth (i.e. initial
stage), second at 85 days during fruit development (i.e,

12

S Lakhawat, Indian Journal of Arid Horticulture. 2008, Vol. 3 (2.

middle stage) and third at 145 days (i.e. maturity Slage o
harvesting stage of fruit).  Ten fruits of Wiform
phy}siolugicaT age from each plant were_randomly selecteq
on the date of observation from three side branches of the
tree. These fruits were used for recording the physiological
characters and then subsequently utilized for chemicg)
analysis. The fruits were thoroughly washed and thei,
weights were measured with the help of _eh:ctmnic balance,
Similarly, the fruit volume was ascertained through water
displacement method. The length and diameter of each
fruit was measured with the help of Vernier Callipers. The
pulp of fruit was separated and relative weight of seed
was determined with the help of electronic balance. Tota
soluble solids content was determined by hand
refractometer (0-32° Brix). Acidity was determined by alkali
titration method and expressed in terms of percent citric
acid. Vitamin ‘C’ was estimated in accordance with
A.0.A.C. (1980) method using 2, 6 dichlorophenol
indophenol dye and expressed as mg/100g of pulp. Total
sugars were determined by the method of Lane and Eynon

(1960).

Results and discussion

The observations on various characters, which
have been recorded during the course of the experiment,
are presented in Table | and 2. While, discussing the
results of the experiment it may already be borne in mind

that although most of the cultivars started their fruiting

normally, the cultivars Chakaiya and Francis started their
fruiting very late compared to other cultivars, so late that
their 10-days-after-fruit-growth-initiation coincided with
35-days-after-fruit-growth-initiation of other cultivars.,

Physical characteristics of aonla at different growth
stages: :
The perusal of data on average fruit weight in
Table | indicates that Banarasi cultivar maintained
uniformly highest average fruit weight at the middle (47.19
g) and maturity (57.74 g) stages of fruit except that it was
second to NA-7 in the initial stage. It also significantly
differed at 5% level of significance from all the cultivars at
all the three stages. The findings of Pathak (1965), which
states that fruit weight of aonla increases continuously
from early stage to maturity stage, supports the present
finding. Table 1. indicates that the average pattern of
growth of fruit volume was similar to the growth of average
fruit weight as also obtained earlier by Udai Raj (1994).
Both the fruit weight as well as fruit volume increased
significantly from one stage to the other stage of growth.
Comparing fruit diameter of all the cultivars based on Table
1, it was found that the average fruit diameter of aonla cv.
NA-7 was uniformly maximum at all the stages of growth
(i.e., initial stage, 2.09 cm; middle stage, 3.79 ¢m and maturity
stage 4.38 cm) and was si gnificantly more than those of
nther_ cultivars. As for the minimum fruit diameter is

=
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concerned, it was found to be different at different stages,

however, at maturity it was minimum in the case of cv.,
Chakaiya and NA-6. Interms of average length (Table 1),
though, the cv. NA-7 had maximum length (2.23g /fruit),
which was also significantly different from others at the
initial stage, the cv. Banarasi maintained uniformly and
significantly highest fruit length at the middle and maturity
stages (4.39 g and 4.76 g respectively) closely followed by
the cv. Krishna, These results are in conformity with the
observations made by Bajpai (1963) and Pathak (1965).
Taking the aggregate view ol difTerent sizes of cultivars,
i.e., in terms of fruit weight, fruit volume, fruit diameter and
fruit length, at the maturity stage the cv. Banarasi may be
declared to be of the best fruit size followed by Krishna,
Kanchan, Chakaiya and Francis, respectively and similarly
the cv. NA-6 may be declared to be of most inferior fruit
size. Perusal of Table 1, shows that, although, the cv.
Krishana possessed the maximum stone weight at maturity
stage (5.03 g), if we consider all the stages of fruit growth,
we find the cv NA-7 to be possessing in general a maximum
stone weight, leaving apart the cvs. Chakaiya and Francis,
as they had late fruit-growth-initiation. However, the stone
weight of Banarasi was at par with that of NA-7 at all the
stages. Similarly, the stone weight of NA-6 was minimum
at all the stages of fruit growth followed by that of NA-10.

Chemical characteristics of aonla at different growth
stages:

The total soluble solids (TSS), titrable acidity and
total sugars were all measured in the percent units. As the

Table 1. Average fruit wei
ruit welght(g)

Fruit volume (ml)

ht, Fruit volume, Fruit diameter, fruit len
Fruit diameter {cm)

percent units do not follow normal distribution, they
invalidate the F-test of the analysis of variance and the
subsequent t-tests for means. Therefore, to validate these
tests, arcsine transformation of all the percentage data
were carried out and then subsequent analyses of variance
were performed. The average arcsine values of different
chemical parameters under study are given in Tables 2,
along with the relevant critical differences and standard
errors of difference between two cultivar’s means.
However, to comprehend the average arcsine values in
the original percent units, the same were also presented
into brackets in the tables after transforming back the
average arcsine values into percent units by inverse arcsine
transformation. The Table 2 gives the estimated values of
TSS contents of different cultivars. More TSS in cultivars
causes less moisture content leading to their enhanced
disease resistance capacity and increased storage life
because lack of moisture creates an anti-microbial
environment within the fruits.-Consequently, TSS in a sense
is an indicator of storage life of the cultivars. The perusal
of Table 2 clearly indicates that, even though, initially the
cv. NA-7 possessed the uppermost TSS (transformed
average arcsine value 18.37, i.e., 9.93% T5S), later it was
taken over by the cv. Banarasi, which uniformly maintained
the highest TSS contents during the middle (23.04, i.c..
15.31%) as well as maturity (23.35, i.e., 15.71%) stages.
These TSS contents were also significantly different from
those of other cultivars at the middle stage; however, the
same were at par with those of cvs. Chakaiya, Francis,
Kanchan and Krishna at the maturity stage. Analogous

t of stone of aonla cvs. at different prowth stages.
fruit length {cm) Weight of stone (g)

Cultivars 10 BS 145 10 85 145 10 g5 145 10 85 145 10 85 143

days  [40] (100] days [40) [100] days [40] (100] days ([40] [100) days [40] [100]
Banarasi  447° 47.19° 57.74° 4.27° 4631 s6.6s! 2.02° 378" 4105 201% 439" 476" 042° 382° 409
Chakaiya < 11.50* 41.00° <+ 10.72° 3867 4 239" 340 ¢ 278 420° <+ 081" 34C°
Francis 4 14.13* 4597 % 13.31% 4268° 4 2.66" 3.73° 4 282" 415 4 L4 321°
Kanchan 2.88° 36.37¢ 53919 261" 3493% 5203 174 358 400° 1.58%  ap6° 439 029" 243 29%
Krishna 269" 38947 56.68%° 242° 3755 57970 163" 3.52% a378b 158 434" 462° 023" 341 503
NA-6 389° 32.27% 36.40" 3.62° 31.68° 3515 1,73  333° 3.40°  1.51* 346" 384 0220 3T7H 4,131
NA-7 583 35.74¢  45.95° 5677 34117 4419 209" 3790 438! 223 1774 4309 042% 398" 425
NA-10 4230 33.01% 43.59% 401* 31.39° 4104 1.83° 3459 350 198° 360° 397 022* 387° 420
Sem+ 004 096 099 002 060 1.1 0007 004 004 002 002 003 001 007 007
CD (5%) 011 277 281 007 176 396 001 013 013 008 009 010 003 02 0.8
Note

I. The symbol % indicates

that there was no fruiting upto 40 days in cvs. Chakaiya and Francis,

2. Figures in brackets [ ] indicate days after fruit growth initiation for Chakeiya and Francis cullivars.

3, The superscripts letters indicale that _
with different letters are significantly different at 5% level.

freatment means,

the treatment means with same letters are at par at 5% level of significance, while the means

These letiers have been affixed based on CD-value com parisons of
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remarks with TSS contents of aonla cultivars were reported
by Pathak (1965) and Pathak et al. (1985). The cv l_'\lh-l 0
performed with minimum TSS content at the initial and
maturity stages. Acidity along with sugar is an indicator
of good taste of the fruit. Furthermore, its presence also
discourages microbial growth leading to its better keeping
quality. Just as in case of TSS. both cultivars NA-7 and
Banarasi maintained the same pattern in terms of highest
acidity too (Table 2). However, at the maturity stage the
Banarasi (8.76. i.e., 2.32% acidity) had at par acidity with
those of Chakaiya, Francis, NA-7 and NA-10. In case of
lowest acidity there was no such pattern. The other thing
that was uniformly true for all the cultivars was that the
acidity increased up to the middle stage of growth;
thereafter it continuously decreased up to the maturity
stage. This observation in aonla is in harmony with those
of Pathak (1965), who recorded a gradual increase in citric
acid content upto 28" November and thereafter, a gradual
decline till the harvest at maturity stage in Banarasi and
Deshi cultivars. Mukherjee (1959) also likewise reported
rise in acid percentage during the early period of fruit
growth followed by a continuous decline till the final
harvesting of mango fruit. A similar observation is reported
in the findings of Singh and Singh (1995) in case of Litchi
cvs. Muzzafarpur and Calcuttia.

Ascorbic acid is genuine “Vitamin C" whose
presence provides the power of resistance in fruits against
the diseases like scurvy, diarrhea, dyspepsia, chronic
dysentery, cough and cold etc. The perusal of Table 2
shows that the ascorbic acid content increased
continuously from the initial to final maturity stage in
respect of all the cultivars, however, the rates of increase
differed among different cultivars. Although, in the initial
(82.39 mg/100g of pulp) and middle (572.24 mg/100g) stages
of development the cv. NA-7 recorded the highest ascorbic
acid content, in the maturity stage it was dislodged by the
cv. Banarasi (882.11mg/100g of pulp) from the first rank
followed by Krishna, Chakaiya, NA-7 and others. Bajpai
(1969) reported similar observation with the developing
fruits of Banarasi. Aonla is a fruit well known for the richest
source of Vitamin ‘C” derived from its ascorbic content. At

maturity, it was observed to vary from 702.48 to 882.11 mg/ .

100g of pulp among different cultivars (Table 2) in different
cultivars. The minimum ascorbic acid content was
observed in the cv. Kanchan. At all stages of development,
the ascorbic content of all cultivars were in general
significantly different from each other, except that at initial
stage Kanchan and NA-6 were at par, Krishna, NA-6 and
NA-10 were at par; while at maturity NA-7 and NA-10
were at par in terms of ascorbic content. A wide variation
in ascorbic acid content in different aonla cultivars at the
time of maturity of fruits were also reported by Teaotia et
al. (1968) and Pathak er al. (1985).

Sugar along with acidity is an indicator of
sweemness with a typical blend of souness leading to a
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sood flavoured taste. A perusal of Table 2 indicates that
the total sugars content gradually increased from the iniyjq)
stage to maturity stage in respect of all cultivars unge,
study. More than 70 per cent of the total Sugars
approximately were gathered up to the middle stage of
fruit growth, the remaining being gathered till the maturity
stage. Further, while the cv. Krishna possessed minimum
sugar at the initial stage, it topped in the total sugars a
the middle (14.33, i.e., 6.12% total sugars) and maturity
(16.67, i.e., 8.23%) stages, which was also significantly
different from those of all other cultivars. This was
followed closely by the cv. Banarasi both in the middle
(14.03, 1.e, 5.87%) as well in the maturity ( 16.53, i.e., 8.09%)
stages. Banarasi was followed by Kanchan (15.51, ie.,
7.15%), Francis (15.47, i.e., 7.11%) and Chakaiya (15.02,
i.e., 6.72%), respectively at the maturity stage. Pathak
(1965) also observed gradual augment, up to maturity
stage, in the amount of reducing, non-reducing as well as
in total sugars content in Banarasi and Deshi cultivars of
aonla. Singh and Singh (1995) also observed a similar
pattern of total sugars in Litchi cvs. Muzzafarpur and
Calcuttia, Udai Raj (1994) observed the same thing in aonla
cv. NA-T.
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Table 2. Arcsine transformed values of average TSS, Acidity, Ascorbic acid and total sugar ol aonla cvs. at different growth stages.

TS5 (%) Acidity (%) Ascorbic acid (mg/100 mI) Total sugar (%)
Cultivars 10 BS 145 1] 85 145 10 85 145 RS 145
days [40] [100]  days  [40] [100] days [40] [100] 10 days [40] [100]
Banarasi *16.66° 23.04° 23.35" 528" 95t 576 12505 45493 BRLIlP *540%  14.03° 16.53%
(8.22)  (1531) (15.71) (0.85) (2.93) (2.32) ) {2.13) (5.87) {8.0%
Chakaiya g 17.58 23 b E.S b b b 2 b
. 04 §.29 §.62 176.49%  783.43¢ - £.57 15.02
{(9.12)  (14.08) - (2.08) (2.25) (2.22) 16.72)
Francis L |.|;;I24h 77 Iqb & B a F.S £ b .
5 : 7.58 B.14 164.17° 720.93" 9.73 1547
(10.867  (14.26) - (1.74)  (2.01} (2.86) (7.11)
Kanchan 15.915 2155  22.84% e d : ' ¢ c
4.66' 925  BI6' L, 00 e T 2702.48* T30 12.62 15.51
{(7.52) (1350} (15.07) (0D.66) (2.59) (2.01) ' {1.62) (4.78) {7.15)
Krishna 1561 20.89°  23.07" 528" 967°  §43° 2977 440.22° §44.85" 7.05° 14,337 16,67
(7.24)  (12.72) (15.36) (0.BS) (2.82) (2.15) (1.51) (6.12) (823
NA-6 i
14.47 1796  19.R97 b ¢ . : 8 3
R LA L L R 7.94 11,33 12.03
(6.24) (951 (1157 (0.88) (232} (2.1 {1.91) {3.86) {4.34)
NA-2 I8.37° 1926 2089 820 g954 gs4t gt s grgapd  1032%  Lras  Eap
(9.93)  (10.88) {1272y (2.01) {242y (2.21) (3.34) {4.22) {4.54)
a1l 14400 A0.04% 9.7 536" BBIY 8AY . gmpeh - cqesege qgsugt. TP 11.40°  12.09°
(6.18)  (10.65). (11.44) (0.87) (2.35) (2.15) (1.81) (3.91) {4.3%)
Semi 0.05 0.28 0.41 012 043 o012 096 1.87 2.94 0.75 0.06 0.15
CD(5%) 0.15 0.86 1.23 038 039 035 278 3.67 8.48 2.36 0.18 0.44
Nole: ;

Motg the symbol % indicates that there was no fruiting upto 40 days in cvs, Chakaiya and Francis.

The symbal * indicates the mean arcsine transformed value,

1

1 Figures in brackets [ | indicate days afier fruit growth initiation for Chakaiya and Franeis cultivars,

+ The superscripts letters indicate that the treatment means with same letters arc at par at 5% level of sipnificance, while the means with
different lenters are significantly different at 5% level. These letters have been affixed based on CD-value comparisons of treatment
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Evaluation of drip irrigation to kinnow in south—west Punjab

C. 1. S. Sethi*, C. 3. Singh, Ajyab S. Sidhu, A. S. Sidhu and H. S. Gulati
PAUL Regional Station, Bathinda = 151001

Abstract s o . d water is brackish. T
Kinnow is a major {ruit crop in southwest Punjab, mainly canal irrigated, as the ground water is brackish. The

inadequacy of the canal water warrants the use of the improved methods 'r:‘ll" irrigatic}nl inciud}ﬂg the f‘-fflp system. Field
experiments to evaluate drip and basin system versus basin were laid out in qu:{drupllcate with a unit of five trees per
replication and three levels ol irrigation 35, 55, 75 per cent of pan evaporation. Drip system saved similar amount of water
under all levels of irrigation allowing 142% net additional area irrigable on replacing basin IEEIgatiomn, ) :

Drip irrigation increased the water content in the wetted zone, which increased the rooting density. Use of sodic
water for over 2.5 years increased the soil pH and the electrical conductivity, The method could not becn{ne popular for Jaru:k
of field veritication of experimental results, Field verification of productive orchards drip irrigated from the beginning
supperted the experimental data, Thus the amount of water to be applicd to kinnow through drip irrigation has been
recommended. The recommendation is likely to increase the orchard area under drip system in the region.

Key words: Drip ireigation, pipe irrigation, root density, soil moisture profile, soil salinity

Materials and methods
The drip, pipe and basin irrigation systems were
laid out in 1983 in quadruplicate, with a unit of five &innow

plants per replication with three levels of irrigation viz. 35,

53,75 percent of pan evaporation and two levels of water

quality viz. canal water and RSC 6 me/l and EC 1.5 dS m"',

representative of the region, arranged in a randomized

block design. The canal water was applied periodically
stored in a tank and pumped as per requirements of
different treatments. The test water was artific ially prepared
every day during summer. The soil was non-saline. non-
sodic, sandy loam, low in organic carbon and phosphorus
and high in potash. The water requirement was worked
out in liter per day (Ipd) following (Doorenbos and Pruit,

1975),

Water required (Ipd) = Pan coefficient X crop coefficient X
Evaporation (mm/day) X Spread of
the tree m* +application elTiciency {%)

The evaluation of the method was done during

1993-94. The growth and yield parameters in the experiment

have already been detailed and discussed by Dhindwal e

al 1999, The soil moisture content was determined thermo

gravimetrically with depth in 15 cm to 30 cm increments
upto 180 cm depth in the center and periphery of bath the
basin and the drip irrigated volume. Likewise the rooting

density was measured by sampling in the center (Drip 1),

Corresponding author's email: pEciptry (an 2) .ﬂ"d DEwecn:Yie:drippers (brip 3). [a

case ol basin irrigation the measurements were made along
the stem (Basin 1), mid of the basin {Basin 2) and the

Introduction

Flooding is a common practice for irrigating field
crop and orchards in the state. Flooding not only leads to
the wastage of the precious irrigation water through
conveyance and distribution, but also attracts fungal
diseases in fruit plants. In southwest Punjab, surface water
resources are inadequate and the ground water is brackish,
There has been long felt need to change the prevalent
method of flooding basins around fruit plants to cover
larger areas with the available water. The drip irrigation
system has a great potential to use water judiciously and
efficiently along with improvement in the crop yields and
its quality (Goldberg and Schumeli, 1969, Nakayama and
Buchs, 1986, Sivanappan 1992, Annant Kumar and
Bojappa, 1994). Though efTorts on introduction of
technology in the state was initiated in the early eightics,
the benefits of the technology in terms of water and
fertilizer saving could not be fully exploited because of' n
lack of technical know-how/ advisory system and
uncertainties associated with canal water / power supply
in the region (Singh, 2003). A study was therefore
conducted to compare drip/pipe and basin method of
irrigation in water saving, scheduling irrigation 1o kinnaw
and its effects on soil parameters.

charanjeet.sethi @ gmail.com
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periphery of the basin (Basin 3). The variation of drip
discharge was measured for known periods on farmers’
fields. The pH and EC were measured in the center and
periphery of the drip irrigated volume at different depths.

Results and discussion

water applied/saved

The data pertaining to the water saved by drip,
and pipe irrigation systems as compared to Lthat under
flood irrigation are shown in table 1. It is evident that
irrigation water requirement, during the ninth year, for April
15-30 increased lrom 30 Ipd at 35% Pan-E to 64 |pd at 75%
Pan-E. Further, it also increased the water saving from 138
thousand liters to 295 thousand liters per hectare if irrizated
by pipe/drip system. The water applied and the water saved
during the 10" and 11" year'corresponded the open pan
evaporation fluctuations with the season. Over the three
vears, the water applied was 16.6, 24.1 and 35.] thousand
liters per plant under 35, 55 and 75 per cent pan
evaporation. respectively. As compared to 18395 liters
under 100% Pan-E flooding, the drip/pipe system saved
6395.10060,137035 thousands liters ha'
The results show that drip irrigation saves, nearly 60%
water allowing irrigation of 142% additional area, But the
drip system may not perform equally well under field

conditions. To check this a survey was conducted in the
orchards with working drip systems wherein the measured
discharze of the drippers (Table 2) was usually found to
be lower than that prescribed by the manufacturing
company. This was due to inadequate pressure, choked
filicrs andior choked drippers. It emphasizes the need for
proper maintenance of the drip system for which the
requisile instructions have been approved for inclusion
in the package of practices for fruit crops of Punjab.

Soil moisture distribution

The soil moisture in the profile under basin and
drip irrigation is shown in fig. 1. The data revealed that the
moisture content at the periphery of the basin could be
1.4% higher in 0-90 cm and 5.3% higher in 90-180 cm depth,
In case of drip system, the water content in the center of
the bulb is higher than at the periphery and further higher
than at the periphery of the basin upto 120 cm depth. This
variation in moisture content is due to tendency of water
to move downwards more than the laterally. Blaine e of
(2003 ) reported similar observations. '

. Root distribution

The data in figures 2 and 3 revealed that more of

roots concentrate in the center of the area wetted by the

Table 1. Mean open pan evaporation, water applied per tree per day and water saved per

hectare with pipe and drip system at different irrigation levels

Water saved (000L)

Age (Yrs) Period Pan-E, Water W ater applied,
mm/day {000 L) litre/day/plant Drip/pipe irigation
- Flooding at Drip/pipe irrgation
a -
Wit - . . 5 75
o : :
Apr 15-30 10.5 420 0 47 64 138 218 295
10 ' _
Dec 1-15 2 123 6 10 13 43 635 B8
May 16-31 1.6 673 45 71 96 225 350 478
11
Dec 1-15 2.1 22 12 19 25 73 L18 160
May 1-15 B.7 653 46 72 08 215 138 463
Sep 15-30 3.5 263 I8 29 49 88 38 188
Jan1, 93- 4464 18395 41.5 603 87.8 6395 10061 13705
Seplo, 95
Table 2. Comparison o Fspecified and measured discharge ofthe emitters on farmers® fields
Farmer Discharge, litre'hour
Specified Measured
5. Ranbir Singh 8.0 47
S, Sukhpal Singh 14.0 6.0
Sh. Ramesh Setia 8.0 53
8.0 4.1

Sh. Pradeep Dawra
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drips especially 0-60 cm depth. Further root concentration
along the periphery and between the dripsﬂegrea@s
successfully. More rooting is encouraged under irrigation
at 75% of pan evaporation than with 35% of pan
evaporation. Under basin system, the rooting density
decreases away from the plant, though with 35% of
evaporation, this is more in the middle of the basin. As
more of roots concentrate in the drip irrigated volume,
which remains continually wet, they are able to meet the
water requirements of the plants

Soil salinity

A comparison of the pH and the electrical
conductivity of the soil under drip irrigation with fresh
and saline water is given in figures 4 and 5 for pH & 6 and
7 for electrical conductivity (EC). The use of saline water
raised both the pH and the EC of the soil. The pH was
raised to the marginal value of 9.3, but the EC value was

§ Sidine and H. 8. Gulati, Indian Journal of Arid Horticulture, 2008, Vol 3¢1: 16.20

still normal. Similar observations were also reported by
Blaine ef al (2003), Charles ef a/ (2003) and Choi and Suare,
(2004).

One of the apprehensions in popularizing the drip
irrigation system has been that the root system of the
trees under the system may be different. which may not be
productive and economic. The survey further revealed thap
the ground cover of kinnow trees. drip irrigated from the
beginning, at full maturity is only 50% instead of 70%,
which was presumed earlier to work out the water
requirement (Doorenbos and Pruit, 1975). Similarly, under
limited water conditions, farmers were supplying only 40-
50 liters water per day per plant without any adverse eftect
on growth though their yield was effected some what. In
support of the rooting density observation in the study.
the data in table 3 reveals that the production level of drip
irrigated kinnow trees has been satisfactory. On the basis
of this information, the water requirement (Table 4) for

Table 3. Actual waterapplied to drip irrigated kinnow and retums per hectare

Farmmer Plant age, yrs Water applied, litrer/plant'day Retums per acre, Rupees
S. Ranbir Singh 9 3l =

S. Bhagwant Singh 6 55 -

5. Ranjit Singh 10 45 :

S. Sukhpal Singh 15 56 ' 1.25.000
5. Robinder Singh 16 80-160 2,00,000
Sh. Somnath 3 20 -

Sh.Ramesh Setia fi 32 1,00,000
Sh. Rai Singh 5 57 1,00,000
Sh. Pradecp Dawra 8 82 >2,00,000

Table 4. Amount of water (litre/day/plant) to be applied to &innow through drip irrigation

Month : Ape ofthe plant (Yrs)

0-2 34 3-6 7-8 9 and above

Jan ' 3 6 9 12 15
Feb 6 12 18 24 30
Mar 9 18 27 36 45
Apr 13 26 39 . 52 65
May 16 32 48 64 80
Jun 17 34 51 68 85
Jul 13 26 39 52 65
Aug 12 24 36 48 60
Sep iy 22 33 44 55
Oct 8 16 24 32 40
Nov 5 10 15 20 25
Dec 3 (5] 9 12 15
Note:

1. Follow the instructions for use of drip rrigation system (Singh, et af 2005)

2. Amount of irrigation water may vary by 10-15% depending upon the pi‘evailing weather conditions

3. Forlifting water from canal storage tank, a booster pump with solar/electric motor of 2 HP will be sufficient
for 4 ha kinnow orchard. However, for 6and 10 ha a booster pump with electric motor of 3 and 5 HP will be

required for lifting water.

4. In the beginning, 1-2 drippers per plant/tree. For efficient use of water sub lateral loops of the drippers

should be used around each plant/tree.

A
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drip irrigation of kimnow in the state has been suggested

(Singh ef al 2005). It is hoped that the adoption of these o

will help increase the area under this technology in the 7.9 B 8.1 B2 8.3 8.4
state. Since the pipe system is equally efficient, those with 0 : ) . : .
smaller land holding may take up the system initially, ﬂ\
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Management of post-harvest stem-end rot of kinnow
(Czrrys deliciosa Ten.) fruits through chemicals
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ganganagar - 335 001

Abstract
The stem-end rot of Kinnow (Ciir

us deliciosa Ten.) caused by Botrvadiplodia theobromae is a major limiting factor

in storage life ﬂ.:ﬂ" Kilnnuw fruits, responsible solely for 20 per cent of the total fruit loss occurred every year due lo post-
harvest rotting in Sriganganagar belt of Rajasthan. Nine fungicides were tested against the 5. theobronae as well as incited
rot. Prochloraz and carb_cndazim proved most effective against the pathogen, inhibited cent per cent mycelial srowth and
provided ¢ U'“F!‘:t": prmlec!ian from the rot incidence in both pre- and post-inoculation treatments at 1000 ppm concentration.
The mancozeb in association with carbendazim (saaf) and mancozeb alone were the next in order of efficacy where, 100 and
91.24 per cent growth inhibition, respectively was observed. These fungicides potencially reduced the incidence to the
extent of 87.84 and 81.41 per cent, respectively as compared to control when applied as pre-inoculation treatment at 1000 ppm
concentration. The fruit rot incidence correlated positively with incubation period, where the incidence at 8" day, after
inoculation (DAI) was significantly higher than incidence occurred at 4 DAL '

Key words: Kinnow, Botryodiplodia theobromae, post-harvest, stem-end rot, fungicides.

Introduction

The major part of citrus produce in India is being
markeied as fresh fruit and less than | per cent is being
exported to our neighbouring countries and processed for
juice and other products. The major limiting factor in suc-
cessfyl trade of citrus in domestic and export market has
been the considerable decay and qualjty deterioration of
fruits incurred due to plant pathogens during storage and
transit to distant markets (Singh, 2002). The situation is
quite alarming especially in the conditions prf:vailing in
India and other South-East Asian countries, where scien-
tific post-harvest management of the pathogens during
harvesting, handling, transit and storage are neglected to
save the spoilage of citrus fruits. The conservative estima-
lion on post-harvest Josses (spoilage) of Kinnow fruits
has heen foccussed around 25-30 per cent (Singh et al.,
2002). Most of the post-harvest losses eventually result
from invasion and spoilage of fruit by microorganisms.
Fungi are usually the primary agents in the spoilage of
fresh fruits.

The Kinnow fruits are attacked by a variety of
micraorganisms that causes post-harvest rotting.

'Deptt. Plant Pathology, SKN College of Agriculture
(Rajasthan Agricultural University, Jobner, Rajasthan
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‘Botryodiplodia theobromae is one of the most destruc-

tive causal agent of post-harvest rotting of Kinnow fruits,
causes stem-end rot, sharing 20 per cent of the total fruit
loss (24%) occurred every year due to post-harvest rotting
in Sriganganagar belt of Rajasthan. Post-harvest rotting
of fruits can be suppressed by low temperature starage, a
low oxygen atmosphere and treatment with growth regula-
tors that delay tissue senescence. However, these benefi-
cial practices may not be adequately protect fruits from
microbial attack, especially during prolonged storage or
movement of fruits through marketing channels. This is
particularly true for mandarins which are injured by the
near freezing temperature, the temperature required to in-
hibit pathogenic fungi for an extended period. In these
situations, an antimicrobial chemical treatment may be the
only means of extending the post-harvest life of a perish-
able crop (Bondad, 1974). Fungicides are primary antimi-
crobial chemical compounds to control the post-harvest
rotting of fruits.

The present study was undertaken with a view to
im vitro evaluate the fungicides of different groups includ-
ing some newly developed for their fungitoxicity against
B. theobromae Pat. (1D No. 6422.06 and ITCC NO. 6170)
and further explored the efficacy to manage the incited
post-harvest stem-end rot incidence in Kinnow fruits.
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Materials and methods: ‘

Mine fungicides viz., Carbendazim (Bawvisting,
Fosetyl-Al {(Alietie), Prochloraz, Thiophanate methyl
{Roko), 12% Carbendazim + 63% Mancozeb {Saal, Capla_n
(Captra). Copper oxychloride ( Blitox-30), Mancozeb (Indofil
M-45) and Propineb (Antracol) were selected to evaluate
their fungitoxicity against the mycelial growth of the B.
theabromae and further use of the most effective
fungitoxicants to manage the incited stem-gnd rot incidence
in Kinnow {ruits

(1) I vitra evaluation of fungicides against the mycelial
growth of the B, theobromae:

The effect of fungicides at different concentra-
tions (25, 50. 100, 250, 500 & 1000 ppmofai.)was tested
against the L. theobromae, using “Poisoned Food Tech-
nique” (Nene and Thaplival, 1997). The principle involved
in this technigue is to “poison® the nutrient medium with a
fungitoxicant and then allow a test fungus to grow on such
A medium,

The Potato Dextrose Agar (PDA ) medium was ster-
ilized in flasks. A ppropriate ainount of the fungicides were
separately mixed with molten PDA 1o get final concentra-
tions of 25, 50, 100, 250, 500 & 1000 ppm of the fungicides.
The medium was then poured aseptically into sterile Petri
plates. After solidifying the medium, mycelial discs (5 mm
dia.) of 7 days old actively growing culture of the &.
theobromae were placed in the center of the individual
plate. Suitable control was maintained where the culture
disc was grown under the same conditions on PDA with-
out fungicides. Each treatment was replicated thrice. Afler
inoculation, Petri plates were incubated at 25 + 1°C in BOD
incubator. Observations were taken when the control plates
were fully covered with mycelial growth of the 8
theobromae. The per cent inhibition in mycelial growth of
the B. theobromae gs compared to control was calculated
as described by Bliss (1934). The data were statistically
analysed using a factorial randomized block design,

(2) Management of the stem-end rot of Kinngw fruits
through chemicals:

The fruits were surface sterilized [dipping in'0,]
per cent mercuric chloride (HgCl) solution for 1 minute
followed by three washing with sterile disti]led water] and
pricked through *pin prick method’ (Tomkins and Trout,
1931) upto the depth of 2 mm, making 5 wounds/fruir.

These fruits were separately inoculated by dip-
ping them in spore suspension (10 spores mI'y of the
pathogen (B. theobromae) far 2 minutes, Each fungicide
was dissolved in sterile distilled water so as 1o get desired
concentration (300 & 1000 ppm of a.i.) and used for dip
treatment (Thompson, 1996) as pre- as well as post-inocu-
lation treatments. In case of pre-inoculation treatment, the
fruits were first dipped in the test fungicide for 5 minutes,
air dried for 15 minutes and then inoculated, while in the
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post-inoculation treatment. the I‘ruils.u-'erc ﬁrs; noculateg
with fungzal spores and then treated “:]”3 fungicide. Parg)e|
control with fruits dipped in sterile distilled waler was pro-
cessed simultaneously. The intcrvg] bEIWE{EI’I] Inoculation
of fungal spores and treatment with ﬂ.mgu:ades or vice-
versa was of 12 hr. Each treatment was tjr:plmmed‘ thrice,
having seven fruits in cach replication. Thﬁ_ﬂ-‘ipt‘rlmema]
design was a factorial randomized block design.

The inoculated fruits were enclosed separately jn
pre-sterilized perforated polythene bags partially sealed
with paper pins and incubated at 25 = 1°C and 90-100 per
cent RH. The number of wounds showed rotting were re-
corded on 4™ and. 8" DAI. The per cent rot incidence was
calculated as follows:

Mumber of rotted wounds
x 100

Total number of wounds observed
The rot reduction index (RRI) was calculated as described
by Gutter (1949),

Rot incidence (%) =

Results and discussion:

(1) In vitro effect of fungicides on mycelial growth of the
B. theobromae:

All fungicides significantly inhibited the mycelial
growth of B. theobromae as compared to control even at
low concentrations (25 ppm) except copper oxychloride
and fosetyl-Al where, no growth inhibition was observed
below 100 ppm concentration, Prochloraz, carbendazim and
acombination of carbendazim 12% + mancozeb 63% (saal)
proved most effective, inhibited 100 per cent growth even
al 25 ppm concentration. Mancozeb, thiophanate methyl
and propineb were found next in order of efficacy against
the 8. theabromae, exhibited 9] .24, 84 48 and 80.62 per
cent growth inhibition, respectively. The least inhibition
(21.17%) was observed in the case of copper oxychloride.
The effectiveness of fungicides increased with higher con-
centrations. At 25, 50, 100, 250, 500 and 1000 ppm concen-
trations, the growth inhibition was observed as 52,45, 57.20,
62,26, 69,43, 79,07 and 82.50 percent, respectively which
differed significantly to each other (Table 1, Fig la &b),

(2) Efficacy of different fungicides against the stem-cnd
rot incidence in Kinnow fruits:

The results presented in 1able 2 depicts that the
fruits treated with fupgicides showed significantly less in-
cidence of the stem-end rot as compared to untreated ones,
Among the fungicides tested, prochloraz and carbe ndazim
proved most effective against the rot, The frults remained
completely free from jnfection upto 8% DAL when treated
with prochloraz and carbendazim at 1000 pPpm concentra-
tion in both, pre- as well as post-inoculation treatments, A
combination of carbendazim 12% + mancozeb 63% (saaf)
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1.4.7.10,13, 2EM 11,14, ERU A RAES .
16,19,23.35 17.2023.26 18010407 =

[.1] Higher concentrations

100 A0 25 ppm .Control
a7 003, AR, MOV 12 15, N
T B 1722326 18.21.2).27

(b) Lower concentrations
L-3 Copper onvdhlonde 4-0 Propineh 7.9 Thiophanate methy!
Lo 12 Captan 13-15 Mancoseb 16-18. Sual
19-21, C athendasim 22224, Foseryl-Al 2527 Prochloras 28 Connal
Fig 1. Lffect of fungicides at different concentrations on
mn celial growth of B, theobromae
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and mancozeb were the next fungicides in order of efMicacy.
provide 87.84 and 81.41 per cent protection from the inci-
dence. respectively as compared 1o contral when applied
as pre-inoculation treatment at 1000 ppm concenlration.
The least reduction (40.32%) in incidence was noted when
the fruit weated with thiophanate methy! as post-inocula-
tion treatment at 500 ppm concentration.

The fruit rot incidence correlated positively with in-
cubation period, where, incidence at B DAL was signifi-
cantly higher 1o the incidence occurred at 4™ DAL In gen-
eral, fungicides were more effective when applied as pre-
inoculation as compared 10 post-inoculation treatment,
which might be due to lack of time for establishment and
multiplication of pathogen.

The present results are in conformity with those
of Brown (1983) who reported that prochloraz was effec-
tive against the Botryvodiplodia stem-end rols of citrus
fruits, Prochloraz inhibit the growth of pathogenic fungi
by interfering at C-14 demethylation step ol ergosterol syn-
thesis. the synthesis of which is vital 1o structural Torma-
tion of fungal cell membranes. Both preventive and cura-
tive action have also been shown, Due 1o its non=systemic
nature, should therefore be less affected by development
of fungal resistance, than true systemies (Danderson, 1986).

Nagvi (1993) reported (he efficacy of benzimida-

zole fungicides against the A, theohromae. The ¢ Micacy of

carbendazim in controlling the Botrvodipludia ot of ¢it-
rus fruits had also been proved by Godara (1994), The
carbendazim rendered their lethal effeet on pathogenic fungi
through inhibition of mitosis by interfering with spindle
formation at the level of tubulin biosynthesis (Thind, 2007).
According to Beerh er al, (1976), fungleides might have
checked the growth of Tungi and resulted into change in
biochemical constituents of the fruits, This in turn impirted
resistance to the fruits against (he penetration and growth
of the pathogen resulting into less rotting, ol fruits.
Similar o present investigation, the effeetiveness
of mancozeb against the post-hurvest rotting, ol Kinnow
fruits has also been established by Singh and Thakur (2005).
Mancozeb when applied with combinmtion of curbendazim,
showed however, more efficacious ngainst the slem-end
rot pathagen as well as rot incidence, which might be due
1o synergistic action of both fungicides in combination,
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Abstract

Aonla is non-cli i i i i
climacteric fruit and each year a considerable proportion of aonla fruits are lost through spoilage

mainly ‘JI“‘-' to ”_“-’”' ’:‘“'-'“Y techniques of storage. Proper storage extends the period of availability of aonla by arresting the
metabol o deterioration caused by fungal and microbial activities. In recent years. techniques which are commercially cheaper
and |'|:c|.u|ru I'llﬂlt,'l:lcl‘g}f have been developed 1o retain post-harvest quality of fruits and vegetables for longer period. Proper
packaging of fruits and vegetables play a decisive role in reducing the post-harvest losses. keeping the above facts in view.
present investigation entitled “Post-harvest effect ol packaging material, neem leaf extract and fumisation on colour, texture,
shriveling and rotting, of Aonla (Emblica officinalis)” was undertaken. The physiological loss in colour, texture, shriveling
and rotting of “Chakaiya™ cultivar of aonla fruit was significantly aflected by packaging materials, neem leaf extracts and
dipheny fumigation and their combinations throughout the storage period up to 21" days.

Key words: Adonla, post harvest, packaging materials, neem leaf extracts, diphenvl fumigation.

proved packaging materials and plant extracts has been
found to be quite ellective and economical, However, litile
or no research has been done 1o extend post-harvest shell
life of aonla using these techniques. Proper packaging ol
fruits and vegetables play a decisive role in reducing the
post-harvest losses. A bright possibility, therelore, exist
for adoption or use of commercially cheaper techniques to
extend shelf life of aonla under Rajasthan conditions. With
the above facts in view, present investigation entitled
“Post-harvest effect of packaging material, neem leal ex-
tract and fumigation on colour, texture, shriveling and rot-

Introduction

Commercial cultivation of aonla is becoming iIT!'
portant and its production is increasing rapidly in
Rajasthan. The high acceptability of aonla fruit is due to
their high medicinal values and the fact that they are rich
souree of vitamin *C*. Aonla is non-climacteric fruit and
cach year a considerable proportion of aonla fruits are lost
through spoilage mainly due to their faulty techniques of
storage. Under ordinary room temperature conditions :m_nln
fruits are liable 1o be spoiled quickly by fuicrabial H0f M

zal infection, Thus, the problem of post-harvest spoilage ting of Anola (Emblica officinalis)” was undertaken.

of fruits is a challenge to the scientists of the country.

Dealers and consumers of aonla incur great economic losses Material and methods

due to improper storage conditions. Proper storage extends Eresh and. ully rige Fults of aonla oo lt{vdr
the period of availability of aonla by arresting the meta- ~Chakaiya™ were obtained from the orchard of aonla grow-
bolic deterioration caused by fungal and microbial activi- ers. village Dabok district Udaipur and brought to the labo-
ties. In recent vears. techniques which are commereially ratory for the purpose ol‘experin:lcnl- FarLtar Ak SRS
¢heaper and require no energy have been dﬂ-elnpedrlﬂ IrUltsewe e g iscarted, Bhe SEtBl oLt edariariiass
retain post-harvest quality of fruits and vegetables for used for extending shelf-life of aonla are given below:

. coe the use ol im-
longer period. Amony these techniques. the use
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(A)  Packaging material
Symbols
{f[] Gunny bag (Control)
IJ
{t;l] Corrugated paper boxes
FI|
{c) Bamboo baskel
P,

(B) Neem leaf'extract:
{a) Mo neem leal extract
NI,'I
(] Mewem lealextract 10%
N| :
{c) MNeem leal extract 20%
N,

(C) Fumigation:
(a) No fumigation
F.'I
(Lﬁ Dipheny | (1 )
Fl

Detaik of reatment combination:

Inclian Journ

.f]'.'r f)fA rr'd' H{}i'ﬁ'—L‘ﬂl’IH“rE’ ?ﬂﬁl?, li’.}!r. 3 ff)_' 2 ?—32

randomly taken from each replication and llhe marks wey,
Allotted according to the category at the time of Storagy
Colour of the fruits was observed by panel of four judpes
by visual method i.e., greenish, greenish yellow, yellowigh,
yélluw with white strips and dull green elc. Shrivlelingﬁr
[ruits was observed by visual method and giving Marks
out of 10 points.

Shrivelling Marks (Range)

Mo shriveling 10,00
Very low shriveling 9.99-7.5

S.Mo.

]

2

3 Low shriveling 749-5.00
4

5

Medium shriveling 4.99-2.50

High shriveling Less than 2.5

Rotten fruits were usually counted out of tota)
fruits at an interval of 7", 14™ and 21* day of storage and
rotting was expressed on percentage basis. The experi-
ment was laid out in a factorial completely randomized de-
sign (CRD). There were three replications. The analysis of

Treatment combinations Symbols
Gunny bag without neem leaf extract and dipheny | fumigation (control) PONOFO
Gunny bag + Dipheny | fumigation (1g) ' PONOF]
Gunny bag + Dipheny | fumigation PON 1F0)
Gunny bag + Neem leaf extract (10%) + Diphenyl {lu) PON IF1
Gunny bag + Dipheny | fumigation (20%) PON2FO
Gunny bag + Neem leaf extract (20%) + Dipheny| (1g) PON2FI
Corrugated paper box PINOFO
Corrugated paper box + Dipheny | fumigation (1g) PINOE]
Corrugated paper box + Neem leaf extract (10%) PIN | FO
Corrugated paper box + Neem leaf extract (10%) + Diphenyl (l1g) PINIFI
Corrugated paper box + Neem leaf extract (20%) PIN2FQ
Corrugated paper box + Neem leaf extract (20% )+ Dipheny] (1g) PIN2F]
Bamboo basket ' FjNaFU
Bamboo basket + Diphenyl fumigation (1g) P’-’N(}FI
Bamboo basket + Neem leaf extract (10%) PEH‘N' I FO
Bamboo basket + Neem leaf extract (10%)+ Dipheny | (1g) 1:.27‘\‘ | F]
Bamboo basket + Neem I-:uij extract (20%) P2N2F0
Bamboo basket + Neem leal extract (20%) + Diphenyl ( 1g) P2N2F)

Standard plant extract solution was prepared as per
the method developed by Parimelazhagan and Fransis
(1999). In case of dipheny| {diphcnylmninc} g was dis-
solved in Sml acetone and the bloating papers were dipped
in the solution and air dried. The dipheny | treated bloating
papers were used for lining in the corrugated paper box
and bamboo baskets. The treated fruits were stored at am-
bient room temperature (17 1o 20°C) and subjected 1o vari-
ous physico-chemical observations as per detail given. The
texture of the aonla fruit was Jjudged by the thumb and najl
(thumb and finger) method, For this purpose fruits were
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variance technique of Cochran and Cox (1950) was used to
determine significance/non-significance among data of the
resulls,

Result and discussion

Culnu_r: The data presented in Table 1 indicate that the
colour of fruit was significantly affected by packaging
material, neem leaf extract and dipheny | fumigation treat-
ments during the entire period of storage. The maximum
value of colour were recorded inP (5.41)and P, (5.4) treat-

ments which were almost at par as compared to the mini- ‘
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mum in P, (3.30) at the end of the 21" days of storave.
similarly. combined application of packaging materials. neem
leaf extracts and dipheny | fumigation helped in the reten-
rion of attractive light vellowish green colour of fruits. This
can be seen from the fact that the maximum hish colour
value (5.43) was recorded in P N and PINI F{]‘Irrealment
as azainst the minimum value (Table 2). It implies that the
cifect of combined application of PN F, and PN F, isal-
most at par with individual treatments of packaging mate-
rial and neem leaf extracts. Thus. it is clear from the present
results that aenla fruits of “Chakaiya™ cultivar packed in
corrugated paper boxes/bamboo basket) and treated 10%
neem leaf extract retained natural yellowish green colour
for 21° days during storage.

Retardation in physiological change by treatments
with plant extracts during storage has been reported by
Babu and Reddy (1986). Perhaps biochemical changes in
colour are slowed down by these treatments thereby re-
sulting in retention of usual fruit colour during storase. In
the present investigation, plant extracts i.e., neem leaf ex-
tract was found to afTect the colour retention of fruit, dur-
ing storage. Neem leaf extract might have helped indirectly
in slowing down the process of change in colour. In other

" words, those compounds which are responsible for dete-

rioration in fruit colour might have been reduced by plant
exiracts. Packaging materials were found to affect fruit
colour, might have been reduced by plant extracts. Packag-
ing materials were found to affect fruit colour. A possible
reason for this could be that packaging materials form a
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cover over the fruits leading 10 reduction in oxygen con-
centration. As a result, the respiration in fruits may be slow
down due to which the degeneration of colour in treated
fruit is reduced. Packaging material prevents the fruits from

the direct sun rays which may also results in less fading of
colour,

Texture: The texture of the fruit was significantly affected
by packaging material, neem leaf extract and dipheny | fu-
migation treatments during the entire period of storage
(Table 1). The maximum texture value was recorded in P,
(3.44),N, and N, (each2.10)and F (2.70) treatment 21 day
of storage as compared to minimum in P, (1.22). N_(2.69)
and F,(2.69). The combined application of packaging ma-
terial, neem leaf extract and dipheny | fumigation signifi-
cantly affected fruit texture during storage (Table 2). This
is evident from the fact that maximum texture value (3.45)
was recorded when combined application of bamboo bas-
ket +20% neem leal extract with or without diphenyl
|{F'_‘f'«~l:F'I~ P2N2F0) was applied. [t implies that the effect of
combined application (P,N.F,. P,N,F ) was almost at par
with the individual treatment of packaging material, neem
leafexracts and dipheny 1 fumigation. Thus, it is clear from
the present result that Chakaiya aonla fruits packed in bam-
boo/corrugated paper boxes with or without 20% neem
leaf extract can retain natural texture of fruits for 21+ days
during storage. Retardation in physiological changes by
treatments with plant extracts during storage has been re-
ported by several researchers (Khanna. and Chandra, 1989,
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Table 1. Effect of packaging material, neem leaf extract and dipehny | fumigation on reduction in fruit colour

and texture, -

T reatme nis

Colour® loss (%)

Texture loss (%)

Storage days Storage days

Packaging material 7 14 21 7 14 21
[ 8.02 5.28 3.30 3.47 342 1.22
P 8,73 7.43 541 8.72 622 3.43
P, 8.73 743 540 860 622 3.44
SEm 0.009 0.014 0.019 0.007 0.007 0.008
CD at 5% 0.026 0.039 0.057 0.021 0.022 0.024
Meem LeafExracts

N 8.49 6.61 443 6.95 5.28 2.69
N, 8.50 6.76 4.84 6.96 529 2.70
M B.50 6.76 4.83 6.96 539 27
SEm 0.007 0.014 0019 0.007 0.007 0.008
CD at 5% NS 0.039 0.057 NS NS NS
Fumigation

Fu 8.49 6.66 4.57 6.96 528 2.69
Fy 8.50 6.76 4.83 6.96 5.29 2.70
SEmz 0.007 0.011 0016 0.006 0.006 0.007
CD at §% NS 0.032  0.047 NS NS NS

Initial Colour Value = 10

*Values derived from 0-10 point scale.
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Table 2. Effect ofcombined application of p
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rract and fumigation on

reduction in [ruit colour and texture. — — Texture loss(%) — ———

Treatments Colour Loss (%) Storagedays

Storagre days & 7 14 i
7 v g 3.46 3.42 1.2]
PoNaF, 24,0 453 e 347 342 0
PN, 2-‘;.[ 5-43 i J.‘ '? 3143 |23
LS 24, | 543 3.71 Jj—,r - s
AL 2. 543 3.71 3.47 3.43 1.22
bl 5k |[ 543 1.71 3.47 3.43 |.22
- 24, ; : -
PN, F, s S 5.43 8.71 3.51 3.43
PaNaFy e : 8.72 6.22 3.43
PN,F 26.2 7.43 5.40 . e B
PINIF, 26.2 743 ;jg _ gg; s .

P\N,F 26.2 743 5. T2 .22 :

P:Nlﬁl, 26.2 743 5.40 8.71 6%;; 3_43
P.N,F, 26.2 7.43 5.40 8.68 i 3.44
PNy Fy 26.2 743 5.40 8.68 6.; 3.44
P.NoF, 26.2 743 540 8.68 6.; 3.44
P.N,F, 26.2 743 5.40 8.68 6.21 _}44
PN, F, 26.2 7.43 540 8.71 6.22 3.44
P.M.F, 26.2 - 743 540 8.71 6.21 3,45
P.N.F 26.2 743 540 8.71 6.23 3.45
SEmz 0.022 0.033 0.049 0.018 0.019 0.021
CD at 5% NS 0.096 0.140 NS NS NS

Infial Colour Value = 10
* Values derived from 0-10 point scale.

Purohit. 2000 and Rameshwar 2000),

Shrivelling: Shrivelling of fruits is also directly related to
the moisture loss and thus affects the physical appear-

ance. Shriveling of fruits was significantly affected as 3 -

result of packaging material, neem leat'extract and dipheny|
fumisation treatment from 0-21* day of storage (Table 3).
The mean minimum shriveling value was found in fruits
packed in bamboo basket at various slorage intervals, The
treatments with bamboo basket packaging had significant ly
less shriveling as compared 1o P, (control). It is clear that
alter 147 days of storage bamboo basket packaging was.
more effective in retarding the shrivel ing of aonla, followed
by neem lealextracts L 0% and 20%, respectively. Very high
shriveling was found in I*, packaging material (3. | 3yand in
combined treatment only value was (| 28B)in PN, (Table
4). Shrivelling of aonlka increased with the advancemeny of
storage days. Very low shriveling was observeg an the 7
day ol storage us against the medjum shriveling which
occurred at the end ol 217 days of storage, Sharma, ef of .
(1991 reported that shriveling was reduced by HDP[: bag
and dipheny1 fumigation in okra during storage and thys
supports to some extent the present findings. |y s likely
that moisture escapes through the cell wal| during slorage
by the process of evapo-transpiration and shriveling of

fruits occurs. Furthermore, at room temperature, respira-
tion rate of aonla fruits is very high hence betier results in
terms of low shriveling with bamboo baskets and neem leal

exlract treatments may be attributed to their effectiveness
In reducing PLVY.

Rotting: Rotting of fryis was significantly affected as a
result of packaging material, neen leafextract and diphenyl
fumigation treatments from 0.2+ days of storage(Table 3).
#'“0"5 the effects of individual treatments, minimum rot-
1INg was recorded with bamboo basket packaging material
(28.80%) followed by 20% neem leafextracts as compared
to the maximum rotting (39.53%4) in control. When main
treatmems Were combined together. the rotting of fruits
was lurther redyced. Only 28.36 per cent rotting was re-
corded at bambog basket 20% neem leaf extract+! &
dlnllmnﬂ fumigation treatment followed by 28.45 per cenl
|']mtrmg. at cnrrllgated paper box + 20% neem leafextract+!
;,:.jgljpl'fﬂ}'l fumigation, Ireatment as compared to control
5 ,;;jLJ[ﬁ;E ;; ;he‘::n.d of 2] * days of storage (Table 4). Chopra
plant axtractsﬂp?inﬂd (e therapeutic use of a number ur
metabolism 5 Zn suggesled that plant extracts alter the
sporulatian g nd Phsiology of fruits. Moreover, o
is also imw:ilm'l;I SPore germination of rot causing fungus
ed by the plan extracts, (Bhowmick and
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Treatments iveling of fruit.
S Storage days Rotting

Packaging £ 14 21
material 7 14 2
Pa 7.87 544 T3
P, 7.87 728 599 5 H1(1L50) 24.09(1666)  31.11(26.70)
P, 787 713 preld 4.23(0.54) 21.62(13.58) 29.30(23.95)
SEme 0.008 0020 oo edD 214033 2s0321)
CD a 5% NS 0.058  0og 0074 g o
Neem Leaf ’ 0.171 0.087
Extracts

! N
IT:.J g ?g igf 3.58 5.28(0.86) 23.76{16.24) 50.96(26.46)
i i e 5.30 4.67(0.66) 22.20(14.23) 29.38(24.70)

: el — 3.30 4.54(0.63) 21.18(13.60) 28.88(23.23)
BN = 0.020  0.098 0.004 0.038 0.030
CD at 3% 0.023 0.058 0.282 0.074 0.111 0.087
Fumigzation _ '
Fo 7.87 6.57 431 9.67(2.82) 23.40(15.68) 30.65(25.19)
F 7.87 6.79 5,15 0.00(0.00} - 21.36(1326) 28.83(23.24)
SEms 0.006 0.016 0.080 0,003 0.03] 0.024
CD at 5% NS 0.047 0.230 0071 0.070 0.071

Initial Colouwr Value =10
*Values derived from 0-10 point scale.

Table 4. Effect of combined application of packaging material, neem leaf extract and fumigation on rotting

Treatments Shrivelling® Rotting
Storage days Storage days
7 14 21 7 14 21
PaNyFy 6.16 3.72 1.28 13.56(5.50)  33.49(30.28)  39.53(40.52)
PoNgF, 6.16 572 2.63 0.00(0.00) 22.05(14.09) 29.62(24.43)
PuN,F, 8.73 5.80 3.72 10.77(3.49) 23.84(16.34) J0.87(31.07)
PN, g 73 5.80 177 0.00(0.00) 21.53(13.46) 28.93(23.00)
PaN,F, 8.73 5.80 3.72 8.16(2.02) 22.10(14.15) 29.19(23.80)
PuN-F, %13 5.80 3.72 0.00(0.00) 21.53(13.46) 28.52(22.80)
PINGF, 6.16 6.00 }.25 8.15(2.02) 22.38(14.50) 20.73(24.60)
P\NGF, 6.16 6.00 6.00 0.00(0.00) 21.55(13.49) 28.99(23.49)
PN, F, g 73 703 6.13 8.14(2.01) 22.61(14.78) 29.73124.60)
BN ¢ 73 793 6.13 0.00(0.00) 21.64(13.60) 29.41{24.12)
PyNGE, 8 73 7.93 6.13 9.12(2.51) 21.21(13.10) 29.53(24.30)
PNGE, ¢ 73 793 5:13 0.00(0.00) 20.35(12.10) 28.45(29.70)
PaNyE, 8.73 6.13 4.42 9.69(2.43) 21.55(13.49) 20.40(24.00)
PaNgF, 8.73 6.13 5.93 0.00(0.00) 21.35 28.47
PINLF. 8 73 703 6.06 9.12(2.51) 21.89(13.90) 28.63(22.94)
PoN,F, R 73 293 6.06 0.00(0.00) 21.69(13.66) 28.72(23.10)
PiNsF, 8.73 793 6.06 9.98(3.00) 21.53 29.24
P,N,F, R 73 7.93 6.06 0.00(0.00) 20.35(12.10)  28.36(22.48)
SEm+ 0.020  0.049 0.241 0.011 0.094 0.074
CD at 5% NS 0.143 0.692 0.034 0.271 0.213

Initial Colour Value = 10 )
Values derived from 0-10 point scale. ,
Figures in parentheses are retransformed values.
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Vandhae, TOR 1L Pilactiveness of packaging materials in re-
g the retting and protonging the shelf lite of truits in
Srmparien e PONOED eatment as found in the present
standy can be certoborated Byoahe findings of other re-
sdanehers (Sharma, of ol 199 1), From the present result it
1 choar that 20%e reem lealextract seems 1o be effective for
e by | tenigation in reducing rotting ol (raits, Singh,
et al, (1993 also reported that dipheny | 0,30 g/box is el-
feetive i raducing the decay loss of aonla fruits cv,
Chakaiya The present findings are also supported by the
sl obtamad by several another researchers who have
also found reduction in the loss of frait by rotting by
Sipdemy T tumigation Singh, ot ol L1993 and Sharma, ef af.,
12
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The effect of plant growth regulators and urea on physico-
chemical parameters of custard apple
(Annona squamosa L.) cv. Sindhan
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Abstract

Insmlﬂin?]:]'-“:;]::ﬂl];:??:“:’ﬂRtf.'ﬂrl‘ﬁlu.l'llud o I]H‘l-\‘iil?lizu of y"icld with good :Fuality of fruits in custard apple at Horticulture
s U|]i'|..r|:|“5i[~- s -1!|:j . -}jn .ln. o1 t_1m:!1 ure, ¢ h||11£|11.h]1:11£’ﬂ_t&l College of Agriculture, Sardarkrushinagar Dantiwada Apri-
bl tﬁ:::ﬁnwn?; c;n“-;lliali:::l;:qlflﬁljl I|?r|.~.t,| Banaskantha, Gujarat during the year 2005 and 2006, The experiment involved
with 2% Urea, 2 %4 Urea nluncband C ;:;t|'f:TL‘;u:f1]:cTr‘1Nﬂ?A dltl‘d e e a'n'd it “?w S
it i iy s yearo cus.lan;? app]el plants al‘mluic:rm growth npd size were f..elecled.

ik I . ted a : lshuure of 6 m x 6 m. The experiment was laid out in Randomized Block Design (RBD) with three
WEI,:taEIDm' The combined efMect of GA ppm + Urca 2 % recorded significantly maximum fruit volume (208,33 ml), pulp weight
(122,03 2). pulp : peel ratio (1,78). total soluble solids (27.67 %), reducing sugars (1 8.93 %), non-reducing susars (3.91 %) and
total sugars (22.87 °4) while significantly minimum number of seeds per fruit (29.21), peel weight (69.07g) uﬁd titrable acidity
(0.081 ®o) as compared to control and all other treatments. The combined effect of GA ppim + Urea 2 ES} proved to the best
treatment for the improvement of fruit quality of custard apple. }

Introduction ' 2.0 g Sedium, 0.30 g Iron, 35.90 g Ascorbic acid, 0.10 g

Custard apple is mostly subtropical fruit prefer- Thiamine, 0.06 g Riboflavin and 0.89 g Niacin. )
ring warm climate with moderate winter and humidity for Auxin promotes apical dominance and thus sup-
higher production. The tree remains dormani during cold presses development of lateral buds into branches. It also
season for a short peribd, yet [rost and prolonged cool inhibits abscission of leaves and fruits. [t means leaves
weather adversely affect its growth. It can also lolerate . and fruils must continuously produce auxins to prevent
adverse weather conditions, such as extreme lumperature, formation of the abscission zone which cuts off their nutri-
high and low humidity. heavy and scantly rainfall and des- ent and water supply. Naphthalene Acetic Acid (NAA) pre-
iccating winds. Custard apple is delicious fruit. The fruits vent formation of abscission layer panicle. Gibberellic acid
compuosed of pulp, peel and seed on varying proportions. promote fruit growth and development and induce par-
The black seeds are surrounded by white, creamy or cus- thenocarpy in pome fruits and help in enlargement of seed-

less prape berries. The plant growth regulators like GA
and NAA are used because they reduce flower drop. Gib-
berellic acid is present in seed so, seeds produce antidrop
hormone i.e. Gibberellin, Naphthalene Acetic Acid (NAA)
and Gibberellic acid (GA,) increase fruit weight, size and
number of fruits because they increase the rate of cell elon-
pation, cell division and more inter cellular space. Nitrogen
in plants performs several functions like growth, formation
of Mowers, fruits and fruit production. Therefore, foliar ap-
plication of nitrogenous fertilizers is bound to ﬂfﬁ!cll the
growth and production in custard apple. U.rea provides
sufTicient nutrition at time of enzymalic activity.

tard like pulp that is very sweet and pleasantly Mavoured.
Custard apple is used as table [ruit, the pulp can be used in
Juice. lce-cream., confectionary, beverages and certain milk
products. The seeds are abortifacient and rools arc drastic
purgative. The seeds contain about 30 per cent oil which
can used in soap and paint industry. It contains alcohol
ancorin, which possess insecticidal properties. Due lo pres-
ence of annonaine the leaves, stem and other parts of the
plants are bitter. One hundred gram edible pulp composi-
tion ol custard apple fruit contains 75.97 g Moisture, | .!iﬂ g
Protein, 0.57 g Fat, 20.82 g Carbohydrate, 7.0 gCaIc!um,
22.0 g Magnesium, 54.0 ¢ Phosphorus, 142.0 g Potassium,
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Materials and methods
The experiment was laid out in Randomized Block
Design (RBD) with three replication and two plants in each
replication. The experiment was conducted to maximize of
vield with good quality of fruits in Custard apple at Horti-
culwre Instructional farm. Department of Horticulture, C.
P. College of Agriculture, S. D. Agricultural University,
Sardarkrushinazar, Dist. Banaskantha, Gujarat during the
vear 2005 and 2006, Sindhan variety ol custard apple was
taken under investigation as this variely is promising one
and most of cultivatars of North Gujarat regions are grow-
ing extensively. The experimental field was loamy sand in
texture and good drainage property. Sceventeen year old
custard apple orchard uniform in growth and size which
were planted at the distance of'6 x 6 meters. All the plants
were subjected to uniform application of cultural practices
like imigation, weeding and lertilizer ete. Farm Yard Manure
was applicd at the rate of 50 Kg to each plants uniformly,
while chemical fertilizers were applied at the rate of 250 o -
125 ¢ 125 g NPK/plant/year. Three irrigation were gix'gn
during experimentation.
The experiment comprising of three levels each of

NAA and GA_ (50 ppm, 100 ppm and 150 ppm) alone and
their combinations with 2 % Urea, 2 % Urea alone and
Control thus fourteen number of treatment combinations
were T~ NAA 50 ppm, T,—-NAA 100ppm, T —NAA 150
ppm. T,—GA, 50 ppm, T~ GA, 100 ppm, T, —GA, 150 ppm,
T,-Urea2 %, T,~NAA 50 ppm + Urea 2 %%, T,-NAA 100
ppm +Urea2 %, T, —NAA 150 ppm + Urea 2 %, T, —GA,
50ppm + Urea2 %, T,,—~GA, 100 ppm +Urea 2 %, T, ,—GA,
I50ppm +Urea2 %, T,, Control.

Result and discussion
Effect of GA jand GA  with Urea

It was observed that all the treatments of GA,
with 2 % Urea as well as GA alone significantly increased
the fruit volume of custard apple fruit cv. Sindhan. Gibber-
ellins are phytohormones known to contribute to growth
by both ways, namely cell division and cell expansion, Af-
ter anthesis, it is the cell expansion and cell density which
contribute the most for fruit growth. The probable reason
behind the increase in fruit weight and volume might be
the rapid cell division and cell enlargement and accumula-
tion of more sugar and water under the influence of exog-
enous application of growth promoting substances, Spe-
cific gravity of fruits was not influenced significantly by
the sprays of different chemicals. The findings are sup-
ported with the results Brahmachari er g/ (1995} in Guava
and Rani and Brahmachari (2004) in Mango,

The maximum pulp weight and pulp : peel ratio
was recorded under the treatment GA, 50 ppm + Urea 2 %
and minimum pulp weight under the contral during the
individual years and pooled year also. It might be due to
enhanced uptake of water and accumulation of sugar and
other food reserves in greater amount as well as increased
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volume of intercellular spaces in the pulp of fruit. These
results are in accordance with the findings of Chaudhari e
af. (1992) and Rani and Brahmachari (2004) in Ber.

The lower concentration of treatments was found
beneficial for reduction in peel weight. The lowest peel
weight was recorded under the treatment GA | 50 ppm +
Urea 2 % and highest under the control treatment. The
findings are in conformity with those of Pradhan e of
{1988} in Banana and Kaur e/ of (20000 in Kinnow manda-
rin.

The foliar application of GA and GA | + urea real-
ment was found to be effective for reduction in number or
seeds per fruit. GA | 50 ppm + 2 % urea treatment recorded
significant recorded significantly minimum number of seeds
per fruit as compared to control and other treatments. This
could be attributed to an exogenous supply of gibberel-
lins. The results are supported by Verma and Verke (1973)
in Grape and Kumar er /. (1975) in Lime.

Amongst different concentrations, GA | 50 ppm
with 2 % ureaand GA | 50 ppm alone significantly increased
Total Soluble Solid (T. S. S.) during the experimental years.
The concentration of GA significantly reduced the acidity
of fruit as compared to controls during individual and
pooled years. It might be attributed to the early degrada-
tion of acid had occurred. It also appears that acid might
have either been fastly converted into sugars and their
derivatives are utilized in respiration or both. The findings
are in accordance with the results of Singh et al. (1995) in
Mango and Ahmad and Zargar (2005) in Grape.

The application of GA, 50 ppm + 2 % urea fol-
lowed by GA, 50 ppm significantly increased rotal sugar as
well as reducing and Mon reducing sugar in custard apple
¢v. Singhan. The increase in total soluble solids and sugar
percentage is a result of more accumulation of metabolites
duringrthe fruit development and that gibberellins are known
for their capacity to quick metabolism of starch and pectin
mtol mlu_hla compounds and enhanced conversion of or-
ganic acids Into sugar. Increase in endogenous gibberel-
lins ;de auxin levels may have promoted hydrolysis/ con-
version of starch into sugar and thus resulted in higher
sugar content in treated fruits. The findings are in agree-
ment with the resulls of Singh ef al. (1995) in Mango and
Ahmad and Zargar (2005) in Grape.

Effect of NAA and NAA with Urea

The application of NAA with 2 % urea and NAA
alone did not significantly enhance the fruit volume. It might
be due to the activity of cell enlargement and division. The
results are in agreement with those of Bhaghel et al. (1987)
in Mango and Rema and Sharma (1991 in Phalsa.

. It was observed that all the treatments of NAA
With urea as well as NAA alone improved the pulp weight
but failed to reach the level of significance. It might be due
10 the greater diversion of photosynthates from source 0
fruit. These results are in conformity with Bhaghel et o/,

£
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Tablel . EdﬂecH of plat growth regulators amd wrea on frut  volume (ml). pup weight (g)
and peel weight (g) and of custard apple cv. Sindhan

Fruit volume (ml) Pulp weight (g) Peel weight {g)
Treatment Year Year Pooled Year Year Pooled Year Y ear Pooled
2005 2006 2005 2006 2005 2006
T 17318 17026  171.72 82.14 7711 79.62 92.78 90.75 91.77
T, 174,59 171.42 172.91 47.94 8251 8523 8968 88.39 89.04
T; 176.26 17513 175.70 ‘89 .83 85,46 8765 87.05 8587 . 86.46
T 206,44 203.31 204.88 118.77 117.05 117.9] 7077 69.34 70.06
T: 200.38 104,42 197,40 | 14,70 113.62 114,16 75.23 73.11 74.17
T; 187.62 184.31 186,11 104,12 96.97 98.54 7824 76.52 77.38
Ty |GB.28 65,86 167.07 T4.13 T1.21 7267 0661 0507 03,84
T 170.02 168.61 169,32 78.18 74.07 76.13 94.73 0284 03.78
Ta 82,41 178.07 80,24 92 55 87.72 00.13 8478 E2381 83.80
] R 184,54 181.07 8281 96 .80 91.41 04,15 8248 79.26 B0.87
Tn - 209.77 206.89 208.33 123,23 120.83 122.03 60,80 68.24 69.07
LT 198.39 191.59 194,99 [12.45 i10.42 111.44 73,22 23— J2.22
T 192.61 187.9] 190.25 105.27 101.52 103.40 7426 72.25 73.25
T 167.08 163.44 165.26 7117 G215 . T06 00 56 0789 - Q8,73
S.Em+ 7.67 7.79 4,90 5.98 6.8 1.86 4,56 5.00 3.03
C.D. at 5% 2231 22 64 1391 17.38 17.98 10.95 13.25 14,54 8.39
Y x T Interaction : : :
S.Em. + - - 1.73 - - 6.08 5 : 4.79
C.D. at 5% - (ol NS i . NS . " NS
C.V. % 7.18 7.43 7.30 10 .76 11.53 [1.14 .45 1061 10.03
Table 2. Effect of plat growth regulators and urea on pulp : peel ratio and number of seeds per fruit of custard
apple cv. Sindhan
Pulp : peel ratio Number of seeds per fruit
Treament Year 2005 Year 2006 Pooled Year 2005 Year 2006 Pooled
T .89 0.85 0.87 5124 49.00 50.12
T: 0.99 0.94 0.97 4864 47.92 48.28
T, 1.04 1.02 1.03 4834 46.48 47.41
T, | 69 1.70 1.70 31.80 30.73 3127
T; 1.54 1.58 [ .56 36.13 3517 35.65
T, .28 1.29 129 4330 4236 42.78
T 0.77 0.75 0.76 54.64 53.96 54.30
T 0.84 0.80 0.82° 53.56 52.18 52.87
T, 1.09 1.09 | .09 4638 45.70 46.04
T 1.19 .15 117 4526 4432 44,79
7 [.78 1.78 .78 26980 28.62 29,21
T: .54 .55 1 .55 3886 37.57 38.7]
s 1.44 T 142 143 4167 4045 41.06
T 0.72 0.71 0.7] 57.20 54.31 55.76
S Em + 0.11 0.12 0.07 3.52 3.67 238
C.D. at 5% 0.32 0.34 0.20 10.22 10.66 6.46
tion
; TE;.ITEM - . 0.11 = - 3.59
S0 i - NS - = NS
E:?“;rﬂ%m 15.73 17.12 16.43 13.60 14.60 14.10
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and titrable acidity (%) of cusiarg

apple cv. Sindhan : Tirable acidity (%) —
Toml Soluble Solids (%) o Vear 3003 Ven 3006 FoaiET—
Treatment Year 2005 VEEI; F—:ﬂﬂﬁ 2‘:';5"” 5734 0.136 T —
7 o o 22.83 0.131 0.131 0131
T 33 67 23,33 23.50 0.129 0.131 0130
T, 27.67 26.67 27.17 0.084 0.087 0.086
T, 27.00 26,00 26.50 0.092 0.095 0.093
T 25.67 25.00 25.33 0.105 0. mf 0.107
T 21.67 21.00 21.33 0.139 0.142 0.140
Ts 22.00 21.33 21.67 0.156 0. 13‘3 0.138
T, 24.33 24.00 24,17 0.118 0.121 0.120
Tio 25.00 24.33 24.67 0.113 0.116 0.115
T 28.00 27.33 27.67 0.079 0.082 0.08]
Tz 26.33 25.67 26.00 0.097 0.100 0.099
Ty 26,00 25.33 25.67 0.100 0.105 0.103
T 2133 20.67 21.00 0.147 0.152 0.150
S.Em+ 1.04 0.99 0.64 0.005 0.005 0.003
C.D. at 5% 3.02 2,88 1 82 0.014 0.013 0.008
Y x T Interaction —
S.Em. # X 1.0 o 5 0.004
C.D. at 5% : ) NS ) ] &
L. % 731 7.15 23 7047 6.682 6.864

Table 4, Effect of plat growth regulators and urea on reducing sugar (%),

(%) of custard apple cv. Sindhan

non-reducing sugar (%) and total sugar

Reducing sugar (%)

Non-reducing sugar (%)

Total sugar (Ya)

Treatnent Year Year Pooled Year Year Pooled Year Y ear Pooled
2005 2006 : 2005 2006 2005 2006
J D . =
T I by pE h n Im ananmm
T, 1806 1809 1808 325 3o J20 2106 2102 2109
5 ; 2 Pl .25 21. 2 21.32
T 87 S EE Gl e 39 2769 26 266
T, 1540 1837 1339 i oy MM 28 n4r 2K
T 1683 1689 168 3. 3, 57 288 218 218
) 1720 1732 . 1726 : A1 1993 2000  19.97
T, 1821 1825 152 39 M5 34 203 2047 2040
R R B - 1B
i 1858 . 1896 399 333  3q ' : .
i : 1864 1867 354 357 ; 297 2277 2287
T 1848 1840 1844 343 4 3.55 - 2224 2221 2.2
Tue 1634 1644 1639 39 3pe 34 2200 2195 21.98
S. Em + 0.48 0.47 0.30 T 3 3.09 19.44 19.53 19.49
C.D. at 5% 1.40 137 0.86 ' 0.17 0.10 0.4 0.30
Sl 044 049 S .
x T Interaction o =" 029 133 1.39 0.86
S. Em, +u - - 0.48
g'ﬁ: Bt - - NS i i 0.16 g ] 0.48
V. % 4.63 4.53 " 4.58 7.71 853 NS - . NS
——e_ ., 813 3.84 3.87 3.86

Ih
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(1987) in Mango and Singh eral, (2001) in Ber,

_|l was ilso found that the fruit peel weight de-
5riased SIL_!,I‘IHI:III:HI'I-I]E un{ic!"trcmnwnt NAA 150 ppm + Urea
2 /nlbut remained non-significant during both the years
and in pooled of two years. The results are in agreement
with Singh et af. (2001} in Ber, )

The higher pulp : peel ratio was observed under
NAA 130 ppm + Urea 2 % treatment. 1t might be duc to the
increase in pulp weight under NAA treatments, This sug-
vesis that probably these was a greater diversion of phe-
tosynthates to fruit which ultimately added 1o the pulp
weight, The result are accordance with Bhati and Yadav
{2004} in Ber.

The number of seeds per fruit were significantly
influenced by NAA with and without 2 % urea during both
the years of experimentation. The superior results were
obtaiped under NAA 150 ppm + 2 % urea treatment as
compared to control. These results are in agreement with
the findings of Bhaghel er . (1987) in Mango and Rema
and Sharma { 1991} in Phalsa.

The gquality of custard apple fruit was improved
with varying concentration of NAA. Among different con-
centration, NAA 130 ppm + Urea 2 % significantly increased
Total Soluble Solids percentage during both the years. It
might be due to the auxin synthesis which increased the
metabolites available for total soluble solids formation, The
results are in accordance with those of Yadav e af. (2001}
in Guavaand Singh er gf. (2002).

The higher concentration of NAA recorded re-
duction in acidity of fruit as compared to controls, It might
be due to increased sweetness of the fruit pu]p. The present
ﬁﬂdiﬂgﬁ arein cgnl‘urmjl}-‘ with those rl:?th’tEd h}' blngh ef
ai. (2002) and Bhati and Yadav (2003) in Ber.

The susar content increases in the developing
fruits probably due Lo increase in endoge‘_nmls auxinl Icw_:lal
which might have promoted hydrolysis conversjon of
starch into sugar and thus resulted in higher sugar content
in the treated fruits. The results are in conformity with those
of Yadav et af. (2001) in Guava, Singh e/ a/. (2002) and
Rhati and Yadav (2004) in Ber.

Effect of urea N

The application of 2 % urea increz}scd [ruit vol-
ume, Pulp weight, peel weight, Pulp : peel ratja but failed 1o
reach the leve! of significance. It might be due jo the accy-
mulation of food materials which leads to better develap-
ment of fruits. The findings are supparted by the results of
Raghel ef al. (1987} in Mango. 1

The effect of yrea on numt?er of seed was non-
significant during both the years and in pooled fthwr:I: year
data. |t might be due 1o the reason that urea is a nitrog-
enous fertilizer and is known for its growth promoting ac-
tivity in plant tissues.

The treatment 0
of custard apple in terms of total soluble

f urea improved the fruit quality
solids. titrable
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acidity (%), reducing sugar, Non reducing sugar and total
sugar percentage but did not reach to the level of signifi-
cance. The increased total soluble solids due 1o foliar ap-
plications of 2 % urea might be due to the result of more
nitrogen availability to the fruit trees, Nitrogen is the con-
stituent of various energy sources like amine acids and
amino suzars which increased total soluble solids content
in fruits. The findings are in agreement with results of Singh
and Ahlawat (1995 in Berand Malik er el (2000) in Kinnow,
The acidity content of fruits decreased with urea treatment
which might be due to increased total soluble solids. The
findings are accordance with result ot Singh er of (19917 in
Guava and Malik er ¢f, (2000) in Kinnow,

The foliar application of 2 % urca increased sugar
content due to increase in rate of photosynthesis as a re-
sult of which fruit accumulated more sugars, The similar
results are reported by Singh ef ol (1994) in Mango, Singh

and Ahlawat { 1995) in Berand Malik er o, (2000} in Kinnow,
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Abstract

. . Grape is a highly perishable fruit and can not be stored for lonzer time under ambient conditions, Manv workers had
tried 10 increase its shell-life by pre-caoling, fumigation. pre and post-harvest chemical treatments, packaging., controlled

atmosphere and cold storage which are reviewed in this paper,

Key words: Grape, storage, guality, pre-cooling, fumivation, chemicals, packaging and controfled uimosphere *

Introductinon

CGrape is a delicious. refreshing and nourishing
fruit. Although it is a temperate fruit of India but can also
be grown successfully in sowhern and coastal areas of
India. Area under grape cultivation has increased which
leads 10 the glut of grapes in the market and hence lower
return 1o the growers, Grape is a highly perishable fruit and
can not be stored for a longer time at room temperature.
There are heavy post harvest losses in grapes mainly due
o loss in weight and decay, Many attempts have been
male by various research workers to increase the shelf-life
and maintain the quality of grapes which are reviewed in
this paper. Factors affecting the posi-harvest life of grapes
are discussed below

Climate and culture practices

Prevailing environmental conditions at the time
of ripening and harvesting plays the major role in deter-
mining storage life ofthe fruits. Similarly cultural practices
such as soil type, quality of available water. variety, time of
irrization, fertilization, harvesting and handling have a great
influence on keeping quality of grapes. Rains during the
ripening season and at harvesting time increased the post-
harvest Tosses (Beattie and Ouwthred, 1970), Reich (1979)
reporied that different irrigation regimes altered the rate of
fruit ripening thus atVected the keeping quality of grapes.
The berry cracking during storage was more in thin skinned
varieties like Thompson seedless and Tokay (Ryall and
Harvey 1959), Chadha and Randhawa (1974) reported that
Anab-e-Shahi and Angur Kalan grapes have poor keeping

L

quality due to their weak pedicel. Nelson (1951) observed
that varietal difference for botrytis infection and suscepti-
bility to various rots. Thompson seedless which has maxi-
mum storage life of 3 months respire more rapidly and
evolve more vital heat from Emperor and Almeria cultivars
at 0°C (Winkler, er af, 1974), The shelf-life of the berries
grown in the desert region was far superior to those grown
on the clay soil, due to neglizible losses in weight, juice or
decay after one week at room temperature. Berries grown
in the desert region had lower rates of berry shatter than
on clay soil. Fungal decay was greatest in berries from the
clay soil (Hegazi and Barkoki, 1994).

Pre-cooling

Pre-cooling means rapid cooling after harvest. Pre-
cooling of the produce soon after harvesting helps in main-
taining of the produce quality and is an essential compo-
nent of cold chain. Pre-cooling of produce reduces field
heat, rate of respiration, rate of ripening, loss of moisture,
production of ethylene and spread of decay. Various meth-
ods of pre-cooling used for fruits and vegetables includes
room cooling, forced air cooling, hydro couling and evapo-
rative cooling . Pre-cooling removed the field heat of com-
modity and increased the storage life (Maini. 1985). Pre-
cooling of fruits with in 48 h afier harvesting is essential
for long storaze life {Dewey, 1950), Nelson (1955) reported
that a reduction in temperaiure (o 9.5°C halved the rate of
respiration and doubled the shelf life of grapes. It also
checked stem desiceation, browning, berry shattering and
softening. Precooling of perlette zrapes maintained berny
firmness (Ber - Aric, er o, 1984). Vaccum precooling was
the most rapid and beneficial method for 1able grapes
{Andre, ef of., 1977). Lowest quality deterioration in culti-
vars Coarna Neagra and Muscat of Hamburg was observed
with Packing after 4 h ofharvest and stored a1 2<4°C for 120
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‘_1“}'5 llpﬂ!'-‘ﬂ- and Fugel, 1982). Minimum physiological loss
nweight and decay loss were recorded in the fruits dipped
I'n}* 5_ min. in cold at water and 5°C followed by 10 min
dipping at 5°C (Nain, ¢r af. 1996). Forced air cooling re-
duced temperature from 27°C 10 -6.5° with in 6 hrs {Ginsburg.
et al., 1977). The optimum wind speed for cooling for 2-3
hrs was 4 m/s (Mongelli. 1982). Rapid cooling caused the
moisture loss. The grape consignments for air shipment
need to be cooled below 10°C. Tor rail road and sea ship-

ment to below 4-53°C and for cold storage w -0.5 to 07
(Arve, 1985),

Fumigation

Fumigation is an important step of post-harvest-

ing handling chain of grapes. Storage and transit rots can
be reduced by fumigation. SO, treatment reduced the ac-
tivity of decay causing organisms and retained the natural
condition of berries and stem structures during handling
ol urapes (Lutz, 1938: Harvey, 1956). It also influenced the
physiological processes of table grapes, Respiration rate
(Pentzer, er af., 1933) and ethylene production (Singh and
weaver |982) were remarkably reduced in sulphur dioxide
treated fruits. Spread of Botrytis on grapes in storage can
be inhibited by SO, fumigation exposure of 5-10 minutes
(Malan, 1955). Fumigation is usually done before the erapes
are precooled because the warm fruit assess more gas than
cold fruit (Roy, 1985). Pentzer and Barger (1941) used a
large number of fungicides in various forms and found that
fumigation with 1%, SO, for 20 min was most effective.
King {1986) obtained the control of storage rots in wrapped
and unwrapped grapes by weakly fumigation with 0.1%
S0, in the cold storage. Higher concentrations (0.5% and
1.0%) of SO, caused injury and fruit.

Stem drying, browning and berry rot can be re-
duced by use of *Quick Release’ grape guard (Mansour et
al 1984). Storage life of Thompson seedless and Anab-¢
Shahi increased upto 80 and 70 days by use of *Dual Re-
lease” sulphur dioxide generators in vented polyliner un-
der cool condition. Perlette grapes can be successfully
stored for upto 40 days by enclosing quarter size, ‘Dual
Release’ SO penerators in polyliners having 1.12% perfo-
ration in cold storage (Sandhu, ef al., 1990). With *Dual
Release’ SO, generators Beauty Seedless Grapes could be
stored upto 80 days in refrigerated conditions (Ladania
and Dhillon, 1987). Quality of Thompson scedless was
maintained during cold storage of 105 days by using just
one bag/pack of SO, generation (UVAS) for 6, 8 or 10 kg
packs wrapped in perforated polyethylene bags (PPE)
(Soylemezoglu and Agaoglu, 1994). Two SO, generators
comprising (1) polyethylene sachets with 15 ml of a 7%
sodium metabisulfite solution and (2) SYS paper diffusers
containing sodium metabisulfite powder were found equally
effective in conserving grape quality for at least two months
at 0°C temperature (Benkhemmar, e af., 1993). SO, fumiga-
tion was very effective in reducing decay during ambient
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and cold storage of Campbell Early. Kyoho, Nuscat Bailey
A, Tano Red. and Dacbong grapes (Yun. ef uf. 1995). Thé
activities of catalase (CAT). SOD. peroxidase (POD) in grain,
fruit stalk and spikelet stalk all increased when Thompson
secdless grapes were fumizated with SO, for | b, The rate
ol membrane damage being lower with the Tower concen-
tration than the higher (Ge-Yigiang, of af. 1998).

Grape guard inhibited fungal infection and
discolouration of cluster stems and pedicels effectively
during 45 days cold storage of Campbell early grapes (Kim,
1994). Red globe grapes can be stored for & weeks at 4°C
with quick release grape guard. It reduced the incidence of
decay and weight loss during storage (Castro, er al., 1998).
After 10 days of storage grapes inoculated with Botryiis
cinerea and non-inoculated stored with UVAGAS or UVAS
pods (Both are SO, releasing pads) were in sound and com-
mercially acceptable condition (Mustonen, 1992),
Pastharvest fumigation of seedless table grapes (cv. Crim-
son seedless) with the natural volatile compound ([2) -2-
hexenal shows promise for decay control { Archbold, ef .,
1999), Potassium metabisulphite significantly reduced the
decay losses in Thompson seedless grapes during stor-
age and transportation when use as an in-packagze fumi-
gant (2g/2ke grapes) (Mangasuli, ef of., 1998). Kosanova
(1963) obtained the maximum storage of 97 days without
damage to fruits by using sawdust mixed with
metabisulphite and mustard. Malhi (1968} obtained best
results using perforated poly-ethylene bags (150 gauge)
containing 10 g each of potassium metabisulphite and silica
gel (1:1). Efforts were also made to get uniform release of
sulphur dioxide gver required period by entrapping pow-
dered bisulphite in various types of papers and plastic
materials. Encouraging results were obtained with sodium
bisulphate containing tissue paper packs or paraffin coated
tubes in unvented containers (Nelson and Gentry, 1966).
The release and distribution of sulphur dioxide was fairly
uniform when potassium metabisulphite tablets were fixed
under top and bottom pads (Nelson, ¢r al., 1969). No exter-
nal, internal injuries. sensory disorders of berries or
dicoloration of the peduncle and laterals were observed in
fruit fumigated units methyl bromide and packed in PE
bags with gas absorbent (Soma. er al., 1991).

‘Possible alternatives of SO, have been investi-
sated and include solution of ammonium hicarbonate and
sodium bicarbonate, each with the addition of chlorine at
200 o/ml, which gave acceptable results; controlling O,
and ED, levels: immersing fruit in ethanol, exposure to UV
light and to ozone (Crisosto and Smilanick, 2002)..

Growth Regulators
Pre and post harvest use of growth-regulators
increased the shelf-life of fruits. Growth regulators reduces

i [ iration rate
the loss in weight, spoilage percentage of respirati

of fruits (Kumar and Gupta, 1 088). Peroxidase and pu'lyprﬁ—
nol oxidase (PPO) activities were markedly reduced with
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the pre-harvest application of NAA and GA (Kumar and
Gupta, 1985a). Post-harvest berry shatter of Anab-¢-Shahi
grapes was reduced with a combination o -NAA @ 25
ppm and 0.05% urea (Prakash, e of . 1983). Singh (1979)
reported that 100 ppm of PCPA was equally effective to
that of et-NAA in controlling berry shatter in Himrod grapes.
Pre-unthesis spray of gibberellic acid @ 20-40 ppm increased
herry size. pedicel atachment and reduced berry shatter in
Thompson seedless grapes during storage (Mavrikios,
1977). Spray of 100-150 ppm kinetin at pre-bloom and sec-
ond rapid growth stage of berry development reduced
berry shatter and other losses in stored Himrod {Dhillon, e
af., 1975) and perlette grapes (Randhawa e of, 1976
Ladania and Bhullar, 1989). Application of Alar and CCC at
S00-5000 ppm o perlette and Anab-e-Shahi Grapes reduced
the storage losses due o weight loss, shatter and decav
(Kahlon and Dhillon, 1980: Ladania and Bhullar, I‘J!:'Ifi".
Dhillon, er af.. 1985). Medhi and Singh (1983) reported that
polypheol oxidase activity reduced by 400 ppm GA treat-
ment. The treament of Alar, CCC. NAA and GA decreased
total amino acids and increased protein content in differ-
ent wrape varieties during ripening and storage (Rao and
Panday, 1975: Medhi and Singh, 1983b: Kumar and Gupta.
[985).
Perlewie bunches dipped in cycocel 5000 ppm, GA,
10 ppm and 25 ppm and Kinetin 150 ppm were marketable
upto 4 days ol storage at room temperature (93.2°F+2°F) as
cokmpared 10 2 days in untreated bunches and also re-
duced berry rot and physiological loss in weight (Kumar
and Chharia, 1990). Berry drop in Thompson scedless
grapes, during harvest and storage was reduced by pre-
harvest spray of GA, (Copper, ¢t al., 1992). Pre-harves
spray of Cycocel (1000 ppm) showed the least weight loss.
reduced incidence of berry drop, berry rot and total spuil-
age during ambient storage (Singh. er af, 1989). Post har-
vest berry abscission in Kyoho grapes was inhibited by
treating with GA and NAA and was promoted by ABA and
ethrel (Wu, e al, 1992), Spraying clusters (Flame sced-
less) with GA (5. 10 or 15 ppm) before flower opening
mereitsed fruit gquadity and shelrlite fHammady, 1998} Pre-
hurvest and post-harvest treatments of GA | (25 ppm) and
CPPLS-20 ppm) delayed ripening during storage (0°C Tor
3=5 weeks) in Perletr; Superior and Thompson scedless
vrapes, CPPU decreased berry shatter and disease sus-
ceptibility also (Ben-Arie, ef of., 1998). Pre-harvest spray
ol GA and kinetin at 25 or 50 ppm increased berry weight
and increased the storage life upto 10 weeks (2 weeks longer
than control fruits) {Hussein, e¢f af.. 1998). Dormex treated
Perlette vines recorded significanity lower level of PLW
and berry rot during storage (Dhillon, er al., 1991).

Fungicides -

Many field born and storage born pathogen
causes the decay of fruits and leads to heavy economic
losses. The post-harvest fungal decays is mainly caused
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by Boirytis cinerea, but depending upon the storage con-
ditions other pathogen also cause losses (Fourie. 2008)

Various types ol fungicides have been used to
check these losses. Narasimhan er of (1968} and
Subramanian ef af {1973) reported that pre-harvest spray
ol'0.2% Captan reduced the decay of Anab-e-Shahi during
storage. Pre-harvest applications of benomyl and TBZ each
al 400 ppm were found to minimize Botrviis and Penicil-
fitm rots of Sultania grapes (Kokkalas, 1976). Pre-harvest
sprays of Bavistin (300 and 600 ppm) and Captaf (0.2 and
0.3%) controlled decay of berries for 4-7 days under ambi-
ent conditions (Landania, 1986). Chadha ( 1985) reported
that a waiting period of 30 days is required between spray-
ing of Caplan and harvesting. The antifungal solutions of
ammonium lauryal sulphate and per-acetic acid were not
effective in controlling storage rots of grapes (Andre, er
al, 19773

The mixture of CaCl, 1.2%, Bayleton 0.025% and
Topsin M (@ 0.13% gave the best control of storage decay
in v, Muscat Hamburgsky and Moldova (Cooper, ef ol .
1993), Pre-harvest spray of Dithane M-45 and Dithane 2-
78 (i@ 0.2% improved the organoleptic quality, reduced the
weight loss and decay of berries during storage (Pillania,
efal., 1993). Spray of iprodione (300 pg/ml) on grapes 65
days and 9 days before harvest markedly decreased berry
shattering during storage at 5°C for 2 months (Ling, o
ol 1999), Sawant (2002) studied the effect of pre-harvest
spray of Benomyl on post harvest decay of Thompson
seedless grapes and found that pre-harvest spraying of
Benomyl (0.05-0.10%) at 20 or 10 days before harvest ef-
fectively controlled post harvest decay (0.04-2.78% de-
cayed fruits after 30 days of cold storage and 3 days of
storage on shelves at 30-35°C). The post harvest treatment
of Carbendazim, Captafol, Thiophanate-methyl, Mancozch
and Polassium metabisulphite were significantly effective
in controlling spoilage of grape bunches during storage
(Padule and Shinde, 1994).

Other Chemicals

Chemicals other than growth regulaters and fun-
gicides are also used to increase the shelf life of fruits.
Calcium salts are the important chemicals which are used
commercially in post-harvest handling of fruits. Calcium
reduced the respiration rate and retards the other ripening
processes (Kumar and Gupla 1985a). Total wastage of
grapes as loss in weizht, berry drop, berry rot was nega-
tively correlated with calcium content (Kumar and Gupta
1985hb). The quality of grapes appreciably increased dur-
ing storage by pre-harvest spray of calcium nitrate {0.75%)
{Kumar and Gupta 19835c: Kumar, etall, 1990). 51.1%sound
fruits were found afler 8 days of ambient storage sprayed
with a 6% CaCl, before harvest {Subburamu, 19%0).
Prcharvest spray of Ca(NO,), reduced PPO activity and
decreased the losses of tannins and ascorbic acid so that

" there was less internal browning of berries. The solute leak-
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age was reduced and berry calcium content increased by
upto 39% (Lu and Ouyang, 1990},
The best results were obtained with CaCl, 1.2% +
0.025%, Bayleton (spray 30 day before harvesting) during
conventional storage of Muscat grapes for 3.5-6.5 months
(Khitron and Lyublinskaya, 1991). Calcium application (1.5%
CaCl, pre harvest spray) reduced polyphenoloxidase ac-
. tivit}r‘and symptoms of mechanical injuries, resulting in
better appearance. Storage life was approximately 5-6 days.
The weight loss of Kyoho fruits after 60 days of cold stor-
age was reduced by both liquid Ca fertilizer (LCF) vine
spray and cluster dipping treatments. Berry shaitering of
Kyoho and Campbell Early alter 90 days of storage by LCI
treatment was significantly decreased (Moon, ef al, 2003).
Vapour phase hydrogen peroxide (VPHP) reduced the de-
~ cay of Thompson seedless and red globe grapes by 73%
and 28%, respectively after 12 days of storage at 10°C
(Formney. et al., 1991). With C'T-3 {(oxygen remover) (G0 2 g/
ke of erapes) Longyan grapes can be stored satisfactorily
for 98-126 days either in cold storage or in ordinary cellars,
the amount of rotted berries did not exceed 6.25 (Lu, et af,
1993). Sorbilen (ethylene absorbent) prolonged storage life
by 1.7-2.5 time without noticeable loss in quality (Strel’-
tsov. ef al., 1992). Wilting of pedicels and stalk. was less in
F-65-Al and F-65-A, preservative treated Red Globe grapes
than control and the disease incidence, rotten fruit rate
and weight loss rate were also lower (Zhou, et af., 1998).

Packaging

Packaging plays a vital role in the export trade of
most of the commodities. Adequate packaging is neces-
sary for the successful export of grapes. Grapes should be
handled with utter care before and during packaging since
there is danger of brusing and cracking of berries and de-
stroying the attractive appearance of fruits. Gupta and
Singh (1985) revealed that bamboo basket as package and
paper cutting as cushioning material were found suitable
for storage. The high density packs reduced shatter dur-
ing handling (Nelson, ¢f af,, 1970). In India use of paper
lining with paper shreds cushioning in wooden and card
board boxes reduced bruising and decay of grapes (Mir
Ibrahim 1975; Sharma 1971 Singh and Kainsa 1983). The
cellophane film of 60 p thickness was effective in reducing
weight losses (Dalgat, 1968). Polyliner of 100 gauge with 2
kg pack of perlette grapes with 20 perforations using - * Dual
Releases’ SO, generator gave the best results (Dhillon and
Sandhu, l?ﬁﬂ.

Grapes packed in perforated plastic bags ‘Ever
fresh bags' could be stored for up to 6 weeks while main-
taining good quality at 4°C (Castro, ¢t al, 1999). Kyoho
grapes packed in PE film and Bio-PE film retained the excel-
lent flavour upto 60 days of cold storage (0°C+90% RH)
(Sangyoung, et al., 1998). Grapes packaged under ambient
conditions in LDPE and PP pouches maintained the Sen-
sory qualities 7 days (Deshpande and Shukla, 2008). The

best results were obtained when grapes were packed in
boxes in a single layer without any packing materi_als. Stor-
age losses were generally higher in large-capacity stores
(150 t) than in those holding (25-40 1) (Dzheneev and

Ivanchinko 1991). Clusters of Wanhong and Aushan

Hongbaoshi placed in 0.03 mm thick polyethylene bags
wilh 4 strips of CT - 3 grape fresh-keeping agent and stored
in a semi-underground mechanical cooling cellar, could be
stored well for 150 days with 97.6% fine grade berries
(Sushua, ef al., 1998). Anab-e-Shahi and Thompson seed-
less fruits packed in wire - bound boxes with fumigant had
more firmness after 15 of storage in cool chamber (13.0-
15.6°C + 85%RH) followed by cool store (1.8°C + 61% RH)
and room Il:mpf:rﬁturc {23.3-24.4°C + 5.7%) as compared

to fruits packed in CFB boxes with or without fumigant .

(Shankaraiah and Roy, 1991}

Storage
Low temperature storage/CA/MAP

Storage temperature, humidity and air compuosi-
tion governs the shelf - life and quality of fruits. Physi-
ological loss in weight, respiration rate and decay percent-
aze can be reduced by storing at low temperature. Siddapa
ef al (1934) successfully stored grapes for about 7 weeks
in cold storage chamber at a temperature range of 0.0 1o
1.65°C. Nelson (1955) reported that a temperature below
4.5°C retarded the development of all fungi and also checked
stem desiccation, browning, berry softening and shatter.
Gupta (1967) reported that at 1.1°C Anab-e-Shahi grapes
can be stored for 70 days when wrapped in polyethylene
bags along 1 g of sedium metabisulphite for 14 kg of grapes.
Storage life of Perlette, Thompson seedless and Beauty
seedless can be extended upto 60 days at 1.7°C to 2.4°C
and 85-90% RH, when wrapped in polyethylene bags con-
taining 10 g each of potassium metabisulphite and silica
gel (1:1) (Malhi 1968). Dhillon and Sandhu ( 1987) stored
perlette grapes upto 40 days at 0-3°C and 85-90% RI1. Dur-
ing the storage of grape cv ltelia the highest aldehyde and
alcohol content were obtained under 5% CO. + 3.1% 0.
and 8% 0, + 5% CO, conditions (Zhao, 2003 ). Incv. Agadai
after 6 months of storage the total amino acid content had
fallen by 17% in normal air but by only 7% in CA (8% CO,,
2% 0O,) storage (Mukailov, 1992). |14 volatile CA were
found, when Agiorgitiko grapes were stored at 100% CO,
for 10 days as where as only 60 were found in the u:l:mll_'ﬂ|
fruits (Dourtoglon, et af., 1994).

Muscadine grapes can be stored for 3 weeks un-
der cold controlled atmosphere storage conditions (20%
CO, +3% 0, at 1-2°C temperature and 90-95% RH) with nv
appreciable damage (Basiouny, 1998). 8% CO, +2-3%. 0,
composition was the best for Muscat storage for 3-7 months
(Khitron and Lyublinskaya, 1991). A combination of 10
kPaCO, with 3, 6 or 12 kPaO, is suggested for up 10 12
weeks storage for late-harvested Red globe grapes. An
atmosphere of 10 kPa CO, + 6 K PaO, itsuggested for garly
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harvested Red globe grapes, but not to exceed 4 weeks
(Crisosto, ef af., 2002, Chlorine gas (CI.) produced by a
salt mixture and combined with 25 days of storage at 0°C
significantly reduced 8. cinera decay in artificially inocu-
lated flame seedless, Thompson seedless and Ribier grapes.
No deleterious effect due to chlorine gas generation was
observed. These results suggest that this is a sound alter-
native to SO, for post harvest control of decay. (ZofToli,
1999). Fruits stored in modified atmosphere, zero energy
chamber showed lowest physiological loss in weight and

decay loss and maintained fruit quality. Whereas maximum -

PLW and decay loss were observed in fruit packed in un-
medified atmosphere without diphenyl and kept at room
temperature (Nain, ¢f al., 1999). Artes, ef al., (2003) stored
the ‘Napoleon” table grape in sealed plastic baskets up to
41 days at 0°C followed by 4 days in airat 0% and 3 days al
15°C. Microperforated polypropylene (pp) of 35 i thick-
ness and macroperferated polypropylene (MPP) films (as
control} were used. Before sealing, soaked filier paper with
15 or 10 pl hexenal was added to baskels, steady state
modified atmosphere (MA) was 1 7% O_ and 3% CO., Best
results for keeping ‘Napoleon. quality during long-term
cold storage were obltained by hexenal fumigation com-
bined with M A,
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Abstract

Variation in plant environmental factors of Kinnow mandarin for at Agriculture Research Station, SriGanganagar
district of Rajasthan state in India with respect 1o three differcntial irrigation treatments revealed that overall maximum
carboxylation efliciency (A) was estimated in 70% Etc treatment from April to June with a linear trend and showed depression
in September and October followed by a steady rise in November and December months. Stomatal conductance revealed
oscillating trend being maximum in 70% Etc treatment for April and May months followed by steep rise in 40% Ete treatment
for June —July months and remained static in August and September, a trend reversal in October-November with maximum
stomatal conductance in 100% Etc treatment with a slight compared to 70% Etc. The cumulative overall high stomatal
resistance in 40% treatment might have attributed to low photosynthetic rates followed by 100% treatment and the better
assimilation rates under 70% treatment are correlated with low rates of stomatal resistance. The daily course of transpiration
in all the three irrigation treatments does not closely linked to solar irradiation but rather to leaf temperature, Temperatures
ol 25-30°C are optimal for photosynthesis but temperatures above 30°C definitely reduce photosynthetic activity,

The annual trend for three consecutive vears' data revealed occurrence of cyclic oscillations in photosynthesis,
stomatal conductance, stomatal resistance, transpiration rate and photosynthetic active radiation under field conditions.
Citrus belong to C, plants, with photosynthetic rates lower than C plants. Assimilation rates ranging from 1.28 to 7.93
mmolms observed under differential irrigation treatments seem realistic under optimal irrigated conditions of Western

Rajasthan,

Key Words: Kinnow, photosynthesis, carboxylation efficiency, stomatal conductance

lntroduction ; Climate under irrigated aridisols of Western

Carbon assimilation elficiency during the Ritjasthan with respect 1o differential frrigation treatments.
cumulative day hours of the year determines plant growth Hence, the study was undertaken to examine the S
and productivity, This ¢fTiciency is a compound effect ol exchange characteristics of Kinnow mandarin under drip

irrigation system. Kinnow mandarin is grown under canal
command areas of irrigated parts of North Western
Rajasthan state, It is inevitable that any deficiency ol water
particularly during critical stages after fruitset in mandarin
results in drastic reduction in dry matter and leads to
significant low yield biomass. The relationship between
weather parameters and month wise periodical changes in
photosynthesis concurrent with water use efficiency and
their interrelationships were not studied in Kinnow
mandarin. In the present study, emphasis is laid on the
month wise variation in photosynthetic parameters in
relation to weather conditions and interrelationship in drip
irrigation system at three irrigation treatments based on
evapotranspiration coefficient.

net photosynthetic rate and photesynthate partitioning.
Measurements of photosynthesis rate, transpiration rate,
Stomatal conductance have been very important for
understanding limitations in assimilation potential of
plants. The weather parameters in conjunction with
irrigation optima influence/cause these variations (Maroco
el al., 1997). Direct effect of leal to air vapour pressure
deficit in Stomatal regulation was reported in many woody
crops (Flore and Lakso, 1989). There is no information
available on how temporal variations in extreme.
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Muaterial and methods

Kinnow mandarin plants (2 years old nfter fick
planting) at 6x6 m budded on it fum i were selected
for study under drip irrigation svstem at the experimental
site of Agriculture Research Station, SriGanganagar, These
plants swere grown in alluvial soils of sandy loam texture
under dreip sy stem at 40, 70 and 100% evapotranspiration
coelTicient and have receive reconmmended doses of
fertilisers, The rvigated Kinnow plants were watered
continuously for a week as per irvigation scheduling prior
Lo measurements. A total of twenty one Kinnow plants
were Taken Tor experimental study. Measurements on gas
exchange characteristies under drip system (7 plants
treatment ') were simultaneously taken during the day (8-
10am) from April 2002 1o December 2004 successively for
three vears Visa Vis 40, 70 and 100 %4 Ete treatments. With
the initiation of new ambe bahar growth of Kinnow plants
m March. the experimental ohservations were recorded
from Aprilio December month's i.e. the active growth period
trom fowering 10 fruiting cvele, Photosynthesis (A),
stomatal conductance (g ). substomatal CO, concentration
(¢ ) transpiration (L12). photo sy nthetically active radiation
(PAR) incidence on the leal surface and leaf surface
lemperature were recorded using a ADC photosynthesis
system (Model LCA 4. ADC, UK). Before the use of
nstrument. zero scilings for 1.0 and CO2 made. The
boundary laver resistance 1o vapour was typically 0.8 m*s'
‘mal™. Air was drawn into the instrument from an ajr probe
atthe height of 3m above ground surface, The air pumped
into the system was dried using anhydrous calcium
sulphate. The gas flow to leal chamber was maintained at
300 2p mols™, The experimental area under drip and micro-
sprinkler system of irrigation at the completion of two
years(2003) came inlo bearing profusely and initially it
was decided that the fruit of this year will be retained so
the flowers were subjected to drop but while doing so re
thought was given and finally decided to remove the
fowers in half ol the replications completely and inrest 50
per cent lowers were retained so as 1o see the inpact of
fruit bearing on the overall growih of the tree in all the

three treatments in comparison o other Kinnow plants,

Results and discussion

The results intable-1 clearly elucidates that afier
ansel of spring in the month of April maximum
photosynthesis A(4.84) was recorded in 70% Eic treatment
with a minimum of substomatal concentration ¢ {101.10)
in correlation with highest Stomatal conductance e (0.03)
and maximum transpiration (1.45) rate as compared 1o 40
and 100% Ete treatments. The reason for this might be due
to minimum stomatal resistance r_in 70% Etc treatment
with respect to 40 and 100% Etc treatment. The low
photosynthesis in higher irrigation treatment 100% Eic
might be attributed to increase in leaf temperature which
results in damage Lo photosynthetic apparatus irrespective
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of the fact that water use efTiciency was higher( 3. 82 ) under
100% Fte treatment as compared to 70% treatment, Low
nssimilation rates of citrus are accompanied by low rales
ol transpiration and extreme sensitivity o molsture deficit
(R ricelemann and Barrs, 1981,

The datain table-2 revealed that in the month ol
May. highest photosynthetic rite A Tor Kinnow planis
{6.28) was observed in 70% Lte treatment along with
misimum transpiration rate, :

The higher photosynthetic rate in 70" L
treatment might be due to better partitioning of assimilates
in this treatment coupled with higher stomatal conductance
(0.08) and minimum stomatal resistance (15.80) with respect
to 40 and 100% Ete treatments. The perusal of data in
table-3 for June depicts an increasing trend of carboxylation
efficiency of Kinnnow plants with respect to differentially
increasing irrigation treatments being maximum in 100%
treatment. Higher assimilation rate of Kinnow in May
reflects the special genetic character of this citrys species
that how well itis acclimatized in the extremes of irrigated
aridisols with the saturation ol photosynthesis at high
light intensities. This might be due to the fact that water
use cfficiency was highest (2.78) in conjunction with
lowest transpiration rate in 100% Fie treatment as compared
to 40 and 0% treatments,

The data in table-4 for July depicted that maximum
carboxylation efficiency of Kinnow (6.70) was recorded in
70% cte treatment and exhibited a significant increase in A
as compared to 40 and 70% Etc treatments. The reason for
this might be due to better uptake and utilization of water
i.e. highest water use efficiency (2.58) was recorded in
100% Etc treatment which was significantly better than 40
and 70% treatments. The results of present findings are in
accordance with those of (Sinclair and Aldlen, 1982) that
betier photosynthetic rates of cilrus are attained w low
PAR intensities. The data in table-5 for August depicted
that highest photosynthate partitioning of Kinnow was
recorded in 100% Ete treatment which showed a positive
correlation with stomatal condyctance and transpiration
despite lowest water use efficiency as compared to 40-and
T0% treatments, .

The low PAR intensitics recorded in all the three
irrigation treatments are due 1o eloud effect at the time of
recording of observations, The results are in con formity
with the findings of (Vu and Yalenosky, 1988) that
photosynthetic rates of citrus saturates at relatively low
light intensities i.e. about 30% of full sunlight in outer
parts of the tree canopy.
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Table 1. Physm]ogmalparamelnrs during April (2002-04)

Variable Drip (per cent Etc)

: 40 70 100 C.D. at 5%
Photosynthetic Rate 291 4.84 1.67 0.908
(A=mmolm 7" )

Stomatal conductance 0.01 0.03 0.02 N.S.
(gs=m’smol)

Stomatal resistance _67.11 32.60 56.14 14.01
{g,=rsm25mul"}

Leaf Temperature("C) 38.33 39.39 4028 NS.

Transpiration rate 0.68 1.45 0.96 0.252
E=molms")

Sub-Stumgtal o, 122.10 101,10 101.30 N S.
concentration 2

Photosynthetic Active 184 0.66 189956 174966 NS,

Radiation (Q= mmolm?s)

Relative Humidity (R.H= %) 45 .96 41.96 41.03 N.S.

Water Use Efficiency 3.98 3.33 3.82 NS,

Table 2. Physiological parameters during May (2002-04).

Variable Drip (per cent Etc) \
: 40 70 100 C.D.at 5%
~ Photosynthetic Rate (A=mmolm?s T 439 6.28 5.59 131
Stomatal conductance 0.03 0.08 0.03 001
(gs=m*smol™")
Stomatal resistance 18.92 15.80 19.26 M.5.
(g=rsm*smol ')
Leaf Temperature("C) 39.29 - 38.94 38.27 N.S.
Transpiration rate 252 343 241 0.71
E=molm™*s™") ;
Sub-Stomatal CO, concentration 228.52 202.50 189.3 M.5.
Photosynthetic Active Radiation (Q= 1137.60 1175 1932 N.8.
mmolm?s™)
Relative Humidity (R.H.= %) 18.08 18.40 16.98 N.S.
Water Use Efficiency 1.74 1.83 231 N.S.
Table 3. Physiological parameters during June (2002-04)
Variable Drip (per cent Etc)
40 70 LOO C.D. at 5%
Photosynthetic Rate (A=mmolm™s™) 4.49 4.71 4.79 N.5.
Stomatal conductance 0.07 0.05 0.03 0.01
(gs=msmol™)
Stomatal resistance « 1516 [8.69 2859 473
(g=rsm*smol")
LeafTemperature(°C) 39.50 3932 39.5 NS.
Transpiration rate 3.15 2,54 .72 . 0.59
E=molm s’
Sub-smmata}l CO, concentration 225.74 203.32 134.66 S1.83
Photosynthetic  Active  Radiation 1137.4 1106.2 11034 NS,
(Q=mmolm?s")
Relative Humidity (R.H.= %) 19.42 19.46 19.10 NS.
Water Use Efficiency 142 .85 2.78 1.22
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Table 4. Physiological parameters during July (2002-04)

= Dn r cent Etc)
e 40 p{PET{] 100 C.D. at 5%

Photosynthetic Rate (A=mmolm™s™) 3.30 6.70 5.76 122
Stomatal conductance 0.18 0.09 0.11 0.03
(g=m’smol") ’
Stomatal resistance 6.73 11.87 11.74 232
{(g=rsm*smol™) : .
Leaf Temperature{ 'C) 38.16 36.59 35.:1:: N.Sﬁ.
Transpiration rate 3.82 2.59 3.03 0.83
E=molm’s™"
Sub-Stomatal CO, concentration 3268 233,38 25248 72.14
Photosynthetic Active Radiation (Q= 1264.2 928.0 1314.2 29703
mmolm:%s™") : .
Relative Humidity (R.H. = %) 2520 2648 27.46 N.S.

© Water Use Efficiency 0.86 2.58 1.90 041
Table 5. Physiological parameters during August (2002-04)
Variable Drip (percent Efc)
40 70 100 C.D. at 5%

Photosynthetic Rate (A=mmolm™s™) 725 6.89 7.93 N.S.
Stomatal conductance 0.06 0.04 0.07 0.01
{(g=m’smol")
Stomatal resistance 17.72 27.92 13.80 1.36
(g=rsm’smol") :
Leaf Temperature (°C) 34.23 34.53 34.59 N.S.
Transpiration rate 139 1.04 1.72 " 0.34
E=molm*s™)
Sub-Stomatal CO, concentration 124 82 122,68 173.58 33.63
Photosynthetic Active Radiation (Q= 500.0 469,2 672.8 132.09
mmolni s
Relative Humidity (R.H. = %) 26.92 .y 27.66 N.S.
Water Use Efficiency 521 6.62 4.61 1.42
Table 6. Physiological parameters during September ({2002-04)

Drip (per cent Etg)

Variable 40 70 100 C.D. at 5%
Photosynthetic Rate 2.48 2.53 1.15 NS,
(A=mmolm~s")

Stomatal conductance 0.05 0.05 0.03 0.01
(g,=m’smol ")

Stomatal resistance 20.03 2081 25.80 N.S.
(g,=rsm’smol™)

Leaf Temperature(°C) 33.74 3367 34.03 NS.
Transpiration rate 1.20 1.20 1.01 N.E.
E=molm?s™)

Sub- Stomatal CO, 255 .50 277.17 207.82 N5,
concentration

Photosynthetic Active 951.50 959.25 985.00 N.S.
Radialinp (zQ=

mmolm™s’ )

Relative Humidity 50.77 5092 51.00 NS.
(RH.=%)

Water Use Efficiency 2.06 2.10 i1 057
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The data in table-6 for September revealed that
highest photosynthetic rate of Kinnow was recorded in
100% Ete treatment which showed a positive correlation
with comparative best water use ef] ficiency as compared
to 40 and 70% treatments. The low photosynthetic rates
in all the three irrigation treatments in the month of
September as compared to previous months are
accompanied by low rates of transpiration and extreme
sensitivity to soil moisture deficit and also due to
translocation of assimilates from source to sink thereby
having an impact of first bearing on the overall growth of
the tree. These findings are in agreement with those of
Kriedemann and Barrs, (1981) who reported that low
assimilation rates of citrus are due to low substomatal
concentration. The data in table-7 for October revealed
that maximum carboxylation efficiency of Kinnow was
estimated in 100% Etc treatment as compared to 40 and

M. K. Kaul, Indian Journal of Arid Horticulture, 2008, Vol. 3 (1): 47-53

70% irrigation treatments. The better A in 100% treatment
might be due to increased stomatal conductance and
maximum water use efficiency with respect to other
treatments. The low photosynthetic rates in 40 and 70%
Etc levels indicate the limitation of photosynthetic rates
at the mesophyll level.
The data in table-8 for the month of November revealed
that maximum assimilation of carbohydrates in Kinnow
was recorded in 70% Etc treatment which showed a
positive correlation with maximum water use efficiency in
the same treatment coupled with lowest transpiration Vis
a Vis 40 and 70% treatment. At low relative humidity, the
transpiration reduced due to decrease in
evapotranspiration driving forces,

The data in table-9 for the month of December
depicted that highest photosynthetic rate was attained in
70% treatment which exhibited a positive correlation with

Table 7 Physiological parameters dwing October (2002-04)

Variable Drip (per cent Etc)

: 40 70 100 C.D.at5%
Photosynthetic Rate (A=mmolm7s™) 128 2,02 2.50 043
Stomatal conductance (g,=m’smol ™) 0.05 0.07 0.08 0.01
Stomatal resistance (g=rsm’smol ") 17.07 13.55 1235 N.S.
Leaf Temperature ("C) 33.39 33.42 3383 NS,
Transpiration rate E=molms™") 1.87 222 2.50 N.S.
Sub-Stomatal CO, concentration 323.1 31432 306.40 NS,
H‘ID'EUS}"I’IH’EI:!: Active Radiation {Q= mmn]m‘zs"} 054 Q20 Q00,66 M.5.

2 .62 2 M.5.

Relative Humidity (R.H. = %) 29.55 30.6 3233

Water Use Efficiency

0.68 0.90 1.00 020

Table8. Physiological parameters during November (2002-04)

Variable

Drip (per cent Etc)

Photosynthetic Rate (A=mmolm™s™)

Stomatal conductance (g,=m*smol”)

Stomatal resistance (g, ~rsm’smol™)

Leaf Temperature(°C)

Tramspiration rate [E=mt:r!|m'15" )

Sub-Stomatal CO; concentration

Photosynthetic Active Radiation (Q= mmolm?s”)
Relative Humidity (R.H. = %a)

Water Use Efficiency

40 70 100____C.D.at5%
3.84 371 3.53 NS.
0.05 0,05 0.06 N.S.
18.01 19.21 16.71 N.S.
30,55 2973 2726 NS
1.65 1 51 1,53 N.S.

257.74 27465  286.05 N.S.
1259.0 1358.66 116583 N.S.
25.60 25.96  27.80 N.S.

232 245 2.30 NS
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Table 9. Physiological parameters durin g December (2002-04)

Variable Drip (per cent Etc)
= - 40 70 100 C.D. at 5%
Photosynthetic Rate (A=mmolms™) 2.84 441 4.11 089
Stomatal conductance (g,=m’smol™) 0.09 0.14 0.12 0.02
Stomatal resistance (g=rsm’smol™) 11.12 7.264 8.041 238
Leaf Temperature(°C) 2717 26.72 24.50 MN.5.
Transpiration rate (E=molms™") 1.84 253 2.04 NS.
Sﬁb-Smmatal CO, concentration 313.61 319.66 320.88 NS,
Photosynthetic Active Radiation (Q=mmolm’s™) ~717.00 1122.55 = 93687 22426
Relative Humidity (R.H. = %) 30.60 28.66 29.47 NS,
Water Use Efficiency 1.54 1.74 2.01 N.S.
maximum stomatal conductance (0.14) value and minimum References

stomatal resistance as compared to 40 and 100% treatments.
The better stomatal conductance in all the three treatments
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Phylogenetic relationship among some cultivars of date
palm (Phoenix dactylifera L.) on the basis of flavonoid
spectrum

Rajesh Kumar Gothwal, R, Bhargava, P. K. Yadav and R. S. Singh
Central Institute for Arid Horticulture, Beechwal, Bikaner-334006, Rajasthan, India

Abstract

In order to develop phyto-chemical markers for delimitation of date palm cultivars, a study was undertaken using
five cultivars. The foliar flavonoids were extracted and separated on TLC plates coated with cellulose. The spots thus
developed were compared and subjected to cluster analysis using computer software. The results demonstrated that date
palm cultivars can be identified using either specific spot or spot combinations. The results of the cluster analysis demon-
strated that the selected five cultivars can be grouped into three distinct groups on the basis of their genetic distances. The
aroup A was represented by cultivars Khuneizi and Dayari were has closer affinity with Halawy. The Group B1 was repre
sented by Sewi and the group B2 by cvs. Khuneizi, Dayari and Halawy. ;

Key words: Date palm, Phoenix dactylifera, Phviogeny, flavonoid, TLC

Introduction

Morphological and anatomical characteristics of
plants have been extensively exploited in plant systemat-
ics. However, at infra- specific level, these parameters be-
come limiting. In a situation such as this, when traditional
methods of taxonomy becomes limiting for cultivar identi-
fication, recourse to more sophisticated methods such as
phyto- chemical markers are adopted. For this, secondary
metabolites have gained reputation to be used as taxo-
nomic markers. Since, their constitution in plants is spe-
cific and is not affected by environmental factors. Among
these flavonooid spectrum of a cultivar have gained repu-
tation to be an ideal marker for delimitation of taxonomic
entity at intra specific level (Das et al., 1977; Koul et al.,
1984; Garcia and Oieda, 2004 and Rusak et al., 2005).

Date palm is represented by a large number of
cultivars which have been identified/ developed for spe-
cific purpose. In these species too, the morphological and
anatomical parameters are insufficient to clearly distinguish
the cultivars, Moreover, majority of cultivars have come
up either due to natural selection or through deliberate
breeding. The genetic variability once generated has been
fixed on account of vegetative propagation which is com-
monly practiced in this taxon. Hence, the phylogenetic kin-
ship between the cultivars is not certain which is utmost
required under pre- breeding programme.

Accordingly, the present investigation was un-
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dertaken using five date palm cultivars to develop phy-
chemical markers for them using foliar flavonoid and the

data thus generated was used to assess the phylogenetic
relationship among them.

Materials and methods

Five genotypes of date palm viz. Halawy, Khalas,
Sewi, Khuneizi and Dayari constituted the material for
present investigation. Thefoliar flavonoid spectrum of these
cultivars was studies as described below:

Extraction of foliar flavonoids :
Two grams of foliar sample was fixed in 10 mil of
methanol containing 1% HCI . The fixed samples were stored
at room temperature and before analysis they were macer-
ated in mortar and pestle. The whole content was centri-
fuged at 10000 rpm for 20 minutes at room temperature. The
supernatant was taken and evaporated to dryness in an

oven maintained at 60°C. Finally the sample was taken in |
ml methanol. :

Analysis of flavonoids

The flavonoids were separated on TLC plates
coated with 0.6mm thick layer of cellulose. An aliquot of 10
ul of sample as prepared above was loaded on one comer
of the plate. The plate was first developed with 2% formi¢
acid and later, after rotating at 90, in solvent containing
amyl alcohol: acetic acid and water in the ratio of 10:6:5. the
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plates after air drying were viewed for flavonoid spots as
under:

1. without any spray

2. after spraying with 1% methanolic AICI, under

W :

after spraying with 1% mehanolic NaOH under
w

The spots were marked and pooled chromatogram of
each cultivar was prepared. They were then numbered and
master chromatogram was prepared for comparison of cul-
tivars. The phylogenetic relationship was ascertained by
using computer software, '

5_..!

Results and discussion

Foliar flavonoid patterns have been worked out
for five date palm (Phoenix dactylifera L.} cultivars. A total
of 47 flavonoid spots were observed in these cultivars.
The spots have been characterized on the basis of their
respective fluorescence properties and position on the
composite chromatograms. Fluorescence was checked
under UV-light before and after spraying enhancing chemi-
cals.

Perusal of table | revealed that spot number 10, 14
and 25 represent commonly occurring flavonoids, as these
spots were common in all the cultivars. The other spots
were presented in either one or more cultivars. This is illus-
trated by the fact that spot number 1,2,3,6,7, 11,13, 17, 19,
21,26,31,33,34,35,36,37,38, 40,42 and 43 were present in
20 per cent cultivars, spot numbers 4, 5,9, 12, 18,22, 23, 26,
27,29, 30,32, 39 and 47 were present in 40 per cent cultivars
and spot number 15, 16, 20, 24 and 46 were present in 60 per
cent cultivars. :

The cultivars can be identified using either typi-
cal spots or spot combinations as presented in table 1.
Cultivar Halawy can be identified based on typical spot or
spot combinations 5,9, 21,22,27, 39 and 47; cultivar Khalas

by1,2,3,4,5, 11,13, 17, 18, 19,28,29,33,43 and 47; cultivar
Sewiby6,9, 12, 26,35, 37, 38, 39, 40 and 42; cultivar Khuneizi
by4,7,12,23,26,27, 30,31 and 32 and cultivar Dayari by
18,23,29,30,32 and 34. '

i Based on the presence or absence of spots, the
cultivars were assessed for their phylogenetic distance.
Perusal of data indicates that cultivar Khuneizi and Dayari
are most closely related as demonstrated by a similarity
index of 42%. This is followed by cultivars Sewi with
Khuneizi (34%) and Sewi with Dayari (30%). All other cul-
tivars show poor relationship.

The present results are in line with those reported
earlier by Rusak et al.(2005) in Iris., Garc iaand Oieda {:'!mfi]
in Morus alba, Sanches- Yelano (2004) in Erucasiris and
Brassica, Koul et al. (1984) in Narcisssus and Das et al.
(1977) in Citrus. -

The data generated in the present study was fur
ther subjected to cluster analysis using NTSYS Software.
The Jaccard's similarity indeces among the cultivars are

a5

presented in Table 2 and the dendrogram developed is de-
picted in Fig. 1. Perusal of Table 2 and Fig. | demonstrates
that the five genotypes of date palm under investigation
could be grouped into three groups based on their phylo-
genetic relationships. Group “A" consisted of one culti-
vars viz. Khalas which shows distant relationships with
other cultivars. Similarly the group B is sub-divided into
B1 and B2, The group B is represented by one cultivar viz.
Sewi whereas group B2 consists of 3 cultivars. Among

these cvs. Khuneizui and Dayari shows the closer affinity
as compared to Halawy.

Table 1. Foliar lavonoid profiles of different date palm cultivars
Spot Halawy Khalas Sewi Khuncizi Dayar
numhbers
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Table 2 Similarity eoefMicient bosed on the llavonoid spols

Halawy  Khalas  Sewi  Khuneizi  Doyvari
Halawy 1.00
K halas 0.23 1,00
Sewi .26 14 .00
Khuneizi  0.27 0.24 (.34 .00
Dayari .26 0.27 .30 42 1,00
Halireny i
Hhuneigi
1 °
-
B1
S A
Krlﬂiﬂ:
[ L ™7 Tt T 1
0.53 0.59 0G4 0.88 0.73
GCoeflicient

Fig, 1. Dendrogram based on follar Ravensld spois

Our results further demonstrated that the Jaccard’s
similarity index between two cultivars is 0.42 showing
thereby that the genotypes are phylogenetically similar,

Thus, from the foregoing results it is evident that
flavonoid spectrum can be used for cultivar identification

as well as for assessing phylogenetic relationship among
taxa in date palm.

Singh, Indian Jowrnal of Avid Horticulinee, 2008, Vol. 3 (1): 54-56

56

Refcrence

Bhargava, R. (1983). Metabolites as an indicator of polyp-
loidy and hybridity in bulbous angiosperms. py
0. Thesis, University of Jammu, Jammu,

Dass, H. C., Randhawa, G. S. and Prakash, D. (1977),
Chemosystematic studies in relation to variabil-
ity in Cierns limon. Indian Jour of Experimental
Biology., 15(2): 158-160.

Frost, S., Holm,G. and Askar, S. (1975). Flavonoids pattems
and the phylogeny of barley. Hereditas 79 133.
142,

Garcia, D. E. Ojeda, F. (2004). Evaluation of the main factors

that influence the phytochemical composition of

Morus alba (Linn.). 111. Total Aavonoids. Pastoy

» Forrafes,, 27(3): 267-272,

K., Sharma, M. C. and Bhargava, R, (1985), Impact

ol polyploidy  on flavonoid constitution in

Narcissus tazetta L., Proc. Indian Aad. Sci., 95

I-5. :

Rusak, G., Mitic, B. and Liber, Z. (2005). Leaf lavonoid pat-
terns in the Croatian endemic species Jris illyricq
Tomm. and [ris pseudopallida Trinajstic
(Iridaceae). Periodicum Biologorum., 107(1): 45-
49,

Sanchez-Yelamo, M. D. (2004). Taxonomic relationships
among Erucasirum and Brassica species based

on flavonoid compounds. Cruciferae Newsletier.,
25:13-14.

Koul, A.




INDIAN JOURNAL OF

ARID HORTICULTURE
2008, Vol 3(1}:57-59

Comparative study of quality parameters of date palm
fruits under zero energy cool chamber and at ambient

storage condition

R.K. Meena, P. K. Yadav and J. Singh,
S.K. Rajasthan Agricultural University, Bikaner - 334 006

Abstract

The present investigation was carried out during summer season 0f 2004-05. Freshly harvested date palm fruits of
doka stage (when fruits turn their colour from green to yellow or red depending upon variety but still remain hard) were
placed under zero energy cool chambers as well as at ambient storage conditions. Periodic observations were recorded on
TSS, acidity, ascorbic acid and weight loss of date palm fruits. The retention of ascorbic acid { 2.36 %) was observed more
under zero energy cool chamber. Similarly weight loss (20 %) was less under ZEEC than room storage (24 %). Acidity (0.27
%) was also less under ZECC, however TSS was higher under room temperature. .

Key words: T5S, acidity, ascorbic acid, weight loss, zero energy cool chamber

Introduction Material and Methods

Date palm is an important fruit crop of the subtropics The present investigation was carried out at the
O i.n Rajasthan, Punjab, Haryana and Kutch Departiment of Horticulwre, College of Agriculture, RAL.
region of Gujarat. The date palmfruits (Phoenix spp.) are Bikaner during summer season of 2004-05. Freshly
used to prepare several value added products such as dry harvested datepalm fruits of Medzool variety on doka

stage (when fruits turn their colour from green to yellow
or red depending upon variety but still remain hard) were
placed under zero energy cool chamber as well as at ambient
storage conditions in plastic trays. Periodic observations
were recorded on TSS, acidity, ascorbic acid and weight
loss of date palm fruits, T.55. of the fruits was recorded
using Hand refracto meter, acidity by titrating fruit juice
against N/10 NaQH and ascorbic acid by titrating the juice
against 2, 6 Dichlorophenol indophenol dye. The weight
loss of the fruits were observed after deducting the retained
weight at a particular date of observations from the weight
ol the fruits kept initially on the first day of observation,
ds to temperature and humidity maintained under

dates, wine, vinegar, arak, jam, chutney, beverages. juice,
toffees etc. Its fruits are consumed as hard ripe at doka,
soft dates (pind khajoor) and dry dates (Chhuhara). It
contains high calorific value (3150 calories/kilogram of
fresh fruit) 60 - 65 per cent sugar, fair amount of fibre (2.5%),
protein (2.0%). fat (2.0%), minerals upto (2.0%) i.e. iron,
potassium. calcium. copper. magnesium, calcium. sulphur,
phosphorus ete (Sinegh,2007) . Rescarch work on
improvement ol quality of fruit in date palm is less inour
country. Fruit' being biological entity continues on
metabolitical activities and undergoes deterioration in
{ualities. Furthermore, daté-palm fruits experiencing

ipeni i i > As regar
ripening during summer are especially very much prone to : -
loss n?q I‘? iu. © ngtpet‘ﬁ uiing} to prevailing zero energy cool chamber (ZECC) an: ?:Oambm;':;mraic
ualitative parar “ i ic m 32.8°Cto 387
Uncongenjal heric condition with high and less Dﬂndntur:m,maxrmun:nlmnparau{re varl. ,;. e
hum'dl': Ia b mr:f’ ttempt Was made to C and 35.2°C to 40°C respectively. The re]ah:irc mml:ufm;y
idity. In present endeavor, an a ; . GoiiS i
sge the P o Cool Chamber ( ZECC)and under ZECC varied from 51 - 72 pe
M A condition, it was 45 - 72 per cent (Table 1).

ambieny storage on qualitative atiributes af the date-palm
fruits of Medzool variety.
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Table 1. Temperature and humidity conditions at am bient storape and

ZECC conditions

Temperature of LECC

Date ol Room Tem perature
e Minimum M aximum R (%) M Inimum “’.T‘,”“"“'m R
("C) L) (°C) ("CH (%)
2707, 2005 290 400 a5 17.0 ffﬂ.i} 31
3007, 2005 245 39,5 5H 26.5 37.0 5K
31.07. 2005 27.5 i6.5 53 25.5 34.5 55
0108 2005 165 3R.5 45 24.5 J2 R SR
02.08.2003 254 35.2 ik 24 8 352 aR
03.08.2005 4.5 in.5 ol 25.0 16.0 T2
04 R 2005 250 3Ll 72 26.3 X s i

Results and Discussion
Irrespective of storage conditions, TSS increased,
acidity and ascorbic acid decreased and weight loss (%)
in fruits were recorded(Table 2). However, the fruits stored
under ZECC had better retention of TSS, acidity, ascorbic
acid and physical weight. Better retention of TSS, acidity
" and ascorbic acid and weight loss (%) less under zero
energy cool chamber owes to the moderating effect of
ZECC on temperature and humidity. Under moderate
temperature and high humidity conditions reduced rate of
degradative process might have been responsible for better
retention of qualitative parameters.
TS5 increased with the advancement of period
irrespective of the storage conditions. However,

comparatively higher TSS was observed under ambient
storage condition. This could be attributed to the maximum
muoisture loss during storage resulting in higher
concentration of total soluble solids.

A gradual decline in total acid content of the fruits
during storage at room temperature as well as under ZECC
was recorded. The reduction in acidity with the
advancement of storage period may be due to the fact that
organic acid may have been utilized rapidly in respiration
during storage. This process ultimately decreased the
acidity (Govind and Prasad, 1981). The slower decrease in
acidity in ZECC could possibly be due to delay in ripening
and slower degradation of organic acid as a result of low
temperature and high relative humidity prevalent in ZECC.

Table 2. Physiological changes of date palm fruits under different storage condition.

Date of observation/

storage condition

Changes in physiological parameters

TSS (%) Acidity (%) Ascorbic acid Weight loss
(mg/100 g) %% .

A)ZECC Storage

27.07 2005 : 41.00 . 0.34 359 0
30.07.2005 43.00 0.29 3325 4
0d.08.2005 46.00 0.27 237 5

09, 08. 2005 50,00 027 236 20
(B) Room storage

27.07 2005 41.00 0,34 359 0
30.07.2005 44.50 034 3.05 6
(4.08. 2005 50,00 0.32 209 10
09, 08. 2005 32,00 031 202 . ; 24
CDat5% 154 001 008 45
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The finding is in conformity to the observations as
recorded by Gupta et al., (1988) in ZECC storage of ber
fruits. Regarding ascorbic acid content, it though declined
with the advancement of period irrespective of the storage
conditions, comparatively lesser retention of ascorbic acid
was noted in the fruits stored under ZECC. The ascorbic
acid being sensitive to oxidation losses, its content reduced
with the exposure of time concurrent to the advancement
of storage period. The better retention of ascorbic acid
was noted in the fruits stored under ZECC. The prevalence
of low temperature and high humidity minimizing oxidation
losses may be one of the possible reasons of better
retention of ascorbic acid under ZECC. This finding is
similar 1o those as reported by Naik (1985) during storage
nfnmngn under ZECC condition. The fruits stored under
ZECC experienced less weight loss in percent as compared
to those stored under ambient conditions. The low
temperature and high humidity prevalent in cool chamber
storage might have decreased the rate of respiration and
. accordingly brought about less weight loss. Singh and
‘Rana (1992} reported similar observations, while working
with ZECC storage of sweet orange cultivar -Blood Red
Malta fruits.
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Off season cultivation of summer squash undet
| polythene low tunnels

B.D. Yadav, Yogesh Sharma and M.S. Fageria, | ;;
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Mostly cucurbitaceous vegetables are grown in
the main season, which is always less profitable, because
of markets are Mooded with lot of vegetables at that time.
The prices of same vegetables are higher during the off-
season. Itis difficult to grow cucurbits in winter season
because of low temperature and frost injury and thereby
adverse effect on growth and fruit setting. Polythene low
tunnel technology for production of summer squash, musk
melon and water melon is very common in [srael (Singh et
al. 2001). This technology is suitable for northern plains
where the might temperature during winter season (De-
cember-January) goes below 5°C (Singh and Sirohi, 2006).
The high temperature inside low tunnels make the crop
period short, when it is needed to expedite the crop growth
and protect the plants from natural disasters like hails in-
Jury, cold winds and advance the crop by 45-60 days then
their normal season. This low-cost technology for off-sca-
son cultivation of cucurbits is very simple and highly prof-
itable for vegetable growers. For the development and
evaluation of the technology a field experiment was con-
ducted at farmer’s field in the command area of Chhitoli
irrigation praject under RWSRP to find out the suitable
sowing time of summer squash under polythene low tun-
nels for off-season cultivation.

The field experiment was carried out at farmer’s
field of Jai Singh Pura and Bhagatpura Village of Chhitoli
project area of Virat Nagar, Jaipur, Rajasthan during 2004-
05 & 2006-07. The soil of the experimental plot was loamy
sand in texture having P" 7.7, EC 0.21 d S/m, organic car-
bon 0.19 percent, available N, PO, and K.Owas 1914, 312
and 177.0 kg/ha, respectively. The experiment was laid out
in randomized block design comprising five treatments of
different sowing dates viz. 10" Dec., 20" Dec., 10* Jan. and
20" Jan. with four replications in 3.0 x 2.0 m? plots with a
spacing of 1.5 x 0.5 m. After sowing of seeds in prepared
beds 6mm galvanized iron arches (hoops) were fixed many-

ally at a distance of 1.5 m to support the polythene of

tunnels. The width of hoops was kept 45-60 cm with »
height of 45-60 cm above the level of beds for covering
polythene and making a low tunnel over the plants, Trans-
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parent non-perforated 40 micron UV polythene sheet was
used which partly reflected infrared radiation to keep higher
temperature of low tunnels than out side. For comparison
side by side traditional method was also followed by psjpg
saccharum (Sarkanda) on north side of the beds. Summer
squash variety Chandrika F hybrid was taken as test crop
and sowing was done on different dates. All the l'r_nprnw;q
agricultural practices were followed through out the crop
season. In the month of February when _atmnsphﬂri[:_ tems=
perature rosc polythene sheets were removed from low
tunnels. Growth and yield attributing characters were rg-
corded of five randomly selecied plants from each plot,
Yield data were recorded for statistical Interpretation.

A perusal of three years pooled data (Table - 1,2)
revealed that sowing dates had significant effect on growth,
fruit set and yield of summer squash under low tunnels.
The maximum vine length (86.75 cm) and fruit set (69,75%)
were recorded under 10" December sowing. The minimum
fruit drop (30.25%) was observed in 20" December sowing
which was statistically at par with 10® December sown r_:m[i_.

The maximum number of marketable fruits per
plant(28.5) and weight per fruit (101.5 g) were also recorded
liqdﬂr 10" December sowing which were statistically at par
with 20" December sown crop, The incidence of fruit fly
I;S.B} was found least under 1 g December sown crop, while
It was highest under last date of sowing i.e. 20" January.
Dﬂ}"ﬂ taken to first harvest reduced with the advancemeni
n sowing dates,

The maximum marketable frujt yield (358.39 g/ha)
of summer squash was found when crop was sown on 10"

December under polythene low tunnels which was statisti-
cally at par with 20 December sown crop. The méximum
net rf:tun? ofRs, 151196.00 and B:C ratio of 1:2.51 was also
!uund}"lth 10" December sown crop underl low tunnels.
The minimum net return (Rs. 8745.00)and B:.C ratio(1:1.07)
was ubseFved under farmer’s Practice. The increase In
grmﬂhr yield and yield attributing characters might be due
to high temperature inside Jow tunnels-make the crop pe-
riod shulrt, when it is needed to expedite the crop growth
by creating an ideal microclimatic condition at the plant
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Tablé L. Ellect of sowing dales on growth, I'ruitl sel and y
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- icld of sy . : ;
ales : :cr:cn {!::1 tlg‘in first harvest  markewable: per fruit {'-[-'rl:li:]: n“u:?mL
= fo) )| fruils/plani () fruil Ny
10" Dec. B6.73 69 75 3150 67.50 28.50 101.5 375.00 5.8
. : . 5.
th 2 ; (13.8)
20" Dec. 80.00 65.25 30.25 68.25 28.50 992 366,66 6.0
= (14.1)
30™ Dec. 7225 60,25 36.25 64,25 23.75 5.7 303,33 8.8
X . (17.1)
10" Jan. 67.25 54.73 38.75 57.75 19.50 89.0 198.33 13.8
. i (21.7)
20" Jan. 6300 4825 4725 57.00 14.75 82.0 161.99 16.3
(23.7)
SEms 0.55 0.65 0.55 097 0.64 0.9 454 038
CDat 5% 1.71 2.02 1:7} 2.99 1.97 .29 14.01 1.18
CV (%) 1.50 2.20 3.01 3.09 5.57 2.0 3.23 " 423
Table 2. Effect of sowing dates on growth, fruit st and vield of summer squash { Cicurbita pepo L)
Sowing dates Fruit yield ( g'ha) Gross Cost of Met rewrn  B:C
2004-05 2005-06 200607 Pooled Income Production (Rs./ha) Ratio
mean {Rs.ha) {Rs.ha)
10" Dec. 346.00 35417 37500 358.39 250873 S9677 151196 1:2.51
20" Dec. 34200 350.00 36666 352,88 247018 S9677 147339 1:2.47
30" Dec, 26250 287.50 30333 284.44 199108 99677 09431 [:1.99
10" Jan, 21925 212.50 19833 21002 147014 99677 47337 1:1.47
20" Jan. 159.50 154.17 161.66 158.44 110908 9677 11231 [HRY
SEmt 082 913 4.54 731
CDat5% . . 253 28.13 14.01 23,86
CV(%) 6.62 6.72 323 464
Farmer's 173.76 121632 112887 8745 1:1.07
_practice

Sele price @ Rs. 7" per ke.

Enyiranment. Singh ¢f al. (2004) also found an advance-
Ment in growing season of summer squash under plastic
tnnels. These results are also jn conformity with the find-
INgs of Singh e al. (2005) and Singh (2007).
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Nitrogen management in guava (Psidium guajava F) CV.
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C.PCollege of Agriculture, S. DA U, S K Nagar-

385 506, Gujarat

Guava ( Psidium guajava L.} is an important one
of the fruit crop of North Gujarat. Though it is grown in arid
and semi-arid conditions, it responds well to nitrogen and
farmers apply nitrogen in two splits in the month of June
and September. Recently, drip irrigation system gets the
prime position for efficient use of water and fertilizer. How-
ever, regular irrigation is essential during the reproductive
phase (i.¢c. flowering to ripening of fruits) as irre gular mois-
ture conditions causes dropping of lowers and small fruits
(Patil er al., 2002). Among different management practices,
fertigation plays an important role for enhancing yield and
quality of product with saving of water and efficient use of
fertilizer. Water is a limiting factor in the arid regions. The
fertilizers are becoming costlier day by day. There fore,
even under these constraints, it is essential to utilize both
these inputs on the scientific basis to get a remunerative
crop. Drip system increases the growth and nutritional sta-
tus of pomegranate under the salt affected soils. (Dwivedi
et af ,1996) by leaching out excess salt and maintaining
proper concentration through continuous dropping of

water. This system also checks seepage and evaporation
loses. (Varsney ef al, 1993). However, there is no informa-
tion available on the effect of fertigation on this fruit crop
under North Gujarat conditions, There fore the present
study was undertaken to generate information on the above
aspects.
~ Afield trial on guava cv. L-49 was conducted at
Fruit Research Station, Dehgam, Di: Gandhinagar during
2001-05. The twelve years old plants grown at 6.0 m x 6.0 m
spacing were 1|5i1:d forthe e xpfrimenl. Total nine treatments
s e L T
intcr%ai (F }an:; ;ﬂ }:rj;.m- evels of irrigation i.e. 15 days
[ ys interval (F ) during May to June
an_d September to Dcmb?r through drip (0.5 PEF) were ap-
plied and four levels of nitrogen viz., 100 % (L ), 80 % (L),

* Corresponding author’s e-mail
patel.narottambhai (@ yahoo.com
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60 % (L,) and 40 % (L,) nfrec_ummended fiaze a.fr'{itrug&n
(500 zm / tree) were also applied and studied their interac-
tion effect also. Existing practice i.e. 100 % recommended
doze of nitrogen be also tested.

The total number of fruits was found non signifi-
cant under both levels of irrigation through drip (0.5 PEF)
application in all the years of study except 2003-2004.Ap-
plication of 60 % and 80 % of recom mended dose of nitro-
gen were found significant response during all the years
and pooled data except in the year 2005-06.

Interaction effect of F x L was also found signifi-
cant during all the years of study. The treatment F L, pro-
duced significantly the highest number of fruits of 687,
532,525,640 and 596 during 2001-02, 2003-04, 2004-05 2005-
06 and in pooled results, respectively. However it was al
par with F, L, during 2001-2002,2003-04 and in pooled re-
sults. In the year 2005-06 it was at par with all the treat-
ments except F L, ,and F,L, during 2004-05, it was at par
withF,L,,F L,andF L . ' ,

The four years results revealed that fruit yield of
guava was affected significantly during 2001-02, 2003-04
and in pooled results in respect of frequency of irrigation-
F, i.e. 15 days interval of water application gave signifi
cantly the highest fruit yield 18.21tha, 18.87 thaand 18.45
tha during 2001-02, 2003-04 and pooled , respectively. Ram
and Rajput (1998) also reported effect of slow release nitro-
gen fertilizer on higher yield and better quality of guava-

Whereas, application of 60% recommended dos¢
of nitrogen gave significantly the highest fruit yield of
guava during 2001-02, 2003-04 ,2005-06 and pooled results
also. (18.98 t/ha, 19.49 vha, 23.68 vha and 19.26 t/ha, ¢
spectively). In the year 2001-02, 2003-04,2005-06 and pooled
b ﬂppi!catinn 0f 80 % recommended dose of nitrogen was 2t
parwith L, (i.e.60 % recommended dose of nitrogen}

. Interaction effect of F x L was found significa®
during 2004-05, 2005-06 and in pooled results. Treatme
;IL} (1.e. application nfir'rig?tinn at 15 days inte._'\ra[ with I

o recommended dose of nitrogen) recorded Slgﬂlﬁ;anl}'
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Tahle 1. ilect ol dilTewnt restment s onweber of Fuistnoe of puva
(2000-02 1 2005-06G)
Tt al mumdser of [ruits / tree
200304 20018

Trestments 2014172

A05406  pooled
Iyl Ahd 43 4 439 438
IFil.s 0Th 34 S 19 577
[ fH7 332 325 R 06
Iy 545 420 34 537 474
Il 3R W3 A0 567 485
bl .- fl 55 473 87 52
il T ik 2 530 J86
B i 454, 471 81 532
Cowr] 7 413 S 428 475
Clhal 5% 083 42 710 [ 06105 AaR
OV 454 0, 4 .25 4112

120

Tahle2. Lllect ol different weatments on it yield | vha)ol puve
(2001402 1w HHS00)

Trzatrents Truit yield (Kb
200002 2005404 200405 2005-06 pooled
il 17.15 1745 11.72 15499 16,32
Il I8 2003 15.67 2283 1937
Filz 2L 2124 1765 2609 2].52
Ly 143,500 16749 1247 M52 1654
FFal.a 15,54 14.47 12.55 2047 [6.06
Fal.s 17.49 R05 1560 2218 1834
Fals 17. 77 17.75 1218 2057 1702
Faly 17.01 17.38 15.30 2142 17.78
Comtrod 14,72 1646 15.4 16298 16,35
Chow 3% NS 8 1.36 3 124
C.M.% i 14 1321 .52 11416 1024

Tabled, Peonomics al Guava cullivation
Yield Liross ol ol N CIR
Tremments  kpha  icome  cultivation incone
[ EWL ] Fha Kt -

. 16320 65RO 22600 423G 2K
Kl 19370 - THE0 . 22557 54923, o343
Fil.s 21520 B6OBO  2MAH - 63656 384
Ly 16590 66360 22291 44069 298
Fid.y ool 64240 22640 41600 284
1., (R0 73360 22507 0833 326
. 17020 6NN 2237 45706 304
B 177800 T1Z20 1m0 4187 30
Cortrol 16350 65400 22590 J2R10 290

* Selling prive of puva = B, 40 per kg

the highest fruit vield ol 17.65 vha. 26.99 vhaand 21.52 1/
ha duun*&_ 2004-05, 2005-06 and in pooled results. rcspe:.-
tively,

Economics o different treatments rew:al.ed that
the highest gross realization per hectare of Rs, 86,080 was
obtained under treatment F L, (60 % RDN at 15 days inter-
vals), It was followed by I‘ {EEI o5 RDN at 15 days inter-
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vals) (Rs.77,480/ha) , giving the highest net realization of
Rs.63.656/ha . The second highest with respect 1o net rea-
1zation (Rs. 54,923 / ha) was recorded by I L. (80 % RDN at
15 days intervals). Same treatment F L, recm ded highest
cost benefit ratio (3.84).

Various fertigation treatments were applied to
study their effect on the growth | yield and economic pa-
rameters of guava. The four years pooled data revealed
that number of fruits and fruit yield of guava were signifi-
cantly highest with treatments F.L, (60 % recommended
dose of nitrogen at 15 days intervals). However, F L. (80 %
recommended dose of nitrogen at 15 days intervals ) was
at par with that of F L . Fertigation with only 60 °% recom-
mended dose of nitrogen at 15 days intervals was also
found to be most economical and profitable fetching the
highest net profit and the hizhest cost benefit ratio. So
that, it can be concluded that Farmers of Morth Gujarat
should apply 60 per cent of the recommended dose of ni-
trogen at an interval of 15 days in the month of May-June
and September- October. It gives 32 pert cent higher fruit
yield and higher net return per hactare alongwith 40 per

“gent saving of nitrogen,
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Bael (Aegle marmeloy Correa) is one of the impor-
tant minor fruit crop with high nutritive and medicinal value.
It is mainly propagated either by seed or **T* budding or
soft wood grafiing. True to type plants can be produced in
latter two methods but the growth is very slow. Tissue
culture technique offers an advantage over conventional
methods of propagations in producing large number of
true to tvpe plants trom healthy elite plant within a short
period of time. The surface sterilization is the most impor-
tant step in micro-propagation and become a critical step
in establishment of certain species particularly when the
explants are derived from field urown plants. In this per-
spective studies were undertaken to standardize the pro-
tocol for surface sterilization of nodal segment of field grown
plant of bael.

The experiment was conducted at Central Insti-
tute for Arid Horticulture, Bikaner with a view to assess the
efficacy of different surface sterilizing agents. Young, fresh
growing branch from mature plant of bael (5-7 years) were
harvested and cut in to segments, each segment having at
least one bud. These nodal segments were washed under
running tap water for two hours. These explants were given
guick dip treatment once in Methanol followed by surface
sterilization with mercuric chloride (0. | per cent) for 5, 7,9
and 11 minute or sodium hypochlorite (0.75 per cent) solu-
tion for 6. 8. 10 and 12 minute, Subsequently, the explants
were washed thoroughly with autoclaved double distilled
water for 3-4 times. These surface sierilized segments were
inoculated in 250 ml conical flask containing 30-40 ml of
MS medium. Murashige and Skoog (1962), supplemented
with 3.0 per cent sucrose and (.8 per cent agar, All the
surface sterilized explants were inoculated under aseptic
condition using laminar air flow cabinet. The treatments
were replicated ten times and maintained at 27°C + 2.0°C
and 13 hrs photoperiod.

The response of explants to various sterilizing
agents in culture medium is presented in Table-1. The effi-
cacy of sterilizing agent mercuric chloride (HgCl,) and so-
dium hypochlorite (NaQCI) with different exposure time

* Corresponding author’s e-mail:
rbciah@yahoo.com
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was assessed In terms of maximum aseptic explants pro-
duced, which responded to sprouting. In case of Mercuric
chloride @ 0.1 per cent, the maximum 80 per cent contami-
nation free explants were recorded when exposed to 7
minute, In case of different time exposer of NaOCI(0.75 per
cent) the maximum 60 per cent contamination free culture
was recorded at 5 and 7 minute, Thus, the present investi-
eation revealed that application of HgCl, is better agent for
surface sterilization. Syamal ef af. (2007) had reported that
in Kagzi lime the maximum (72.43 per cent) survival of ex-
plants was recorded when the explants were treated with
mercuric chloride. Similar results have also been reported
by Kour ¢f af. (2007) in rough lemon and Karwa (2003) in
Citrus reticulara,

In the present study, the data on number of shoot
and length of shoot were also recorded on 30" day after
inoculation. The results revealed that among mercuric chlo-
ride treatments, the maximum number of shoot (2.80), length
of shoot (3.42 cm) was recorded at § minute after treat-
ment. Although further increasing the time of exposure re-
duces number and length of shoot. However, the length of
shoot and number of shoots produced at 5 and 7 minute
exposures were statistically non significant.

At the end of 30 day maximum number of shoot
(2.90) and length of shoot (3.71 em) were recorded at 6
minute treatment of sodium hypochlorite (0.75 per cent)
which declined on increasing the duration of exposure.

The data on time required for bud break reveals
that when the explants were treated with HaCl,, the mini-
mum time required for bud break ( 6.20 days) was with 5
minute exposure which increased with increase in duration
ofexposure but was statistically non—significant. Similarly,
iT'I_'C':'IEE of explants treated with sodium hypochlorite, the
minimum time required for bud break was 6.50 days which
increased with increase in duration of exposure.

Thus, based on all the four parameters studied, it
was concluded that surface sterilization with Mercuric chlo-
ride was better with respect to production of aseptic cul-
ture and reducing time to bud break. The further increase
in duration of exposure to either of sterilizing agents de-
creased the number and length of shoot, which may be
because of toxic effect of these chemicals.
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Table 1. Effect of surface sterilization agents on establishment of axenic culure in Bael

Mercuric chloride (0.1 per cent) Sodium hypo chlorite (0.75 per cent)

Time Percent Time No. Length  Time Per cent Time No.of  Lengh of shoot

Exposer  survival  equired of of Exposer survival required shoot {cm)

(min) explants to bud shoot Shool explants o bud

break {cm) break (days)
_(days)

5 70 620 280 3142 6 60 - 6.50 2.90 371

7 80 6.40 250 292 8 60 7 J 2.60 2.83
| 9 70 6.50 2200 <. 10 50 el n 220 2,13
| 1 50 7.0 1.50  1.52 12 40 8.60 1.70 1.89

SEm + 0.37 0.30 0.18 012 0.27 0.57 016 0,06

cD 1.07 0.89 0.52 0.36 0.76 1.65 043 0.18
| (5%) : '
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Chlorophyll content in leaves of coriander as influenced by
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Cortander (Corfandrinr sativiem L) is one of the
important leafy-green vegetable as well as seed spices crop
grown in almost all states of India. Rajasthan occupies the
first position both in production and acreage of coriander,
The production of coriander in Rajasthan is 2.86 lakh tonnes
from 241 lakh hectare land with the productivity of 1190 kg
per hectare { Anonymous, 2004}, At present, India is export-
ing only 5 per cenl of the total produce. This is due to
inability to withstand intermnational quality standards of the
produce. Therefore, there is an urgent need 1o increase the
productivity and to upgrade quality so that it can with-
stand competition in the international market (Singhal, 1999
The imporiant limiting factors are poor package of prac-
tices. untimely sowing, lack ol adoption on judicious nutri-
ents and also lack of knowledge on the use of plant growth
regulators. _

[t is, therelore, necessary to identify optimum time
of sowing, nitrogen doses, which will ensure a balance be-
tween vegetative growth and reproductive phase of cori-
ander so that chlorophyll content in leaves can be en-
hanced. The use of Naphthalene acetic acid (NAMA) and
Gibberellic acid (GA ) have been found to increase the eco-
nomic yield of several crops, but very little work has been
reporied for coriander. Keeping in view the present inves-
tigation was carried out to study the effect of sowing dates,
nitrogen and plant growth regulators on chlorophyll con-
tent in leaves of coriander.

The experiment was conducted at Instructional-
Cum-Research Farm, Department of Horticulture, Rajasthan
College of Agriculture, MPUAT, Udaipur, situated at 24° 35
M latitude and 24°42 E longitude at an elevation of 379.5
meter above mean sea level. The climate of this zone is
typically semi-arid and subtropical. The average rainfall of
this tract ranges from 650 =750 mm of which 90 per cent is
received during the period of July to September, The soil of
experimental site was clay loam in texture, slightly alkaline
in reaction and medium in nitrogen and phosphorus and
potassium status. The experiment was laid out in Spilt Plot
design with four replications. Three sowing dates (15
Oct, 31" Oct. and 15 * Nov. ) and two levels of nitrogen (N
@ 60 kg ha'and N (@ 75kg ha'") in main plots and five

* Corresponding author's e-mail:
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levels of plant growth regulators  (NAA 25 ppmat 30, 75
DAS,GA, at 30,75 DAS and control ) treatments were allo-
cated in sub- plots. Before sowing the seeds were splitted
into two halves and seed treatment was given with 2 gm
Bavistin per kg of coriander seeds. As per treatment the
sowing was done manually on 153" Oct., 30™Oct and 150
Nov. during the year 2003-04 and 2004-05. Afler sowiny,
the seeds were covered with soil by partially dismantling
the lines. A uniform doses of 45 kg P,O_ha" through single
super phosphate and /3 “nitrogen as per treatment was
drilled basally 10 em deep at the time ol sowing. Remaining
dose of nitrogen through urea was applied in two equal
splits before irrigation at 30 and 75 days afler sowing (DAS)
during hoth the years. The plant growth regulator solu-
tions were prepared by dissolving in small quantity of
dilute alcohol, then the desired stock solution were pre-
parcd by adding 1000 ml distilled water. Few drops of
teepole were added two each solution before spray and
untreated plots were sprayed with water lwice.

The leaf samples from different treatment combina-
tions were collected and analysed for chlorophyll a. b and
total chlorophyll content in leaves at 45 and 90 days after
sowing, Data analysed statistically as suggested by Panse
and Shukhatmae ( 1995)

Effect ol Sowing Dates

A perusal of data in Table | reveals that chloro-
phyll content in leaves of coriander were influenced by
date of sowing in both the years. The results exhibited that
the maximum chlorophyll a, b and total chlorophyll con-
tent in leaves at 45 and 90 days after sowing (10.87, 2.26,
13.13, 11.19, 2.44 and 13.63 mg/g) respectively, were re-
corded when coriander crop was sown on 15" October.
The chlorophyll a,b and total chlorophyll content was re-
duced in the later date of sowing. This might be due to the
fact that reduction in chlorophyll content under delayed
sown could be attributed to the reduction in span of repro-
ductive growth phase. The present study is inclosing con-
formity with the findings of Bhati (1991), Jat (1995) and
MNaghera er af (2000),

Effect of nitrogen

. The results indicated that increasing leaves of
nitrogen fertilization did not show any significant effect
on chlorophyll content in leaves,
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Table 1. Effect of sowing dates, nitrogen levels and plant growth re

(Fooled data of two vears)

gulaters on chlorophyll content in leaves o Feoriander

Treatments Eh]ﬂmph}']]l a’ img_a' Chlwﬂph_'rlll'b' imgg" Totalchlorephyll (mg g}
45 0D AS 45 DAS 0D AS 45 DAS G0 DAS
DAS

A Date of sow ing

15" October 1087 11.19 2.26 2.44 13.13 13 63

30™ October 1078 11.06 2.24 2.41 13402 1347

15™ Nigvember 9.57 9.85 2.00 2.18 11.57 12.03

S 0.07 0.07 0.02 0.02 0.08 0.08

CDats % Q.20 0.2l 005 0.05 0,23 0,24

B. Mitrogen levels

N @ 60 kglha 10.36 1063 2.15 2.32 12.51 1295

N @ 75 kg/ha 10.45 10.77 2.8 2.36 12.64 1313

SEm & 0.05 0.0a 0.0l 0.0l 0.06 0.07

cDats % NS NS NS NS N § NS

C.Plant growth regulators

Control { W aterspray) 9.47 9.76 .95 213 1141 Il .89

NAA 25 ppm at 30 days afier 11 .7I 1201 241 59 i4.12 14 .58

showing

NAA 25 ppm at 75 days afller 2.70 10,03 2.06 2.24 1176 12 .24

showing

GA, 50 ppm at 30 days alier 11.54 L1.g2 239 2.56 1393 14 40

showifg

GAs 50 ppm at 75 days aler 9.62 9.8% 203 .20 1165 12.11

showing

SEm = 0.08 0,09 0.02 0.02 0.09 o.10

CDats % 0,23 0,24 006 0.06 0.27 0.27

Effect of plant growth repulators

Chlorophyll a,b and total ehlorophyll content in
leaves of coriander were also found to be influenced sig-
nificantly as a result of plant growth regulators application
(Table 1}, The maximum chlorophy!l a.b and total chloro-
phyll content in leaves at 45 and 90 days after sowing
(TLTI240,14.02,12.00,2.59 and 14,58 my/e) respectively with
25 ppm NAA AL 30 DAS treatments over control, However,
it was found at par with application of 50 ppm GA, at 30
DAS. The increase in the peroxidase and catalase activity
as a result of application of plant growth regulators might
have led to the increased chlorophy|l content and its me-
tabolism (Vijaylakshmi and Srinivasan, 1999, The present
result on chlorophyll content in leaves are inclose agree-
ment with those of Dharmender ¢f of (1996) in cabbage,
Sumeriya et af (2000) in mustard and Meclhi (2000) in french
bean, who, reported the higher chlorophyll content a re-

sult of auxin application which strongly support the present
findings.
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Citrus occupies an important position in fruit
industy on account of its great utility. In Tarai, lemon has
been found to be the most successful fruit due to its adapt-
ability and availability of fruits throughout the year. among

several cultivars grown, Pant Lemaon-1 is the most prom- :

ising in Tarai condition of Uttarakhand. it is a singal plant
selection from “Kagzi kalan Lemon™ (Baldevraj, 1990). It
bears flowers and fruits in two main [lushes and exhausts
more nutrients 16 maintain vegetative growth which can
support flowering and fruiting. To meet the requirement of
nutrients recommencled for different fruit crops, it could be
either is supplied through inorganic source, but each one
has its limitations. For meeting nutrient requirement, a re-
cent emphasis has been given on the integrated nutrient
management (INM), Integrated nutrient management is the
combined use of organic and inorganic fertilizers and relies
on use of FYM, crop residuse, legumes, biofertilizers,
_biopestisides. Looking into the importance of nutrient
management, the present expriment “Integrated nutrient
management in lemon cv. Pant Lemon-1" was planned to
study the effect of Integrated nutrient management on yield
and quality of lemon.

The study was conducted during 2006-2007 at
Horticultural Research Centre, Patharchatta of
G.B.P.U.A &T., Pantnager, U.S. Nager (Uttrakhand) on eight
year old uniform plants of lemon (Citrus limon Burm) cv.
Pant Lemon-]. The planting distance was 5m x5m. All the
trees were maintained under uniform cultural treatments
during the course of investigation. The experiment was
laid out in randomized block design (R.B.D) with fifteen
treatment and three replications. The different treatment
were as T =400z (N) +250 g (P)+ 400g(K) T,=T +0.25%
Zns0O, spray, T, = T,+ 0.5% ZnS0, spray,T, = T, + 1.0%
ZnSO, spray, T,=T +0.1 % CUSQO, spray, T =T +0.2%
CUSO, spray,T,=1/2dose T, +20kg FYM, T, = 112 dose T
+20 kg vermicompost, T, = I/2 dose T, +20kg FYM, T, +
60 g Trichoderma, T = 1/2 dose T +20kg FYM + 100 g
Trichoderma, T, = 1/2 dose T, +20 kg FYM + 140 g
Trichoderma,T = 1/2 dose T, +20 kg vermicompaost + 60
¢ Pseudomonas. T, = 1/2 dose T + 20 kg vermicompost +

*Corresponding author’s e-mail :
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100g Pscudomonas, T, =1/2 dose T + 20 kg vermicompost
+ 140 g Pseudomonas, TIS = Control,

Trichoderma (60. 100 and 140g) was mixed with
well rotten FYM (20 kg) two weeks before application in
field and Pseudomonas (60. 100 and 140g) was mixed in
vermicompost (20 kg) five days prior to field application.
The treatments were given in the month of April. FYM,
Trichoderma, vermicompost and Pseudomonas, they were
mixed thoroughly and before application a ring was made
around the plant (60 ctn. away from the stem). Respective
doses of fertilizers were mixed thoroughly into 20 cm top
soil. The data on yield, physical parameters and chemical
parameters were recorded. The experiment was laid out in
Randomized Block Design (RBD) as described by Snedecar
and Cochran (1987) and cach treatment replicated thrice,

It appear from the data in Table 1 that trees treated
with200 g N + 125 g P +200 g K+ FYM 20 kg (T 7) dose of
nutrients significantly improved fruit yield (kg tree). These
results are in accordance with that of Beridze (1990) who
found that the highest yield of 6.6 t/ha was obtained from
lemon trees receiving 150 kg N + 120 kg P + 80 kg K-ha
basal dressing + FYM at 25 t'ha. Increase in yield due to
FYM application may be attributed to better uptake of nu-
trients in addition to better water uptake. Similar results
were also reported by Salik et al, (2000) who noted highest
yields from trees receiving NPK + FYM in case of mandarin
trees. The data regarding average fruit weight are presented

-in Table 1. Fruit weight was significantly influenced by

treatments. Among different treatment combinations T, (1/
2dose T1)+20kg FYM = 60g Trichoderma) gave maximum
average fruit weight. Our results are in conformity with the
study of Patil et al. (2004) who reported highest average
fruit, weight due to application of 50% recommended dose
of fertilizer + 50% FYM. The minimum peel thickness was
found in fruits with T3 (400g N +250g P + 400g K + 0.5%
ZnS04 spray). Our results are in accordance with findings
of Deshraj (1989) who found that peel thickness was re-
duced by highest level of nitrogen along with highest level
of phosphorus,

. Aperusal data in Table 2 reveal that treatments
had significant effect on per cent juice content, Maximum
fruit juice content was found with the application of T,
(400g N +250g P +400g K + 1% ZnS04 spray). These ré-
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sults were also experimentally supported by Sharma et o/
(2003); Langthasa and Bhattacharya (2004) who reported
maximum juice content with 0.5% ZnS04 spray. Dixit et af,
(1977) and Malik et a/., (2000) also reported significant im-
provement by ZnS(O4 application.

The plants which were supplemented by 200g N
+125g P+200g K + 20 kg FYM (T.) produced maximum
T.5.S. These results are supported by
Soorihanathasundrama ef of., (2001) who found maximum
TSS (26.0%) with 25% FYM and 75% inorganic N as urea
as compared to control. The higher TSS might be due to
the improvement in the metabolic and enzymatic activity
during fruit formation and maturity, which might have trig-
aered the processes related to quality as reported by Khan
¢t al., (2004). The trees receiving T, (12 dose T, + 20 kg
FYM + 140g Trichoderma) dose ol nutrients gave maxi- -
mum acidity. These findings are in agreement with the re-
sults obtained by Chaudhary er af (1975) who reported
that the application of 43 kg FYM and higher dose of NPK
per tree increased acidity as compared to control in guava
fruits, Maximum acidity was found [rom the lruits under
highest dose of nitrogen, Similar results have been made
by Pomares ef . (1983) and Dilipbabu (1984 who reported
that nitrogen and potassium gave maximum acidity in all
flushes of fruits,

Maximum ascorbic acid (50.27 mg/loog) was
found by the application 0f 200g N + 125g P+ 200g K+ 20
kg FYM (T.). These resulls are supported by Patil ef af.
(2004) who stated that ascorbic acid content (26.76 mg /
100g) was highest with 50% recommended dose of fertilizer
+50% FYM. FYM improves soil structure, infiltration rate.
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water holding capacity and available nutrient status of soil.
Similar results were obtained by Chaudhary e af, (1975)
and Ingle et al., (2001), The improvement in quality of fruit
may be due to improvement in the soil physical pmpcriies.
wnlc!' holding capacily, structure, porosity, bulk density,
hardiness, chemical properties like nutrient status, soil pH,
harmone and biological properties like bacteria, fungi, acti-

Irnggr:lj yeeles and earthworm activity in soil {Chartopadhaya,
), :
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Introduction
Among aromatic crops, mint (Mentha arvensis

L..) is more popular in the country, as it is very economical

crop and can be grown on variety of soils and climatic
conditions, though it prefers well drained soils and humid
conditions. At present, India is major producer of mint oil
and menthal in the world. In Uttar Pradesh. mint is grown
commercially in the Indogangatic plains of Rampur,
Moradabad, Badaun,Bareilly and Barabanki districts, The
menthol is major constituents of mint oil and has various
uses in pharmaceuticals, cosmetics, flavours and confec-
tionery industries. As a herbal drug, it is considered stimu-
lant, stomachic and carminative,

However, not much work has been done on vari-
etal improvement, screening of germplasm for various pur-
pose including oil content, mint based crop diversification
etc. Sporadic information are available on nutrient man-
agement with special reference to increase in oil yield
{Chandra er af., 1983; Singh et al., 1973 ; Bhardwaj er o,
1983). Some workers tried agronomical aspects coupled
with application of NPK fertilizers for improvement of
growth and yield of mint. However, no information is avail-
able about nutrient application in mint crop under weslern
Untar Pradesh conditions, where it is gaining popularity in
recent years. Besides above, the role of sulphur deficiency
causes reduction in dry matter production and zinc has
been found 1o increase menthiol content in mint. In general,
these nutrients are applied individually to improve growth
and oil yield of mint, Therefore, the present study was
planned to find out the response of basic nutrients (NPK)
either alone on in combination with sulphur and zinc on

growth, herbage and oil yield of mint under western Uttar
Pradesh conditions.

The field experiment was conducted at Horticul-
ture Research Centre, Sardar Vallabh Bhai Patel University
of Agriculture and Technology, Meerut (UP) during sum-
mer 2005 and 2006 on well drained sandy soils. The soil
fertility status was medium having 7.8 pH. The agroclimatic
region is broadly categorized as subtropical with 780 mm
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annual rainfall. The average temperature during summer
ranges between 26-34 OC while in winter 15-20 0C. Ocea-
sional frost is also experienced.

The treatment comprised of three levels of NPK
(1) 120+40+25 Kg N, P. K ; (i) 160+60+40 Kg N, P, K and (iii)
200+80+55 Kg N, P, K as well as 20 Kg sulphur and 5 Kg
zinc either alone or in combination were applied. Thus total
I3 treatments were made including control plot (unfertil-
ized). The experiment was laid out in randomized block de-
sign having three replications in a plot size of 2x 2 m. The
cuttings of mint cultivar Kosi were spaced at 30 cm row to
row. The complete dose of phosphorus, potash, sulphur,
zinc and 1/3rd of nitrogen were applied as basal dose dur-
ing field preparation while remaining two doses of nitro-
aen were top dressed after 50 and 80 days of transplanting.
All the plots under different treatment were managed uni-
formly with respect to irrigation, weed management, plant
protection measures etc. The crop was harvested 110 days
after transplanting for recording observations on plant
heght, plant spread, number of branches, leaf area index,
number of leaves/ 25 cm?® area, herbage yield and oil con-
tent. The distillation for oil content was done in the labora-

tory after conditioning the herbage under various.treat-

ments. The pooled data of two harvests were analyzed
statistically for interpretation of results.

Growth and herbage yield

The data presented in table | indicate that all the
srowth parameters including plant height, plant spread.
number of branches per plant, number of leaves per 25 cm®
and leaf area index were significantly higher in T |
(200480 +55+20+5 Kg N, P, K, S, Zn) and minimum under
T ,-control plot. This is also apparent that with the increas-
ing N, P, K either alone or in combination with sulphur and
zinc the growth parameters of mint were increased corre-
spondingly. The observations of this investigation indi-
cated that application of nutrients are essentially required
for better vegetative growth of mint crop. Almost similar
observations were made by Bhardwaj and Awasthi { 1939);
Singh er al. (1992) and Zheljazkov e ul.(1996) under differ-
ent agroclimatic situations. ;

Based on pooled data analysis of two harvests,
all the treatments show significant difference with respect
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Table 1. Effect of nitrogen. phosphorus, potash, sulphur and zinc on growth and herbage yield of mint.

Treatment Growth parameters Herbage
’ Plant Plant Number of  Number of Leaf vield
height spread branches leaves/! Area (q ha-1)*
(em) (cm} plant-1 25 cm?) Index
T, (120+40+25 kg N.P.K) G5.54 40,44 35.52 447 .83 4.025 427.82
T. (T\+20 Kg S) 6§.35 42,42 37.26 456.83 4.803 478.55
T, (T, +5 KgZn) 08,04 41.60 643 45046 4,829 472.24
T, (T 42045 Ku 5. Zn) 70.17 d4.04 4045 505.20 5.017 502.56
T. (160+60+40 ke MNPRY 7280 45.08 4245 57386 5.300 07,29
Ty (T:420 Kg S) 76.76 46.62 4394 58480 5.503 524,88
Ty, (Te+5Kg Zn) 75,197 46.17 43.16 579.80 5545 5IE.4£E
Ty (Ta+20+5 Kg 5, Zn) g1.44 48.37 4521 598.60 5.720 542.63
T, (200+80+55 K N, PK) R1.25 48.19 45.66 59620 53,702 330.53
T (To+20 Kg S) 81.34 51,18 4661 61306 5.890 538.41
Ty (T4t5 kg Zn) 81.28 50,43 46.50 604 .86 5.810 543.90
Ti: (Tot20+5 Kg S, Zn) 83.31 52.46 48.28 619.60 6.106 554.70
Ti; (Contraol) 49.82 35.60 i 385513 2.271 2172
SEm= 1.02 0.66 0.50 2.26 0.042 105 -
CD (p=0.05) 2.99 1.95 2.36 6.64 0.123 1.07

* Aased an two consecutive harvests

to herbage yield. The herbage yield which is ultimately
attributed by difTerent growth parameters was also highest
(354.70 g ha-1) in the same treatment (T ) followed by T |
(543.90 g ha-1), T  (538.41 g ha-1) and minimum in T -
control (321.72 g ha-1).

Oil vield

The oil content of a particular variety is genetic
character but the synthesis in plant system may largely be
influenced by the growing conditions, stage of harvest-
ing, exogenous application of desired nutrients, condition-
ing of herbage and distillation system ete. Therefore, varia-
tions between the treatments with respect to per cent ol
content was meager, though all the treatments varied sig-
nificantly if compared with control. It is also obvious that
the application of N, P, K in combination with sulphur and

zinc have added advantage in oil content of mint than N, P,
K alone. However, the higher dose of N. P, K (T, T, T, .
T} either alone or in combination with sulphur and zinc
did not beneficial in improving oil content. Similar results
were made by Samra et al. (1978).

Among various treatments, highest oil yield was
recorded inT_(431.63 lha-1) followed by T ,(425.30 1 ha-
1y and minimum in T, -control (196.18 | ha-1), though the
herbage yield was maximum in T ,. This indicated that luxu-
riant vegetative growth was detrimental for oil yicld of mint.
The results are in close proximity with Singh ef al. (1979),
Sharma et al. (1980) and Chandra ef af. (1983).Thus, lor
better oil yield of mint, application of 160+60+40+20+5 Kg
N.P, K 5. Znisrecommended under western Uttar Pradesh
conditions. By the said dose of nutrients, the oil yield of
mint can be doubled in comparison to control.

Table 2. Effect of nitrogen, phosphorus, potash, sulphur and zinc on oil yield of mint.

Treatment Oil content (%) Essential o1l yield (T ha-1)
T, (120+40+25 kg NP K) 0.779 329935

"I'1 {'I'I---Z'[] Kus) 0816 364.92

T, (T+5KgZn) NEI8 37200

T, (T, +20+5KgS, Zn) 0.820 38424

T, (160+60+40 Kg N,PK) 0.8 37170

T, (T, #20KgS) 0.825 41123

T, (T,+5 Kg Zn) 0.825 42296

T, (T,+20+5KgS, Zn) 0.836 43163

T, (200+80+55 Kg N, PK) 0.781 374.12

T, (T,+20Kg$) 0.782 401.08

T,, (T,+5Kg Zn) 0.790 416,89

T, (T,r20+3Kg 5, Zn) 0.784 473530

T,, (Control} 0.609 196.18

SEmE 0.001 0.44

CD (p=0.05) 0.003 129

* Based on two consecutive harvests ey
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Fenugreek is an important seed spice crop mainly
arown during rabi in Rajasthan, Gujarat, Madhya Pradesh
Maharashtra, Haryana, Punjab, Bihar and Andhra Pradesh.
The seeds of fenugreek are used as a condiment and sea-
soning agent for garnishing and flavourings dishes. In In-
dia, water is increasingly becoming scarce and costly due
to continuous lowering of water table on account of bur-
geoning population. . In India 80 per cent of available wa-
ter is used for agriculture. There is a water crisis today bul
crisis is not about having too little water to satisfy our
needs, it isa the crisis of managing water badly resulting
in lower ‘water use efficicncy. Moreover; water is an indis-
pensable for every metabolic activity of plant. Simultancous
emergence and rapid growth of weed leads to severe weed
competition with fenugreek for light, moisture, space and
nutrients. Weeds are responsible for causing significant
losses in crop productivity and quality of product. There-
fore, precise information on water and weed management
in fenugreek is essential for realising higher yicld of
fenugreek.,

A field experiment was conducted at S.D. Agricul-

Table 1. Yicld, harvest index and protein content in seed and straw of lenugreek ag inBuenced by irigaton level

management practives (Pooled of 2006-07 and 2007-08 )

wral University, Sardarkrushinagar, a Gujarat during rabi
3006-07 and 2007-08. The soil of the experimental field was
loamy sand in texture having water holding capacity of
7.09 and 7.14 %, pH 7.75 and 7.73 and electrical conductiv-
ity 0.12 and 0.11 dS/m, respectively during 2006-07 and
2007-08. The soil of the experimental field of both the sites
were low in organic carbon (0.17 and 0.22) available nitro-
pen (152.8 and 165.3 kg /ha), medium in available P(18.0
and 21.0 kg /ha) and good in respect to available K (216.9
and 220.6 kg /ha). The experiment was laid out in split plot
design with four replications, keeping three levels of irriga-
tion (0.6, 0.8 and 1.0 IW/CPE ratios) in main plot and six
weed control treatments (weedy check, weed free, hand
weeding at 20 and 40 DAS, HW at 20 +1C at 40 DAS, pre
emergence (PE) application of Pendimethalin @ 0.75 kg/ ha
and application of Pendimethalin @ 0.75 kg/ ha + 1C at 40
DAS) in sub plots. The fenugreek ( GF-2) was sown in
second week of November during both the years at 30 cm
rows apart using a seed rate of 20 kg /ha.. Irrigation water
was measured by parshall flume installed in the field chan-
nel and total 7, 8 and 10 irrigations of 50 mm depth with

s and weed

= : Sed Straw vield biologkeal ' I larvist Protein content (%)
Freaiments vield (ku/ha) ikp/hu) vield (kp/ha)  Index (%) Seed Straw
rrgation levels (IW/CPL ratio) '
0.6 172 2200 3272 323 20,04 7.34
0.8 1346 2684 4030 334 20.78 7.60
10 1474 2835 4309 3.0 21,16 769
CD(P=0.05) 63.0 1231 185.2 NS 0.68 (.23
Weed management practices ;
Wecdy check 1479 2904 4383 32.69 W44, 7.4
Weed free 1434 2835 4269 3365 20,97 1.67
HW at 20 DAS and 1€ at 40 DAS 1199 2380 1580 3342 20.58 7.51
Pendimethalin @ .75 kg ha' PL) 1447 2840 4287 33.42 20.45 7.47
Pend. G 0.75 kg/ha+1Cal 40 DAS (PE) 54,2 114.8 166.4 33.65 20,83 7.61
Cp (P=0.05) 54.2 114.8 166.4 NS NS NS

*Corresponding authors e-mail:
rsmagron(@yahoo.co.in
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ha'y as influenced by intemetion o T
management Practices (Pooled of'year 2006-07 and zbt;n?gif-:l?kmlmn efect between irigation levels and weed

Weed management sced  yield (kg ha)

Straw yield (kg/ ha) Biological yicld (kg /ha)

practices frrigation levels 0.6 0.8 1.0 0.6
. =i : . (.8 1.0 0
IW/CPE IW/CPE IW/CPE IW/CTE : ¢ . s i
2 = LSl TWICPE  TWICPE PE >
et T oo o o - /CPE IW/CPE  IW/CPE  IW/CPE
W,: Weed free 1189 1551 1698 2402 o o R
W,: HW at 20 and 40 " = RE M 3R il 47
DAS ) 1494 1645 2363 2979
<40 < Jlnd 3526
W41 HW at 20 DAS and = : e Vi
:Ws: Penda@ 0.75 ke ha’ 90 "
(PE) i 1284 1318 20406 2360 2534 3042 3844 3852
W, Pend.@ 0.75 kg ha™
+1C a 40 DAS (PE) 1177 1502 1663 2376 2979 Jlnd 3353 4481 4827
?D%P:ﬂiﬂj.} . 1063% - -93,9%» 20907 1988 321.5% 2882
B E.;” ;:; I:::ﬁldllu‘.n'!r b.:lw:]:h' means at same level of weed management practices
: ed management practices means at same level of irrigation mean
Fable 3. MNitrogen, phosphores and potassi Lo cnuereek ag i i S e
_ font 18 (Pl ot 0T ;;:Ig;;;[-ﬁll;;]k i lenugreek as inluenced by irrigation levels and weed management
reatments 5£ilmﬁ:n uptakc (kgMha) Phasphorus uptake (kg/ha) Potassium uptake (kg'ha)
e T TWICTE =i Strawe Tuotal Seed Straw Total Seed Straw Tl
Ir:: 344 2588 6l 29 454 103 7.57 1234 2587 E4 B
; ,;] 44 89 32.72 T7.61 582 174 Q.57 C1E TR 09w 46.77
Ty -I_::" ;}1.]. Jl-l J'il-l -!1‘.4;!3{1 49 403 1051 17.57 327 4875
=(].1)3 75 L 4133 ¥ a4 L =
Weed managemenl practices o it e E i i
Weedy check 373 2297 F3.09 3949 265 t.64 18 22
it 2L ] ; 2 : : : 22.04 3289
Weed (rec 49.73 3574 - RSAT £.51 412 a3 17.57 34.01 51.59
FIW at 20 and 40 DAS 4764 3439 K208 6.21 397 10,18 |6 4 kxk.] | 4965
HW a1 20 DAS and 1C at 40 DAS 4254 3076 133 S8} 35S 909 1502 2935 4437
Pendimethalin @ 0.75 kg ha' 1M 3937 2851 (T BE 513 3350 343 |3.‘Jl 5? 22 4i.]'-1
Pend i 0.75 kg / ha+ 1C at 40 DAS (PE) 15 42 472 8314 . 631 199 029 1709 3306 S016
CL (P=0.05) 2.36 |.79 3B 0.32 0.20 048 (.89 1.70 2.40

0.6.0.8 and 1.0 IW/CPE ratio, respectively were provided
during both the seasons. Application of Pendimethalin (2
0.75 ke/ ha (PE) was done on second day after irrigation
which was applied immediately afler sowing with the help
of a knapsack sprayer fitted with flat fan nozzle with a spray
volume of 600 litres / ha. In manual weed control treat-
ments, weeds were uprooted and removed at 20 and 40
IDAS and inter-culturing was done as per treatments at 40
DAS. The concentration of N in seed and straw was deter-
mined by procedure suggested by Snell and Snell (1949}
and of P and K content by methods suggested by Jackson
(1973). The nutrient uptake was determined by multiplying
the concentration with their respective dry matier accumu-
latian.

Effect ofirrigation levels :

The highest, seed, straw and biological yields as
well as nitrogen, phosphorus and potassium uptake and
protein content in seed and straw was obtained with irriga-
tion at 1.0 IW/CPE ratio followed by with 0.8 IW/CPE ratio
but harvest index was not affected (Table | &2).Application
ofirrigation at 1.0 IW/CPE ratio resulted 10 and 38 % higher
seed and 7 and 29 per cent straw yield over 0.8 and 0.6 W/

CPE ratio respectively. Significantly higher N,P and K up-
take by seed , straw and total was recorded with 1.0 IW/
CPEratio followed by with 0.8 |W/CPE ratio. The lowest
seed, straw and biological yields as well as N, P and K
uptake was obtained with irrigation at 0.6 IW/CPE ratio.
The increase in seed, straw and biological yield with 1.0
IW/CPE ratio could be explained by the fact that frequent
irrigations under this treatment facilitated maintenance of
optimum moisture level in soil as well as in plant during
entire growth period which resulted better translocation of
photosynthates from source to sink resulting in higher yield
attributes and yield of fenugreek. Similarly, maximum up-
take of N, P and K in seed, straw and crop might be due to
cumulative effect of N content in seed and straw as wellas -
higher yield and dry matter production under 1.0 IW/CPE
ratio. These findings are in close agreement with those
reported by, Dutta ef al (2006) .

Effect of weed management practices )
Pendimethalin with IC at 40 DAS and HW at 20
and 40 DAS were found as effective as weed free treat-
ments in respect to seed, straw and biological yields as
well as NPK uptake by seed ,straw and crop but protein

]
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content in seed and straw as well as harvest index was not
affected with weed management practices. The higher yield
and uptake of N.P and K by seed, straw and crop of
fenugreek seems to be due to better weed control which
resulted congenial competition free growing condition for
higher yield which enhance higher uptake of nutrients
with application of Pendimethalin + IC at 40 DAS and HW
at 20 and 40 DAS, Tiwari et al., (2006) and Patel e af. (2007)
also reported similar results in fenugreck.

Interaction effcct of irrigation and weed management prac-
tices

The higher seed, straw and biological yield was
obtained with application of irrigationat 1.0 I'W /CPE ratio
with weed free treatment which was at par with irrigation at
1.0 I'W/CPE ratio and Pendimethalin with [C at 40 DAS
and significantly higher over rest of the treatment combi-
nations (Table 2). Effective weed control with application
of Pendimethalin + I1C at 40 DAS and HW at 20 and 40 DAS
along with adequate availability of moisture at 1.0 1W/CPE
ratio gave higher growth and yield attributes which in turn
resulted higher seed and straw yields. These results cor-
roborate with those of Dungarwal er af (2002),

Thus it can be inferred that application of irriga-
tion at 1.0 IW/CPE ratio with weed control by pre emer-
gence application of Pendimethalin @@ 0.75 kg /ha is most

effective for realising higher yield and better water use
efficiency.
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Yield being a complex character, is composed of
several components, some of which affect the yield di-
rectly while, others contribute towards it indirectly. Corre-
lation studies provide an opportunity to study the magni-
tude and direction of association of yield with direct and
indirect quality parameters and also among these param-
eters. To accumulate optimum combination of quality char-
acters in a single genotype, it is essential to know the im-
plication of the inter-relationship of various characters.
Linear correlations between yield and various quality char-
acters, because of the interrelationship among the compo-
nents themselves can present a confusing picture. For this
reason standard partial correlation or regression (path co-
efficient) can give a more realislic interpretation of charac-
ters involved. Considering these points in view, the present
study was conducted to understand inter-relationship of
the quality traits in ber.
~ Ten year old plants of eleven genotypes of ber
comprising eight commercial cultivars of Ziziphus
mawritiana and three local selections of Ziziphus
rotundifolia were used for this study. They were studied

in randomized block design at Horticultural Research Farm,

S5.K.N.College of Agriculture, Jobner, during fruiting sea-
son of 1999-2000. Recormmended agronomical practices
were adopted under rainfed conditions. Observations were
re:fordad on nine quality traits, viz., pulp : stone ratio, TSS,
am{lit'_:.f. ascorbic acid, total sugar, reducing sugars, non-
reducing sugars, T.S.S. : acid ratio and yield per plant.
Physico-chemical characteristics were recorded from twenty
randomly selected mature fruits from each replication. The
T.5.5. was estimated using a hand refractometer. Acidity

- and ascorbic acid were determined by titration methods

[ﬂ:D.h.C - 1990). Total sugar content was determined by
using anthrone reagent method (Dubois er al., 1951), Re-
ducmg sugars was measured by following Nelson’s modi-
fication of Somogyis method (Somogyi, 1952). Mean data
were used for correlation and path coefficient analysis as
permethod of Dewey and Lu ( 1959).

Estimates of correlation coefTicients at genotypic

!‘CII:! rrelspund_ing author’s email:
sunil_ciah@yahoo.co.in
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and phenotypic levels are presented in Table |. The geno-
typic correlation coefficients were generally higher for all
the combinations than their respective phenotypic corre-
lation coefficients, thereby suggesting strong inherent
association between various characters at genetic level.
The phenotypic correlation decreased due to environmen-
tal effects. At the genotypic level correlation coefficiemts
revealed that fruit yield had significantly positive correla-
tion with pulp : stone ratio (0.644), T.5.S. (0.570). acidity
(0.398), ascorbic acid (0.674), total sugar (0.461 ) and reduc-
ing sugars {0.905) which indicated that selection for these
traits, would lead to an improvement in yield, while it was
significantly and negatively associated with T.5.5. ; acid
ratio (-0.630). Positive association of total sugar content
(Bisla and Daulta, 1986) and pulp : stone ratio (Prajapati e/
al., 1996) with fruit yield in ber have been reported earlier
and these results are in agreement with the present study.
Pulp : stone ratio was significantly and positively associ-
ated with ascorbic acid. total sugar and reducing suzars.
T.8.8. had significant positive correlation with T.S.5. : acid
ratio, however, association with ascorbic acid and redue-
ing sugars was found to be significant and negative. Acid-
ity had high significant negative association with T.S.5. :
acid ratio. Ascorbic acid showed significant positive inter-
relationship with total sugar and reducing sugars. Total
sugar was significantly and positively associated with re-
ducing and non-reducing sugars. These findings are in
conformity with those of Gupta and Mehta (2000). Pant
(1996) reported positive correlation of T.5.5. with total sugar
in pomegranate. Estimates of phenotypic correlation coef-
ficient revealed positive and highly significant correlation
of fruit vield with T.S.S.. acidity, ascorbic acid, total sugar
and reducing sugars. Thus, we find consistency in the
correlation both at genotypic as well as phenotypic levels.
Considering the fruit yield as the effect and eight
quantitative traits as the causes, the path coefficient analy-
sis was done to find out the direct and indirect contribu-
tion of these characters towards fruit vield in ber geno-
types. The genotypic residual value was fairly low. The
analysis of genotypic and phenotypic correlations into
direct and indirect effects are presented in Table 2. T.S.S.,
reducing sugars and total sugar made appreciable direct
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positive contribution to fruit vield. It is interesting Lo note
that reducing sugars which had highest correlation also
exhibited highest direct path (1.378) towards fruit yicld.
T 5. contributed indirectly mostly through acidity and
ascorbic acid. Reducing sugars exerted its influence mainly
through pulp : stone ratio. total sugar and T.5.S. : acid
ratio. Total sugar exhibited indirect effect via reducing sug-
ars, T.5.5. : acid ratio and pulp : stone ratio, Low non-
significant correlation and negative direct path non-reduc-
ing sugar with fruit yield indicated that much reliance can-
not be placed on the selection ol genolypes in enhancing
the fruit yield, which confirmed the conclusion drawn from
correlation. Ascorbic acid which had next 1o highest geno-
nvpic correlation exhibited negative direct path on fruit yield.
Contrary to this acidity, which had significant positive cor-
relation. exhibited high negative direct path towards fruit
vield. The positive genotypic correlation of acidity was
counter balanced by high negative direct path and nega-

tive indirect effect via T.S.S. and ascorbic acid. Non-reduc-
ing sugars and T.S.S. : acid rat io made negative direct con-
tribution.

The results of phenotypic path coelficient analy-
sis in the form of direct and indirect effects on fruit yield
are presented in Table 2. The value of residual path after
deducting the direct and indirect effects was not very high.
Break-up of phenotypic correlations of fruit yield into its
components showed that acidity. reducing sugars and non-
reducing sugars directly contributed maximum towards fruit
yield. T.5.S.. ascorbic acid, total sugar and T.5.5. : acid
ratio. made negative direct contributions. Similar conclu-
sions were earlier reported by Bisla and Daulta (986; 1987)
and Prajapati ef al. (1996).

From the study it could be inferred that the pa-
ramelers reducing sugars, T.S.5. and total sugar can be
used as selection criteria for improvement of ber crop.

Tahle 1. Phenaty pic [ehove diagonal) and genotypic (below dmpgonal) correlation coeflicients between quality attributes

and frunt yield in ber

Characuer Fulp: | Acdity Ascorbic Tatal Reducing Non- T.5 5. Frun
: stane : acid sugar sugar Reducing acid ratio yield
ratin A J supar

—Fulp stone = T I07 R TS TIEET T 667" T 250 0038 USusTT
ratie
TS5 -0.313 - 0343 -0301 0649%* N484* 0.273 b.522* 0.553""*
Acidny 0.003 -0.381 . 0,226 @027 0.409 0154 0. 943w 0.541%
Ascorbic 0.495* - 0.231 0.455* 0.717%* i} =9
Ao A ] ] 91 0377 0.657
Total sugar 0.504"* D049 0.034 D456* - 0474+ B.oIg=E™>" 0,062 0451™
Reducing 0607+ -0 48%* n.457" Q.72 0.477% - 382 .
e : 0.0RS -0.382 0.8+
Mon- 0358 0275 -0.158 0.193 pol9*

27! : . : . 0 - i

ol e 0.102 ) 0.108
SURar - .
TS5 acud -0.003 D.575%> 0954+ -
By 1.396 G073 -0.418 0,105 =
Fruit yield 0.644%* 0.570%" 0 Sop+* D 6744 0.461* 0.905% o1l 0. 630" bl

Significantat p-0.05 and ** Significantat p - 0.0

Table 2. Estimates of direct and indirect effects &t phenotypic (p) and genctypic () levels for quality attributes

Character Pl:Ip: T.5.5. Acidity -~ Ascorbic  Tol Reducing Mon- TSS8:  Corelaion
smnf:: acid sugar sugar Reducing  acid ratio " with fruit
Pulp: sone P 0.040 0086 0005 0.09 0419 o pee
s ; ) . . . 0744 )

nato. G 0408 -0383 0012 0358 0256 096 n%risl Egﬁ gggi::
ISs. P -0073 0278 0054 0140 0042 054 0357 0022  0.555%
» G -0028 1224 1704 0511 0.025 0674 0258 3082 0.570%*

ity Poooo0dl 0096 0158 0045 0023 0459 0145 0040 0.1+
T G001 -0d66 4T3 Dl 0017 0602 0.148 4937  (.508%

oicaid P 0019 0095 0036 0200 0392 0804 0.179 0.016 657+
st G 0202 -0863  -1L035 074 0232 099 -0,181 2.052 u'ﬁsjw
tal sugar P 0019  -0014 0004 0001 0863 051 0,861 {}'uas it
A G 0206 0060 0054 0330 0507 0657 -0.861 0.376 gﬁ]l*
taleing P06 035 0064 0143 0400 1122 0,080 0.016 RO +*
suse G 0284 059  -19% 052 . 0242 13 A R L
o Poo00I0 007 004 00 072 0095 0938  0.004 nﬁﬁs

_ ; 0337 0 ; ' : g

Res _ 705 0040 0466 0125 0937 0.545 0.116
T.55.: acid P <0001  -0145  -0.149

_ _ . . 0075 0053 0.429 0,096 -
mtio G000l 0704 4267 0287 007 05% 0009  51%8 Py

Diagonal values represent dircet of fects * Significant at p=0.05 and ** Significant at p = 0.01

Residual effieets : Phenotypic = 01327, Genotypic = -00327,
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