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Abstrnct 

The study on biochemical changes in date palm (Phoenix dt1c1yl(fera L.) cultivars was conduc,ed at ICAR­
Central JHs:titute for Arid Honkulture. Bikaner during the year 2014. The observations on the growth of frui,s were 
rccol'ded from 15th Apl'il till harvesting at 15 days intervals. 1''hc assessmc111 of biochemical cha11ges in date palm 
cultivars Halawy. Khalas. Khadrawy and Shamran at diffeJ'e.nt stages of growlh and maturity differed significantly 
among the cultivars. The qualitalive characters such as sugar comems (total. reducing sugars and non-reducing sugars) 
and ascorbic acid coocent increased from initial stage to doka stage of harve.�ting wheteas. acidity. protein. ta,min conte.,u 
and anti-oxidant activity increased at initial stage but exhibiled a decre...'t.�ing trend at 1/oka slage of fruit malurity. Per 
cent acidity was found minimum in c,•. Halawy and Khalas (0.150 %). Ascorbic acid c,ontent was highest in cv. 
Khadrawy (11.22 mg/L00g pulp) foJlowed by KhalM (10.61 mg /100 g pulp) at harvesting stage. Sugar coments 
accumulated gl'adually eluting fruit development in all cultivars were also varied arnoog four cultivars. Cultivar Halawy 
fou1ld highesL in sugar content (36.30% tot.al sugars. 5.96% 1H)o-reducing sugars and 30.34% reducing sugars). Protein 
conte,n varied from 1.49 % in cv. Khalas Lo J .73 % in cv. Khadtawy. Tannin contem vatied from ().72% in cv. Hala"vy LO 
1.00% in cv. Khalas. Anti-oxidallt activity wa.,; recorded maximurn in c .v. Halawy (3.50 mmolTE/g) followed by. Khalas 
( 3.2-1 mmolTE/g). Tile results revealed that cultivar Halawy is beuer in respect of quaJity parameters followed by cv. 
Khalas under hot arid conditions. 
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[ntroduction 

Date palm (Phoenfa· 1lac1ylifer<1 L.; Family 
Arecaccae) also known as khajoor, klumtk is a basic 
dietary component of people living in semi arid and arid 
regions in the world, Date palm is the most successful and 
exlremely important subsislencc crop in many of the hot 
arid n.:gions of the world (Zaid er al.2001, Chandra e1 

a/, 1990) , ln lndia. maximum an:a of date cultivation is 
about 17,072 ha with production of I, 37,476 million 
tonne in Kachchh region of Gujarat. ln Rajasthan, its 
cultivation has great potential in Jaisalmcr, Barmer, 
Blkancr, Jodhpur and some parts of Churu. Sri Ganga 
nagar. Haaumangarh. Na.gaur districts. which falls under 
arid climate and provided with irrigation facilities. rt is a 
drought hardy fruit plant species and tolerates salinity. 
Date fruit is used for fresh consumption as well as for 
processed products such as wine. starch vinegar, arak.

jam. chutney, beverages. juice and toffees. It is highly 
nutritioos fruit and contains high calorific value (3150 
calorics/kg of fresh fruits). 60-65% sugar, fair amount of 
fibre (2.5%). protein (2.0%). fat (2.0%). vitamins (vitamin 
A = 220 I.U .. vitamin 8 1 = 0.35 mg. vitamin 82 = 0.38

mg). minerals up to (2.0%) i.e. iron, potassium. calcium. 
copper. magneshnn. chlorine, sulphur, phosphonis. etc. 
(Gopalan �, <1I.. 1985). Caramel colour produced from 
dates which can be used in food tmd pharmaceuticals 
industries (Zaid et al., 2007). The elate fruit goes through 
five distinct growth and ripening stages (Shobana et al .. 
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1981)). These five stages are usually referred to in terms 
derived from Iraqi Arabic as "H(lbabouk", "Kimrt',

"Klui/t,f', "Rutah" and '"Tamer'". "Hab,1bouk" stage which 
starts soon after fertilization and is charactcri7...ed by loss 
of two unfertilized carpels. The Kimri or ga,u/.<,ra 
represent the pea stage and immature green colour. doka 

or Kha/al - matun; full coloured and Rotab o,· da,,g -soft 
br0\.\.'11. Tamer or pind- hard raisin like (Chandra t>t a( .. 
1992), Jn our country, maximum elates arc harvested at 
hard ripen doka or Khalttl stage because of early rains in 
July month. However in Gulf countries, fruit maturity 
goes up to pind or T.lmer stage. The growlh and 
clcvelop1nent of the fruit follows a unique pattern in thl! 
date palm cultivars (Al-Qureshi. 2010: Iqbal etc,/., 2012). 
Although. \vork has been reported by djffcrent workers on 
physical and biochemical attributes in dif

f

erent elate palm 
cullivars (Chandr.1 and Parcek. 1992; Osman. 2008 and 
EI-Agamy et al .. 2001). Keeping in view. the present 
study was undertaken to assess the biochemical changes 
in date palm cultivars during fruit growth under hot arid 
conditions. 

Mat�rial :l.nd M�thods 

The presenL study was carried out at ICAR­
Central lnstitule for Arid MorLiculture Bikaner, Rajasthan 
during the year 2014 having four replications. The four 
commercial elate palm cullivars vi:., Halawy. K.halas, 
Khadraw)' and Sham.ran wt:rc taken for fruil g_r(>wlh and 
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bioche1ltical study. The fruit samples W\!rc collected ac 15 
days inh::rval (I5w April. 30th April, LSlh May, 30'" Mlly, 
15•h June. 30th June, 15th July and at harvesting) in the 
month of April to July 2014 for a�ssment of 
biochemical changes during fruit growth period of dme 
palm fruits. Percem acidity and ascorbic acid and sugars 
wi;;re observed in fn.tit samples as per standl'lrd methods 
described by Ranganna. (200 I). 

Total sugars ,vere estimattd by Anthrone reagent 
rm:.Llu)d desc.ribe<l by Thayurnf1navrm tmd Sadasivam ( 
1984). The absorbance was ,·c:cot"ded at 6301lln against a 
reagent blank in the UV-VlS spectrophotometer (Decibel. 
Delhi, India). The <.:(mccnLrations of t<)la] soluble sugan, 
were calculated according to the glucose standard curve. 

The tannin content wns nnalyz.cd using Folin-Oenis 
method described by Schander. ( 1970) on dty weight 
basis. The absorbance w;c1s recorded at 700 nm against a 
reageot blank in the UV-VIS SpectrOphOLOmeter (Decibel. 
Delhi. llldia). The srnndil.l'd graph was made by using O­
J OOµg of tann.ic acid and the concentration ol' tannin was 
eNprcssed as pcrc.cnrngc of fresh weight. 

The soluble proteins were estimated by Lawry·s 
rm:1hod ( J 95 l ). The absorba.nce wa$ recorch:d al 660nm 
against a reagent blank in the UV-VIS spec1rophotome1er. 
The concentrations of soluble proteins were calculated 
acc(mling l(l the S-ll)nda.rd bovine i;entm alhun:Un t-un·e. 

Total antioxidant activity was analysed by 
CUPRAC (cupric reducing antioxidant capacity) assay 
rec.entJy developed by Apn.k et a/.(2004) which me.asure.d
the cupper (UJ ion reducing ability of polypbenols. 
viwmjn C and viumtln E. The 2 g of fruit material wat; 
extracted using 20 ml mixture of ethanol and dislilled 
water (80:20, v/v ) by ceno·ifoging at 10000 x g tor 10 
mi.n. The sup..:rnatnnt was usc<l for am,lysis. The
absorbaJtce was recorded at 450 nm in the UV. VIS
spectrophotometer (Decibel, Delhi, India), The \1nits were
expressed in µmol Trolox/ JO(}g.

The experimental values were analysed 
staliSLically by using Comple1ely Randomfaed De$ign 
(CRD). Means were compar..:d using soft ware. Stat 
package CCSHAU. Hisa.r al 5% level of significance. 

Results and Disc.ussion 
The biochemical mu·ibuLes viz... total 

soluble solids. acidity percenlage, ascorbic acid, tannin. 
prt)lein c-t)otenl. sugars anti an1i-ox.iclan1 activi1y of 
dif

l'Cl'ent date cultivars were assessed at I Sdays intervals 
from kimri to dot«, slagc of fmit growth and malurity. 
Fruits were hr,rvcstcd a1 tfokt1 stag\! in all cuhivars. The 
significant diffel'ences in biochemical change.,; were 
ob$erved among the cul1ivar$ io a.U Lhe $Lage$ of fruil 
growth aod developiner\t. 

Tot•I Soluble Solids (TSS " Brix) 
The results clearly showed that an increasing 

LJ'end in TSS of fruiLS al all fruit development srnges was 
recorded in date palm cu Iii vars sludied (table •I). TSS of 
fruiL-. in date palm variety Halawy wa.-; 41.28 °Brix at 
hatvcsting stage which was 13.85 °Brix at initial st.1ge of 
fnait development that gradually increased on 15111 May to 

harvesting stilge. It  is due to accumulation of 
carb<:>hy<lra1ei; aoct c-lecrea$e in tannin$ in fruiL�. The 
highest TSS was recorded in Halawy (41.28 "Brix) 
followed by Khalos (39. 17"Brix ), Shanuan (39.13"Brix) 
while it was lowest in cv/ Khadrawy (37.3 9 °Brix %). A 
significant difference in TSS of' fruits was recorded at fruit 
growth, dcvclopmcnl l-'lnd harvesting SU'lgcs. The findings 
is similar to earlier wo!'kers reported by Halder et al

(2014) .Bacha et"' (1987). 

Acidity(%) 
The acidity content followed a decreo.sing, trend 

as the fruit develops in all cultivars (Table•2).The 
significant difference was noticed in acidity conlcnL in 
fntits among cultivai·s. lt is indicated that acidity of rniits 
in date palm on fresh weight basis in cv. Halav.,y 0.150%
was at harvc,.:,ting Stage which wa.,; 0.160% at initial srnge 
of fruit de\'elopment tJ1at gradually incre..ased on 30"' April 
to 30th May and decreased from I 5th June to Harvesting 
stage. The .-.ume pauc:m of incn::ase �\nd decrease in acidity 
was notjced in all cultivars during fmit growth. The 
highi;st acidity pcr<."'l.:nt in fruits was recorded in Shamran 
(0.168%) followed by Khadrawy (0.160 %) and it was m 
par in cultivars Halawy and Khalas (0.150%). The acidity 
pcrcc.nrngc in C\' . .Hnlawy nnd Khala.,; was found lcsS,. It 
may be due to less astringency aod more sweetness at 
fully matured fn1its in these cultivars in comparison to 
other culth•ars. Similar findings have been 1'epot1ed by 
Abbas et al .. (2002) and Ebtehal and Al-Tamin (2014). 
Moreovl!r. ii mtty possibly be due l(l nccumul1)1ion and 
metabolism of o,·ganic acids io the frui1 durjng their 
growth and devclopmenl. 

Ascorbic acid (mg/100 g fruit pulp) 
The darn pt'e.Sc.1\t� in cable 3 revealed 1hat 

ascorbic acid conlcm of frui1s in dale palm on fresh 
,veight ba.'iii; increased fn:m1 initiation of fruit 
developmeni 10 harvesting stage. ). Diffei·cnce among the 
cultivars in ascol'bic acid con1cn1 was signilicant al all the 
fruit developn�nl Singe. ln cv. Malawy t1SC<nbic acid 
content was 8.04 mg/100 g at harves6ng stage which was 
l.04 mg/lOO g at initial stage of fruil devdopment that
gradually increased Oil 301h April to I 5•h July and it was
highest at Harvesting stage. The same paucrn of increase
in ascorbic acjd wa.'i no1iced in oiher varii::ties aL clifforenL
stages.

The highi;st ascorbic acid content was ri;cordi;d 
in cuh..ivar Khadrnwy ( 11.22 mg/lOO g) followed by
Khalas (10.61 mg/100 g), Sltamran (10.37 mg/100 g) and 
lowest in H1'llawy (8.04 mg/lOO g. Ascorbic acid content 
increased frorn initj:.11 st.age of fruic g:,·ov.1.h and was 
highest at dot«, stage of ripening. Sawaya et al .. (1983) 
reported tluu vitamin C c.(,nlc:nl was highl!r at Khalaf

stage. Marbet et al. (2008) reponed vitamin C coJ1te11t 24 
to 46 mg/100 g whereas, Ebtehal and AI-Tamin (2014) 
reported 10.52 mg/IC)() viiamin C in Saudi Sukhari and 
Egyptfan Sewi date palm samples. Similar resulls have 
been reported by Chandra and Choudhary ( 1.990). 

Total sugars(%) 
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The lotal sugar content of fruits in date palm 
cultivar Halawy was 36.30% at dokfl stage of harves1ing 
which was 4.25% at initial srnge of fruit developJ:nent that 
grndul'llly increased on 15

th May to Harvesting. On 15111 

May the magnitude of sugar was 6.32%. which increosed 
to 12.60% by JO" May. lt neady doubled (24.48%) by 
15th June and then slightly incrcl'lsed to 28.2.'>% by 30th 

June and reached LO the level or 34.40% by 15th July. 
Tota] sugar coment in culti var Khalas 34.40% at 
h:1rvesting St.a_ge wbjch was 4.05% a1 initiaJ kimri Stage of 
fruit dcvelop.-ncot which subsequently illtl'eased from 15m 

May to 1511i July and highest :,t han•esting stage, Increase 
in tornl sugar was observed fron:i Kimri to dokc1 srnge of 
hatvest. The highest toU\I sugars contem was l'eco,·ded in 
Halawy (36.30%) followed by Kh:tlas (34.40%), Sh:tmran 
(34.06%) while lowest in Khadrawy (32.49%). A 
significant difference in total sugars content in different 
date palm cultivars was found at froit devdopmcnt stages( 
table-4). Total sugars are a varieLal characLer and its 
quantity depends on cuJtivar. Total sugars increased from 
initil'II stag-: of fruit devdopmcnt which Wl'IS highest I'll 
doku stage of hal'vcsting. Elahmer et ul .. (2007) ,-eported 
total sugars were found highest in Ammi (49.49%) 
foll()wed by Tabmmj (38.54%) and lowc:$1 in Bnmsi 
(35.87%). Muhhamad e, al (201 I) reported the total sugar 
content was much higher in date paJm grown in Ocr..1: 
Ismail Khan (71.05%). Similar resuhs were obse!'ved by 
Gasim et al .. (1994): Awad et al .. (201 I): Taain et al ..

(2013); .Ebtchal and Al-Tamin (2014). 

Reducing sugars(%) 
h is clearly indicat�d ,hat highest reducing sugar 

content of fruits in date palm cullivar Halawy was 30.34% 
at harve,•aing sLage which w&s 3.91 % at initial stage of 
lruit development that gradually increased on 15th May to 
Harvesting (table -S).

Reducing sugarS conlent was highe..�t in Malawy 
(30.34%) followed by Khalas (29.05%) and Shamran 
(29.03%) while it was lowest in J<hadrawy (27.52%). 
Difference among ,he cultivars was significant in relation 
to reducing sugar content at all the fruit de\<elopment 
s1age.s. Carb-Ohydrr.1te me.uboHsm i$ Lhe m<>SI activated 
pathway at C.\<ery sirlgle stage of the fruit development arld 
ripening in date palm with in this also, the genes directly 
associated with sugar mernbolism are much more 
ac1ivated at the later stage of fruiting. This pattern 
accounts for grndunlly incn:.asing reducing sugar content 
in date palm. The high level of total sugars in date fruits 
are due to the up gradation of sucrose phosphate symhase 
and inverts l'lt the later stage of fruit growth. 

Protein content(%): 
The soluble protein contelll decreased from kimri

to doka stage of maturity. Data clearly showed that 
pro1ein c.,mtcnt of fruits on f�sh weight b:1sis in cv. 
Halawy was 1.67% at harvesting stage which was 1.5% at 
initial stage of fruit development that graduaJly increased 
on 30'h April to 30111 May and decreased from 15th Juoe to 
Harvesting stage (table 6). ·r11e significant difference 
a.rnong cul1ivars in n:spe:ct of pro1.ein cootc:nl was 

recorded. The highest protein contenl was recorded in 
Khadrawy (1.7:;%) followed by Hala.wy (1.67%) and 
Shamran (1.56%) while it was lowest in cv. Khalas 
(1.49%) .T'hi; finding is siinilar to the re.suits reported by 
linider e, cJ/ (2013). 

Tannin conLcnt (%) 
Th�re is .'I signjficant difference in rnnnin content 

of ct:ue pnl.m fmits at gn,wth and devc:lopmeot Stages. 
(Table 7). The ,a.nnin content was estimated in fn1it 
samples from 15

th Muy onwards in date palm cultivars. 
Tannios c.onient of frui1s in date palm on dry weight basis 
in cv. Halawy was 0.72% at harvesting which was 1.4% at 
initial stag._: of fruit di;velopmcnt th.al groduaJly incrca�d 
on 30th May 10 I Sui June and decreased from 301b June to 
Harvesting stage. Jncrease in tannin content was noted at 
in.i1fol Srn!f:e of fmiL growth wh.ich showed the: d�rea$ing 
treod of tallJtin content al la,e1· stage of fruit development 
during July month. II is because of breakdown of tannins 
and pi.-01.ein compounds in to simple:. $olublc: sugars due:. to 
the role of enzymes in fruit devclopmeot p1•ocess. 

The high-0s:t tannin content was recorded in 
cultivar Khala.,; (1.00%) followed by Kha<lrawy (0.95%), 
a11d Shamra11 (0.82%) while il was lowesl in cv. Halawy 
(0. 7'2). This is in general agreement with findings of 
Mougthith et t1l ( I 976). 

Anti-(,x:idiml �,eth·ity (mmol'J'E/g) 
There is a significant difference in anti-oxidant 

aclivity an,ong dale palm Cullivan; a1 di(fcrcnl fruil 
growth and development stages (table--8). The maximum 
anti-oxidant activity was recorded in Halawy (3.505 
inm<>ITE/g) fol.lowed by KJ1alas (3.225 mJn.o1TE/g) and 
Shamran cuhivar (3.158 rnmolTE/JOO g). Lowest anti­
oxidant was observed in Khadrawy cv. (3.083 mmol'T.E/g) 
a1 hai·,•esting st.age. The t'esuhs showed the increasing 
tnmd in anti�oxidant activity. tannins cont�nts from kin,,.; 

to dolw $tage in all cullivars. The tan.nin conte-nl an<l Lotal 
phenols are the major contributors to the antioxidant 
activity. An increas\': in auti•oxidant activity may due to 
high tannin and phenolic C(>"1p()umJs during fruit 
devdop,nent stages. Howeve1•, gradual decreasing in anti­
oxidant activity possibly is d\le to decreasing trend in 
tannin and other phcm)lic c-Ompounds at col<>ur turning 
and matul'ity in li·uits. 

The finding is in Accordaocc to results reported 
by Al-Farsi e1 al. (2005) in date palm cultivats. 

In the present swdy, the changes in m�tabolite 
compo$iLion were assessed t'rQm k.im.ri to dokn srngc of 
date fruirs. h was observed that majority of ,he 
mctaboli,es increases with ch\': advancem1.:!nt of growrh 
srng:c.. Those sud1 changes <>ccur in ti.Uc- fruits has been 
demonstmted by Abbas and Fandi (2002). Ehtehal and Al­
Tamin (2014), etc. In the present sludy too, it was 
rcportl!d tha1 mctaboli1cs such f1S iota! sugars aml reducing 
sugars increased with 1he stage of development. This is on 
account of fact that fruit acts as sink ond accumulates the 
cal'bohydrates produced in the leaves. This accumulation 
then leads to changes in TSS. which is also apparent in 
our $1udy. Thus. our Study shows t.hat fruit$ &re h_ighly 

 65 



active sinks which accumulates lhe carbohydrates in the 
form of reducing and non reducing sugars which are lhen 
converted into other complex forms with the growth and 
development of the fruit. Among the varieties studied. cv. 

Halawy was found to be best since it has more number of 
berries. high TSS. sugar content. anti-oxidant activity and 
minimum acidity. 

Table I. TSS ("Brix) of different Date palm cultivars clurin.i?: fruit growth and maturity stages. 
Treatments Aoril Mav June JtiJv Harvcstinsz. 

30 15 30 15 30 15 Final 
Halav.rv 13.85 15.26 16.68 19.72 30.41 39.00 41.28 
Khala.� 11.45 13.84 14.()(, 17.33 24.06 36.()4 39.17 
Khadrawv 11.23 12.51 13.67 15.90 23.43 33.75 37.39 
Sbnmnln 12.45 13.17 13.75 1 6 .09 19.86 34.03 39.13 
CDat5% 1.512 1.054 0.908 1.184 2.232 1.807 1.489 

T bl � a C -· ACI( llV ( m lruus ol < 11 crcnt . r %) . . . D I ate oa m cu llvars unn2 lrmt irrowt. an d h d matunt 

Trcalmcnts Anril Mo,• June July Honest 

15 30 15 30 15 30 15 FinaJ 

Malawy 0.160 0.268 0.330 0.343 0.320 0.270 0.265 0.150 
Khalas 0.170 0.200 0.:140 0375 0.:120 0.285 0.270 0.150 
Khadrawv 0.180 0.188 0.353 0.563 0.360 0.293 0.285 0.160 
Shamran 0.170 0.180 0.595 0.615 0.428 0.320 0.310 0.168 
CD (P=0.05) 0.013 0.048 0.061 0.154 0.068 0.018 0.017 0.013 

Table 3. Ascorbic. acid (me!/ I 00 !:!) in fruit,; of diffe.rent Date oalm cultivat'S 
Treatments Anrll 1\'la,• .June Julv Harn•st 

15 30 15 30 15 30 15 Fina) 
Halawv 1.04 J.28 1.70 2.14 3.65 6.34 7.19 8.04 
Khalas 0.59 1.07 1.58 1.64 5.85 9.27 10.24 J0.61 
Khadrawy 1.22 1.37 1.82 2.29 4.51 8.7K 10.73 I 1.22 
Shamran 0.49 1.04 1.34 2.19 6.09 7.07 10.00 10.37 
CD (P=0.05) 0.09 0.16 0.20 0.16 0.65 ().96 0.92 1.60 

Table 4. Total suears (% in fruits of different D.1te nalm cuhivars 
Treatments April Ma\' June. July Harvest 

30 15 30 15 30 15 final 
HaJawv 4.25 6.32 12.60 24.48 28.25 34.40 36.30 
Kl1alas 4.05 5.44 10.71 21.81 23.72 32.49 34.40 
Khadrawv 4.17 5.88 12.29 23.72 24.48 28.91 32.49 
Shamra.o 3.41 5.36 9.91 19.49 21.81 31.54 34.06 
CD IP=0.05) 0.48 0.59 0.23 0.39 0.42 0.24 0.23 

I • 'able 5. educin� � ·ugars ( o) in fruits ot di terent R s f. D a1e oalm culli vars 
Treatments April Mav June Julv Harvest 

30 15 30 15 30 15 Final 
HaJawv 3.91 4.99 9.47 21.00 23.72 29.57 30.34 
Khalas 3.76 4.26 7.55 18.10 18.88 27.55 29.05 
Khadrawy 3.69 4.32 9.57 19.83 19.94 24.1 I 27.52 
Shamran 3.09 4.17 7.14 16.50 17.82 27.37 29.03 
CD (P=0.05) 0.07 0.04 0.06 0.06 0.14 0.06 0.08 

1 ·able 6 p rotein content(%) in ruus o d1 · erent D ate oahn culuvars 
Tn:atmcnts Acril Mav June Julv Harvcsc 

15 30 15 30 15 30 15 Final 
Halawv 1.50 2.64 4.76 5.21 3.94 2.88 2.23 1.67 
Khala$ 1.25 2.33 4.(,1 5.03 3.84 2.78 2.08 1.49 
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Khadrawv 1.56 2.74 4.86 5.32 4.20 3.11 2.30 1.73 
Shamran 1.31 2.41 4.67 5.13 �.89 2.79 2.12 1.56 
CO (P=0.05) 0.07 0.14 0.10 0.06 (1.18 0.09 0.13 0.05 

Table 7. Tannin content (%1 in fruits of different Dace oalm cultivats 
Tre.atmenLS Mav fone lulv Harvest 

15 30 15 30 15 Final 
Halawv l.42 1.64 2.23 2.08 l.07 0 .72 
K.hRlas 1.77 1.99 2.70 2 .45 l.41 1.00 
Khadrawv 1.61 1.74 2.40 2.22 1.29 0.95 
Shamran 1.47 1.64 2.00 2.17 1.20 0.82 
CO (P-0.05) 0.06 0.05 0.07 0.05 0.05 0.04 

Table 8. Ami-oxidant activiry (mmolTE/.e.) in fruits of differe.nt Dace palm cultivars 
TreatmenLS April May 

15 30 15 
Halawy J.395 3.043 5.535 
KhRlas J.263 2.970 5.310 
Khadrawv 1.203 2.365 5.203 
Shamran 1.230 2.515 5.170 
co 0'=0 .05) 0.089 0.479 0.081 
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