
r 

INDIAN JOURNAL OF 

ARID HORTICULTURE 
006,_Yol. I (I l: 1·7 

Arid horticulture : An overview 

D.G. Dhandar* and R Bhargava

Cenrral lnstiwre for Arid Horticulture, Bikaner-334006, Rajnsthnn 

Abstract 

The arid region is spread over 38. 7 million hec1ane mainly in states ofRajasth n. Guj:irat. Haryana, Punjab t\lld Andhrn 
Pradesh. The area i marked by exlfeme chimatic con di lions due to which thccuJLivation oftraditionnl crops is 11011-cconum!cal. 
In a situation such as this, arid honiculure has ample scope no dc\·clop lhe arid regions. 1l1c present communication attempt 
10 perform an overview oflhc 1cchnologi de\'el ped which ll1 be used to make arid cco >•stem 11 hor1icul11rnl howl nud 
provide income and nuLritional ecurity to the inhahilanLs. 

,c , rwrricm m ,i ,r: 111011. orr/wrd ma11nscllle111 

111c arid regi.on arc pre 
lncludin • both h t arid and c l 
Stai· of Raja than, Gu'arat, 
1-laryana. Tiic hol lliid re 10n 
person pc:r squ:irc · 
million p '0111c Im id 
111 • Indian arid um 
and low :ind v:irialllc J 
hif!h horliculmral pro 
grc. 1ly f:ivllur dcv •1<11m1 
fruiL�. m:h. s t.l:llc p:ilm. l cr, ll 

v · 1 c1abl ·s c11c11roi1:1 ·cou. 
tncdic11rnl pl!lnl . TIil' ·xi tint lo c 
inc c.:, cd b 'l'c llmvinJ?. 01 1i111i1.t"d • · u1s. 
It is nnw rcal.iz«xl 1ha11hcrc is 3 I.in llltum 
jump 111 fmit and v ·gc1abk produ tfon in u1c 1r:1ditional 
pr< lu ·1ion :m:. ·.111 • :u11cli0r.nion of tren c om.litions 
is nls fOIISldcrc<l \'ilal f r lite supp O Lh� inb hilllllS 
of 1.his arc:1. 111 r • • ·111 aw�n!!SS re., · g I.he poLenlial
nf t.hcsc c , tra�ilc bnds for production of quru.ity 
h( ul h. n I only opened up scope for
P inil. susten3n e for lhe J)eople of t:his
re • but also for bringing in new areas to increase
pr ·uon. l11e t te wL e di trihuli n of arid land is given
111 Table I. 

on.-.traint • in arid horticulture 

TI1c ti one soils :ire very poor in fertility. The sons 
11 ll1r II rth-w · ·tern :irid region described as 'desert soils 

.rnJ '_re • brown oil ' of uie Order Aridisols are light 

• ·uro pon11ing author:
, (Wt, CIAH. Bi'kaner

I II Ill I llhJ 111.J 

Tahh• t. Ar�., ur11.lcr nrid l!t,:ion in lmlin 

,\. llnl <irld r�lon 

1-t I \lh,u1 

•llJM.\I 

1'11111 ' 

II )'lll.' 

!'.�nm ul.11 I ndi� 

n. nfd urlcl rr(!lnn (J&K}

Tul:il

'folnl IWl!ll ( t h11) 

19.6 

6.2 

1.5 

IJ 

J.l

'1.0

38.7 

1cx1urcJ. nu: olum ofUicsc soils is motlcr:ucly calcnrlous 
(0.27c CaC0

1
)andbelow1hissolumatdcpth of40-120cm, 

a sh:i.rply differentiated zone rich in alkal inc earth carborntc. 
(5-45% CaCO

)
) is present in the form o hard cry!.t,ll-llkc 

concretions, which may be many metres thick. Mos1 of 
arid areas (about 64.6%) are duny where lhc soils often 
contain only abut 3.2-4 per cent clay and l .4-1.R per cent 
si.JI. The brown Jighl loam soils occupy 1.7 pc:r ci;m arc, , 
which has loamy fine sand to fine andy loam on lhe surface 
and heavier subsoil underlain wiLh calcium carbonaw 
concrelions. Besjdes Lhls, about 5.9 per cent area is covcrc I 
by soils having hard pan, 5,6 per ccm is under hill. and 
pediments, 6.8 per cent area i olluvi I duny 11ml 1.6 per 
cent is sietozems extending from 1.hc soils of Haryana ,ind 
the Punjab. ln Gujarat also, grey brown soil· arc willcsprc, d 
besides a large area having dcltaic alluvium with mall ,u a 
in Kachchh having deep black and mctlium blac I il ·. In 
the peninsular India, a con •idcrablc part of arid n.: •11m h ,. 
red sandy soil anti some par h vc mixed bla k 11ib 

1l1e soils arc poor in or an, c matter havln p ·r ·111 
organic carbon of 0.03 in bare ·and dun� 10 0.1 in 1hc 
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stabili_zcd dunes. The Soils arc generally rich in total 
po1ass1_11m and_boron but :ire low in nitrogen, phosphorus 
an~ m1cronutnents such as copper. zinc and iron. TI1e 
soils often have high i.alinity. 

The ground water resource is not only limited owing 
to poor surface and sub-surface drainage but is also 
generally highly saline. The depth of water ranges from 
I Om to as high as 140m. The other irrigation water resources 
in ~1e region are seasonal rivers and rivulets in Gujarat, 
surtace wells and some runoff water storage devices (e.g., 
tanks, khaclins). 111us. the water resources in arid region 
arc limited and can irrigate hardly 4% of the area. 

The mean annual rainfall in the Indian arid regions is 
very low and varies from 100 mm in north-western sectorof 
Jaisalmcr to 450 mm in the eastern boundary or arid zone of 
Raj:isthan. In Gujarat, it varies from 300 to 500 mm and in 
Haryana and Punjab from 200 to 400 mm. In peninsular 
region, the rainfall varies from 520 mm in Bellary (Kamat.aka) 
to 748 mm in Cuddapah (Andhra Pradesh). Most of the 
precipitation in north western arid region occurs during 
July-September in about 19-21 rain spells. 

Prospects ln arid horticulture 

Vast land resource, surplus family labours, increasing 
canal irrigated area, developing infrastructural facilities, 
plenty of solar radiation, etc. are the strength in arid region 
tor research and development in arid horticulture. However, 
appropriate management practices arc required for success 
of arid horticulture. Some oflhe important aspects in field 
of arid horticulture arc mentioned below. 

J. Selection of hardy crops :ind varieties 

While selection of fruit crops for dry land horticulture, 
one of the basic requirements is that those crops, which 
complete lheir vegetative growth and reproductive phase 
during the period of maximum moisture availability should 
be selected. The fniil such as ber, guava, pomegranate, 
custard apple, aonla and sour lime, conform to this 
prerequisite. The crops must have xeric characters such as 
deep root system (e.g. aonla. ber), summer dormancy (e.g. 
bcr), high 'bound water' in the tissues (e.g. cactus pear, 
fig). reduced leaf area (e.g. Indian gooseberry, tamarind), 
leaf surface having sunken stomata, thick cuticle, wax 
coating and pubescence (fig, ber, phaJsa, tamarind), and 
ability to adapt to shallow soils, rocky, gravelly, and 
undulating wastelands (pomegranate, aonla, bael). Some 
of the crops suitable for dry land areas are given in Table 2. 

Varietal variali on in endurance to drought bas also 
been observed in horticultural crops. Early ripening 
cultivars seem to escape stress conditions caused by the 
receding soil moisture stored in the soil profile during the 
monsoon. Ber cul ti vars Gola, Seb and Mundia for extremely 
dry areas, Banarasi Karaka, Kailhli, Umran and Maharwali 
for dry regions, and Sanaur-2, Umran and Mehrun for 

2 

Tobie 2 : Fruit cro~ for drylands in different rain foll zones 
of India 

Rainfoll (mm) 

<500 

Tropical :ind subtropical zone 

Jhar ber. Gondn or lasora. Karondo, Ker. Khejri, 
Der, Phalsa, Custard apple, Dael, Pilu, Jnmun 

500-1000 

> 1000 

Ber. Aonla. Jamun. Wood:iple, M:ihu:i. Cu~1ard 

npplc. Wild dale pa lm. Indian olmond, Gunva. 
Sour lime, Lemon. Mango. Palmyra palm. 

Tamarind, Bocl, Cu~tard apple, Chironji, Wood 

apple, Karonda. Mango, Cashew nut. Gr:ipc 

fruit, Pomegranate. Pnssion fruil. 

Mango. Litchi. Jackfruit, Persimmon, 

Mandarin. Avocado, Tnmarlnd, Jt11111m. Kok11111. 
Palmyr:1 palm. Guava. Cashew nut. 83rbados 

cherry, Pomegranate. 

comparatively humid regions have been recommended. 
Apart from morphological paramelers, plants should also 
have physiological parameters for endurance to drought 
for commercial cultivation in this regio n. Some 
physiological parameters identified in ber are no mid day 
depression in photosynthetic rate, low rate of transpimtion, 
maintenance of leaf water balance, growth, canopy 
developmen t, dry matter allocation, high water use 
efficiency, etc. It has been demonstrated that plant having 
capacity for drought endurance arc able to maintain 
tourgour, dry matter allocation. leaf and fruit growth even 
under low soil moisture level. Suitable ·cultivars of some 
crops have been identified (Table 3). 

Table 3 : Promising cultivars of fruit and vegetable in dry land.~ 

Crop Cultlvars 

Fruit's 
Ber Gola, Scb, Umran, Mundia, Kaithali, Bannr:tsi 

Karaka, C(AH H-t and CIAH Scl-1 
B~l ND 5, NO 9, Pant Aparna, P311t Suwarna 
Pomegranate G 137, GKVK I, DHR selec tion, Mrillu la, 

Bhagwa 
Aon/a NA 7 , Kanchan, Kri~hna . Dalwant. NA 6. NA 10 
Sweet orange B lood Red Malta, Mosambi, Pineapple, Valencia 
Custard apple Arko Saban. Balanagar. Mammoth, Jslnnd, G~rn. 

Red Sitaphal 
Guava A llahabad Safeda, L-49, Kohir Safed, Safed Jam, 

Chittidar 
Papaya 

Sopota 
Fig 
Mango 

Tam arind 

Vegetable's 
Chilli 

Coorg Honeydew. Pusa Delicious, Pusa Majesty, 
Pusa Dwart, Pusa Giant, Co t , Co 2 
KalipaUi, Cricket Ball 
Poona, Dianna, Dinkar, Conadario., Excel 
B anglora, Ncclnm, Kcshar , B om bay G ro:en, 
Lang ra, Chausa, Dashchari 
PKM I, Prntisthan, Yoi;csbwari 

Pusa Jwal3, M alhania, Pant C-1, Arka Mohani, 
Arkn Gaurav, Arka Bas311t, Dhllfat. lndira 
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Cowpco 

Clu•tcr bcnn 

Onion 

Tomato 

llnnjal 

Amaranlh 
Okla 

Pumpkin 
Musk melon 

W.ilcrmclon 

1lo11le gourd 

Orllcr i;ourd 
Kaclrri 
Snupmclon 
K:tkdi 

Pu•n Dofnsali. Pusn Phnlguni, Pu.~a Bnrsali. Pus a 
Rituroj 
l' u<n Sndabahnr. Pusa Mousami. Posa Navbabnr. 
Durga Dnhar 
Pa1na Red, Nasik Red. N-53. Posa Red. Posa 
Ratnnr, Posa White Round. Posa White Fial 
Punjab Selection. Agrifound Dark Red. Arka 
Pragali 
P11sa Ruby, Puso F.arly Dwarf. Pusa-120, HS-102. 
Swect-72, S-12, Mangla. Punjuab Chbub3J"3 
Posa Purple Long. Pusa Purple Round. Pusa 
Kranti. Posa Anmol. Arka Sheet. Arka Sbirisb. 
Arka Kurumakar. Arka Navnec1 
Co-I. Co-2, Co-3. Cbboti Cbauali. Badi Cbaulai 
1'11<a Makhmali. Punjab No. 13. Punjab Padmini. 
P-7. Parbhani Kranti 
Arka Chandan. Co-I. Co-2 
Pusa Sharbati. Pu.<a Madhuras. Ha.ra Madbu, 
Punjab Sunchri, Durgapura Madbu 
Sugar Baby, Arka Manik. Arka Jyoti , Durgapuro 
Mcctha, Kcsar. Matcera (AHW-19 and AH W 
65) 

l'usa Summer Prolific Round. Pu~a Summer Pro­
lilic Long. l'u<a McghdooL Pu•a Manjari. Pu<.a 
Navccn 
Pu~a Do Mau•mi. Ark a HarlL Pride of GuJu ~, 
AHK 119 and AIIK 200 
AIIS-10 :ind M IS 82 
AIJC,2 :md AIIC- 13 

2. Ordwrd cstahl L~ hmcnl 

r:,uit plants propa,'?ated III the:: mir,el)' a1c rcrm:lll) 
med lo raise:: urehanh. Such plan1 ~. Jn\':l rt Jhly l<•<c tl c1• 
tnp rums as a result ofrcpe:ttl·d tran~pbnllnJ' f'hlll\ f .l1\('IJ 

in contai11crs develop coikd rools r-nr , ucCl'\\ 1n dr) br.,h, 
plants must have:: n root :irclutcc1111c with :i ~,11 nr tcndcr.C) 
Ill pl!nctr:nl! ,lccp inll1 the soil. /11Ji/1111.x:hn,qu~ uf C'fdtud 
cs1:1hlish111c111 is preferred under ~uch ~1t11Jt1on (S.irnJ rt 
11/. I IJ\M). Rontsrnck seedling ofhcr :ire 1:11 t"l! in the nurs.t:)' 
in 300 ~:111gc polythene tubcs t25 rm ll'nj!th 3nd IO 01 

d1.1metcr. 011c11 :ll hlllh ends). filkd with :i 1111;,.ttm: of faun 
y.1nl manurl! tFYt-.1). sJnd. :md clt1y in I :I: I r:1110. The 
sci:1ll i ngs c;tn he hnddcd when :ihout 90-100 dl)'~ old. 
TI1csc plants h1,,X'.omc ready for 1r:1nspllnting. 1 · 2 months 
:llkr lmdding. TI1is technique hl!lps 10 retain the strcig.ht 
growth of the tap root as the tubes :1re open .it !he bouom. 
Thus. Lhe tubes neither re.~1ric1 root 1'.TOwth nor induce 
cniltng, Budded pl:.mts r:1ist:d by this ~technique are also 
~mt:.,hlc for transportmion 10 dim.m place (P l!eek, 1978). 
Planting of stem euuings oi pomegnnate, phasla. fig and 
mulbcrry in such polytubes would llso induce straight 
lllOI~ 

TI1e plant densi1y mlinly depend upon the plant type, 
~ml 11-nihly sin1us and management practices while planting 
)))tcm 10 bt: adopted in drylands depends largely upon 
the to1wJ!r aphy of the land. fruit species and soil type. In 
tla· [!lams. pl:1n1i11g is generally done in square or 
fl', t,mrul.u sy~tt'm. On slopy lands. fruit trees are planted 

3 

on contour terraces, half moon terraces. trenches and 
bunds, and microcatchments. On marshy and wet area~ 
mounding and ridge-ditch melhod of planting have been 
suggested. The trenches and bunds made across the slope 
are staggered (Saroj er al., 1994 ). In a microcatchment, which 
may be triangular or rectangular, trees are planted at t}1c 
lowest point where runoff accumulates. 

Some of the seed originated plams having very poor 
fruit quality are already growing in some or the degraded 
areas. TI1ey can be rejuvenated by top working. Cold arid 
of the Himalay region is quite rich in this context. The wild 
plants ofber, bael, aonla, guava, custard apple etc. growing 
in waste lands of plains can be rejuvenated into productive 
conditions by top working (Stlroj et al .. 1994 ). 

3. Training and Pruning 

Training at initial stages of growth gives proper shape 
and strong frame to lhc trees. The bushy pomegranate 
should be trained keeping 3-5 stems from the ground lt!vcl 
(Anonymous. I 9S5) whik in olhcr l'r\lits. single stem training 
keeping 3-1 main branches is adopted. However. pruning 
i< c,<,cn1i.1I to regulate reproductive phase of pl ams. ner is 
pruned during J:inuary in Tamil Nadu, hy the end M April 
in ~l.1lur.1<h1rn. anti tir U1e end or May in north India. Thi: 
n 'kllll shm•ts of the previous season arc cul hack retaining 
15 to 15 n0<lcl-. depending upon location. cultivar. nnd age 
.rnd \'rg,,ur or tree (Anonymous. 1991 ). All Lhc sccomlary 
,1111.:• t• .uc romplcld)1 rcn11wcd. As a result ofllghl pruning 
(N ,c\cr.,1 )C:ir~. long nun-0nwcring shoots develop. To 
d1m11111c: 11t,,. lmlf the numhcr of shoots on the tree.: should 
l'C rrnnc,.l l.ccprng 1111rm~l lcngth and remaining hall' should 
I'<' p:uncd l..ccplng one to two nodes to iudm;e new growth 
ro~ (ru11111,1; 111 the following year. In p/wlsa, tile time ol 
p111n1nr ihouid be rcgul.1tc<l accorcliug 10 the ltowcrlng 
pcrn11.I :ind ~hould result in maximum number of new shoot~ 
on \\ h1d1 hc.tting takes place. Established phalsa hushes 
should he pruned at 150 cm height once:: a year during 
J:!llu1ry III north India and twice a year (December and 
Jun..: ) in south India. Pruning from ground level is done 
eithc:r to rejuvenate old bushes or to train young plants 
into bush form. 

4. Water management 

Water is the major constraint in commercial cultivaLion 
of arid horticultural crops. Hence. U1e need of the hour is to 
develop technologies which not only requires low water 
input but also have high water use efficiency. 

Water being a rare commodity in arid eco-sys1c:m, 1hc: 
first and foremost requirement is to const:rve lhc available 
soil or rain water. For conservation of rain wau:r hoth in 
situ and ex-silll technologies have been developed. Par eek 
(I 993) have reported that microcatchmem slopes grca1er 
lhan 5 per cem did not significantly affect runoff at Jodhpur 
and that the highest ber yields wen: obtainc:d when 0.5 per 

~ .... ,-..~--------- -------------------------------------
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cent and S per cent slopes had 8.Sm and 7m length of run, 2006). Toe studies have shown lhat highcsl number of 'B' 
and 72 m1 and 54 m1 ca1chmen1 area per tree, respectively. grade pomegranate can be ha_rv~ic~ under drip+ mulch. 
Work done al Aruppukottai (Tamil Nadu) and Anantapur Application of pitcher imgau~n was aucmptcd In 
(Andhra Pradesh) bas indicated usefulness of in situ watex cactus pear at CIAH. Bikaner and 11 was recordcd lhat 
harvesting technique for fruit production (Anonymous, growth of cactus pear was better under lhis treatment as 
1989). compared to control. 

Arora and Mohan (1988) found V-shaped Toe use of double ring system toconscrvc the moisture 
microcatchment with run-on surface mulched with grass to applied for production of fruit crops was attemp1ed in aonla. 
enhance the productivily of lemon, sweet orange and plum It was observed that by this method the water is applied in 
in Doon valley. Al Hyderabad, micro-reliefs of3 m width zone having functional roots and hence, water use 
and 25 cm height, spaced 9 m from ridge to ridge, have efficiency is enhanced (Shukla et at. 2006) 
been used to store extra rain water for fruit trees such as Waler loss due to transpiration can be reduced by use 
kagzi lime, coorg mandarin, and sweet orange with tomato of radiation reOectants, stomata closing chemicals. and 
and okra as intercrops. plastic films. Spraying of 4-6 per cent Kaolin, O.S-1.0 per 

Mulching with organic materials (e.g., bay, straw, dry cent liquid paraffin, and 1.5 per cent power oil, after 
leaves, and local weeds) has been found highly beneficial occasional rains in low rainfall areas and after the post 
in reducing evaporation loss. The practice also suppresses monsoon rains in high rainfall areas, considerably reduce 
weed growth, prevents eras.ion, and adds oreanic matter plant water losses (Anonymous. 1989; Parcck nnd Shanna. 
10 the soil (Gupta, l 99S). Black polythene ;ulch is very 1991 ). Chemicals such as phenyl mercuric ucetate (PMA), 
effcclivc in ber orchards in western India (Anonymous, decinyl succinic acid (DSA), abscisic acid (ABA), ru,d 
1989). Although, local organic mulch materials are cheaper cctyfalcohol cause stomata closure and thereby reduce 
than pol ythenc mulches but these require proper care to transpiration (Jones and Manst1eld, 197 l; Chundnwat, 
main1ain effective cover thickness. Leaf mulch has been 1990). Shcltcrhclt and windbreaks can reduce 
used to conserve soil moisture in sapota orchards in e,•3potrnnspiration by reducing the wind speed nnd 
Karnataka, Tamil Nadu, and Andhra Pradesh. Su1:arcanc stabili1Jng mlcroclimatc (Mulhann ct al., 1984). 
trash mulch in pomegranate, fig, and custard apple wa<. Contr(ll of weeds hns special signilicnnce in rnlnlctl 
found effective in Maharashtra (Anonymous. 1989). orch:mls in reducing soil moisture losses. Timely weL'l.ling 

At CIAH, Bikaner, the work on in-situ water harw .. \Unt: 15 csscnti31 to improve fmil qtLnlity even in high rninfnll 
has been undertaken in Pomegranate, aonla and ,·c:i: c1:1hlc.\ , ones . ,\pplicntlon of pre-emergence wcedicitles such ns 
It has been demonstrated that application ofhl:id pol) thcnc d1uron. hromncil. nnd nlrazinc @ 2-3 kg ha·1 and post-
mulch and loca.l weeds helps in conscninl,! soil rno1\ture emergence wccdicidcssuch ns grammaxone (parnqual) nnd 
status in above crops. It has been dernonst.r:itc:d th3t pl:mt glyphosatc @ 1 L ha·• have proved effective ln check.Ing 
growth and development remains optimum with U$C of' weed growlh. 
above mulching materials (Anonymous. 1998: Anon)'mous. 
2003). Mulching studies with respects to soil hydro thcrrTIJL 
regimes in brinjal revealed that organic mulches cunlik-dl 
soil tempcrnture during warm months. while an increase 
was recorded during the winter month. Significant increase 
in frui t ycld by 66 and 58% could be obtained through 
tnsoda (Cordia spp.) and kheep (Leprodenia 
pyroteclmica), Awasthi et al. (2006). 

Among the ex-situ water conservation methods, in 
arid ecosystem, emphasis has been given mostly on 
pressurized irrigation system. 11 has been demonstrated 
tll31 fruits and vegetables can be grown economically by 
use of drip or sprinkler irrigation system. At CIAH, Bilcaner 
and itS regional station it has been demonstrated that crops 
sucl1 as pomegranate and ber can be grown succesfully 
undc:r drip irrigation system. It has been proved that water 
saving to the tun of 25% can be achieved if pressurized 
irrigation system is used as compared to conventional 
flooding or bubbler system (Anonymous, 2003). 

TI1c use of drip alone or in combination with mulching 
lus hcen demonstrated as a successful technology for 
cultiva1ion of ponn:granate at Anantapur (Anonymous 
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S. Nutrient Management 

Use of manures and fertilizers in required closes a1 
appropriate time according to the age of plants is essential. 
In bu orchards, besides 10-15 kg organic manure, annual 
application of 100 g N, SO g P20 5 and SO g Kp per tree is 
recommended. Fertilizer doses should be raised according 
to lhe age of plants and soil fertility of the region. 
Application of 15-20 kg FYM pee tree has been found 
beneficial in aonla, custard apple, and tamarind . At 
Mahatma Pbule Krishi Vidyapeelh (MPKV), Rahuri, in 
addition to 50 kg FYM, 625 g N, 22S g PPs and 225 g Kp 
bas been recommended for application to 5-year-old 
pomegranate trees (Anonymous, 1985). At Bangalore, 
application of500g N + 25-0g P + 125g K produced six times 
higher yield than in the control (Anonymous, l 989), In 6 to 
7 ~ears old fig trees planted at 5m x 5m spacing, fcrtilizauon 
with 900g N + 250g K improved fruil production 
(Anonymous, 1985). 

The nutritional trials has been undertaken in arid frui ts 
at ClAH, Bikaner and centres of AICRP on Arid Zone Fn.i11, 
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The studies conducted on Date palm at Abohar showed 
that application of300-400 g N/tree/year gave maximum 
number and weight of bunch. Similarly in pomegranate it 
has been demonstrated th at application of 50% 
recommended dose of Nitrogen at monthly interval gave 
best performance (Anonymous, 2006). 

In order to conserve the cosily input such as fertilizer, 
attempts were made lo supply this along with water untlcr 
pressurized irrigation system. 111e studies conducted in 
pomegranate and berha.s dcmonslrn.tcd that fertilizer saving 
10 the tune of25% can be achieved if plants arc fcrti-lrrigatcd 
through drip. 

Keeping in view the export potential of pomegranate, 
attempts have been made to assess the organically 
production of this crop. In this pursuit, substitution of in­
organic with organic fertilizers were attempted. TI1e results 
have demonstrated that a good crop of pomegranate can 
be harvested by giving 50% RD of NPK through 
Vermicompost and 50% through inorganic fertilizer. Thus, 
the use of inorganic fertilizers can be reduced to half 
through tbis technology (Anonymous, 2003). 

Micronutricnts are often found deficienl in semi-arid 
and arid soils. Foliar feeding of nutrients such as nitrogen 
(0.5-2.0% urea), zinc (0.05 to 1.0% zinc sulphale), and boron 
(0.05 to 1.0% borax) bas given beneficial results in these 
areas (Pareek and Sharma, 1991 ). In the medium rainfall 
region of eastern Uttar Pradesh, application ofFYM, pond 
soil, gypsum, and pyrite in sodic soils resulted in better 
establishment and growth of aonla and-bael plants (Pareek 
and VishalNath, 1996). 

6. Fruit based croppi.ng system 

Monoculture in a.rid zone is highly risk prone due to 
crop failures, hence a suitable tree crop combinations is 
essential for alleviating the risk, generaLion of income, 
improvcmem productivity per unit area/volume as a result 
of efficient use of natural resources and inputs, and 
ameliorate and improve adverse agroclimale. Agri­
horlicultural com bl nations with legume intercrops such as 
mung bean, moth bean, cluster bean, and cowpea are 
beneficial. In the rainfed orchards of guava and be,; cluster 
bean, okra, and cowpea in kharif (rainy season) proved 
good in the medium rainfall region of Gujarat (Raturi and 
Hi wale, 1988). At Godhra, growing cluster bean as kharif 
inlercrop in ber and guava a net return of Rs. 14,630 ha·1 

was obtained. Even vegetables such as brinjal and chilli 
could be grown as inLercrops. Besides, cover croppi~g with 
grasses such as Cenchrus ciliaris and pasture legumes 
such as Stylosanthes hamata could be done without 
deleterious effect on the fruit trees. At Hyderabad, cowpea, 
green gram, cluster bean and horse gram in ber orchards 
and bitter gourd, tomato and okra in acid lime orchards 
have been grown as imercrops. 

In areas with large livestock population, horli-pastoral 
system would be beneficial. In the arid areas, the sy,stem 

.,._, __________ _ 

' 
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could have combinations such as khejri (Prosopis 
cineraria)+ber+dhama11 (Cenchrus ciliaris, C. setigerus) 
or sewa11 (Lasiums sindici,s), o.r twnba. In semi-arid areas, 
perennial trees (Mango, mahua, tamarind, sapota,jackfruit 
and palmyra palm) could be grown with fodder crops. 

Frnll trees ca.n also be planted in association with forest 
trees, and Lhey yield wood for packaging and fuel. Multi­
storey combinations incorporaling large trees, small trees, 
and ground crops can be used. In low rainfall (300-500mm) 
zone, combinations such as khejri or ber+ber or drumstick+ 
vegetables (Legumes and cucwbits); in 500-700 mm rainfall 
zone, combination of mango or ber or aon/a or guava 
+pomegranate or sour lime or lemon or 
drumstick+solanaceous or leguminous or cucurbitaceous 
vegetables; and in 700-1000 mm rain fall zone, combination 
of mango or jackfruil or mahua or palmyra palm or Lamarind 
or guava+sour lime or lemon or pomegranate or aonla + 
vegetables can be adopted (Pareek. 1999). 

In arid ecosystem, attempts have been made to develop 
models for crop diversification . Keeping in view the 
traditional overslorey crops as ber and new introduction 
aonla, the cropping models have been developed. It bas 
been demonstrated that in ber based cropping system 
cullivation oflndian aloe can be ta.ken up as a remunerative 
model Dhandar et al. (2004). Similarly, in aonla based 
cropping system, it has been demonstrated that modet 
consisting of aonla + ber alongwith moth bean or fenugreek 
can be adopted as a sustainable model for nutritional and 
income security of the inhabitants (Awasthi, 2006). 

7. Pest and disease management 

· Besides wild animals, rodents and birds there are 
many insects and diseases causing severe loss of crops. 
Major diseases of arid horticultural crops and their control 
arc presented in Table 4. 

-Termites cause considerable damage particularly in low 
rainfall areas. Heptachlor dust (5%) should be applied in 
the pits (50 g pir1) dug for planting fruit trees. Subsequently. 
water soluble insecticides (chloropyriphos) shou1d be 
applied with irrigation water. Fruitfly (Carpomyia 
vesuviana) causes serious damage to ber fruits . To keep 
the infestation under check, the chemical spray schedule 
should consist of spray at pea stage with 0.03 per cent 
monocrotophos, second spray after 15 days with 0.05 per 
cent fenlhion, and third spray after another 15 days with 
0.1 per cent carbaryl XLR. During maturity of tbe fruits, if 
necessary, sprays should be done with 0.5 per cent malathion 
mixed with 0.5 per cenl gur or sugar solution. This schedule 
has also been found e ffective against fruit borer · 
(Meridarchis scyrodes) which causes serious damage in 
southern and western India. Pomegranate butterfly 
(Virachola isocrates) causes considerable damage to 
pomegranate fruits. Bagging of fruits with butter paper gives 
good protection. For control, 0.02 per cent deltarnethrin 
and 0.2 per cent carbaryl 50 WP sprayed in rotation at 21 
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Tobie 4 : Major pests and diseases of arid horticultuml crops and their control measures. 

Crop Pests/di.~ease Control measures 

Pests 
Ber Fruit Fly Comprising digging of soil in basin, mixing of 50g insecticidal dust , 

spray of 0.05% Monocrotophos at monsoon, 3-sptay of 
Monocrotophos (0.3%) at pea stage. 
Two spray ofDcltametbrin (0.02%) and carbaryl 50 WP (0.2%) at 2 l Pomegranate Fruit borer 

Barkeating caterpillar 

Leaf ga.11 tnidge 

days interval. . 
Plugging of holes witb mud followed by spray D1methoatc/ 
Monocroplhos (0.08%). 

Aonla Spray ofEndosulpbon (0.05%) minimize the problem. 

Diseases 
Pomegranate 

Date palm 

Aonla 

Leaf and fruit spot 

Graphiola leaf spot 
Fruit rot 
Rust 

One spray of Ziram ( 1.0%) or Bordeaux ( 1.0%) at flowering 
or fruit setting and subsequent 4 sprays at 20 days interval. 
Spray of Bavistin (0.1 %) or Blitox 50 WP (40%) minimize I.be disease 
Spray of Carbendazim (0.1 %) minimize the rott ing. 
Three spray of Moncozeb (0.3%) at 15 days interval from 
diseases initiation (Faizabad). Four spray of Chloroth,tlonil 
(0.2%) at 10 days interval. 

Fig Rust Two spray ofMoucozeb (0.3%) is effective. 

day intervals starting from fruit set is the most cost effective. 
For the con Lrol of ber powdery mildew, fungicides 

such as 0.1 per cent dinocap or carbendazim or triademorph 
or thiophcnate methyl and 0.2 per cent weuable sulphur 
have been found most effective when sprayed 2-4 times at 
15 to 20 day interval starting from initiation of the disease 
(Anonymous, 1989; Pareek and Vishal Nath, 1996). One 
spray of the fungicide at initiation of new growth after 
pruning is an effective prophylactic measure. Black leaf 
spot (Isariop.fis indica), found under more humid 
conditions, can be controlled by 2-3 sprays of 0.2 per cent 
caprnfol or copper oxychloride or mancozeb and 0.1 per 
cent carbcndazim at 15 day intervals (Anonymous, 1985). 
For ~1e control of leaf and fruit spot in pomegranate, four 
sprays with 0.25 per cent ziram and 1 per cent bordeaux 
mixture at 15 day intervals arc most effective. Since, the 
intensity of the disease is more under humid conditions 
during 111rig bahar as many as l O sprays at 10 day intervals 
may be necessary. Fungicides such as captafol, mancozeb. 
carhendazim, copper oxychloride, and Lhiophenate methyl 
could also be used. For the control of rust in aonla, 4 
sprays of 0.2 per cent chlorothalonil at 15 day intervals 
soon after initiation of symptoms give the best control 
(Anonymous, 1997). 

Apart from chemical control, attempts have also 
been made 10 use bio pesticides for control of pests in arid! 
fruit crops. 11 has been demonstrated tbal application ol' 
Neem Seed Kernal Exlract (2.5-5%) on various crops 
effective in controlling pests in pomegranate, aonla, chilli 
and brinjal (Anonymous, 2003). 

Similarly use of bio-control measures to control 
bcr powdery mildew was also attempted. It has been 
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demonstrated !.bat isolates of Trichoderma has potential 
to be used as bio-control of ber powdery mildew. The 
isolates thus obtained arc resislant even to fungicides and 
hence can ·be used in combination with pesticides 
(Anonymous, 2003). 

The studies conducted on control of date palm 
scale insect has revealed that Chilocorus nitrittts is a 
potential predator of Parlatoria. Il has further shown that 
during larval period on an average 437.35 scales arc 
consumed by various instars. The adults consumed 20.86 
scales/day and an average ofl 317.72 scales during the life 
period (Anonymous, 2006) 

Emerging issues in arid horticulture 

Although, great effects have been made lo 
develop technology compatible for commercial production 
of arid horticultural crops, yet there is a need to address 
various issues for further refinement of technology, 
improvement in socio-economic status of arid region and 
development of sustainable agro-horti-system. The major 
issues are, 

• Efficient utilization of water resource 
• Rehabilltalion of degraded lands 
• Utilization of solar and wind energy 
• Conservation of biodiversity 

• Breeding for resistance to a.biotic stresses 
• Diversified farming systems 
• Value addition 

• Human Resource Development 
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Abstract 

In arid region, growing interest, awareness and cullivution of medicinal crops arc.~iscussed on s~veral fora. The needed 
attention was not given to indigenous woody species adapted to harsh climatic con~1t1ons over Lhe mtroduced ones. ~ere 
is need to enhance fam1cr livelihoods throuuh increased farm income by integrating SUI table woody and herbaceous medicma) 
plant species in existing fam1ing systcm.-The present paper reviews the woody perennials of medicinal importance and 
possible avenues for integrating them in various ALUS in farming system perspective. 

Key '~'orrls: Arid ecosystem, farming sysce111.fodder, medicinal plani. woody perennials 

I ntroduction 

Rise in population, inadequate supplies of drugs in 
certain parts of the world. high cost and toxic effect of 
synthetic drugs have created renewed interest in natural 
drugs. This led to spurt in the use of herbal medicine and 
consequently the international trade in medicinal plants 
has recorded a sharp rise (Pralllibha et al., 1999). The use 
of herbals in veterinary sector is also blooming up as dietary 
supplement or therapeutic use on hc,tlth and productivity 
of livestock e.g. adaptogeneic herbs in equines (Dwivcdi, 
2005) and their use is gaining scientific footing over 
synthetic drugs in developed countries (Lawson. 1994). 

Thar desert is endowed with considerable diversity of 
medicinal plan ts and well documented by various 
researchers (Chopra et al., 1960; Chopra and Abrol, 1964; 
Gupia et ul., 1966; Shekhawat and Anand, 1984; Singh and 
Pandey, 1998; Pandey et al., 1989; Kumar and Parveen, 
2000; Kasera et al., 2002; Sharma and Prajapati, 2002; Singh 
et al., 2002; Chaudhari et al., 2005; Kumar ct al., 2005; 
Singh anu Sharma, 2005). Recently, Awasthi and Dhandar 
(2003) gave an account of medicinal fruit plants of arid 
region. Dinesh Kumar (2000), Kumar(2000), Anjaria (2002), 
Kumar et al. (2004), and Dwivcdi (2005) dealt veterinary 
aspect of herbal drugs. [n recen1 past the natural vegetation 
of Thar Desert witnessed drastic change due to increasing 
gra1.ing pressure, urbani1.ation, introduction of irrigation 
etc. All 1.hesc factors resulted into change in composition 
of natural vegetation and depletion of important economic 
plants (Singh et al., 2002) including medicinal plants. 

*Corresponding author : 
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lntegration of medicinal species in various Alternate 
Land Use Systems (ALUS). suitable to specilic agro 
ecological and socio-economic conditions in farming 
system perspective is key to assure sustai ned supply of 
these herbal products. There is an urgent need to design 
medicinal plant based farming system which can cater 
diverse needs of farming community along with higher 
biological productivity, more income and employment 
generation. The integration of indigenous multipurpose 
woody perennials viz. fodder cum medicinal species, fruit 
cum medicinal species, fuel wood cum medicinal species 
and medicinal cum bio fence species in existing farming 
system seem to he viable option in this regard. This paper 
is an attempt to highlight indigenous multipurpose perennial 
species having medicinal properties along with suitable 
land use systems for integrating lhem, as organized 
information on this aspect is scanty. 

Medicinal Plants Cultivation: 

In western Rajaslhan, some medicinal crops ar~ 
cultivated commercially, such as Senna ( Cassia angustifolio 
Vabl), Isaphgol (Pla11tago ovma Forsk.), Aloe (Aloe 
barbadenensis Mill.), and Ashwgaudha (Withani<1 

so11111ifera (L.) Dunal) to some e..xtcnL The fruit crops having 
medicinal value viz .• Aonla (Emblica ofjicinalisGacrtn.), 
Anar (P11nica granarw11 L.), Bael (Aegle marmeloJ (L.) 
Corr.). Ber (Ziziph11s mauritiana Lamk.), Gonda (Cordia 
dichotoma Forst. f.), Nim bu ( Cit ms aura11tifolia (ChiristmJ 
Swingle) etc. arc also in cultivation in the area. Anar 
(pomegranate) is placed as one of the premier health fntits 
in this century and known for its antioxidants properties 
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(Damania, 2005). Tue species like An.tr, Aonl.1, Bacl, Ber 
have demand in pharmaccuticnls in local market and for 
expon. Bacl has approxim:lle Rs. 200-250 million domcslic 
sales in Jndia (Rawat and Garg. 2005). Der (Jujuhc) has 
important place as an i mponant nr id l'n li l crops wi th 
medicinal value. Paris and Dilleman ( 1960) mentioned, "l11c 
Jujube also has uclini te emollie111 properties for which it 
was fonncrly classctl as one of the fonr 'pectoral • fruits for 
making pectoral congh drops''. However, these species 
have their own limitations during water scarcity, prolonged 
drought and frost injury in arid ecosystem. Allcnlion needs 
10 he paid therefore. to the indigenous adapted species for 
rain fed arid ecosystem involving mulliusc species. The 
followi ng woody perennials need allcntion for rain fed 
system in western RajastJ1a11. 
Acacinjncq11cmo11UiDenth. (Lcgumlnosac) 
Local names: Bawli. Bui-bawli 

Tiiis much-branched shruh naturally occurs in sand 
dunes and well adapted to drought and frost lls gum is 
used to cure body ache, joints pain and also in sunstrokes. 
ltsgum is reputed with high medicinal value in Lhe area and 
has local demand. 
Acacin se11egal (L.) Willd. (Lcguminosne) 
Local n:uues: Kumat, Kumatiyo 

This much-branched thorny tree with pale smooth bark 
1s commonly found on hillsides, stabilized sand dunes and 
adapted to adverse arid climatic condition. Its gum is one 
of the main cash crops of the desert (Paris a11d Dillemann. 
I 960) and used as a demulcent and emulsifying agent in 
pharmaceuticals (Chopra er al, 1960). 
Balanites aegyptiaca (L.) Del. (Balanitaccae) 
Local names: Hingota, Hingolio, Hingorni, lngudi 

This spinous shrub or a small crec is one of the 
characteristic woody species of dry parts and coinmonJy 
found in open sandy areas. Its frui ts are lhe source of 
diosgeni11.TI1e outer rinds of the fruit is used as a remedy 
for skm diseases and cough. Its seeds, fru it, bark :ind leaves 
arc rt:poncd to be anlhelmintic and purgative properties. 
Seed oil applied in rheumatic pain (Maheshwari and Singh, 
1988). Frui t stone pounded witJ1 chilly and paste given to 
cau.lc for constipati on. Leaf paste is applied 0 11 eye for 
conjunctivitis in cattle (Sikarwar, 1996). Stem bark powder 
1s given to cattle for intestinal worms (Singh and Pandey, 
1998). 
Ca/ligu11um polygo11oides L. (Polygonaceae) 
Local names: Phog, PJ1ogaro 

This is much-branched leafl ess shrub, which Is the 
key woody perennial species of Thar Desert particularly 
on santJ tJuncs. The roots used as gargle for sore gums 
(Kirtikar and Basu, 1935). Branch juice used as antidote to 
milky juice of Aak ( Calorropis procera) when enters in the 
eyes (Bhimaya t t al., 1961). The flower buds have a cooling 
effect and used in treating sunstrokes (Shekhawat, 1961). 
Also used as anticmetic, and in typhoid (Kumar er al., 2005). 
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Cnp11nris dccidun (Forsk.) Edgcw. (Capparaceae) 
Local names: Ker, Kcrro, Kair 

It is much-branched leaness spiny shrub or a small 
lree and naturnlly occurs on rocks, gravel and sandy plains. 
Its hark and fruits arc u1 ili1.ed in J\yurvedic and Yunani 
med icines. lti; bark is acrid, laxati ve, diaphore tic, 
nnthclrnl nlic and useful against cough, as thma and 
inflammation. The root and hark are given in cases of 
i111crmil1cn1 fever and rheumatism (Chopra et al .. I 960). 
The fruits arc eaten and are believed to cure stomach 
disorder!> (Bhimaya et al., 1961 ) .. Root paste is applied on 
eye for conjunctivitis in animals (Sikarwar, 1996). 
Cifrull11s colocy11thi.~ (L.) Shard. (CucurbitaceaeJ 
Local names: Tumba, lndrayan 

This creeping under-shrub occurs in sandy plains and 
sand dunes. This cucurbi t species possesse.,; exceptional 
soil binding and drought resistance capacity has multiple 
uses. Pniits are used as purgative and root in jaundice and 
urinary diseases. It is commonJy used ctbnovecerinary 
medicinal plant in western Rajasthan. 
Clerodendn1111 p/,lomidis L. f. (Verbenaceae) 
Local names: Arni, Inni, Bharangi 

This shrub is grown along the boundaries of cultivated 
fields. Root is given in convalescence of measles. Leaf 
juice is given in neglected syphilitic complaints. The leaves 
are applied locally against guinea-worm (Kirtikar and Basu. 
1935). The leaf used in prolonged body ache, constipation 
and dropsy in Andhra Pradesh (Venkata Raju. 1996). Seed 
oil used as hair tonic by Garasias (Singh and Pandey. l 998). 
Also used in anbritis, sciatica and in ringworm (Kumar et 
al., 2005). Leaves are fed to animals as vermifuse at many 
places. 
Commip/lQra wlghtii (Arn.) Bhandari (Burseraceae) 
Local name: GugguJ 

This much branched spinous shrub or small tree 
naturally occurs 011 open dry hills and other rocky habitats. 
Presently it is a threatened species due 10 its over 
exploitation for its gum-resin. Its gum resin is used as an 
astringent and an antiseptic in old wounds and bleeding 
gums; internally it act us a bitter, stomachic and carminative. 
stimulating lhc appetite and improving digestion. The resin 
is used in the form of lotion for indolem ulcers and as a 
gargle In pyorrhea, chronic tonsillitis and pharyngitis. 
Cordia ghara/ {Fol'sk.) Ehrenb. & Aschers. 
(lloraglnaceae) 
Local names: Goondi, Guimli 

This shrub or small tree occurs in forests and often 
cultivated for its edible fru its. Bark decoction is used for 
gargles anti has astringent properties (Kirtikar and Basu, 
1935). There is also the domestic demand of this species 
by JocaJ Ayurvcdic practitioners (Singh and Kumar, 2005). 
Epl,edra f oliata Reiss. & Kotschy ex Boiss. (Gnetaceac) 
LocaJ names: Andho khimp, Sui phogaro, 
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This much-branched climbing shrub occurs on sandy 1935). Also used Jor ~old andd skin _irrilatuiin (Kumar e1 n/ 
to gra,,elly or even in rocky plains on native woody 2005). Tiie bark pow er use agatnSl bronchitis in hor~~ 
perennials like Pro.wpis ci11ernria, Mayte,ws e111argi11ara, (BhaJldari, l990). · 
and E11phorbia cnducifolin. It is lhc only Gy111noper111 Maytemis emarginata (Wllld.) Ding llou (Ccl:L~trnce,

1
, 

species of hot arid zone nnd needs mtention ror ils Local name: Kankcro ) 
conservation. Aerial parts arc used in astJnna bro11chi lis Tiils large spinous shrub or small tree trncl iti on 11 
andscverecough (SinhaandSiuba,2001). used as bio fcnce. The leaf juice taken lo/ Y 
Grewin tcnax {Forsk.) Fiol"i (Tlllncc.ic) spcrmntorrhoen (Maheshwari and Singh, 1988). Lear p:: 
Local nmncs: G:rngcmn, Gang an ls used lo heal sores. The fruits used to purify bloOd 

This straggling shrub occurs natnrnlly on buried (Bhandnri, 1990). In Maharashtra bark and lcavcsarcus!l(J 
pediments, hill-slopes, wa.~tclauds and boundaries of fields. to cure stomachache, cough and as tonic (Kumbhojkar ti 
1l1e fmits are given for colds. 1l1c wood dccoclion is given al., 1999). 
for curing coughs and pains in the body (Caius, n 989). Salsula /uuyosma (Room. & Schult.) Dandy 
Leaves are used for stone problems and urticaria (Kumar et (Chenopodface:sc) 
nl .. 2005). Lea fused in gripe(Diallo et al., 1996) in Africa. Local name: Lani 
Haloxylon rccunium (Moq.) Bunge ex Jloiss. Tiiis much-branched pale hoary shrub is round in 
(Chmopodiaccac) saline depressions in western Rajasthan. The plant is used 
Local names: Khar, Khara Inna as a vermifugc and the plant ash is applied to itch (Kirtikar 

This succulent halophyte shrub is strongly and Basu 1935). 
xcromorphic in structure occurs in saline depressions of Sa/vadortz oleo ides Decnc. (Salvadoraceae) 
western Rajasthan. 1l1e plant ash is given in water against Local name: Pilu 
internal ulcers (Bhandari, 1990). Recently, Recursterols A This much branched evergreen shrub or small tree 
and B lhc new C-24 alkylated sterols, have been isolated occurs on medium heavy to heavy saline soils of alluvial 
from H. rec11rv11111 in Pakistan (Hussain et al, 2006). plains. It tolerates both aridity and salinity and thrives well 
Haloxy/011 salicomicum (Moq.) Bunge ex Boiss. even in 100mm rainfall . Root bark is used as a vesicaotand 
(Cbenopodiaccae) it helps in regulating the menses in women. Fruits are 
Local name: Lana employed in treatment of enlarged spleen, rheumatism and 

This much-branched shrub occurs in sandy undulating low fever (Jindal and Singh 2005). Leaves used lo relieve 
hummocky plains, dunes, interdunes and lhe former river cough, and also given to horses as purgative (Singh eta/, 
courses of the ancient river Saraswati. Plant ash is applied 191)()). 
on boils and lo cure skin diseases. Plant ash is also applied Salvadorapersica L . (Salvadoraceac) 
on the body of sheep and goatS to kill lice and other external Local name: Kharo jal 
parasites. The seeds are said to be used in aslhma by local This much branched evergreen shrub or small tree is 
Va ids. A new pyranone-5-hydroxy-3 melhoK.y-4H-pyran- found on saline soils of alluvial plains. Root bark is applied 
4one was isolated from tbe aerial parts of H. salicornicum on blisters·. Fniits are used to overcome heat strokes. The 
(Gibbons et al., 2000). oil is used in skin diseases, snakebites and also in joints 
lndigofera oblo11gifolla Forsk. (Leguminosac) pain. Root paste is applied as substitute for mustard pJa5ter 
Local names: Goi lia, Jhil, Bekar, Raktpala and decoction is used against gonorrhoea and vesical 

This erect shrub is found in open dry places. It is catarrh. It is wide! y used in the toothpaste preparations 
considered as an antidote to all kinds of poisons. Boiled (Jindal and Singh, 2005). 
root is used a.~ a purgative and stem decoction as a gargle Sarcostemmaacid11111 (Roxb.) Voigt (Asclepi:id:ireae) 
in mercurial salivation and for washing teeth (Caius, 1989). Local names: Khir kbimp. Khursani tanto, Arr thor. SomJa1.1 
It is also employed for curing stomachache. Roots arc used This is a leafless, stragglingjointed climbing shrub: In 
for tooth brushes. Lodha el al. (1990) reported ten Ayurveda the plant is used to cure biliousness and th1151 

compounds in it; four of these have been characterized as (Kirtiknr and a asn. 1935). Root paste applied to snakebl~e 
psyllostearyl alcohol, lriaconta.nol, p-sitosterol an·d and taken an infusion in dog-bite (Bhandari, 1990), It; 
p- sitosterol- l3-D glucoside. said that lheplant has been used i.n Soma ofdle Vcda(P 
Lyci1m1 barbarum L. (Solanaceae) and Jn.in, 1998). 
Local name: Mora.Ii S1uredafruticosa (L.) Forsk. (Chenopodiaccnc) 

This much-branched spinous shrub is common on Local names: Lunaki Lunak 
, ' ' alinC sandy scrub lands. The leaves pounded and mixed with Th~s much-branched shrub is found on san,dy 5 lied 

ghce arc applied tO abscesses. The berries are bitter, depressions in western Rajaslhan. The Jeafpaste 1s ar~J(nr 
emmenagogue, enriches the blood; useful in bleeding piles, as a poultice to oplhalmia and also used as emetic (K1r re 
scabies, toolhacbe; also used as an aphrodisiac. In Yunani a.nd Basu, J 935). Leaves used as vegetable to cu eS 

system, the leaves improve the eyesight. (Kirtikar and Basu, indigestion and n ,uulence. lts tender shoots and tcav• 
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are also used as vegetable in Lhe Salseue Island in 
Maharashtra and also sold in the market (Shah, 1984 ). 
Whole plant sap is applied on sores on back of camel (Singh 
and Pandey, 1998). 
Ti1111spora C'1rdifolia (Willd.) Miers. (Mcnispermaceac) 
Locnl names: Guruch, Giloy, Guduchi 

1l1is glabrous shrub is found climbing on lrccs and 
bushes. IL is used in more than 88 pharmaceutical 
prcparalions in lndia (Kapur and Milra, 1979). Dried stem 
with b,1rk is used to cure all kinds of fever and for urinary 
djseasc-5, dyspepsia and flatulence. Roots and leaves arc 
used for lowering blood pressure (Sinha and Sinha, 2001 ). 
It has approximate Rs. 20-30 million domestic sale (Rawat 
and Garg, 2005). 

The other native woody shrubs/Lrees viz., Khcjri 
(Prosopis cineraria (L.) Druce), Rohida (Tecomella 
1111d11/a1a (Smith) Seem), Khccp (Leptadenia pyroteclznica 
(Forsk.) Dccnc.), Bordi (Ziziplms 1111mm11laria (Bunn.f.) 
Wight and Arn.), Bw (Aervapse11do1omentosa Blatt. and 
Hall.), Safed Aak (Calotropis gigamea Alt), Aak 
(Caloiropis procera (Aft.)R. Br.}, Jinjni (Mimosa hamata 
Willd.), Sinia (Crotalaria burhia Bucb.-Ham ex Bentb.), 
Gangcti (Grewia villosa Wllld.), Pilwan (Cocculus 
pe11du/11s Diels.) Nagphani (Opumia elatior Mill.), Thor 
(Euphorbia cad11ci[olia Haines), Thau (Tamaro: troupii 
Hole) etc. are also having medicinal properties. The other 
scmj arid woody species likeNeem (Azadirachta indica A. 
Juss.), Ardu (Ailanthus excelsa Roxb.), and Sahajan 
(Moringa oleifera Lamk.) have medicinal value and planted 
in the arid region. 
Life Support System: 

Most of these indigenous woody species of arid 
ecosystem provide variety of products of economic 
importance along wilh ecological and social services (Table 
I) and essential component of life support system. 
Li vest0ck has vital role in agrarian economy of arid region 
and fodder scarcity is major handicap for its sustainable 
development Therefore integration of the species, which 
have fodder and medicinal value, need greater attention as 
they can supply fodder along with materials for 
pharmaceuticals. These species of medicinal importance 
also show impact on quality and quantity of milk. 
Traditionally, some of the plants fed to animals to increase 
the quality of milk like fruits of Pilu (S. oleo ides) and Phog 
(C. polygonoides). In ancient Indian literature the 
Agnip11ra11 instructs to give the cow morsels composed of 
several sticks of Ashwagandha (W. somnifera) and sesame 
(Anonymous, 1964). The leaves and shoots of Giloy (T. 
cordijolia), Pi I wan ( C. pendulus) also supposed to increase 
milk yield in livestock. There is need to evaluate some of 
these species to observe the effect on quality of milk as 
well as health of livestock. The species like Turnba (C. 
co/ocynthis), Aak ( C. procera), Guarpatha (A. barbadensis) 
etc. arc the common species used in ethno veterinary 
medicine in western Rajasthan. Likewise some of these 
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species produces products that have industrial demand 
viz. Saji and gum, and their integration can broaden the 
economic base of farmers. Some of these species provide 
raw materials for small scale collage industries which are 
life line of rural economy, and by the integration of such 
species the livelihood security of rural inhabitants can be 
ensured to a great extent. Besides economic importance all 
these species have great ecological significance by 
arrt:sting wind erosion and conservinfi biodiversity of 
fragile arid ecosystem. 

Table I : Significance of indigenous perennial plants of arid 
regions. 

Product/ service 

Human Food 
Leaves/ shoots 

Flower buds 

Unripe fruits 

Ripe fruits/ seeds 

Gum 

Food Additives/ Saji 
Sboot5 

Feed for Livestock 
Leaves / shoots 

Flowers/ fruits 

Plant species 

Luni (S. fruticosa). Guarpatha 
(A. barbadensis) 
Phog (C. polygonoides). 
Kair (C. decidua) 
!Cheep (L pyrorech11ica). 
Kair (C. decidua). 
Goondi (C. gharaj). Kair 
(C. decidua). Gangeran 
( G. tenax), Pilu 
(S. oleoides), Lana 

(H. salicomicum) 
Bawli (A.jacq11emonti1), 
Kumut (A. senegal) 

Khara lana (H. recurvum). 
Luni (S.frnticosa). Lani 
(S. ba,yosma) 

Khejri (P. cineraria), Phog 
(C. polygonoides). T3awli 
(A.jacquemomii). 
Boidi (Z. munmularia), Lana 
(H. salicomicum). Kair 
(C. decidua). 
Arni (C. phlomidis), Pilwan 
(C. pendulus), Giloi 
(T. cordifolia), 
Andbokheep (£. foliata) 
Phog (C. polygonoides). Pilu 
(S. oleoides), Tumba 
( C. colocy11this) 

{;pod for Bees and other invertebraJes 
Flowers Bawli (A.jacq11emomi1) 
Leaves/shoots Pbog ( C. polygo11oides) 
Fuel 
Shoots & roots 

Thatching Materials 
Shoots 

Pbog (C. polygo11oides), 
B awli (A.jacque111011ti1), 
Kair (C, decidua), Khejari 
(P. ci11eraria}, Lnni 
(S. fruticosa), Bordi 
(Z 111111111111/aria) , 
Aak (C. procera) 

Pbog (C. polygonoides). Khecp 
(L pyro1eclu1ica). Sinia 
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(C. fnnhio) , An.I< cc:. p , r,,rr/1), ~:i lim: w~~lelan<l \ unsuitable for crop culliva1ion c.an be 
Khcinli a•. r inr imifl), Ami ul ilized ror planting lrn lnphy1c shrubs which arc acJaptC(J 

l"ibrn 
Stem 

(C. phlomirli1) Lo saline condilions. A number c,f species can be u\C(J ~, 
I ivc fence ~long 1hc border of agricultural field\ to 1.lem:.r,atc 
1,mt1idarlt::-. ancJ 10 pro1ect home yards, agricultural crr,p~ 
from Ii vestock and wild animals. They can al\fJ u,ed ~, 
shcl!erhclts/wind breaks ancJ creates favorable micrnclirnatt 
for crops. The climbing shrubs like Giloy (7: cordifolioJ 
Pi I wan (C. pe11d11lus), Andhokhccp (l::.jnfiuta) etc. can~ 
very well planted in the Agri-si lvi system by utilizing lheir 
suitable shrub/lrcc species as support system. 

£11l'irnn111r11tal Usrs 
Ar,c,1ini:. ~oi l 
Cf04- 10 11 

Shndc & Sheller 

L1vclcncc 

Saline soils 

Social & Ethical Uses 
R1lual/ religious 
, ignificanoc 

Com1etics 
Dct.ergcnl 

Wcalher Forecast 

Sinln (C. /J111 lrio), Khccp 
(I. fl.I mtrrlmim) , /\nk 
(C. pmrem), Cioondi 
(C. 11l111rr,j) 

Tumbn (C. coloc) 11thi1). 
l'hog (C. poly11011oidc1 ). 
Khnra lann 
(I/. l'Cl'lll"\111111), LnnB 
(H • • w licomic11111) 
Knir CC. dccirlua), Pilu 
CS. olcoid<',f) 
Dawli (A. jacq11cmo11ti1), 
Kumal (A • • ICll<'gal). Ami. 
(C. phlomidir), Gangcran 
(C. te,uu). Mural 
(1_ barbtmm1), Kankcra 
(M. emargi11111a) 
Khara Iona (H. rec11rv11111), 
Lani (S. baryo.tma), Luni 
(S,frwico.ia). Kharajal 
(S. pcrsica) 

Sa fed Aak 
(C. gigtmtea). Kair 
(C. decid11a), Khcj ari 
(I! ci11eraria), Phos 
(C. polygonoides) 
Goondi (C. gharaj) 
Hingol (B. aeg)pliaca), 
Khara Jana (H, rec11rv11111) 
Phog (C. polygo11oides) 

[ntegration of W1J-Ody Perennial~ in Production Systems 
Sole cultivation of these perennials are neither 

practicall y feasible nor economic viable. They need 
integration with crop-based production system for 
sui.tained economic gains. System based production 
systems having diverse type of plants is a time tested 
wategy which provides stability in production along with 
catering diverse needs of farmers. Earlier experiences hows 
that the selection of system-based production sho111ld be 
in accord ance with prevailing agro ecological an'tl 
socioeconomic milieu. Therefore these plants can be 
integrated in various production system viz. agri-horti, agri­
silvi, bound:iry plan1ations in farming system pn:spc,cLivc. 
Certain possible avenues for integrating them arc outlined 
in Table 2. In arid region woody perennials have a great 
promise and socio-economic role to play fo~ rchabili~ation 
of degraded lands (Singh er al., 2004) by strap planta110n of 
shrub/t rees in village common lands, field boundary; sand 
dunes canal banks, road sides etc. The wastelands and 
other ~eas lying unused around I.he villages can be ulilized 
for planting woody species having medicinal value. The 
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Tu hie z. Suitable woody medicina l ~pecies for different A11':m:ite 
Land Use Sy~tem~/H3bitaL<:. 

Systems/ Hul)ltuts 

Ag_ri-silvi System 

Sand dune stabili2ation 

Bio-fence/Boundary 
Planta.tion 

Salt affected arc~ 

Rocky 

Conclusion 

l'lant species 

Kair (C. decidua). Gondi 
(C.gharttf). 
Bordi (Z. 1111mm11/aria), 
Pilu (S. oleoides) 
Phog (C. polygoMides), Bordi 
(Z 111minrnlaria), Khejari 
(P. cineraria), Neem (A. illd.ica). 
Ardu (A. excelsa) 
Climbers: Giloy (T. cordifolia), 
An<lhokhccp (E.fofiata ). 
Pilwan (C. pe11d111tlr) 
Bawli (A.jacquemomi,). 
Phog (C. polygonoides). 
Kumat (A.senegal). 
Lana (H. salicomicum). 
Tumba (C. coloc)nthis) 
Bawli (A. jacq11emo11tit), 
Phog (C. polygo11oides), Kumat 
(A: senegal). Ami (C. phlumidis), 
Gangcran (G .1e11a:r) , 
Mural (L barbarnm). Kankera 
(M. emargi1111w), Thor 
(E. caducifolia) 
Khara lana 
(H. recr11v11111) , 
Lani (S. baryosma), 
Luni (S.fruticosa), 
Khnro Jal (S. persirn). 
Jhau (7: 1ro11pi1) 
Gugal (C. wig/11i1), 
Goondi (C. ghara/) 

Indigenous medicinal plants of arid region are un~~~ 
stress due to their indiscriminate collection from w~ h 
sources, destruction of natural habi tats coupled wit 
frequent drought. Integration or drought resistant un~er· 
utilized woody perennials having medicinal value in vario~s 
production systems have a great role in econonHC 
development as well as maintaining lhe ecological balance 
oflhc arid environment. These species can supply thc r;~~ 
material even in the times of drought and tow ratll a 
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condition. Moreover the species having fodder value can 
be very well utilized at lhe time of drought as an emergency 
fodder. 1l1ere is urgent need to create awareness amongst 
the farmers regarding the significance of these indigenous 
plant species. Increased and sustainable supply of raw 
herbal material by integrating medicinal plants will boost 
pharmaceutical sector in arid region and interalia income 
and living standard of the peasantry. The crop 
diversification through medicinal plants in the farming 
system perspective can reduce pressure on wild sources 
as well as strength to the conservation ofavailable medicinal 
plant diversity in the arid ecosystem. Paris and Dillemann 
(1960) rightly remarked that 'Toe xerophile medicinal plants 
can play a part in the economic reclamation of the arid 
zones". Thus, genotypes of woody medicinal species must 
be conserved in situ and ex silll clones fo r genetic 
i mprovcment programme. 
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Eval uat i  n o f  pon1egran ate gern1p l a m under 

arid cond i t i o n

D .  I . nmad ia*  

Centml h1s ril1 1tc for A rid Horticull1 1 r  ( /CAR), Bikaner-334006, Rajas/hem 

Ab tract 

Titi ny-cigh t  pomcgran:l lc gen otypes were evalu ated Lo a. s:ess the compon ents of genet ic variabi. 1. i ty wi th respec t LO 
growtJ1 , fru i L  yield and qual i ty trai ts .  Con siderable vari ab i l i ty was observed in these characters . Number of fru its and frui l  
yie l d  per plam and fru i l  wcjghl were observed L o  be highly beri lab l c  tra i ls which also showed l arge magnitude o r  genet ic 
ad \'ancc. 1l1us these charactc.rs should resp ond  favourably to simp le sci ection procedures in cul ti var i mprovcmcn t an empts .  
Oul of n ine popular pomegranate varie t i es ,  Jal ore Seedl ess, G t 37 and Ganesh were observed l o  b e  superior with regards to 
fru i t  yield and Mridula excel led i n  fru i t  qual ity, i nd icate� promise for cultivation. However, all the ni ne commerc ial  types were 
prone to frui t  cracki ng (30 - 90 % ). TI1i s  s tudy suggest for systematic improvement in pomegranate not only for high qua l i ty 
frui t  yie ld bul a lso free from frui t  crack ing under hot arid envi ro111menL 

Ke}' words: Arid environment, genetic variability, Pomegranate, Prmicn granat , rm 

I n t rodu ct ion  

Pomegranate (Amica gra,iaJwn L.) i s  grown in arid 
and semi-ari d t ropics for ilS acid-sweet fru l ls .  In India, il is 
mai n l y cu l l i vated in M aharashtra, Rajasthan ,  A ndhra 
Pradesh ,  Karn ataka,  Guj araL ,  H aryan a  a n d  Punj ab .  
CoUeclions of pomegranate grempl asm have been made a.t 
the centers of Al l  I nd ia  Co-ord inated Research Project on 
Arid Zone Fruits (AICR on AZF) mainly al M PKV, Rahllfi 
and I JHR, B anglore in col laboration wilh B PGR. 111is 
en abled eval ua tion o f  the gcrmplasm un der d i Jfercnt 
agrocl imaLic re i ons of the com1try resulting in select ion 

f genotypes suited lO lhesc regions. A rter establ i hment 
of Nati onal Research centre for Arid Hort icul lurc (NRCAH) 
aL B ikaner in J 993 and later on upgraded lo  t11c tatus ol' 
Central [nsthutc for Arid Hortkul ture (CIAH )  in S eptcmbcr. 
2000, pomegranate germpl asm was Msemh!ed for evaluat ion 
and gc.nclic i rnpravemcn under hot arid environmen . 

To bo ost pomcgranat.e producLion i n  Ind ia bolh for 
dome,c;llc ru1d export , devel opment of i mproved variet ies/ 
hybri d is regu i r  d whi cl1 bear lhl i ls hav i ng nltracl i ve r ind 
and bol d and soft gra ins  wiU1 dark red and sweet ari l (Parcek 
and Samad ia ,  1 999 ) .  Asscssmen l o f  vari a b i l i ty is U1c basic 
requ i remen t in any breedi ng strategy. S i nce most of the 
plant characters arc go vcrnetl by a group of genes anti ar 

"'Correspondin I author : 

Sr. ScienLisl, ClAH , Bikaner 

bighly in flt co ced by environmental conditions, it is difficult 
to judge wbetl1er the observed vari abi l i ty is heritab le . This 
aecess i tates as s ign ing h er i tab l e  and non -heritab l e  
comp on ents o f  ph en otypic vari ati on .  An attempt was 
there fore ,  made to esti mat e the genetic v ari ab i l i ty 
componems i n  the pomegranate germplm,rn and ident i fy 
promis ing types on the basis of their performance aader 
hoL arid agro-cHmatic conditions . 

Materi als nad Met hods 

W�rk was in j l i aled in 1 994 to bu ild up pomegranate 
repos j tory at CIAH, Bikaner under hot arid condilions by 
collect i on of germplasm from d i fferen t centers of AICRP 
on AZF and NB PGR stations. Field planting was ini tiated 
in 1 995 and by December 1 996, more than 65 col lect ion or

pomegran ate i nc ludi ng some dupl icate were establ ished . 
1l1e assembl age included commercia. l  c u lt i var·, popul ar 
types, advanced se lec t ions  and ear ly introduced maler i al 
u nder AICRP o n  AZF and NBPGR centers. Four lo 5 year
o ld 38 genotypes were included in this study. TJJree trees
per accession were mai n ta i ned in the field gene bank o f
wh ich each tree served 11s a repl icat ion . Observations  for
characlcriza ion o f  lhe geno types were started from 1 99 7 .
To analyze the components of gcnelic variab i l i ty, data
recorded on 38 genotypes in the year 1 999 were used .
ObservaLions on 6 uees plan ted i n  two sels of each of Lhe
commercial cul tivars {n ine)  were recorded during 1 999 and
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'l\1hh• I: l'lnl\l t:""''lh an,1 r111it ,111:1l11y units ,1f p11111ci:rn1111lc ,:,•nnlypcs. 

Fruit Arll tnslc l\tclln,m css Arll colour 
1:,•11 1\l )'lll' l'lnnt uf Scl'II 

i:1·11wth m•li:ht 

h1•hnvh111r (I!) ---152.5 Sour Hard R~'II 
A,·hil.,l1111n n 

132.R Sour Hnrtl Whili~h pink 
,\$:lh 1) 

Sour 1-fartl Light pilllc 
A.K.,\nn, I) lll5.0 

I) C\2.5 Sour Hnrd Pink 
Al:m 

I) 175.2 Slightly sweet Hard Whi li.<h pink 
n:1•~.-in S1'1',ll1•ss 

E 221.5 Slighlly sweet Hnrd Whili~h pink 
ll,'<lnnnSud 

Oc,l11na TI1in Skin E 186.4 Slightly swccl Hard Whitish pink 

8,,5cbLmk I> 75.4 Sour Hard Whi li<h pin)( 

C'<>imh~l<>re While E 187.5 Slightly swccl Hard Whili~ pink 

Dl1l1lb E 252.5 Sweet Hard Whitish pink 

J)<)r.,cln Mnlus D 169.8 Sour Hant Li&htpink 

G 1~7 F. 245.1 Sweet Soft Lighlpink 

Gnnc~h E 229.1 Sweet Safi Lighl pink 

GKVK I E 210.S Sweet Soft Ligh1 pink 

Gul-c-Sb:lh D 121.2 Sour Hard Red 

Gul-c-Sh:ih Red D 8S.6 Sour Hnrd Pink 

Gul-c-Sl13h Rose Pink D 152.4 Sour Hard D~rk red 

Jnlore Sccdlc&$ E 26S.4 Swccl Soft Pink 

Jodbpur R~-d E 196.S Swccl Hard l'inlc 

J )'OU E 225.7 Sweet Soft Light pink 

Kahul E 154.1 Sweet Very hard Whitish pink 

Kabul IlHR E 165.S Sweet Hnrd Whitish pl11k 

KajakiAnu D 98.S Sour Hard Light pink 

Khos D 132.S Sour Hard Pink 

t.t ridulo E 102.7 Swccl Soft Datic red 

Muskcl E 221.S Sweet Medium hard Whilish pink 

I' 13 E 231.1 Sweet Medjum hnrd Whitish pink 

I' 23 E 237.S Swcel Sli&hlly hnrd Light pink 

I' 26 R 24S.1 Sweet Slightly hnrd Lightpi11k 

Patna S E 175.2 Sweet Hard Lighl pink 

Siah Sirin D 137.5 Sour Hard !'ink 
Sirin Anar D 129.1 Sour Hard R.:d 
Spc~n Dani:<lur D 137.5 Sour Hnrcl Pink 
Specn Snclllin D 170.5 Sour R,:d 
SurlchAnar 

Hnrd 
D 122.1 Whili~h pit1k 

SurSukkcr 
Sour Honl 

D 85.9 Whitl•h pink 
Tcbcst 

Sour Hnrd 
D 90, 1 Sour Ri.1d 

Yarcautl HRS 
Hanl 

H 195.2 Whlli5h pink Sweet Hord 
CD (P=-0.05)• 16.6 
CV(%) 6.1 ---•-Significum, D-Dccltluous, E-Evcrgrccn. 
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2000. Pooled data for these two years were used in statistical 
analysis for varietal performance. TI1e fn1i ts of mrig bnhar 
flowering (July- August) were retained and harvested 
du ring December • Ja11Uory. Physico-chemical 
characteristics were recorded on live randomly selected 
fruits from each replication. Data were subjected to analysis 
for ANOVA and biometrical componen ts adopt ing 
standard statistical procedures suggested by Panse and 
Sukhatme ( 1985), Burton ( 1952) and Johnson er al. ( 1955). 

Results and Discussion: 

Genetic variahi_lity 

TI1e analysis of variance revealed that the genotypes 
differed signilicanlly with respect to height and spread of 
plant. TSS. weight. length and breadth of fruit and number 
and yield of fruits per tree. TI1e data on fruit quality trails 
such as aril taste and colour and mellowness of grains and 
plant growth behaviour of the genotypes presented in 
Table 1 show wide variation. It is evident that only a few 
genotypes viz., JalorcSeedlcss, Ganesh, G 137, Mridula, P 
23, P26, GKVK 1, Jyoti Rod Musket possess lhe desirable 
trai ts such as sweet taste, soft to less hard seed and pink 
to red aril colour and could be used for table purpose. The 
Russian. Iranian, and other introduced genotypes from 
Central Asia did not produce desirable fruit quali ty under 
the hot arid environment. However. the colour of fruit rind 
and aril in cult:i vars Gul-e-Sha.h Rose Pink, Gul-c-Shah Red, 
Kbog, Kabul. Sirin A11ar, etc. were attracti ve and could be 
used in breeding programme 10 infuse U1ese trait~ in the 
popular cul ti vars. 

The data on genotypic means, range and biometrical 
estimates of variability presented in Table 2 indicate wide 
variahili ty in fruit weight (60. 1-340.1 g), number of fruits 
per plant (4.1344.98), fruit yield per plant (0.489-10.905 kg), 
fruit lcngth(4.81-9.89cm), fruit breadth (4.8l-8.19cm), TSS 
(12.3-17.6 °Brix), plant height (131.2-245.5 cm) and plant 
spread (99.2-249.5 cm). In general, Lhe estimates of 
phenotyp1c cocfliciem of variation (PCV) was higher than 
the genotypic coefficient of variation (GCV) but the closer 
correspondence between PC V and GCV for all the 
quantitative traits revealed Lhat gcnotypic effects were 
important in the expression of the characters. Both PCV 
and GCV were high for fruit yield perplant (76.0l and73.84), 
number of fruits pcr plam (57.96 and 57.92) and fruit weight 
(34.11 and 33.56), indicating belier scope of pbenotypic 
selection to enbll.l1ce the fn1i1 yield in pomegranate. Similar 
findings have been reported earlier by M anohnr er.al. ( 1981) 
for aril weight, rind weight, fruit weight, number of fmit/ 
tree, fruit yield/tree and acidity in pomegrnnate. 

TI1e magni tude of heritahility indicates the extent of 
rcliabili1y in identifying the genotypes on the basis or 
phcnotypic expression. In the present studies, high 
heritability was observed for all the economical quantitative 
1rn.its. TI1e broad sense heritability ranged from 90.5 to 99.86 

17 

per cent. This high estimate of heritability is helpful to 
hnse the selection programme on phcnotypic performance 
In pomegranate. The expected genetic advance as 
percentage of mean (genetic gain) ranged from 16.32 10 

147.22 per cent. This was very high for fru.it yield per plant 
(147.22), numbcrof fruits per plant (119.23), and fm it weight 
(68.03). This indicates that the level of improvement could 
be considerable in these traits. The lower genetic gain 
recorded in TSS (16.32), fruit size and plant growth 
characters indicates that these traits could not be improved 
to the desire level as such. 

Heritabili ty estimates in conjunction with genetic 
advance arc helpful in predicting its resultant effects for 
selecting the best individuals (Johnson et. al, I 955). 
Selection based on high hcritahility and high genetic 
advance is more helpful than on the basis of low genetic 
gain. Heritability mainly due to additive gene effects would 
be associated with high genetic gai n and that due 10 non­
additive gene effecL~ with low genetic gain. In the present 
investigation high heritability along with high genetic 
advance was recorded in the characters, viz. number of 
fruits per plant, fruit yield per plant and fruit weight. Besides 
high estimates of GCV was also recorded. This shows that 
these charncters could be considered reliable tools for 
selection and opens up the possihility of improvement in 
these characters in pomegranate. These finding ar.: in 
conformity with the results ofManohar et al. ( 1981 ). 

Pcrformnncc of populnr cultivars in arid environment 

Poole-d statistical analysis revealed highly sig,nifica111 
differences in the existing pomegranale cultivars in all the 
characters (Table 3). In growth performance the culth·ar:. 
JalorcScediess, Jodhpur Red, G 137, P 23 and P 26 proved 
better under hot arid conditions. Pareek ( 1978} reported 
that pomegranate cultivars showed vigorous. s.:011-
vigorous and dwarf vegetative growth characters. Tiit: 

varietal variations in plant growth characters under arid 
conditions were also reported by Prasad and Bankar (2000). 
The minimum plant height (162.6 cm) and spre-Jd ( 168.6 cm. 
mean of north-south+ enst-west) was recorded in cul ti var 
Mridula. The highest number of 47.24 fruits per plant w:is 
recorded in Mriduln followed tiy 40.5 in Jalore S.:edlcss 
and lhc lowest ( 11.6) in Dholka. TI1c heaviest fruit (250.15 
g) was protluced in the cuhivnr Jalore Seed less followed 
hy Jodhpur Red (235.3 g). The fruit weight in other varieties 
1•iz., Ganesh, G 137, P 23 and P 26 '\'ere rangl.'<i between 
J 94.75 10 212.48 g. Howc.:vcr, Mridula culLivar produced the 
smallest I 05. 7 g fniits. Frnit length :rnd breadth ranged 
from 5.38 to 7 .77 cm and 5.46 to 8.0 I cm, respectively. 111c 
highest fmil yield per plant was recorded in J a lore Seedless 
(9.78 kg). The cuhivars Jodhpur Red, Ganesh and G 137 
were at par with a moderate fniit load or ah out 6.5 kg. The 
frujt yield in Mridula was only4 .94 kg in spite the highest 
number of fruits per tree. This was obviously hecause of 
the small sized fmils ( 105.7 g) in that cu hi var. The variation 
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<lA < 'h111·111•h0 t'S lt"lli!t' l\11•1111 ,i,, (%) 11, ........... , (:1,111•1Jr (!i~) (%) 
J:l1/11 ( 

- %i 
I l)I).(, I 7.1 11 2.2 I /.(),I 11.2(, W.. l•J 44,'i~ 1'l11111 ltl'i,:h1 (1•111) I ;11.2 . ?,15.5 

2t1i 

lll),2 - 2,fll.5 l')),(i~ (,,l>il I .'J 15.02 15.15 !IIL:11< 5\1.13 l'lnnl ~)11\'llii (1·111) 11!.r,, 

1-'niil 1wi,:hl ():) (i(l, I - '.\,I0.1 llill,411 1<1.li? li. I n .w, 1,1.11 %.l<J 114.r,, 

'"''" 
4.lll - 9.11\l (l,11/C OA5 if.:, I:\ . I!/ J'.I.R6 ')(J. 'i(I l.7'J Fmil l,•nt lh (1•111) 27.~x 

F111i1 hr,·i1dlh (,-in ) 4.RI -8.19 Ii.ii I 0,211 2.'I 12.'.M 12.5(, %.tl:'i I.fill 21 ')', 

Numh,•r nf t'niils/plnnl 4.1:1- 4,1.911 17.112 0.60 2.1 51.'J2 57.% !19.X(, 20,77 119,2] 

Fruil yid,Vplnnt (kg) 0.49- 10.90 '.1.20 0.93 IR,O 13.Rtl 76.01 9'1.40 '1.72 147,22 

TSS 1•nnxl 12.3-17.6 15.13 0.23 1.0 7.99 R.05 9R.SR 2.47 ,~.12 

'111hlc 3 : Growth nnd fruil yield chnroclcrs of comrnercinl pomci:;rnnnhi gcnolypc.~ 

Genotype Pinnt Pinnt Fruits Jlr ult Fruit Weight -rs s• J uice Seed 
height sprl'ad /plant ykld weight of JOO ( Hrlx) (%) ll'asle 

(cm) (cm) /11Jnnt (kc) (c) nrll (g) (%) 

Jnlorc Seedless 211.2 192.0 40.5 9.78 250.15 21.47 17.38 54.55 ?Jj 

Jodhpur Red 209.6 243.1 29.1 6.61 235.30 19.74 15.60 42.52 24.28 

Ganesh 190.6 222.3 32.3 6.06 194.75 20.78 16.03 47.2.5 11.77 

G 137 220.0 248.2 33.1 6.83 211.56 19.73 15.14 50.60 11.9> 

Mridufa 162.6 168.6 47.2 4.94 105. 77 13.57 14.31 58.80 10.0.s 

P23 227.6 253.7 20.6 4.34 212.48 .16.56 16.91 50.57 13.46 

P 26 218.6 198.3 22.5 4.53 210.29 18.74 16.93 50.97 12.93 

Dhollca 205.7 241.3 11.6 2.20 201.20 13.75 15.68 49.'.12 13. IJ 

GKVKI 190.0 193.3 22.6 4.54 207,52 17.62 16.59 42.55 14.43 

Mean 207.5 218.9 27.4 5.25 200.90 17.85 15.88 48.58 JJ.8J 

Sd 22.19 28.52 10.75 2.12 37.74 2 .65 1.07 5.89 
4.04 

CD (P=0.05)• 14.05 8.46 2.27 0.17 8.18 0.09 0.39 1.\11 0.11 
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in fruit weight and size seems to be genotypic as also 
reported by Prasad and Bankar (2000). 111c boldness of 
aril is an important quality trait. Ilic cul ti var Jalore Seedless 
produced the largest aril size (0.22 g) followed by Ganesh 
(0.21 g) and G 137 (0.20 g). Cultivar Mridula produced the 
smallest aril (0.14 g). However, the juice content was 
significantly higher in Mridula (58.8 % ) followed by Jnlore 
Seedless (54.55 %) and G 137 (50.60 %). Tims, cultivars 
di ffercd significantly in juice and seed content, mellowness 
of seeds and boldness of aril as also reported by Mali and 
Prasad (1999) and Prasad and Bankar (2000). Desai et al. 
(1992) observed positive and significant correlation 
between plant spread and fruit yield. Similarly, the fruit 
number and fruit weight with yield. 11rns, the cultivars 
producing large number of frui ts also have gcnctical 
potential for bigger fruits. The cultivars producing big sized 
fruits also had bolder arils. On the basis of varietal 
perfo rmance it is concluded that the cul ti vars J alore 
Seedless, G 137, Ganesh and Mridula are potential under 
hot arid conditions The cultivars Jalore Seedless, G 137 
and Ganesh are high yielding and better in fruit quality 
except aril colour. It is also found that the fruit quality of 
MriduJa excelled the above three cultivars. However, it is 
disappoinl.ing that all these varieties are prone to fruit 
cracking. Moreover, this problem is very serious in J odhpur, 
Red. Jalore Seedless, G 137 and Ganesh under hyper hot 
arid conditions. This suggest for systematic improvement 
in the Jal ore Seedless, a locally adapted superior genotype 
to evolve dark red, soft and bold seeded types. 
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Abst ract 

The experiment conducted at farmers Jicld in Bikllncr dJstrict on sandy soil during K/Jarif season of 2003 and 2004 unllcr 
canal command area for crop divcrsiflcation in different fruit based cropping systems revealed that the maximum plant heigh! 
ofmothbean and groundnut was recorded under the intcrcropplng with Bael where as clusterbean maximum plant height 
(49.8 cm) was recorded maxium with Ber. Muthbean intercropping with Bae! pr~duce~ 14.61 and 27.24 per ceni higher total dry 
mauer (26.99 qn1a)and grain yield (10.40qflia), rc.~pectively tJ1an its intercropp1ng with Ber (23.77 and 8.98 q/ha). Arnong the 
entire intcrcrop highest mean root dry matter addition (2.49 q/ha) 10 soil afler crop harvest was observed in groundnut 
imercropping, which was significamly higher over the iutercropping of mothbean and clustcrbcan. However, the mean 
tugbcst sys1cm productivity (8. 71 q/ha) was observed unde-r the intercropping of groundnut with the fruit trees which was 
15.09 and 9.82 per cent higher over intcrcropplng of moth bean a11d clustcrbean. respectively. Highest Lota I income (Rs. 3S, 172 
/ha). net profit (Rs.30,162/ba) and cost Benefit ratio (6.02) was observed under the intercropping systems of Bael + 
molhbean. 

Key words: Fruit trees + crops intercropping, crop diversification. arid zone, cropping system 

Introduction 

1:1e Low and erratic rain fall with high variability in its 
guanuty and occurrence, high temperature during suouncrs 
(~ high as _48°c) and low in winters (up to - 3 °c). High 
wwd ~el~c1ty (10-13 km /hr) and high annual evapo­
ir~nspir~uon ( 1527 mm /year) hinders arable cropping in 
!hrs re~1on. The introducliou of canal in Lhe area, opened 
new v1st:35 Lhus allowing the choice for more number of 
~o~s which can _be includ~ in cropping S}'Slem. The major 
canal ne1wor~ Ill the region is IGNP passing through 
G~ga~~g~, Bikancr and Jaisalmer districts i 11 which wacer 
ava1lab1hty1s @5.24 m/ha from 1982_86 Th 11 · . · e ow values of 
~am canal vanes from l. 727 x I OS Ml to 2.96 I x 1 Q6 Ml . 
different season (Khan 1996) Ho . . Ill 
irregular availability •f i wcvcr, Lhc unurncly and 
quanti ty again put a qies~~~ato :::~~ alo1~g wi~1 reduced 
water requiring peren111· al c for mclus1oa of low 

. • rops a11d fru'L 1 • 
cropping system for its sustainabil' , i recs rn lhe 
c?ndition. fnter cropping of le u~~ ev~n under adverse 
higher grain yield ofintercrops ty 5-20w1~h Ber produced 

per ccm over lheir 

*C~res.sporxfing auUior : 
Semor Scientist (Agronomy) 
CAZRI,Bikaner 

Email : Naremlra..._ Yadava@YaJ1oo.co.in 

sole cropping (S ingh et al.. 2003). 1l1us, intercropping of 
annual crops wilb the perennial trees provided llle exl!a 
income to the farmer when fruit trees are in lllcir juvenile 
phase along with the assured production from the system. 
Keeping llie above poincs in view an experimt:111 was 
~onductccl Lo find out the productivity of differc!ll crops 
mtercropped with different fniiL trees \lnder canal-irngatetl 
condition. 

Materials and Methods 

_TI,ecxperiment was conducted ,ll farmers field in Pugal 
tehSil ofBikancr district in sandy soil during Kharif season 
or2oo3 and 2004 under can,tl command are~. 

. 1'.1e experimental site is characterized as hyper arid 
w1lh highest mean momhly temperature of39.7'\: in month 
of July during 2004 with a minimum of I J .6°c in month or 
N~vember2003. The highest wind velocity was J0.06 kl11.I 
hr Ill mouu1 ofJuly during the crop season. which incrcas~-J 
lhe ~vaporation or water loss during lhe study period which 
hud impact on th . . (·wt c penod Lor water waihbility to the P' 
afier the irr"g · . ' ' 1 at1011, which seems to he very less. 

~e soil situation of the cxpcriruentul site was lonrnr 
sand In textur I • rnal 
EC (0.2 ldsm~')c:

0
car_cous alk~tlinc in rc11ct!or1 with 1

1
1~:,. in 

w Ill organic carbon w1lh very 
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nitrogen. phosphorus :111d good in potassium amounting 
-D.16.3 and 162.-1 kg/ha. rcspcctivcly. 

Three crops Yiz .. Motl,bcan ( Vigna ato111ifoli11), 
clusterhean t C)·nmopsis rcrrngorwlolm) anti grnumlnut 
(,·\rnchi.t hypo gen) were i111crcroppcd in I ntcrspace of three 
year-old Ber tZ_rzipl111s 111a111iria11a). Bae\ (AQ:I,• 111am1r/11s) 
and K.innow (Citru.l' s1111) orchartls 1111\lcr factorial 
randomizt.'Cl hll1ck design with three rcplil:ntions.11,c canal 
\\'ater was used for irrigating the plant!- to all the crops al 
same time through nood system. All othcrculturnl prncliccs 
were adopted as recommended for individual crops 
separntdy. During the cropping sc;\son an amount of 178.6 
mm and 91.9 mm rainfall was rcceiYcd during 2003 nnd 2004 
respecti,·ely. 11,e system productivity was calculated 
mathematically by using the followi ng formula. 

System productivity (SP)= (Intcrcrop productivity (q/ 
ha) x Are.a sown in system per ha (m1)/ ha (m1) + Frnil trees 
yield in terms of-crop yield equivalent(qnu). 

Results and discussion 

Plant height (cm) 

The plant height of diftcrent crops was not affected 
significantly under intercropping with different frni t trees. 
The highest plant height of moth bean and groundnut was 
recorded under the imercropping with Bacl where as 
cluscerbean gave highest plant height (49.8 cm) in 

intercropping with Ber. TI1c plants were only 3 years oltl 
nncl have no ntlvcrsc effect on growth and development or 
inlercrops. 

Vichi ofintcrcrops 

·me I wo year pooled data presented in Table l showed 
that the highest dry mauer and Grain yield of all the 
lntcrcrop!. were recorded under the intcrcropping with Bael 
which was signi ficantly higher in mothbean and clustcrhcan 
but was at par in groundnut. The same trend was observed 
wiU1 straw yield also. Mothbean intcrcropping with Bae! 
produced 14.61 and 27.24 per cent higher total dry matter 
and grain yield, respectively than it's intercropping with 
Ber. This was due to the fact that at the initial stage of fruit 
trees there arc no adverse effect on the yield of intercrops. 
Patil er al .. 2005, also reported simi lar findings where no 
adverse impact of fntit 1rees was noticed on intercrops at 
early stages of tree growth. 

Root clry matter addition to soil 

Significant differences have been observed in root dry 

matter addition hy different intercrops. Highest root dry 
matter (2.76 q/ha) was added in the lfeaunem when 
grou11dnut was intercropped with kinnow plantations 
followed by Bae!. Mothbea.i1 root dry matter addition was 
lowerunder intercropping with all the trees, which was due 
to the harvesting system of mothbean in which the plants 
are normally uprooted at the time of harvesting along with 

Tobie 1. Yield of inte:rcrops grown wiU1 different trees under intercropping system (Pool of two year~). 

Fruit Trees 

Ber 

Bae) 

Kinnow 

Mean 

C.D. at5% 

Ber 

Bael 

Kinnow 

Mean 

C.D. at5% 

Ber 

Bae\ 

Kinnow 

Mean 

C.D. a15% 

M othbcan 

16.90 

19.37 

I s :1 0 

18.12 

Crops=l .20 

6.13 

7.80 

6.16 

6.70 

Crops= 1.13 

10.78 

11.57 

11.95 

11.43 

Crop=0. 15 

Yield of intcrcr ops 

C luster bea n 

Tota l dry matter yield (q/ha) 

27.24 

32.63 

26.97 

28.94 

Trces=S.36 

Grtthl yield (q/hu) 

9.36 

10.97 

8.37 

9.57 

Tues= NS 

Strnw yield (q/l111) 

17.40 

22. 18 

19.07 

19.55 

Trce=NS 

21 

G roundn u t 

27.17 

28.97 

27.69 

27.94 

Crop x trees=NS 

11.47 

12.43 

l l.12 

11.67 

Crop x lr<!<!=NS 

15.75 

16.49 

16.32 

1(\.18 

Crop x trel.'=0. IR 

Mean 

23.77 

26.99 

24.25 

8.98 

ID.40 

8j5 

14.64 

16.75 

15.78 
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N. D. r +groundnut (Tahlc4). This wns tlue higher . 

I 
. oots ·1s com1l'1rcd 10 t11c clustcrbciln an ti grou11tl1ml. grou11dmll with reasonable market price. ll1c h1' nhY1c:((l OJ 

l 1111 r '. . . r I 95 q/h'l was . " C.~l The highest root dry 111a11cr addltton O • • • '·d l , Bencf'il ratio (3.02) was recorded with Dael+ cl cost: 
·ccordcd under Ber+ mothhcnn intcrcropprng foll owe ill} lntcrcropping followed hy Bacl+ Mothhcan (2u8s6tcrtican 
1 . • ("'·thlc2) Among I IC ·u B ti h • · (2 06) . ) Tl Kinnow+molhhean intcrcropp1ng , , , . . (2 4 9 lowest was w 1 l er+ mo , can , . 1l1crcs111ts . . le 

entire inlercrop highest rncan root dry n1a11er adthl1~n . the nnd i ngs of Pali l et al. (2005) in which lhc h·. c,onrir11~, 
I Ojl() i II" whtt:h was I . I I rg lCSL n 

q/h·i)wasobscrvcdingroundmtl n1ercr 0 ' l JJrofi t was rccordct wtl 1 t 1c Sapota+ Gr •1Ct 
• . , . PIJing or moth 1c.111 oundn 

signilicanll}' higher over the rntcrcro . 8, cl intcrcropping. 111 

and clustcrhean. The irncrcropping ofgroundnul w11h ;'. . 
produced highest root dry ni:1t1cr addi tion (2,76 q/Ju1). T 11s 'J'uhlc 4, f:conomics of different lrcn1mcn1.~ under inlcrcro , 
was due to the better growth and clcvclopnienl of ground n~1t ~ystcm (Pool of two yenrs). P11111g 

P
lants as well as more root dry mailer yields rcr planl Ill -----------------.__ 

'I'r t CJ1ls Economic (Us n1a) 
comparison to other crops in the system. c:i m Totul Cmt of -

System productivity (SP) 

TI1e different crops under i111ercroppl11g with the fruit 
trees significantly affected the system productivity, whic~ 
was lower over the intcrcrop productivity because the fnul 
trees were not in bearing. However, the highest system 
productivity was 8.71 q/ha under the intercropping of 
groundnut with the fruit trec.swbich was 15.09 and 9.82 per 
Table 2. Root dry matter addition in different intercropping 

systems (Pool of two years). 

Fruit Trees fn tercrops MClln 

(3 years old) 1\1~ awterlJCall Gl'Ollldru 

Dt:r 1.95 2.07 J.97 2.00 

Bae) l.7 2.35 2.73 2.26 

Kinnow 1.9 2.03 2.76 2.23 

l\foan 1.85 2. 15 2.49 

C.P. at5% Crops=0.47 Tree.<=0.47 Crop X IJ'ee= 0.82 

cent higher over moth bean and clusterbean intercropping 
(Table 3). Over all mean of the crops indicated that 
intercropping of crops with the Bacl produced highest mean 
s~•siem productivity (9.63 q/ha), which was significantly 
higher over rntercropping with Ber and Kinnow. 
Table 3. System productivity (q/ha) with the iutercropping 

of crops with Lrees (Pool of two years). 

Fruit'Ilres'" 

l\1iitm1 

Ber 5.40 

Bae) 9.43 

Kinnow 7.88 

Mean 7.57 

Intercrops 

8.29 

9.62 

5.97 

Grunxhu 

8.32 

9.84 

7.97 

7.96 8.71 

Mean 

7.34 

9.63 

7.27 

CD at 5% Crops=l.07 Trecs=I.06 Crop x tree:: 1.84 
* rruit tree were not in production. 

Economics 

Highest total income (Rs 29 7?9 /ha) a d 
(R · ' - n net profit 
. s.2 l, 799/ba) was observed under the Bacl + 

1 

intercropping followed by Ber +Groundnut angdrok~ndnm 
rnnow 

22 

Income culthatlon 
Ntt C t QI : Rel1!lit 

profit ratio -Der + 
Mothbcan 16124 5270 10854 2.06 

Ber+ 
Cluslerbcan 18540 5570 12970 2.33 
Der + 
Groundnut 28709 8330 20379 2.45 

Dael + 
Mothbean 19320 5010 14310 2.86 
Bae!+ 
Clusterbean 2 1364 53 10 16054 3.02 

Bncl + 
Groundnut 29729 7930 2 1799 2.75 

Kinnow + 
Motbbcan 16025 5010 11015 2.20 
Kinnow+ 
Cluslerbean 16432 5310 I l 122 2.10 
Kinnow+ 
Groundnut 27760 7930 19830 2.50 
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Screening of aonla cultivars for making squash 
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Abstract 

An experiment was conducted at JGKV, Raipur to assess the suitability of aonla cullivar viz. Banarsi, Chakaiya, 
Francis. Kanchan, Krislma, NA-10, NA-6 and NA-7 for preparation of squash and their shelflife. A recipe of 40 per cem pulp, 
60 per cent total soluble solids and 0.75 per cent acidity was found most ideal to prepare squash from Aon la. Among all the 
eight cultivars of aonla "Chakaiya" was found most suitable cullivar for preparation of squash. This squa~h remained 
acceptable up to period of six months during storage al room temperature. The total soluble solid, acidity, reducing sugar 
and total sugar of lhe squash increased continuously duri.ng storage while the ascorbic acid in contrast decreased. 

Key words : Aon/a squash, oragnoleptic quality 

Introduction 

Aonla (Emblica officinalis) a member of fami ly 
Euphorbiaceac drop their leaves during February-March 
and goes under dormant condition and fru it starts growth 
during rainy season . This character makes aonl a 
remunerative for wasteland and rain fed areas. As aonla is 
not consumable in fresh form or in raw state or even in the 
form of juice due to its highly astringent taste, its juice 
needs to be converted in the form of beverage to dilute its 
astringency. An attempt was therefore, made to ulili1..e this 
fruit as beverage in the form of squash because the quality 
of the processed products can be maintained from good 
quality of raw materials only. Therefore, the present 
e:xperimeDL was planned to screen ~ e aonla cullivars for 
making squash. 

Materials and methods 

Studies were performed on eightcultivars of aonla viz 
Banarasi, Chakaiya Francis, Kanchan, Krishna, NA-10,NA-
6 and NA-7. The fruits were obtained from Horllculture 
farm. I.G.A.U., Raipur. Harvesting of fruits and preparation 
of squash was done in the month of December. The squash 
of following recipes were prepared. R

1 
40 per cent pulp 

adjusted to 40 per cent TSS and 0.75 per cent acidity, R
2 

40 
per cent pulp adjusted lo 50 per cent TSS and 0.75 per cent 

*Corponding author : 
Assistant Professor (Hort.) 
IGAU, Raipur (chattisbgarh). 

acidity,~ 40 per cent pulp adjusted to 60 per cent TSS and 
0.75 per cent acidity. For formulation of recipe the to1al 
soluble solids and total acidity present in the pulp were 
firs t determined and lhen remaining amount of sugar and 
citric acid were added. One litre of squash of each recipe 
was prepared by mixing lhe calculated amount of pulp, 
sugar, citric acid and water in different recipes. First sugar 
syrup was prepared by beating the mixture of sugar, water 
and citric acid and lhen it was blended with fruit pulp. 
Organoleptic quality of the recipes for aonla squash was 
evaluated by a panel of five judges who scored on a 9-
point Hedonic scale (Ranganna, 1997). The trial was 
conducted under the set up of randomized block design 
with U1e judges acting as blocks. The recipe, found ideal 
for aonla squash, was used for screening suitable cul ti var 
for squash. The bottles of aonla sq1iash were stored (from 
December to July) at room temperature to study the physico­
chemical changes during storage. Toe pbysico-chemical 
study of fresh aonla fruits of different cultivars alongwilh 
the same for stored squash were determined as pc.r the 
method described by Ranganna (I 997). Toe TSS was 
measured using a hand refrcc tameter. The ti trahle acidity 
was ~etermincd by lltrating against N/1 O sodium hydroxide 
~01t_1tton ofU1oroughly mixed sample with phenolphthalein 
11~d~cator: 111e acidity was expressed in term of per cem 
cttnc acid of juice. The ascorbic acid (mg/l 00g) was 
d~termined by titrate known weight of sample with 2,6· 
d1~hlorophenol indophenol dye using metaphosphoric , 
acid as~ stabilizing agent. The reducing sugar in a sample 
was estunated by determining the volume of the unknown 1 

sugar solution required to completely reduce a measured 
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volume of feltlings solution. The total sugar J>ercc 1 . 1il 
1 

• n age 
was sin ar y es11mated after acid inversion. 

Result and discussion 

~e fr°:5h fruit was anal)"led for TSS, acidity, sugar 
and ascorbic acid. Results are presented in Tahle-1. The 
results of organoleplic evaluation (Table 2) indicates a 
significant difference between the recipes with respect 1o 

Tuble-1. Perceutagc ofTSS, Acidity, Sugnr nnd Ascorbic ncld 
(mg/I OOs pulp) in diffcrcnl cultivnrs of aonln. 

Culth·:ir TSS Acidity Sugar Ascorhlc 
11<:lcl 

Reducing Tot:il 

Banarsi 1088 2.07 2.63 3.113 431.4 

Chokaiya 7.74 1.87 J.69 3.44 445.7 

Francis 8.25 2.2 2.00 3.54 3.80.0 

Kanchan 9.66 1.87 2.21 2.83 40CJ.O 

Krishna I J.75 1.99 2.54 3.115 455.6 

NA-10 7.94 1.115 2.09 3.83 3.87.6 

NA-6 9.28 1.76 2.01 3.39 420.6 

NA-7 9.97 2.04 2.70 3.77 381 .5 

acceptability of aonla squash. A significantly highest score 
of 7.6 was recorded for acceptability of aonla squash in 
Recipe R-3 having 40percent aonla pulp, 60 per cent total 
soluble solids and 0. 75 per cent acidity followed by Recipe 
R-1 with score 6.4. The least organoleptic score 6.2 was 
recorded in case of Recipe R-2. The data recorded on 
organoleptic quality of squash prepared from different 

Tahlc-2 : Average organoleptic score for recipe slandardizalion 
of squash of a.onla. 

Recipe 

40% pulp adjusted to 40% TSS 

and 0.75% acidity 

40% pulp adjusled to 50% TSS 

and 0.75% acidity 

40% pulp adjusled to 60% TSS 

and 0. 75% acidity 

SE(m)± 

co (5%) 

Aven1ge score 

7.6' 

0 .32 

1.06 

The supersc:ripL~ indicole the treatment means with same letler 
are nt par nt 5% level of significance while the means with diffcr­
enl lcllcrs ore significantly different nt 5% level. These leuers 
have been arfiJtcd based on CD-value comparisons oftreatmenl 
means. 

45 

cullivars of aonla are presented in Table-3. The squash 
prepared from the Chakaiyn cultivar recorded significantly 
highest organolcptic score 8.4. 1l1e Chakaiya has also been 
reportctl to be suitable for preparation of beverages by 
Singh and Pathak (1987). Singh and Kumar(1995) anti Nath 

'fahle-3 : Screening ofaonla cullivars for preparation 
of squash 

Cullivars AverJge organolepticscore 

Banarasi 1.0~ 

Chakaiya 8.4• 

Francis 6.o• 

Kanchan 6.2cd 

Krishna 6.4 ~cd 

NA-10 6.8 ... 

NA-6 6.04 

NA-7 6.6 ..... 

SE(m)± 0.23 

CD (5%) 0.67 

and Sharma (1998). The squash prepared from Banarsi 
stood second highest within acceptable limit of score 7.0, 
however, it was s1atisLically at par with those of Krishna, 
NA-10 and NA-7 at 5 per cent sigolficant level. Both the 
cultivars NA-6 and Francis recorded least organoleptic 
scores of 6.0 for aonla squash, which was statisticaJJy at 
par with cullivars Kanchai1, Krishna and NA-7. 

A gradual change was recorded upto 6 months in the 
physico-chemical composition of aonla squash of Cbakaiya 
cultivar during storage as evidenced by the organoleptic 
scores presented in Table 4. After 6 months the 
deterioration in composition of squash was rapid which 
brought down the scores below 7 and the product becam~ 
unacceptable for consumption. Further, the perusal of 
Table 4 indicates that the TSS. liliablc aciuity, reducing 
and 101:11 sugar ofChakaiya squash increased continuously 
during storage. Toe significant changes were observed 
almost every month for TSS and Acidity. I fowcver, the 
changes lo reducing ancl total sugar were slow. Ascorbic 
acid of the squash decreased continuously during storage. 
An increase in TSS during storage may possibly be due to 
the conversion of polysaccharides into sugar. The 
degradation of pectin substances of pulp imo solubl~~olids 
might have conliibuted towards an increa~e lo ac1d11~ of 
aonla beverage. TI1e reason for rise in reducing sugar nught 
be ascribed to the conversion of non-retluciog sugar to 
reducing sugar due to the process ofhydroly~is. Similarl_y 
U1e increase in total sugar might he due to parual hydrolysis 
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(0.96) ('.l l\ .1\9) (52.22) 

5.7 1· '.IK.f,O' -1r..:n· 1HW 
:', 7 ,()' 61.07' 

(0.99 ) (JH.\12) (52.32) 

7 .O' 61.271 5.KJ ' '.l\1 ,()6• M,,,1,11 297,0, 

(1.03) (39.70) (52.52) 

7 s .2• 61 .43• 5.9<>' 3 \1.21· 46.751 269.S'' 

( 1.06) (39.96) (53.06) 

51::(m)± 0 .20 0.02 0.02 O.OK 0.0 2 2 .71 

CD (5'K) 0.61 0 .08 0 .08 0.24 0 .07 8 .13 

.- Mean arcsine transformed value. 
F, gure in parenlhesi s are inverse Lrans f ormcd valu<-'<1 of lhc corresponding mca n arcsi nc tru ns for med v a I ues 
SuperscripLS lcners indicate Lhc trealmenl means with same lcllcr nee al par al 5% level of signi flcancc while lhc means w11h 
different leuers are signi ficantly differenl al 5% level. (Superscript affixed 0 11 CDvnluc comparisons of treatment means). 

of complex carbohydrates. And lhe hydrolysis must have 
been accelt:rated due Lo high tempcralure and aciuity. The 
reduction in ascorbic acid may be due Lo oxidalion by 
trapped oxygen in glass bottlcresulling in lhc formalion of 
dehydroascorbic acid. These 1.:hemical changes in 
beverages of aonla juice during storage have been report cu 
by Mehta and Rahotre (1976); in squash oflitchl by Singh 
and Singh (]994); in squash of pomegranate by Prnsad and 
M ali (2000). 
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