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Pr.ysicochemical Evaluation of Fruits of Some Sudanese Da
te Cultivars 

Abstract 

Khalifa T. Ali' and Osman A.Sidahmed2 

Faculty of Agricultural Sciences, 
University of Gezira, Wad Medani 

Sudan 

Fruit samples of 12 date cultivars were collected at the beginning oft he rut
r 'land tamar stages for physicochemical analysis. Physical and chemical cha

. racters showed significant (P < 0.05) differences among cultivars. The data ob
tained from physical characters revealed a decrease in all parameters studied 
from rutab to tamar stage except dry weight which increased from rutab to tamar 
stage. Chemical analysis indicated small amounts of ether extract, crude fiber; 
crude protein, and ash, while sugars predominated. Total sugars as well as re
ducing sugars were higher in the tamar stage than at the beginning of rutab. Su-

• erose content was higher at the beginning of rutab s.tage than at tamar stage. In 
general the majority of date cultivars investigated were found to be of the soft 
date type characterized by the dominance of reducing sugars. 
Key words: Date-palm: Fruit; quality . 
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Introduction 

Dates are a staple food in many desert areas. Their high errergy value and 
good storabilily make them an ideal crop in places where they can be grown 
(Rygg, 1977). In general, dates are considered to be a good source of sugars 
(Hans, 1935). 

Sudan, like most other date-palm-growing countries has its own indige· 
nous date cunivars. The long, hot, dry summers with low relative humidity make 
Northern Sudan an ideal location for date palm culture. Production of dates in 
the Sudan was estimated at 116 thousand metric tons (FAO, 1983). 

The suitability of date cultivars from the consumer's point of view are usual
ly evaluated according to time of ripening, yield, storage quality and consumer 
preference. However, physical and chemical characteristics of fruits form one of 
the most irnoortant criteri• tor the evaluation of cultivars. This study was carried 

· out to obtain more information about the physical and chemical properties of 12 
Sudanese date cultivars at two different stages of development. Such informa· 
tion will improve the existing meager literature and provide a basis for future re· 
search on postharvest, composition and/ or processing aspects of dais. 

Materials and Methods 

Date fruit samples were collected from the cultivars Barakawi, Gondeila, 
Bentamoda, Deglet Noor, Asada, M.W. Lagai, M.W. Khateib, Madina, Bureir, 
Zaglouli, Umhat, and Sultani at rutab {when fruits begin to soften at the tips) and 
tamar {when fruits are fully cured) stages in August and September 1984, re
spectively. 

The palms were 15 years old and grown in the Nuri government orchard, Ia-
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cated in the Northern Region of the Sudan (Latitudes 20' N). The region is cha
racterized by long, hot, and dry summers, with low relative humidity which make 
it an ideal location for date palm production. 

The trees were spaced 8x8 meters and arranged in a randor.::Zed block 
design with three replications. Fruit samples, each weighing one kilogram were 
picked at random from different bunches on the tree and from strands licated on 
different parts on each bunch. The samples were placed in perforated plastic 
bags and taken to the laboratory at the Faculty of Agricultural Sciences, Univer
sity of Gezira, Sudan, for physical ann chemical analysis. 

External characteristics of fruit including length, width, length/width raiio, 
weight, pulp weight, seed weight, pulp/seed ratio, pulp dry weight, and moisture 
content were determined. Fruit color at both stages of development was asses
sed and recorded visually. The samples were dried and ground into fine powder 
for chemical analysis using a food blender. 

Ether extract (crude fat), crude fiber, and ash content were determined by 
tho standard methods of AOAC (1970). Crude protein was determined accor
ding to Mitchell (1972). Reducing sugars were estimated by the cuprimetric me
thod of Nelson (1944) as modified by Asatoor and King ( 1954). Total sugars we· 
reestimated by Nelson's modified procedure (1944). The difference between 
the amount of reducing sugars before and after hydrolysis was taken as the 
amount of non-reducing sugars. 

Results and Discussion: 
Physical Characteristics 

The data presented in Table 1 ,2,3 and 4 showed significant differences bet
ween cultivars in fruit physical characteristics which included fruit size, weight, 
pulp weight, seed weight, pulp/seed ratio, pulp dry weight, and moisture content 
at both stages of development. 

Fruit size, which was presented as fruit length, width, and fruit-length/width 
ratio differed greatly among the cultivars .. ,The cultivars Barakawi, Bentamoda, 
and Gondeila showed no significant differences in fruit length. However, they 
produced significantly (P < 0.05) longer fruits than the other cultivars. The culti· 
vars M.W. Lagai and M.W. Khateib produced fruits significantly (P < 0.05) lower 
in length/width ratio as compared to other cultivars. Madina produced signifi
cantly (P < 0.05) heavier fruits followed by Bureir, and both were significantly 
heavier than the other cultivars; while Umhat produced significantly (P < 0.05) 
lightest fruits. Significant differences in pulp weight, seed weight, and pulp/seed 
ratio were observed among the various cultivar. Mad ina gave fruits with signifi· 
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Physicochomical Evalution of Fruit 

cantly (P < 0.05) heavier pulp while Umhat producerJ fruits witl1 lighter pulps 
The cultivms Zaglouli produced fruits w"ith siqnifican\ly (P < 0.05) l<eavier seeds 

than tl<e other cultivars. Minimum pulp/seed ratios wem given by Zaglouli, M.W. 
Lagai and Asada. 

Significant variations in dry weight and moi~:;ture content were observed 
amonq the various cultivars. Bentamoda Significantly (P < 0.05) produced the 
l1ighest dry weight and Llmhat produced the lowesi. The highest rnoistum con· 
tent was produced by As ada and the lowest by Bentamoda (Table 2). During the 
lamar stage all the physical chflracters mvealed a decrease in all parameters 
studied cornpamcl to tl1e rutab staqe except dry weight which increased during 
tho tamar stage (Table 3, 4). Variation in lruit characteristics of the date cultivars 
studied were expec.ted since mos1 -of them were chance seedlings and geneti
cally heterozygous. Differences in date fruit characteristics were r-::ported lnde
penclenlly by Mohamed e\ af. (1983) and Sawaya et al. (1983). 

Alt11ough the relative size of u·rel fruit is a varietal characteristic, yot it may bo 
influenced by pollen number, nurnber of' fruits per bunch or palm, and soil rnois~ 
turo content (N:xon, 1950). Inadequate liTigation was reported (AixH<halid et al. 
19B2i to reduco truit size. Dowson and Aten ('1902) reported differences in fruit 
size between varletles and within a given variety, and that the longer dimen
_o::ions and the heavier weights were characteristics of fruits at Khalal (color bre
ak) stagE> and the opposite was true for dates at tamar stage. Rygg (1977) repor
ted (I decrease in moisture content as fruit ripetwd. 

Chremical Characters. 

Crude fat content (Tabin 5) was found to be significantly (P < 0.05) different 
among and within investigated cultivars at the two stage of development. Crude 
fat ranged from 0.14 to 0.60% at the beginning of rutab stage and from 0.11 to 
0.41% at tamar stage. f.\sada produced significantly the highest and Gondeila 
the lowest amount ol tats at rutab stage, wl1ile Dog let Noor gave the highest and 
13entarnoda the lowest tat content at tamar stage (Table 5). The fat contents re·· 

·ported in this investigation were cornp<1rable to t11ose reported by Yousif et al 
( 1982) and Sawaya t'l a.l. ( 1983). 

Crude fiber contents (Table 5) of fruits from al! cultivars were l1igh at the be
ginning at rutab stage and decreased as fruits ripened. Crude tib<::r ranged frorn 
1.76to 8.00% at the beginning of rutab staqe and from 1.30 to 4.08% at tamar 
stage. Significant differences (P < 0.05) between cult1vars were observed at 
boll< rutab and tamar stages (Table 5). These results were Similar to those re
ported by Yousif et al. (1982) and Sawaya c0t al. (1983). 

Ash content ot !ruits (Tablcl 5) showed significant differences between cuiti· 
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·vars and ranged !rom 1 .81 to 3.34% at tile beginning of the rutab stage and trom 
i .37 to ~~.8i% at tamar stage. Haas {"i93!5), Yousif et aL (1982), Sawaya et al. 
('1983), and Elaangood s.nd Ahmed (1984) mported similar lindings. 

Crude protein conttent (rable fi) ranged from 2-40 to 4.06% at the begin
ning of rutab staqe and trorn 1.25 to 2.92% rd tamar stage. These results were in 
agreement with Yousif eta!. (1 982), Sawaya et aL (1 983) ancl Ban good and Ah
med(19M). 

The significant dlfferonce~J obsorved in crude fat, crude fiber, ash:G.on~ 
tent and crude protein among the inV\:JStloated cultivars could be attribt:it9.\i.· to 
variations in cultivars, since they recelved similar cult.ura! practices and..w_er~ 
grown under the same dirnat!c ;:..nd envlronrnonta! cor~dit1ons. 

Total su9ars, reducing su~:joxs and sucrose (Table 6) were calculat~~--on 
dry weiqht basis. Total suqars vari·"d lrorn 56.72\o 91.87% at the rutab stage 
and from 69."79 to 94.79°/o at tamar stage. Fieducinn sugars ranue·d from 14.94 
to 58.88% at rutab stage and "from 36.6llo 8aJ5% at tamar stage S.ucrose 
content vari<Jd from21 .82 to 68.05 atrln'ab staqo and tror111 .25\o 58 13.% at La
mar stage. Theso results indicate that total sugars as well as reducing sugars 
were higl1er at tamar· stage than at the beginning of rutab stage, while sucrose 

content was higtwr at the beginninf! of rutab "\age than at tamar stage. 
It has been repOli:ed by several invest\qators (Osrnan and Boulos, 1977; 

Rygg, ·1sn: Yousif et. aL, ·1982; anc! Sawaya Gt aL, ·t 983) that soft dates contain 
higher quantites ot reducing sugars and lower quantities of sucrose than semi~ 

dry and dry types. The sugar content of the investigated date cultivars revealed 
that the cultivars Asada, M.W. l.agai. M.W. Khateib, Madina, Bureir, Zeglouli, 
Umhat and Suliani had a high content of reducing sugars (62.92-83. 75%) and a 
low contcmt of sucrose (i .25-7.92%) at the tamar st&ge. Consequently, t11ese 
cultivars could be claGsified as soft date types. However, Osman and Boulos 
(i 9T1) reported that iv'.W Lagai and lv\. W. l<hateib had ttw advantage of being 
raisin .. driecl and treated as de;' cultivars. At the tamar stage mducing sugar con
tent of Bamkwi, Gondeila, Benlamoda and Deglet Noor cultivars were relatively 
small (36.67 .. 56.67%) while sucrose content was high (15.2·1-58. i 3%) (Table 
6), and they were, therefore, classified as dry types. Deglet Noor was categori
zed as a semi-dry date type by Rygg (19771 and Osman and Boulos (1977). 
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'ftib\a 5. E1Mr litll'tflllct (1111&), fltJ."ll, A<'lh tmd Pmtoln «''ltant (dfV wt!ght basil) oftwDivo ctateQIItfwn DIOWft 11'1 Hurl (Hort· 
n~tm Re-g1on), SudBn. 

----~-----·-·--··· ----·- ----··· ------------------------------------·---------------
F.therE.>:tmci ",~, Cmdei"IOOr% Ash% Pl'otoln% 

~----·---·- ---------- ----------~------------~------------~----------------
Cullivar A T R T R T 
- -- "'" ... -·--· -------- . ------·-·--·· .. -----.. --- ·----------- -···-------------·----------
FJara1uwi1 0.4Uab iJ.o:)0,1br.<.J 2.1:Jh 

Gondaill) O.Hc fl. 1~'(< 

Dcglot Now 0.4[iHIJ 0.41il 

As ada 0.6CJ;J O.:JJP,il 

M.W.LI\lJ.IIi 0-~190l 0.31:'1\:,:d 
MW. Kh&t<:~lb 0.3131> 0.1 (l~l(· 

Mod ina OA4a!} U.2HxxJ~ 

8~1reir 0.41ab 0.1;-:;l 

r.zglouli o.~7c i. \Gr;e 

l/mh<ll G.20c 0.2()Ci!\; 

Sullan1 o.:Hb 0.32il!JC 

S.E.± 0.0Ji9fl 0.472 
.. -~--------------~-- --------·-· 
~ R ~~ Beginning of w~ab .ste~)~>. 
~ T "'= Tamar stage. 

4.5Sd 

!3.55c 
7.19b 

§.231 

?..~lOgh 

?.J)7g 

1.76i 

fJ.OBa 
4.50d 

3.33<1 

0.0066 
-· -- ---------.--.----·· 

1 ..... 2.9to 
2.68c 2.58e ,_,.. 1.91g 

3.201> 1.81h 
1.30g 2.71d 
1.521g 1.114g!> 

1.50111 3.28a 

2.40<1 2-Tid ,_ ... 3.t4b 
2.97c 2.411 ..... 3.348 

0.0868 0.294 

-Mean separation within co~U!'I·;n::~ is by Duncan's muHipte test at 5% level. 

2.81a 

2.2tde 
1.6211 
1.681> ·--1.701! ..... 
2.41b 

2.031 
2.12ef ...... 
0.029 

R 

2.92b ....... 
2.10b 
3.4480 

3.02ab 
2.401> 
._ ..... ..... 
2.92b ...... . .... 
0.3167 

Wilhin a column means with H>e same letter in common do not differ slgnltlcantly according to Dun· 
can's multiple range test. 

Tablo 6. Total augars, red11dno Oilgars and sucrose (dry weight baa!&) of twelve date cult!-
vara grown in ~he 8udHrt. 

------------- .. ··- . - ·- -------·-·--· --------
Total Su9ars% Reducing Sugars% Sucrose% 

--·'"·----.-----·---------"'-·-· ---·----.----~----

Cu!tivar R T R T R T 
-······· ·····- --··-~------"""" ... --••-.--. 

.. ---···- _____ , _________ 
Barakawi "f1,07d '/'i .8ei)C 48.69b 56.67d 22.37e 15.21c 
Gondeila 91.8'1;) 94.'198 31.821 36.671 60.058 58.138 
Betamoda 75.23c /9.'i9b 35.97e 44.17e 39.26b 35.00b 
OegleiNoor 56.72f 7B.'lbb 14.94g 40.00ef 41.78b 38.75b 
Asada 65.87e G9:19c 41.50d 62.92c 24.37de 6.88de 
M.W.Lagai 67.958 '/0.84c 45.03bc 69.58b 22.02e 1.258 
M.W. Khateib '/1.07d lfl.OObc 49.27cd 72.50b 21.82e 2.50de 
Medina 67.95e 69.79c 44.27cxJ 66.67bc 23.6fle 3.13de 
Bureir 85.97b 88.54a !'i8.88a 86.67a 27.09cd 1.88e 
Zaglouli 67.95e 72.92bc 45.93bc 66.67bc 22.02e 5.64de 
Umhat 67.95a 72.92bc 45.93bc 67.92bc 22.028 5.10de 
Sultani 88.776b 91.67a 5B.88a 83.75a 29.88c 7.92d 

S.E.± O.H031 2.2i)C~ 1.1874 1.70 0.8835 1.n28 
.. ---.-----·-------""-----. 
-A'~ Beginning of rutab :~:iage. 
- T =Tamar stage. 

- Mean separation within Golumns is by Duncan's multiple test at 5% level. 
Within a column means wiih -!he same letter in common do not diHer significantly according to Dun
can's multiple range test. 
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2.92a 
2.92a 
1.251> ...... 
1.25b 
1.2Sb 

1.58eb 
1.66ab 
1.58eb 
2.40a 

1.25b 

0.33-18 
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· Evaluation of some exotic date-palm cultivars for bunch and 
fruit characteristics at "Khalai" stage grown under North In· 

dian conditions 

N.S. Nchra, K.S. Chauhon, N.R. Codara and R.K. Goda;a 
Dept of Hortlcultnr Haryana Agrlcultura Uuln. 

ABSTRACT 

Six date-palm (Phoenix dactylifera L.) cultivars grown under North Indian 
conditions were evaluated for their bunch and physico-chemical fruit characters 
at "Khalaf" stage. The minimum and maximum mean temperatures during har
vesting period (August) were 22.a•c and 38.80C, respectively. Shamran cultivar 
N.S. Nehra, K.S. Chauhan, N.R. Godara and R.K. Goclara. 
Dapartmenl of Ho<ticutlure. 
Hlll)'ana Agrlcu1lural Unlv8181ly. 
Hlsar-125 004.1ndl8. 
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recorded !he highest avefe.De nurnber ol bunches per palm (13. 7') whereas za.idi 

cultivar had lhe lowest nu.rnber of bunches (7 .0). The average bunch we!ghl was 
the maximum in t~1g\oul ('~ ;~:.~~.7 t<~J) and tho ntlnirnurn in Shan1ran (4.42 Kg}. 

Three cultlv;::~rt:. viz., Hillavvi,' f<hadrawi and Zaidi wc~r::~ touncJ to be short stranded 
whereas, Zag!oul, Medjooi and Ehamran \NGrr:> long standed. The number of 

strands per bunch and nwnfJer of berTie~:; per strand were highest in zag lou! and 

lowost in Hilla:o'Ji. The fruit:3 of a !I ti1e cultivars were veil ow in colour except tt1at of 
zagloul which wer& red. ·rho tru!ts ot Hi!~awi wero cornparatively very sweet in taw 
st~1 and the test Wt:)rG lc:-sr; :~weet. T\10 fruits ot cuftivars Medjool and Sham ran 

were astringent .;:;t doka ~~tSCJC. The-; average v-Jeiqht of fruit vvas maximum !n 

Medjool (19.~17 g). fc,JiowGd by zriolou! ancl Hll1(iWl wt1erwas it was minimum in 

zaidi (6.4? Kg). The cullivar Hillawi prociuced the fruits of best quality with hig

hest T.S.S {29.i'1o}. maximum reducing sunars (76.13%) and lowest acidity 
(0.12%). The fnJ~ts ol· cultlvars Hili awl Hnd ~<fw.dravvi having negligible amount of 
sucrose- were continned aL ~-;ofl type date~; 8.nd tho other four cultivars contai

ning higher proportion nf sucrose were! cc.1tGgorlscd as semi-dry type dates. 

!1\!TROOUCT!ON 

Date .. palm {Phno1'mc dactyilfera L.) is not yet cultivated commercially in any 

part ot !mila. The wllrn gmov\-JS uf seedlings are, however) tound _growing in the 
coastal beit of Westam inclb sinco long which indicated 111e possibility of sue·· 
cessful dat8 cultivation in some parts of t11e country. Hence during 1954-6'2 GP. 
me pood variHliec: fr·om U. <:>.A., Iraq and other Middle-East countries were lntro

dlJC&d in india for tho first Umc to explore the. possibi!lty of their commercial culti

y,ation in selected paiis of Nortllern·\JVestorn India. The performance of these 
t)tantations hav0 been satisfr~ctory and now on the basis of various climatic pa

m.meters and avallnbilitv Q\; 'Nater resources, t~le potentia.! date growing regions 

of .l!ldia have bG0f1.identified (Pa.roek, ·1_1). 1\t oresr3nt there are :34 known culti
;_va;s of da!e-pc;)n~/'; :n,ii~, c)f wi1;'dh 8 8re pva.llable at Hisr;f (Hi.uyana} in North 

1mlia which is ohe ol'thci selected contr0s for date-(ia\rNte~eareh. Unlike the 

'Middio!!-~asfci)un'trie.s~-tlle fruits do not attain full ripel'iing f.!Jthis_oentre and are 

>90XH~r~_l!.y:t)alyept~.8 at Kha!al stage to fl.\{(!icl:spoU.ag9 ctuc,to-.()n~t~;ing rain and 
, high htunidity. ·!·n tt)e pmseni study, an nit~>T:Jl( iias't!iiEJ,-j.,;,ade ici' descritie date 
, Cll(ltiV·arS 'a\iEi\1~bie' drthe centre f()r·btlm~fi--•:ihd·trn!tchUfB.tt-ers.··:.,.,. · .. ,. ' 

. " ) "?}; 
'· ; d ~ '··. 

'fvliHEfiii'JlSANDMElHODS · ,. ' .,.,, ''·"'•;:-· '" .,, ..... , '·· ,· .:.~,.,;, 
·:,' .. ,, 

'Fiv~ repr~Jentatl\l~i palins d '~bol:h'o-year age of each of tho six ciJitivars 
· · gril\liln ill. exp~r\mehtai'GccJ1iui:J!oUhB! !nsfitute vv.ew.sy.lplit,sdJor "''cording ob-
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servations on various bunch and·huit chara.cters. 
The data were recorded on number of bunches per plant, weight of bunch 

characters such as length of buriCh, length of bunch stalk, number of strands per 
bunch, average length of strand and number of berries per strand. 

For recording observations on various physical and chemical fruit charac
ters, ten samples of 25 fruits each of all the six cultivars wme taken at Khalal sta
ge. The fruits w<>re harvested in the month of August when tl1e minimum and the 
maximurn rnean temperature weree 22.8°C and 38.8°C, respectively. The total 
soluble solids (T.S.S.\ were determined with tl·re help of hand refractometer. 
The fruit samples were analysed for moisture, sugar and acidity using A.O.A.C. 
(1) procedures. The astrengancy and sweetness were evaluated by organo
leptic tests. 

RESULTS AND DISCUSSION 

Bunch Characteristics: The date on various bunch characters are given 
in Table 1. The number of bunches per pa1111 varied from 7 to 14 with the maxi· 
mum in Sham ran and the minimum in zaidi, pareek and Muthana (1 0) have also 
reported the highest number of bunches per palm in Shamran. Tl1e average 
IJunch weight was maximum in Zag lou I, closely followed by Medjool and the mi
nimum in Sharman. The cultivars Medjool. Zagloul and Sl1amran were categori· 
sed as long stranded with longer bunches and larger number of strandsper 
bunch, whereas the other three cultivars were found to be short stranded, carry
ing smaller bunches and lesser number of strands per bunch. The number of 
barries per strand were maximum in Zaglool and minimum in Hillawi. However, 
Chohan <31 al (2) recorde(i maximur'[l number of fruits per strand in .Hillawi and 
the minimum bunch number and number of strands per bunch in Medjool. 
Physicallrui! characteristics: The data in Table 2, show that fruits of all the 
cultivars were yellow in colour at Khalal stage, except that of Zagloul which were 
red. Tile fruit of Sharnran had pinl<ish flush. Hussein et al (4) classified eighteen 
Saudi Arabian date cultivars on the basis of colour at Khalal stage and observed 
:hat the most reliable character in identification of date-palm is the colour of the 
berries. 

The shape of the fruit is another imporiant characteristic ori the basis of 
which all the six cultivars could easily be differentiated. The fruits of Zagloul we
re oblong in shape wl1ereas that of Khadrawi were oblong ovate. The berries of 
Medjoo! were oval and that of Zaidi were ovate. lhe other two cultivars i.e. 
$hamr<)J1 and Hillawi. were having oblong fruits but the fruits of Sham ran were di
stinct by the presence of a curve in middle. one one side of the fruit. The shape of 
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me truil apex was round in Hillawi and Khadrawi, where eas in others it wasta· 
pering. Tho base \Nas slighHy prominent in a!l the cui·nvar~: excapt Shamrar; 
where it was prominent. 

!n organoleptic rating indicated that fruits of Hi!iawi were h~ry sweet in tast9 
at Khaia~ stage, when::c;s that of Khadrawi, Zag!oui and Z::Jjd! I.Nereless sweet. 
The fruits of Medjool and Sharnran were rated as astrlnqent. The wo!qht of the 
fruit rangt~d from 6.4/ gin Zaidi to 19.57 gin MedjcoL Ths hl~;hest longth I.Jt the 
truit (4.87 ern) was obtained in Zagloul, closely foll01wcJ by MedjOOI ('·L/8 em) 
and it was found to be lowest (3.26 ern) in Zaidi. The breactii·: of fl'uit was maxi
mum (2.77 em) in Medjool and minimum in Za1di. The seed weight was almost 
equal in Mediool (1.25 g) and Zagloul (1.24 g) but it was iowest in Zaidi (O.fS g). 
Tile seed length was maximum (2.60 em) in !VIedjool, followed by Hiilawi (2.49 
em) and Zagloul (2.32 em). whereas it was minimum in Zaidi (1.65 ern). The 
width of the seed was recorded maximum (0.99 ern) in Medjool and minimum 
(0.67 em) in ~namran 

Most ot tne characteristics ot cultivar described in the present studv are in 
confirmity with the earliest work done in India (2,5,6, 1 0) and the studies perior
med in Iraq and in the United state of Ametica (8). The slight variations in the 
physical fruit characteristics of the date cultivars could be due to influence of va
rious cultural practices like pollen source, thining of fruits etc. and environmen

tal factors. 
Chemical composition offruits: The total solubie solicJs (T.S,S,) content 

in six cultivars varied from 19.7% in Medjooi to 29,1% in Hillawi (Table 3). The 
TSS values were slightly less than those obtained by Kalra and ,Jawanda (5) in 
the same cultivars. 

The T.S,S. values of l(hadrawi and Zaidi reported by Mohernmed et al. (7) 
were more whereas in Hiliawi T.S.S, values were less than reported in present 
study. The acidity was highest in Zagloul (0.18%) and lowest in Hillawi (0, 12%), 
The date fruits have br"en reported to be sligl>lly acidic (Rygr;, 12) and high acidi
ty is often correlated with poor quality. The moisture content of the cultivars va-
ried trorn 66.60% in tile l<hadrawi to 77.70% in Medjool. The lower moisture 
content in Khadrawi is an indication towards the tact that it is least susceptible to 
damage by rain and high humidity as reported by Nixon (9), The total sugar.con
tent was recorded to be l1ighest {79,00%) in Hillawi and Sharan but lowest 
(69.17%) in Zagloul. It is evident from the data that reducing sugars were the do
minant from of sugar in all cultivars. Only two cultivars, Klladrawi and Hil\awi we
re found to contain less amount of sucrose at Khalai stage and can be regarded 
as belonging to thG group of soft cultivms. The other cultivars having higher pro
portions of sucrose can be categorised as semi dry dates. These results corro· 
berates the findinrJ'1 of cook and furr (3). 
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Table 1. Bunch chnractefS of SIK da!e·palm cul\ivars grown und(.lr North lntJian conditions, (H!r.11r), 

Sr. No. 

1 

2. 

3. 

4 

5 

6 

Narneol 

cullivar 

Kh~dral·<i 

Hilim'li 

Medjool 

Zayhl\11 

Z;::udi 

Sham ran 

CD.ai5[JHrcenl 

C.D. ali percent 

'27 

3.8 

No. of llunchCCJ 

([lei' pi<>nt) 

7.7 

11.3 

9.1) 

10.0 

7.0 

l:l.7 

W<,ighlol 

!.lunch 

1.33 

i .86 

(Kg) 

5.42 

4.6~ 

i 1.13 

12.2.3 

0.55 

4.42 

l.cngth of 1>-lo. ol ~lronds Long111 of 

bunch {perbtmcll) ~t1and 

(r.:rn) 

75.33 

68.67 

130.07 

9?.67 

'16.87 

106.10 

9. i?. 

12.?0 

1\0.0 

38.7 

46.3 

1)'3.0 

55.7 

4!.1.7 

3.6 

5.1 

(em) 

27.2 

28.3 

35.G 

::.8.4 

26.5 

40.3 

2.9 

41 

Tabht ~. i'hyslce.t ch«rnclcn> o1 truil~ ci si;: date·p~lm cultlvars grown um!i.lr North tndlun ;;ondiUon (Hlsor). 

Sr.No Namool Co!ourol 

eu!\il'a' ltuil 

1. i<lK:rJr;w,oi Yoiiow 

2. Hillawi Yellow 

3. Medjool Yul!ow 

4. Zagl011l fl!'HJ 

5. Zaidi Yellow 

6. Sharnran Pinkish 

ShRrc 

oltru1l 

Oblong· 

ovate 

Ob·fong 

Ov<ll 

Oblong· 

oblique 

Ovate 

Oblong 

yellow 

Shapeol 

Apor. 

F!ound 

RounC 

Tapering 

Tapering 

Tapering 

Tapering 

Baw 

Obliquo 

slighlly 

prominent 

Flat, 

lighll)1 

rrominrml 

Flat, 

sli\thtly 

prominent 

Slightly 

~rominent 

Sl:ghlly 

rrorninenl 

Prominent 

Taste 

Sweet 

Vei)'S'IIOOI 

Astrin9cnt 

Sweet 

Sweol 

/\stringent 

Table 3. Clwmttcal characters or lr!Jits of sir. daie·palm cultivare grown under North Indian condition {Blear). 

No. of tmrrlos 

(ror strand) 

23.2 

22.0 

31.i' 

3?..1 

26A 

27.3 

3.6 

5.1 

f~agcontront 

Average 

Li\110 

liltlo 

Much 

lilllll 

Average 

S. Name of Physical characters Chemical choracters 

No.CtJIIlvar Weight Length Breadtll Weight l.~:mgth Breadth TSS 

of offr. of!ruit of sned of of seed (%) 

1. Khadraw! 

2.Hille.wi 

3. Madjcol 

4. Zugloul 

S.Zaldl 

G.Shamran 

fruit 

(g) 

9_93 

14.27 

19.57 

16.'17 

6A7 

10.00 

C.D.a\5% 2.38 

C.D.at1% 3.3~1, 

uil(cm) (ern) 

3.5G 

4.47 

<1.78 

4.87 

3.20 

4.0f5 

0.5i 

0.71 

2.2~ 

2.3Cl 

2.77 

2.39 

2.04 

2.11 

0.0!) 

0.13 

(g) 

0."13 

0.96 

1.25 

'1.24 

0.59 

0.63 

0.21 

0.29 

seed 

(em) 

2.06 

2.49 

2.60 

2.32 

HiS 

2.18 

0.28 

0.39 

(em) 

0.77 

0.79 

0.99 

0.90 

0.78 

0.67 

0.07 

0.10 
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22.1 

29.1 

19.7 

21.3 

22.7 

25.0 

3.0 

4.1 

Acidity 

(%) 

.153 

.120 

.127 

.187 

.160 

.127 

0.03(; 

0.049 

Total 

suga•s 

(%) 

77.67 

79.00 

76.27 

69.17 

72.03 

'791)0 

4.:'1!! 

6.10 

Aaducing Nol'l- Moislum 

sugars '1educing (%) 

(%) 

74.00 

'/6.13 

66.07 

G2.00 

!)6.33 

GS.73 

4.30 

13.03 

sugars 

(%) 

3.67 

2.1)7 

10.10 

7.17 

15.70 

10.27 

3.94 

5.53 

66.60 

73.07 

77.70 

79.59 

70.59 

73.15 

5.85 
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LEAF NUTRIENT lEVELS OF YOUNG DATE PALM TREES IN 
RELATION TO AGE 

A.S. AL-GHAMDI AND G·HUSSAIN 

Date Palm Research Center, King Faisal University, P. 0. Box 380, AI-Ha
sa, Kingdom of Saudi Arabia. 

ABSTRACT: 

The objective of this study was to determine leaf age effect on leaf mineral 
composition of young date palm trees (pl1oenix dactylifera L.). The experiment 
was carried out in field on 17-different date cultivars grown on sandy soil with 
drip system of irrigation at Date Palm Research Center, King Faisal University, 
AI-Hasa in i 985-86. Leaf samples were collected from randomly selected trees 
at 3 months interval. It was found that Mn, Fe, I~ and Ca showed significant in
crease, while Zn, K, and Na decreased significantly with age. However, P and 
Mg did not show age effect on their concentration and were inconsistent. The 
different date cultivars showed significantly different msponse on the uptake of 
various plant nutrients from soil. A poor correlation existed between plant nut
rients in soils and estimated in leaf at different ages. A definite mlationship was 
found among different elements on their uptake witl1 age and discussed for app
lication of balanced plant nutrients. 
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INTRODUCTION: 

Knowledge of plant nutrition is important to pmdict plant nutrient needs. Ef
fects of soil pH (Sillanpaa, 1982), soil moisture (Hutchinson, 1970), soil texture 
(Lucas and Knezek 1972), and soil temperature {Rufty, et. al. 1979) are repor
ted to have son.e bearing on plant nutrients availability in soil and cause diffe
rent respons<e or plants towards plant nutrition. Various plant species are doscri· 
bed to influence the leaf mineral contents in date palm (AI--Whaibi and Al-Ack
hal, 1984; AI-Whaibi, 1983; Nagai and Ishii, 1980; Haas, 1947; EI-Shurafa and 
Nagai, 1979; and Fleuther, 1948). Recently, AI:Whaibi, 1983 has explored so· 
me mineral aspects on lwo date palm oultivars. Seasonal changes in macro-ele· 
ments in the foliaoe of date palm leaves are also stated (Minessy et. al. 1974, 
and Shawky and Mougheih, 1974). 

Since date palm (phoenix dactylifera L) is one of the major fruit crops in the 
Kingdom of Saudi Arabia and grown over 90% of the cultivated area (Nixon, 
1954). It is, therefore, imperative to study the mineral nutrient status of this tree 
grown under arid climatic conditions. The experiment was initiated to find out the ' 
leaf mineral coni 1ts at different ages to develop a comprehensive fertilization 
program tor date palm. This paper summarizes information on the leaf mineral 
contents of seventeen date palm cultivars in relation to leaf age and describe the 
correlation between plant nutrients available in soil with those determined in da-
te palm leaf. 
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MATERIALS AI\ID METHODS 

The present experiment was initiated in March, 1985 at the Date Palm Re
search Center, King Faisa: University, Al~Hasa. "!l1e experiment was !iad out by 
following complete randomized design with three replications. Three trees 4-b 
years old vmre selected from each date palm cultivar (phoenix dactylifera L.). 
The date cultivars involved were Sukarat Yanba, Hilwa, Safawi, Rothana, Sha
labi, !'labia, (A!-Madina AI-Munnawara) Shukul, Burnie, Oassab, Sifri (Bisha), 
and Sf1ahal, fiaziz, Mujnaz, Khalas, Shishi, Ghur, Hilali (AI Hasa). All the trees 
received the same cultural and other management practices during investiga
tion period. 

Soil samples were taken from 0-30 em derAil under each tree about 30 ern 
away fmm the main trunk \'.¥0 timHs during the HXperiment (first with fir·st leal 
samples and the socond with last leal samples when the date leal was conside
red as matum). The soil samples wer·u air-dried, clround to pass through 2 mrn 
sieve antj important soli physico-chemical pwper1ies were determined (USDA 
Hand-B.lok No. 60, 1954)./l.vailable phosphorus was determined b\f extraction 
with sodium-bicarbonate (Olsen et. al. 1954), total nitrogen was determined by 
micro-kjeldahl and available potassium by arnrnonium acetate method (Chap
man and Pratt, 196'1 ). 

For leaf analysis, a newly emerged leaf about one month old was selected 
and labelled from each palrn tree and com posited forthree trees from each culti
var. The same leaf of the same palrn tree was sampled lor subsequent analysis 
to avoid any experimental error. Five leaf samples collected as leaflets were ta
ken starting fmm March, 1985 through March, 1986 with a thme months interval 
in between each sampling. Eac time, the leaf samples were collected leaving 
t11e upper 30 em leaf portion. However, the final leaf samples were taken from 
the top because the leal did not grow anymore and r;onsidered as leaf maturity 
age. Leaf samples were digested in a diacid mixture of nitric acid and pcr-chloric 

acid (3.3:1 v/v), and analyzed lor Fe, Cu, Mn, Zn, Ca, Mg, K and Na using atomic 
absorption spectrophotometer (Walsh, 1971 )- Phosphorus(!') was determined 
by spectrophotometer and N by micro kjeldahl (Chapman and Pratt, 1961 ). The 
data were subjected. to statistical analysis using different methods (Snedecor 
and Cochran, 1967). 
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RESULTS AND ttiSCUSSION 

Soil Analysis 

Soil samples collected from the experimental area were analy:cecJ for the 
estimatirJn of physico-chemical properties of soil as well as the initial and final 
soil te1tility lev0l. Til is was done to correlate the plant nutrients available in :;oil 
with those detennined in the date palm leat The important physico-chemical 
properties rangHd as soil pH (7.30-8.01 ), soil salinity (2.98-15. "15 ds/m-1), So
dium adsorption raiio (1.40-12.20), calcium carbonate (0. 75 .. "1.84% ), Cation ex
change capacity (2.45-4.20 rne/100 gm r>oil) and soil texture (sandy). Soil fertili
ty analysis gave different ranges for dinerent pl8nt nutrient availbility in soil like 
lo' nitrogen (0.1)03-0.0302% ), phosphorus (2.4-1 s_ 1 ppm), potassium (135-380 
ppm), Iron (4.0-6.4 ppm), copper (0.20-0.68 ppm), Zinc (0."14-4.78 ppm) and 
manganese (i .04-3.38 ppm). 

Effect of Age 

The nutrient levels in date palm leaf were significantly affected by leaf age 
(Table 1 & Figures i -2). The average ranges for different micn.l<llernents in palm 
leaf were 32.'11-;273_18 ppm (Fe), 2.24-4.86 ppm (Cu). 15. 18<l8.54 ppm (Mn) 
and 6.9-16.71 ppm (Zn). While tho ranges for macro-elements were as follows. 
N (1.092-1.48%), P (0.163-0.555%), K (0.169-1.494%), Ca (0.358-1.261%), 
Mg (0. 180-0.377%) and Na (0.018-0.0319% ). It was found among the various 
micro-elements that Fe, Cu, and Mn concentration increased with leaf age whe
re as Zn showed significant decrease. These significant increases or decreases 
might be due to leai age, varying climatic conditions and due to change in sea
sons of growth. These results .are comparable with the findings of EI-Shurafa 
(1984) who also found similar trends for micro-c'llements in date palm leaf. The 
behavior of different macro-elements was also variable, for example N, Ca and 
Mg increased significantly witi1 age while Na and K decreased significantly. This 
variation in leaf mineral content could be due to ion competition present in the 
plant growth media. However, the P contents of date palm leal were inconsi
stent or leaf age had no effect on P uptake. It is possible that plant absorbed all 
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the P required lor its development at early stage and later on the uptake was no·. 

rrdnal. Tho rosu!ts n~(lmding macro-element agree with those of EI .. Shurafa and 
Nagai (1974), Minessyet al. 1874, Heuther (1948), and Shawky and Mougheth 
(i-974). Tt1ev stated that Nand!< decreased with age while P decreased or did 
not respond to age. However, 1i1e N content of date leal sl1owed incroase with 
age in this investigation. These variations can be attributed to varietal selectivity 
and/ or tho plant growth conditions as stated by Haas, 1947 (FigwHs 1 ·2). 

EY!ect ol Cultivi!i"S 

The various cultivars showed significantly different response on the uptake 
ot plant nutrients from soil (Table 2). The average ranges for micro-elements 
end macro-elements obtained in the datt' palm leal of various cultivars were as 
follows. Fe ('150-1.93.4 pprn), Cu (;2.82"5.38 ppm), Mn (17"2"47.4 ppm), Zn 
(7.a4-14.4<0 ppm), N (I. 160·1 .538% ), P (0.2'10 0.388%), K (0.608·0.812%), Ca 
(0.832-1.1 07% ), Mg (0.280-0.410% ), and Na. (0.0 18·0.028% ). This significant 
variation among the various cilt!vars could wei! be attributed to varietal beha .. 
viour, plant age and agroclimatic conditions of the growing area. The results are 
comparable with those of AI·Whaibi (1983), /11-Whaibi and AI-Acl<hal (1984), 
Nagai and Ishii (1980) and Mines,;y et. al. (1974), who expressed similar views 
re9ardino mineral uptake by different date pa!m cultivars. 

Relationship between plan! nutrient availability in soils and plants 

The regression analysis was run to lir:d out the relationship between plant. 
nutrients available in soils and those determined in the plant leal. The R' multi· 
plied by 100 gives ttw percent variation in plant nutrients caused by th<Jir pre· 
sence in soils. The coefficient of determination (R2

) values range from 0.01 to 
0.16 which is a very poor relationship. Tl1is poor relationship could be due to 
poor initial soil availability for these plant nutrients (Table 3). 

q It is concluded from the experiment that there is a great differences in re-

sponse to plant uptake for essential plant growth elements. This information is a 
valuable tool in determining the plant nutrient needs and also to help program a 
balanced fertilizer for young date palm orchard in the Kingdom. 
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T<ib!s 1. Mean Mhwr;nd COfnp.oaiUon of Dete Pt~;lm W!al wtth Age. 
··--- ·-·--.. ~---·-·--- ·- ---~--------- ·····--· --------- -~----- ......... ·-·· 

L!HII Age '• Cu Mo Zo N p K Co Mg N' 
(~n~hl ppm ppm ppm ppm % % % ",<, % % 

------------- ·- ---- -------------~-----

., .. _______________ 

32.71 2.24 Hi 18 12.00 1.092 0.555 1.<194 0.358 0.\BO 0.0319 

201.94 3.85 2900 16.71 1.326 0.163 1.101 0.687 0.374 0.0279 
161.40 3.90 30.29 10 76 1.355 0.210 0.66\ 1.105 0.377 0.0240 

10 215.1il 3.50 35.47 B.B?. 1.460 0.3\B 0.21(1 1.206 0.359 0.0190 
13 273.16 .... 39.54 6.90 1.484 0.364 0.169 1.261 O<i&9 0.0160 

_____ , .. ----------·----·- ·--- ---· ··-------. ------------------·--·· 
Mean l76.SJ 3.67 29.70 11.04 1.343 0.322 0.727 0.923 0.3J2 0.024 ···----------- .... -- -----.. ·-------- -------· ------ .... _, _____ ..... -. ·-- -----

._SD(0.05) 0.962 0.024 0.223 0.09;l 0.005 0.004 0,016 0.01{1 0.002 0.0001 _______ .. 
""' .. ----- ----.---. ....... -

CV% 0.2$0 0.3'16 0.054 0.476 0.182 0.621 1.109 0.583 0.3G9 0.411 
··-·--

Sl. Dav. 8.810 0.945 8.966 3 71!3 0.156 0.153 0.573 0.388 0.085 0.005 
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'f&bb 2. Me1J:n t.timtrfd Compol.ltl.f.on Ill Ot1'u Palm Lou!fln ~ Ci.JI«VIM!I 

Variaty ,, Cu Mn Zn 

""" '''"' ppm ppm 

N 

% 

p 

% 

I( 

% 

Co 

% 

Mg 

" 
Na 

% 

SUkRratYanba 167.2 4.07 17.2 1·4.42 

10.40 

12.46 

11.82 

11.12 

12.112: 

U.t18 O.a28 0.754 0.921 0.3?.0 0.025 

AOO!aa 

Hilwa 

""''"" Rothann 

Shal"" 

Sht.rkul 

Bum! 

ow .. ,.. 
Sifri 

Shahal 

Anzll 

Mujnaz 

Khal<lS 

Shlsh'1 

Ghur 

Hi!all 

Maan 

181.0 3.!M 

193.4 5.38 

175.4 3.53 

.179.4 4.00 

172.6 4.38 

165.2 3.10 

U12.4 3.00 

192,2 2.00 

191.4 2.62 

~0(1.6 3.52 

tn.e 2.92 

182.0 3.66 

187.2 3.00 

1GS.6 3.&4 

150.0 3.76 

155.4 ;l:,Sij 

176.9 :ws 

24.2 

21.6 

1a.6 

19.4 

'"'" a4A 
31.6 

33.6 

26.8 

28.4 

3().2 

2:UI 

47A 

42.B .... 
41.6 

'"' 0.60 

9.4ll 

9.00 .... 
11.30 

10.16 

11.36 

9.04 

11.02 

10.52 

29.6 10.69 

1.11)4 0.270 0.634 1.107 0.282 0.019 

t .244 0.304 0.658 0.832: 0.364 0.027. 

'L2"36 0.3?6 0.600 O.lr.ld 0.330 0.022 

1.5~8 0.322 0.700 1.012 0.364 0.026 

1.464 0.320 0.700 0.995 0.410 0.020 

~-318 0.~~10 0.634 '1.021 0.314 0.026 

1.312 0.270 0.810 11.69. 0.358 0.024 

1.276 0 288 0.792 o.B6'i u.S?.2 o_~t 

1.160 0.?.78 0.652 0.004 0.33a O.Otil 

i.356 0.388 0.740 0.646 (1.30ol 0.0.22 

1.444 0.300 0.720 1.011 0.366 0.025 

1.~18 0.35-'i O.fi.:W 0.021 o.rtto o.o211 

~.57.4 0.364 O.f.U4 1.014 0.374 0.022 

1.382 0.344 0.758 0.00'.! 0.280 0.023 

1.326 0.336 0.716 1.044 0.280 0.028 

1.420 0.348 0.778 0 8:97 0.28& 0.022 

1.344 0.324 0.729 0921 0.334 0.023 

I..SD (1).05) <!().7'J 0.58 5.63 2.1}5 0.051 0.0« 0.101 0.048 0.012 0.003 

C.V.% 11-11 23.0 27.1G 28.00 5.57 20.01 20.31 "1.80 5.19 20.13 

Tobie 3. R' Values lor Ralatlonohlp o! Plant Nutrients In Solis and Plants. 

Nutlient 

p 

N 
K 
Ca 
Mg 
Na 
Fe 
Cu 
Mn 
Zn 

Co-efticienl of Coefficient of 
Correlation (r) Determination (R') 

0.37 
0.15 
0.26 
0.24 
0.22 
0.10 
0.39 
0.34 
-0.10 
0.34 

0.14 
0.02 
0.07 
0.06 
0.05 
O.Q1 
0.16 
0.12 
0.01 
0.12 
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RESPONSE TO REVIEWERS COMMENTS 

1- The initial age of leaf is quantified and \al<en as one month. 
2- Soil analysis, as desired, is sh~fied to tr1e nesu!ts and Di('itussion section. 
3- The missing referencos are included. 
4·· Tru) rfH~ults regarding d~HEm:mt cuWvers ware analyzed staHst\ca!ly and inclu~ 

ded in !he test. 
5- The intmduclion is mvised and expanded to clarify tile objectives. 
6· The scientilic name ot Date Palm is endorsed. 
'1- This point is clarified in the Materials and Methods section, please. The le

aflets were taken from each leaf lt1aving ihe upper 30 em leal portron. 
B- Necessary changes are macle as desired. 
9- The Iitie of a table is always given at the top to Gtate the table contents. It is a 

common and standard practice being followed anywhere in research papers, 
sowedo. 

1 0·· Title of figures a.re shifted to the bottom. 
11- Figures are changed and redraw as pointed out tor cla.rification 
12· Though it was OM o/ !he study objectives but it was found after analysis that 

it is not possible at this stage to provide a f<lrtilizer pwgrarnm based on the 
results o! !his single study and !his could be misleading. Hence it was men
tioned at the end of introduction section that !his paper surnmerizes the r;, · 
suits only for leaf mineral contents in relation to age and describe correlati6n 
between plant nutrients in soils wi\tl those d<>termined in the Date Palm leal. 
However, It is regrettedly mentioned that the fertilizer programming is still 
one of the main objectives oi the Data Palm Research Center at King Faisal 
Universily, .A!-Hasa, Saudi Arabia. Tt1is objective shali be accomplished 
wher. nore ' '\Ia is available from t11e nutritional studies in progress at the 
Centor on Date Palm. 
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PI~SI'ONS!lli 10 PI!':\!~ EWERS t'X.IWJM!:h'Tt'i 

1- The authors are fully aw&re that the results from any research s!Uay <~re·'AI
ways better if obtained cNm a period of more than a yc:;ar. Since tile main aim 
of this study was to follow tl1e plant lea! growth and determine the correspon
ding changes in minerai contents of any till the leaf maturity age. Since the 
present study look more !han a year period and covered alllhe reasons (i.e. 
Spring, Summer, Autmnn, and winter). Hence the authOrs are of the opinion 
that in most of the nuiritionai studies, involving orchard trees such as Date 
Palm. Th<J plant and soil samples are taken on a particular season most likely 
at fruit maturity stage. Because the plant needs are optimum at this stage and 
determines the mineral excess or deficiency in plants. Therefore it was 
thought that the amount of data so collected is enough to conclude the plant 
leal minerai contents at different ages. Also with the increase in age of plant, 
its nutrient and other nee<ls for optimum growth are likely to change. 

2" As you might be aware that the required amount,of tertilizer to any crop or 
!pant is not applied as e single dose but alw:1ys preferred in split applications 
depending upon !pant growth stages. Hence it was considered important to 
determine leaf mineral contents at three months interval of age because the 
plant growth is significant in three months period of time. This is also quite cle
ar from data in Table 1 which shown that leaf mineral contents vary with age. 

3- One of the main objective of Date Palm Research Center is to develop a germ 
plasm for different Date Pa!m Varieties grown all over the Kingdom of Saudi 
Arabia. These varietir~s am grown here /i"om diffment regions _of Saucli Arabia 
for adaptation and growth performance undet· the climatic conditions of E:ct· 
stern Province of Saudi l1rabla. Hence these different varieties from different 
regions were included in the study to develop IJasic information regarding 
their nutritional behaviour. Furthermore we did not study and describe diffe
rence among varietHJs of diffment regions. 

4- The leaf samples were taken as leal lets and clarified in the Material arw Are
Ulods part 

5- It is mentioned in the text tlmt the klaf samples were taken from tlw sarne !eat 
of ~he same tn-,;e and replicated three tim(~,? within each cuit! .. ;ar. 
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Effects of Gfl\mma Rilly ~:m Calh.!® Cultur~ ~nd A~>eXM!111 Em· 
bryogenesls in phoenix d<'!!ctyilf®r® L. 

M.S.OMAR 
F11eu!ty of Agrlcullare slid Biology 

Nucll!!er RalleilrCh Center P.O. Box 765 Baghdad·IRAQ 

ABSTRACT: 

The effect of gamma irradiation on callus growth and asexual embryogene
sis in the date palm was investigated. Callus fresh weight was increased with in
creased doses of gamma ray up to 10Gy, and declined afterward. A 2-fold in
crease in the number of asexual embryos was attained following i~:~:adiation with 
1 OGy. Cultures exposed to doses as high as 100 Gy lost 50% of their morpho
genic capacity to differentiate into asexual embryos. Banding pattern of protein 
and esterase isozymes were different in calli that received different doses of ra
diation, suggesting a possible mutation induction. Work is in progress on there
generated plants lo verify the variations. The application of iri vitro mutagenesis 
to plant breeding is also discussed. 

_r;:.11 .lJ.,;,.:J ~'WI :t.:-'.J 1.J ._,..JLS:JI ..:.oLe.;; .J Ju t..IS' wl ~t; 
......,. eJL,.._.4. .• 
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(10 J....J L.lS WI(/:" o>Lj, ._,..JKII ~'.1 <,?)ali <Jj_,ll i>l_,j JW..._,l .~1 
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INTRODUCTION. 

One of the major applications of plant cell, tissue and organ cu!!ure lies in 
the field of plant breeding. Several techniques have been'.· : .. : ,_,,,and utilized 
for different purposes in plant improvement Such techniques include cell su· 
spension, callus, protoplast, embryo, ovule, ovulary, pollen-and anther culture, 
as well as in vitro fertilization (15). Recent adances achieved in these techni· 
ques haVE BEEN RECENTLY REVIEWED (17). Mutagenesis in vitro offers 
great advantages to the geneticist and plant breeder, who can treat millions of 
isolated cells, callus tissue or somatic embryos as individual mutable un:ts and 
select for a rare variant in few petri-dishes or test tubes. It is now possible to in
itiate callus cultures virtually from all plant species. It is necessary, therefor, to 
obtain more knowldge of the various parameters that must be considered when 
this technique is used. Such parameters include the type and amount of radia
tion, the environmental conditions before, during, or after irradiation (temperatu· 
re, light, oxygen, etc.) and the ontogenetical stage of the Irradiated cells inclu· 
ding ploidy level and phase of cell cycle (8). Following irradiation, the develop
ment of a screening system that allows the identification of mutated cells, Is of 
prime interest. All of these factors should be carefully considered when Irradia
tion is to be u~ed for mutagenesis in vitro. Few authors have reported on their 
attempts on application of cell and callus cultures in developing salt (11) drought 
(7) and pesticide (1fl) resistant plants. However, regarding the use of radiation 
in mutagenesis in vitro, the few data in the literature show that this area has not 
been explored greately. Variant plants were obtained following irradiation. of 
phaseoulus vulgaris callus (4) Nicotiana tabacum anthers (5,16) andAnthlrriiJ
.!ml maju§ cell suspension cultures (20). The objective of this investigation is to 
determine whether solid mutants can be achieved following gamma irradiation 
of callus cultures of the date palm. 

Materials and Methods 

Callus cultures were initiated from ovule segments excised from a 2 
months-old-immature iruits of (!hoenix gectylifera L. "Zahdi" cultivar. Following 
surface sterilization, they were dipped in an antioxidant solution (100 mg/1 citric 
acid + 150 mg/1 ascorbic acid) and transferred to culture tubes containing cal· 
Ius initiation medium that has been previously revised for the dale palm (18). 
This medium was supplemented with kinetin (2mg/1); 2,4-dichlorophenoxyace
tic acid (2,4-D) (1 Omg/1) and NaH2pO •. H20(170 mg/1). Callus was initiated on 
such medium following 8 weeks of incubation at 27 ± 1 'C in the dark. The Cllllus 
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was subculiursd, a! a weeks intervala!o increase its quanl.ity. 
Freshly subcul!med callus was irn'l.dialed with 0, i ,3, i 0,30 or i 00 Gy from a 

Co·06 oource a! a raie of 13.2 Gylmin. The irradiated callus !rom each lreatmeril 
was than divided into 0.5g pisc,7s and cultured on hormone-free medium to sti
mulate the initiation of asexual embryos (20). Ten cultures were initialed lor 
each do>m and Umy were kElpt under 16 h daily exposur to 1000 Lux light and 27 
± 1 "G. Gallus lresh weight and number ol ase>:ual embryos were determined 
following 2 months of incubation. Callus fresh weight was determined by weig
hing each culture, while the number ol embryos was ciu.nted following transfer ol 
the content of each culture tube to a petridish containing distilled water. The em
b!yos were teased apart and counted with the aid of a i OX niagnilication under 
the microscope. protein and isozyme analysis of callus cultures and asexual 
embryos were conducted by electrophoresis em a 12% polyacrylamide gel. Me
thods of ell.'!raction, gel preparation, electrophoresis oondilions and staining 
procedures of the gels have been .reported in details elswhere (6,20). 

tlesuils a!'ld Dlstussll:m 

rhe first observed phenomenon on irradiated callus was the pigement de- ~} 
velopment. lJr.irradiated callus had white creamy color. Development of brown 
color in the irradiated callus was observed with increased dose of irradiation. 
Cultures received 1,3 and 1 OGy developed very light brown color in few cells. At 
30Gy, 50% of the cultures showed the development of brown pigmentation, 
whBe at 10~§Y: all cultures turned brown, with the exception of few cells that re
malne{! :·c_t:;cr:--: 1n color. 

Callus fresh weight was also affected by irradiation (Table 1 ). A very slight 
reduction was observed at the ·1 Gy level, but increased afte!Ward until! 10 Gy, 
where the callus doubled its fresh weight following one month of incubation. Se· 
vere reduction in callus fresh weight was observed at 30 and i 00 Gy. Similar 
pattern of callus fresh weight change has been reported for Citrus sinena!§.(22). 
pha,seaulvs vulgari~ (4) and ,1\licQ!!an~ !!!ba_~~(16). This reduction in cellus 
fresh weight may be caused by inhibition of RNA, DNA and protein synthesis (9) 
or through altering hormonal contents of the cells by irradiatioo (14). 

The effect of gamma irradiation on embryo initiation and development is 
summarized in Table 1. The highest number of embryos and number of germi
nated ambryos was obtained following irradiation with 1 OGy and decreased the
reafter. Similar observation has been reported in Citrus (22) where gamma irra
diation caused marked stimulation of somatic embryogenesis; the maximum ef
fect being observable at a 160 Gy dosage. The effect was doubled when the me-
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dium was irradiated. Kochba and ~pleaeJ.Roy (12) examined this phenomenon 
further, using ·habituated callus grown in a medium devoid of growth substan
ces, and discovered that irradiation of both callus and medium did no! further sti
mulate embryogenesis. Rao et al (20) subjected stem explants oll\!llirrhinum 
majus to gamma irradiation and observed active proliferation, leading to callus 
formation followed byhig~ degree of embryogenesis. Increased organogenesis 
was also observed following gamma irradiation of ~j£~1-ni:>aoi!f>\ callus (13). 
This st(mulative effect of irradiation on embryogenesis in date palm callus cultu
res may result from inactivation of the endogenous auxin contents of the cells as 
a result of irradiation (22). Such inactivation of endigenous auxin, coupled with 
·cell culture on auxin-free medium may have triggered the cells to shift from the 
proliferation to embryo formation state. The slight reduction in embryo number 
observed at the 3Gy level probably caused by the insufficient inactivation of au
xin necessary to induce embryogenesis. 

Protein and esterase (EST) isozyme analysis of extract from calli irradiated 
with different doses showed a banding pattern different than that, of unirradiated 
callus. The zymograins of protein analysis in callus (Fig.1) and asexual em
brYos (Fig.2) shows that major changes in protein contents have been taken 
place. Similarly the EST II system showed clear differences both in callus (Fig.3) 
and asexual embryos (Fig.4) zymograms following gamma irradiation, and in 
. EST 1 system, to a lesser extent. These changes could be genetical since enzy
mes are gene products (2·1 ). Thus it is quite possible that genetic modification 
has taken place in the irradiated cells, there-fore they are mutated. Protein and 
isozyme changes following irradiation has been documented (1,3,1 0). These 
changes could be due to increased enzyme and protein synthesis, translbcation 
of enzyme, change in cell population and enzyme activity (1 ,2). Synthesis of 
new enzyme in the cell could also cause an increase in enzyme activity, espe
cially since an increase in protein content was observed in this study. More work 
is in progress to isolate variant plants following transfer of such plants to the free 
living conditions of the greenhouse. · 
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ABSTRACT: 

Ovule segments excised from immature fruits of eight pho_enix daqylifer? 
L. cullivars initiated callus when cultured on MS medium enriched with kinetin 
and 2,4·0. Transfer of such callus to hormonefree medium resulted in the initia· 
lion of numerous asexual embryos, which eventually developed into plants. Hi· 
stologioal examination of the asexual embryos revealed a tissue organisation 
comparable!<) that of the zygotic embryos. protein and esterase isozymes ana· 
lysis ollhe asexua.l!y-derived plants resembeled those of the mother plants, 
suggesting their somatic nature. ' 
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> INTRODUCTION. 

One o!the major problems that hampers date plam oomfll(lfcial expansion 
is the slow method o! asexual propagation by offshoots. Seed propagation, on 
the other hl!fld, is not popular since the genetic make up of the resultant plants is 
unknown, due to the haterozygosllyusualiyencounteredin the dete palm. Thus 
developing a protoool for rapid clonal propagaliotl of lha date palm Is of prime in· 
terest. 

Plant tissue culture techniques Mve boon employed to clone a wide range 
of plants, including members of the palmaa (the palm family) 6UCh as Cocos nu· 
cifera ( 4) and Elaeis gulenesls Jacq ( 12). Serious attempts have beellaiiiOCOO: 
dueled to propagate the date palm through Initiation of:900".aifc embryos (13, 17) 
or adventitious bud fonnation on callus cultures (2). However, application <~:~i 
such techniques !s slllllimitsd to few culllvars (21 ). A brief account on tissue cui· 
ture propagation of lha date palm has bean r~rted earlier (9). The objective of 
this Investigation Is to manipulate the response of specific tissues in vitro, and 
elucldate the tissue culture technique as an alternative mean of propagation of 
the date plam. An other aim of the InveStigation Is to determine whelhar the re
sultant plai1la are true to type and similar to their mother parent. 

~~~~-~ 

Unrlpen green fruits from "Zahdl" cultl\lar were collected 2 and 3 months al· 
tar pollination. The fruits were rounded in shape and measured aboul2.5-3 em 
In diameter. They were washed wllh running tap water and household deter· 
gent, followed by 5 minutes sterilization In 95% ethanol. working within the con
fines of a Laminar-air-flow hood, the fruits were bisected and their ovules exci
sed. The membraneous pellicle surrounding the ovules was removed to reveal 
the gennpore. Sections, about 2 mm3 from the endosperm tissue, presumably 
surrounding the tiny embryo, were excised, dipped In the sterilized antioxkfant 
solution (150mg/1 citric acid + 1 OOmg/1 asoorblc acid) and cultured on nutrient 
medium. Microscopical examination of the excised portion did not reveal the de
veloping embryo, which was still in the very early stages of development, espel· 
cally in segments excised two months after pollination. 

Nutrient medium employed In this investigation composed of Murashlge 
and Skoog (8) inorganic salts, In addition to the following (In mg/1 ): NaH.P.O •. 
H20, 170; thiamin. HCL, 0.4; !-Inositol, 100; adenine sulphate. H.o, 40; sucrose, 
30,000; agar, 8,000; charcoal, 3,000 and N .. ·furfurylamino purine (kinetin), 2 . 

. The.effects of the auxins 2,4-dichlorophenoxyacatlc acid (2,4·0), indole-3-ace· 
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tic acid (IAA) and 1-naphlhaleneacetin acld (111M) on callus inltia1lon was inve
stigated at.the 0,3,10,30 and 100mg/1 level. preparation of nutrient media, PH 
adjustment, media dispensing and sterilization was conducted as c:lescrlbed in 
detail elsewhere (1 0), Twenty cultures ware lnHiated for each treatment, and all 
cultures incubated in the dark at a constant temperature of 27"C. Based on re
sults obtained from the "Zahdi" expariments, ooo medium was seleded and 
us,;d to inniate callus and asexual embryogern!Sia In the other aevoo cu!tivars, 
namely Ashrasi; Khadhrawi, Khastawi, Barban, Makioom, Bralm and Sa' ada. 

Pieces of callus and the asexually-derived embryos ware prepared fcir hj. 
stological examination. They were fho:ed in FM solution, dehydrated through 
tertiary butyl alcohol serias as described by Sass (14) and embeded In para
plast. The samples were then mounted to a rotary microtome and sectioned 1211-
thick. The sections were stained with Iron hematoxylin (14) and mounted with 
canada balsam. The sl.ides were examined under the microscope and photo-
9~!1phed for documentation. For comparison, the zygotic embryo obtained from 
mature date palm seed was fixed, sectioned and stained as dascribed above. 

Protein and esterase isozyme anaiysas were also conducted In this lnvesti· 
galion to determine whether the genotype .has been preserved in ihe rasuHant 
somatic embryos and asexually-derived plants. proteins and lsozyrnes were ex
tracted from callus cultures, somatic embryos, asexual plants and their female 
parent according to AI-Jibouri et al (1). Polyaaylamide gel (12%) preparation, 
electrophoresis conditions and staining proceduras were conducted as descri· 
bed in details by Hameed (6). Esterase isozymes were developad according to 
Torres. and ilsserat (20). · 

Reeult8 

1. Callus Initiation, Asexual Embryogenesis and plant Regeneration: Deve
lopment of ovule segments In vitro was relativly slow. No sign of deVelopment 
was observed on the 2 months excised ovules during the first 6 weeks of incuba
tion on any type of media. sOon after, exptants wliured on nutrient media enri
ched with 10 mg/1 2,4-0 and 2mg/1. kinetin s~ed the development of wJlite 
cr:eemy callus from within the germ poras (Fig. 1A). This callus was Initiated 
.from th9 endosperm tissue surrounding the repressed undeveloped zygotic em
bryo. Such callus was then propagated by subculturing it, at 6 weeks intervals, 
on fresh medium of the same composltlon (10 mg/1 2,4-0 + 2 mg/1 kinetin). 
Transfe(of such callus to hormone-free medium rasulted In the initiation of as~ 
exual embryos, which appeared as many small white, root-like growths emer
ging on the surface and from within ihe callus cultures (Fig. 1 B). The somatic 
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embryos were characterized by a i'!'lllllitude of sizes and shiiiPE!S, some of which 
can be 8001'1 in Figura 1 C. Followil)g.ani>ther fl W8$ks of incubation in hormone
free medium, wen de~ ~ with good. root and shoot system8 were 
achieved (!'l(j.1D). This~(~ and subseque-nt asexual em· 
brtogaoos!s) was encoonl9r6d basler£l!y In !ha medium anrlthad with 10 mg/i 
:2,4-0. However It Wi1$ also obMMld at moor·ooncentratlool! m 2,4-·D, 001 to a 
Iasser a :dent. lncll!sulcn of 31'1'1g/12,4-0 In tlw.w.!lulu rr.edlum s!.lghlly roduced 
calii.IS Initiation and sabsequent am~ (TttillG 1) but 001~1rat1ons 
higher than 10 mg/1 ware Iexie, and :00 mgl1 2,•H:l was sufficient to repress ca
lugenesls In 50% oi the cultures f(llble 1 ).!~ lei!( wltures, two types of morpho
genic response& ware observed sut.'h ar:dhose oboovvoo at the i 0 mg/1 level 
where the same cultures Initiated callus, !IS8xual embryos, and their zygotlc em
bryo also germlnetii(J. 

No response was obtained from !r>cluslon o! I.AA In the culture media, while 
only30% of lila explants inltlatad callus In the pr~ ol30 mg/1 NAA. when 
!his callus was removed 10 the not'l'11011&-iree medium,· only 20% of the cultures 
initialed sornatlc embryos. 

As tor ovule S&gment8 excised 3 months alter pollination, embryo gsrmina· 
tion was observed in lew cultures, while the majority did not roopond. However 
callus lnltiallon and subsequent asexual ambvyoganasis was observed In· only 
two treatrrnmts (i.e. 0 mg/1 2,4-D and 1 00 rogt1 N.M). In bo!h casas, on~ 20% 
of the cultures initiated callus followed by asexual embryogenesis (sao Table 1. 
for 2,4-D). Thus, the medium that contained 10 mg/1 2,4-D and 2 mg/1 kinetin 
was selected as the most suhab!a medium for ovular callus inHiation, and hor
mone-free medium for triggering of somatic embryogenesis. 

The efficienCy of such medium to Induce callus initiation in another seven 
date palm cullivars was tested. All tested cultivars responded to tl1is medium 
and initialed _callua. The percentages of cultures producing callus, and amount 
of callus produced In each culture varied among tested cultlvars. Thesa obser
vations are recorded in Table II. On the o!her hand, the amount of callus initiated 
from each cultlvarwas variable (Table II). The Maktoom cultivar inltiatl)(l excep
tionally high amount of callus (91 0 mg per culture) followed by Saada, which in
itiated about half that amount of callus. Khastawi inHiatsd the least amount of 
callus among all tested cultivars. "J;ransfer of such callus to hormone-free me
dium resulted in the initiation of asexual embryos which further germinated and 
developed into complete plants. 

Transfer of the asexually-derived plants from the test tubes (hetrotrophlc 
condiiions) to the free living (autotrophic) conditions of the green house was 
successful. This process was conducted gradually by transferring the plants to 
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liquid media containing 0.01 mg/1 BA (N6-benzylamino purine) and 0.1 mg/1 
NAA to improve shoot and root development, respectively. The plants were lh81'1 
individually trasferred to 1 0-cm pots containing sterilized peatmoss: Vllrmaculi
te mix (1 :1.ratio) and covered with polyethylene bags for three weeks. 'lneywe
re watered as needed and administered 2-3 sprays with i% penlate fungicide 
as needed. Figure 2 shows a well developed tissue culturederived date palm 
seedling grown under the green house conditions for 5 months. 

11. Histological Examimllion 

Numerous growth centers were observed along the margins and the cen
ters of the callus peices. Such centers consisted of tiny small cells that are easily 
distinguishable from the larger, highly vaculated cells of the callus (Fig. 3A). The 
cells of the growth centers stained mom intensely than the callus cells and con
taimid distinctly prominent nuclei, suggesting their meristimatic nature. When 
these centers were transfmred to the hormone free medium, they apparently 
developed into asexual embroys. Meristematic cells with shoot apex, cotyledo
nary sheath, as well as well recognizable vascular tissues composed the major 
structures of the asexual embryos (Fig. 38). The median section of a mature zy· 
gotic embryo is shown in Figure 3C. The similarity in morphology of zygotic and 
asexually-attained embryo is evident. 

Ill Biochemical Analysis 

Protein banding pattern of different tissue extracts of date palm is shown in 
Figure 4. The plants derived from somatic embryos showed a banding pattern 
completely similar to their female parent, suggesting their somatic nature. All· 
hough more heavily stained proteins were observed in the somatic ,:.lants, they 
were located on the ~amo position and had the same retention time as determi· 
ned by the ultrascan densitometer thus represent the same proteins. 

When the same extracts were analyzed for esterase isozymes, similar ob· 
servations were obtained (Fig. 5). The esterase banding pattern in the so'matic 
embryos and the plants derived from them was similar to thai of their female pa: 
rent, both in number of isozymos and their location. Scanning of the gels with ul
trascan densitometer confirmed these similarities (Fig. 5). 

Dis'l:ussion and Conclusion 

This investigation attempted to develop a reproduceable tissue culture 
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technique that can be used to propagate the elate palm cion ally. In spite ol the 
considerable amount of literature available on the tissue culture ol date palm, it 
seems that littl\'J informations can ba used inasmuct' as the repmied results are 
contradicting (S). Currently, there are three major methods that are widely used 
for propagation of higher plants through tissue culture (7). One of these me
thods, i.e. asexual embryogenesis has been manifested in a variety ol plants 
belonging to different genera and species (18). The suggestion of asexual em
bryogenesis in Elaeis guinensis, a member oi tile palmea, was made by Rabe
chault et al (12}.Fieyn0ftf.~ and Murashige (13) are credited with the first suc
cessful initiation of asexual embryos in date palm callus cultures. Their work 
was successfully followed by Tisserat (17). in this investigation ovular callus 
was initiated in eight date palm cultivars on a medium enriched with 1 0 mg/1 2,4-
D and 2 mg/1 kinetin. Such callus initiated numerous asexual embryos following 
transfer to hormone-freeimediurn, which further germinatm:i in a manner similar 
'to the zygotic embryo. These results are in close agreermmtwith others (13, 17), 
although lower 2,4-D concentl·ation were used in this investigation. This varia
tion seem to depend on the cultivar employed. 

The response oltesled culiivars to initiate callus on the selected medium 
.can be grouped into :i catagories, Khastawi, Maktoom and Saada may repre
sent the "high responsive cultivars" while Ashrasi u.s the "low responsive culti
var". The 1·estofthe cultivars (Khadhrawi, Brairnand Sarban) can be considered 
as "intermediate responsive cultivars". However it is noteworthy to mention that 
the Ashrasi ovules were bigger in size than the other cultivars at the time of exci
sion (2 months after pollination) imd thus they should be excised earlier to oi1SU·

re higher incidences of celugenesis. These results indicate that the ovate cells 
of the tested cultivars are totipotent and this totipotetiality is different from culti
var to another (i.e. khastawi is most totipotent cultivar and Ashrasi is the least). 
This totipotentiality was expressed in the form of callus initiation and their sub
sequent growth and development into asexual embryos. Further transfer of 
such embryos resulted in the development of normal looking plants that were 
established in the soil. 

Histological examination of the callus cultures revealed the presence of 
meristematic centers which corresponds the merislemoids. Such meristemoids 
are considered as the forerunner of organized development (19). When thP r<il
lus was transferred to hormone-free medium, these meristemoids developed in
to organized structures in the form of embryoids, capable of germination on ap
propreate m(>dium. 

Protein banding pattern has been used to classify plants and distinguish 
bel\veen different species qnd cultivars (5). lsozymes, on the other hand, have 
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~. su~ily ..,.oo ~!IC marners In date palm (20). In lhis lnvestlga· 
lion, it was possible to relate the somatic emblyo, and their subssquiint plants to 
their parents based on lhelr protein and esterasej!Sozyme banding pattern. Se
veral workers have attempted to Identify hyblid plants (16). somatic and zygotic 
embryos (5) as well as tissue culture derived plants ( 15) based on such Informa
tions. This is the first report on suCh attempt In the studied cultivars. It is, as well, 
the only available technique that can ba used now tor rapid, early and ssnsillve 
determination of the genolyp!J of tissue culture derived plants. Other enzyme 
systems should be studied to allow wider application of lhis technique. 

The process of callus Initiation and subsequent asexual embryogenesis 
described In this article can be adapted for rapid clonal propagation of the date 
palm. In one attempt, the numbar of somatic embryos initiated in one transfer 
was coun!ed in the "Zahdi" cultivar. it was found that one gram of callus prOdu
ced more than 230 romatlc embryos in about 8weeks. The "Zahdi" cultivar in
itiates about 450mg of C~~llus avery 8 welll«l and it is intermediate in Its caluge
nesis capacity (soo Table II lor comparison). Therefor, millions of embryos can 
be attained by ihis method each year. Such embryos can be germinated into 
complete plants with appropreale handling. Thus this method can be used to 
propagate the p!am through tissue culture, s!noe the nuoellar origin of the resul
tant plants has boon established in this investigation. 
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Table I. Effect of 2,4RO on callus Initiation and asexual embryogenesis in ph<n~nix daciylirera 
l. ovule segments. Origtnal media contained 2mg/1 kinetin. ---- ----

Type of Hesponse, % 

2,4RDconc. 2 months 
---~---···- ·- . ··-
mg/1 c· E" G"~ 

-·--·--····-· .. ·-··-- ·······-- -·- . 

0 20 30 30 
3 10 10 50 
10 100 100 30 
30 50 30 10 
"100 0 0 22.5 

·---··· .. -· .. -· . --····· . ··---. 

C = Callus initiation 
E = Asexual embryogenesis 
G ~ Zyotic embryo germination 

NR :c~ No Response 

3month5 

NH"·· C E G NR 

~~0 2?? 22.2 66.6 0 

30 u 0 33 3 66.7 
0 0 0 66.6 33.4 
10 0 0 12.5 87.5 
77.5 0 0 12.5 87.5 

Table II. Calugenesis potential in seven phoenix dactylife1·a (L) culi:ivars. Original media 
supplemented with 10 mg/1 2,4·0 + 2mg!1 kinetin 

cultivar cultures producing 
callus,% 

·-·-----~- .... ·-~---···--·----·- -·------·--····---·· 
Khastawi 100 
Maktoom 94.11 
Saada 88.88 
Khadhra.wi 64.70 
Braim 53.33 
Barban 50.00 
Ashrasi 30.76 
Zahdi (control) i 00 

27·[ 

caUusfrech weight (mg) 

mean± SE (per culture) 

170 :!: 40 
910±190 
520±120 
310 ± 80 
290± 30 
4"70±130 
430 ± 150 
440 ± 120 
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Figure ·1: (A·D): negeneration of plant from callus culturesot !he date palm. A: 
Initiation of callus, B. initiation of f'sexu,al embryos. 

Figure 2: Tissue culture-derived dale palm, well 0stabllshed in the soil (5 
months old). 

Figure 3: (A-C): Histological examination of callus (!\), asext!al {B) and Zygotic 
(C) embryos of the dal palm SA = shoot apex, VT =• vascular tissue, MC 
= meristematic center and GS = cotyledonary sheath (A,C, x 250, B x 
400). 

Figure 4: Protein banding pattern of tissue culture derived planl ;!(C), aseexual 
embryo (D), the fomale p9.ren! (source o!the explant); B, and a maleculli
var (A). 

F1y ... e 5: Esterase isozyme banding pattern and ul!rascan densitomeler picture 
of the dale palm. (1\ through D st~me as in Fig 4). 
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CYTOPLASMIC INCOMPATIB!UTY FOR SUPPRESSiON OF 
Epl'iesti!! c_autelia 

INFESTATION RATE IN SIMULATED DATE STORES 

ABSTRACT: 

M.S. AHMED 
Faculty of Agricultare & Biology, 

Nuclear Research Cen!er, 
P.O. Box 765 Baghdad-Iraq. 

In a test population high degree of replacement of Baghdad (B) strain ol 
· !'d)he.st.ia£.<J,~lll,lla (walker) was brought about by the imported Arneri?an (A) 
strain o! the sarne species when •hey were confined in equal numbers lor i3 ge
nerations. ' . 

The suppression effect of (A) males on the percentages of dale fruits infe-
sted with (B) strain in a simulated date store was evident, since it caused highly 

I . 

significant decrease in infestation rate almost throughout the entire perio<l of 

storaglf."'. 
The incompatible (A) males fully competed wi<h (E!) males on mating with 

(B) females, when reduction in egg hatch was taken into account 

Although the effect of container sizes on the rnduction of egg, hate!·,_ was 
statistically not significant, the competitiveness of (A) to (B) rrjales at 1 :1 ratios 

· seemt~d to increase as the container size in9reased. 

?.7r, 
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INTRODUCTION 

Since the appearance of the preliminary data concerning the unidirectional 
cytoplasmic incompatibility in Ephestia cauteii<J, (Walker) in American (A) and 
Baghdad (B) strains, its importance in the genetic control of this moth was in
stantly recognized (1-3,6). Consequently this phenomenon was studied intensi
vely either to replace (B) strain by (A) strain (5), or to suppress it by the reproduc
tively incompatible (A) males (7,8). The present paper describes the effective
ness of (A) strain in replacing test population of (B) strain; the suppression effect 
of incompatible (A) males on the percentages of date fruits infested with (Bl 
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strain adults; and mating competitiveness of (A) males to (B) males caged with 
(B) females, at seven different ratios in containers of a similar size, and at four 
different rations, in containers of three different sizes. 

MATERIALS AND METHODS 

Replacing (B) strain by (A) strain: The effectiveness in replacing test po
pulation of (B) strain by (A) strain was measured by confining simultaneously 10 
pairs (10females x 10 males) of each strain in a single fiberglas~ cage (internal 
dimensions: 40X40X40cm) containing 2 kg laboratoryrearing medium compo
sed of 81% crushed wheat, 12% glycerin, 6% date syrup (dibis), and 1% dry 
yeast by weight. Both strains were reared and tested at about 25± 1 °C, 40-60% 
relative humidity and approximately 6 h light: 18 h darl< cycles, with certain pre
cautions against an egg-eater mite (10), Blattisocius ~ (Berlese) (Asci

. dae), as determined by the Commonwealth Institute of entomology, British Mu
seum (Natural Histqry). 

The F1 late pupae were removed from the fiberglass cage using a piece of a 
cottonwool as pupation sites, sexed and kept individually in vials for emergence. 
Twenty pairs ofF, adults (20 females + 20 males) were randomly taken and put 
in a similar cage under the same previously stated conditions to initiate a new 
generation. This was repeated for 13 generations. In order to measure the chan
ging percentages of the two crossing types, some females of nine generations 
were mated (single-pair mating) to males of(!'.) strain and their cytoplasmic type 
was determined accordingly (4). Also, males have been mated to females of (B) 
strain then fertility or percentage of egg hatch was counted for each mating. If 
the overall rate of egg hatch was less than 4%, the male was considered to be of 
(A) crossing type. 

Suppression of the Iraqi (B) strain of 5.: cautella by repeated releases of 
cytoplasmically incompatible males in simulated date stores: Two small 
stores were constructed simulating somewhat old country or terminal date sto
res in Iraq except that of some controlled environmental conditions (approx. :23-
28'C and 40-60% relative ~umidity). The dimensions of store No.1 are: 2.38 m 
long, 1.3m wide. and 2.95m high; while store No. 2 has the same length and 
height but 0.98m wide. 

Ten uncovered single walled commercial Standard Carton Boxes (SCB), 
approximate dimensions of each 8.re: 48.5 x ~ 1 x 19 em, with 1 OOkg of untrea
ted date, Zahdi variety of 1985 harvest, 1.e. 1 Okg in each SCB, were loosely piled 
in every store, as shown in Fig. 1. to allow enough space for released adult 
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moths to invade the dry datos. 
The initi<1( rate of iniested dates wa~• 3. 79% wittr no live insects whatsoever 

when 1096 date iruH~. were tJk(~n at random and carefully examined. 
Then ~)0 pairs (30 maies -t 30 fernalos) of E~ gm!JQ!la (13) ~Jtrain ·f- 300 in

compatible(!>-\ males wr,re released in store No.2, followed by adding 300 (A) 
malos w11en e:~du!ts just sW.rted to ernerge in tile stores. Also, 300 more (A) ma
les were adck;d two times i and 2 rnonths l~.,ter, respectively, rnal<ing the total 
added (A) male:3 equal tc '1200 rnal.es in addition to the 30 pairs of (B) strain in

itially released in this store. Whereas 30 (8) females and 30 (B) males only (that 
is 30 pairs) were released in store No. ·1 to serve as a control. The main problem 
encountered is I hat(!>-) females st1ould be strictly avoided, otherwise a replace

ment of (1:1) str-ain fly (A) strain could occur as described earlier. 
f1oicasus were carried out on the same day as 'l 0 SCBs with dry dates W8re 

ptaced "' each store. The r·eduction in tho percentages of infested date fruits is 
taken as E• mo8.Sl,.1l'O for suppression of the (B) strain infestation activity. The rate 
of infested dar:'f; wrth larvae, pupae-dead or alive--, or merely with insect frag
monh-1 or fra~:;s, ha;; l)otm d(-)termined by examining i .5 kg (Ca. 180-210 date fru .. 
its) from every SCB 37, 138, 90, 123, and 158d, respectively, after the first relea
ses of adult rrloihs were made. Thus, about 15 kg of date t1ave been taken out of 

each store at a limo and carefully examined. 

Compmath1e nmting competitiveness of (A) strain mates with (B) strain 
rna ires for (B) females of S£.11.\!.1$;!.@_: Pupae of each strain were collected, se .. 
xed. and placod rndividually (or sometimes rwery 2-3 pupae of the same sex) in 
\rnali cotton-stoppered shell vials (25x 75mm) and left for emergence. Adult 

moths used 111 ihesG_ te.sts were k~ss than 24 h olcl. 
In lhe 1st cxpminvmt, alter emergence rnales of both (Ar and (B), and fe

rnalror; ol (B) strair~:3 were combined in the de.sired rations in lantern globes (800 
ern:' each) w1th mm;h ~:>creens p1ac{~d on appropriate crystal!lzing dishes. Eggs 
laid usually dropped through ttre screen into tl1e dish and were collected after 72 
h. Tl""' evory 50 eggs were placed on a wet black filter paper. Hatchability was 
counted 7 d af!er incubation in 25 :!: 1 "C and a relative humidity of 40-60%. Pre
sence and number of sperrnatophpres were determined by dissecting 'females 
as a measure ot mating frequency. 

In itris experiment (A) strain males were caged in the previously described 
lantern globes witl1 (13) males p"ul~•· (B) females at tfre following ratios:- 0:1 :i, 
1 :i :i, 2:1 :i, 4:1:'i, 8:1 :1, I 5:1 :·1, and 25:1 :1. Fivo to seven replicates (lantern 

globes) were made lor each ration. , 

In the 2nd experiment, under the same eo>1d '" J ;,enti.,lt.Pdearlier, (B) fe

males of E. cautella h;;ve been caged with both (B) males and (A) males, in con-
·--:~-·-·· 
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t?.iners of 3 different sizes: ·t.6-,3- and 5-liire beakers in 6·14 replicates. The fol
lowing ratios of (A) males: (B) males: (B) fern alec; were used: 0:1: I, 1 :1 :1, 4:'1 :1, 

and 8:1 :1. They were held in the beakers for 72 h also, then cogs were collected 
and percent hatch recorded. 

Data analysis: The results were analyzed by analysis of vanancc (ANOVA) 
with significance of differences between means was detennim?d by Duncan's 
multiple range tests (P < 0.05). f1eduction in egg hatch was also detennined as 
a function of increasinn strain (A) males follow1ng exponential decay curve: y ". 
ab', whero y ~' mean egg hatch, and>< '' nurnber of (A) rnalos ,·eteased (13). 
Furthermore, the competitiveness of (A) and (B) rnales was calculated lor the 
different container stzes by t11e formula of Fried (9). 

RESUUS AND DISCUSSION 

Replacing (B) strain by (A) strain: The results depicted in Table 1 clearly show 
tile replacement of (B) strain by (A) strain as approx11nately 90% of the total 

number of_f".SJ!:!!.eJg adults of sovl;ral cytopiasrnically tested generations (4) 

were of (A: crcssing type. This represents an increase in the latter strain of ab
out 40% over the percentage of 50% (A) type of the initially caged parents (cf. 

i st row of ·;:able 1 ). In Iraq, such replacmnent might occur in some field or stora
ge populations as well if irnpo!'lalion of dry-lood products infested with ~-~autel
la having (A) crossing type is continued (4) to flow unrestricted. 

Suppression of \he Iraqi (B) strain of E._ cautella by repeated releases of 
males with cytoplasmic incompatibiiity insimulated stores: The data, 

summarized in Table 2, show the suppression effect of repeated releases at 
certain intervals of 1200 (f\) males of E. cautella (4) in simulated date store (sto
re No. 2) containing 10 standard cartorr boxes of dates (Fig.1) infested with 30 
pairs of males and females of!"· cautella Baghdad (B) strain, in comparison with 
the control (store No. 1 ). In the former store, the percentages of infested dates 
were low in general thanks to the repeated releases of incompatible (A) males. 
In this respect, the difference between store No. 1 and store No. 2 was statisti
cally highly significant (p < 0.01) particularly in the first 4 intervals of date exami
nation, that is 37, 68, 90, and ·123 d, respectively, after the beginning of the in
sect release. It is believed that continual releases of incompatible males through 
several generations migl1 bnng about more considerable suppression of infes
tation. Thus the incompatible rnales t~ ~rrisubstitute the use of sterile insect 

technique which usually lowers the sexual competiriveness of treated insects 
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(7). Furthermore, it is assumed that any single date storane wucture can be se
parately treated, with perhaps one or fe~;v release sites pe1 store; provioc<i ural 
an appropnate E. ~@ strain be ot)ta1ned ( 12) to have ::1 generic ··mat.:·:l'l iO 

natural populations (11 ). 

Comparative mating competitiveness of (A) strain males with (B) strain 
males lor (B) females of.§_._ cautel!a: Data of the 1st experiment, il\ustcaterJ ir. 
Table 3, show that at all ratios investigated (A) strain males fully competed, in 
mating, with (B) males, when reduction in egg hatct1 was taken into account, sin· 
ce the actual percentaoes of reduction were almost similar to tt1eoretical calcu .. 
lations (14). Furthermore, the number of spennatophores produced (Cf. column 
No. 7 in Table 3) by males at all ratios ranged between 1.10-1.36 per dissected 
female, and showed no statistically :;ignificant differences in mating frequency 
indicating somewhat that there are apparently no intrinsic mating barriers bot· 
ween t11e two unidirectiona\ly incompatible Ept~ cautella strains. In this re
spect it rs worthwhile to mention that.[;cautella adults do mate several tlrnes du
ring their short lifespan (Table 4). However, it seems that more than 60% of 

them would mate only once rrrespective of the other circumstances shown in 
Table 4. 

Results of the second experiment show tMt strain (A) males appeared to 
have sigr.ificant effect in bringing about a decrease in egg hatch (Table 5) of 
stram (B) adults caged in containers ol three different sizes ut the ratios mentio
nerJ in the Table.,<3enerally, the mean egg hatchability followed an exponentiai 

decrease with increasing numbers of (A) rnal<js of the form Y ~ ab', where y = 
50.0956e 0

·"'
98

' and r value is equal to 0.91, y "' 59.7173e 02
'
108

' and rvalue is 
equal to 0.97, andy '' 59. 7173e 0 ' 82·" and r value is equal to 0.84, for the diffe·· 
rent container sizes, respectively (Table 5). Aithough the effect of container si
zes on the reduction of egg hatch was statistically not significant, the competiti· 
veness of (A) to (B) males at 1:1 ratios, calculated by t11e formula of Fried (9), 
seemed to increase as the container size increased. 
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Fig.1 . Simulated date store used tn the present experiment showing the arrafl· 
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Table 1. Number of moles and tamales of two Ephell_lla cautallo croaalng typas (A and B) 
through 13 generations when Initially 10 pal111 (parents) of each type Wllt'8 conUned In a sing· 
le cage, then 20 pairs ot each subsequent generaUons tak•n at random were transfened to a 
new cage,'whllo some adults from all gsnoratlona· (e•oept F4, FS, F11, end F12) WORI Indivi
dually subjected to cytoplasmic analyola (4). 

Crosses No. of (%)fertile Total No. of suggestive 
{single~pa\r m9.t\ng) cytoplasmically adults crassirtg type in 13 

analyzeo adults trange) generations and 
Female x male in 9 generations in 9 generations their parents 

A a - . 
Parents x parant..'l 20 20 

481 ~ 
(50%) (50%) 

F, -F13 xA 73.9~10011 419 62 
(~B499eggs) 

298? 

(87.1%) (12.9%) 

B x F1 - F13 20.0-0.0 291 17 

(4580Beggs (94.3%) (5.7%) 

examined) 

a 100'% (A) females was achieved in FB females, and around 84·94% in F9. F10, and F13. Could 
this discrepancy be attributed to sampling error and/or to slight fertility "feedback" (2,3)? 

Table 2. Effect of repeated releases at certain intervals of Incompatible males 011 the percen
tages of Infested dates when commercial standard carton bo••• of dry dataa placed ln two 
storas, where In 8tore No. 1 30 pairs of!:,.5!!!!!!!! (B) attain adults were released. and 30 simi· 
lor pairs plus 300 Incompatible matea (Astral") In store No. 2,foffowed by Interrupted refea· 
aes of 900 (A) males in the latter store when advlts ~uu-ted to emerge in both &torea. 

{%) infested dates in: 

Samples ex a· Store No.1 Store No.2 I F1vba· 
mirted aftec 30~ Bx30~ 30 I' Bx30 4x300 ciA bitityof 
(day) value error 

strain I hen + 900 <J1.. strain (P) 

37 32.61 ± 12,73 10.75 ± 4.65 9.85 <0.01 
68 68.20 ± 7.33 12.08 ± 5.65 19.31 <0.01 
90 91.37 ± 3.62 37.73 ± 14.94 11.04 <0.01 
123 55.94" 14.78 7.36" < 0!01 
158 92.23" 2.48 0.23" >0.8 

~-Discarded due to very high infestation rate. 
• t value was obtained by the last percentage (91.37 :!: 3. 62} of store No. 1 as a control. 
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Table 3. Mating competltiven&ss ('·Yo egg hatCh) olan traql strain (B) ofJh ~when cyto· 
plasmically incompatible males from America (A) were added at the ratios Indicated (actul 
numbers). 

No. of each "o.of N(). eggs Mean• Reduction in egg Mean No. of sper-
strain ?t repll· laid after hatch hatch(%)('14) matopliores/ !f. 
Atf:B :~ cates 72h (%) Actual Theoretical 

0:5:5 5 1349 74.t3a 1.27 ·t 0.57 
5:5:5 5 1657 36.55b 50.69 50.00 1.20 :•. 0.37 
10:5:5 6 2266 36.54b 50.'11 66.67 1.26 ·" 0.45 
20:5:5 6 256~) 5A2c 84.60 80.00 1.13 :t 0.35 
40:5:5 5 1754 2.39<1 96.77 88.89 1.16 ±0.43 
30:2:2 5 1226 0.62d 96.90 93.75 1.10±0.56 
50:2:2 7 1313 1.590 97.84 96.77 i .36 :t 0.49 

G Means following by the same letter are not sig11ificant1y different at the 5% level by Duncan's mul· 
tip!e range test. 

Table 4. Total number of spermatophore& detected In Ephestla cautella females which wore 
dissected alter: slng!•palr mating (1 Ji. x 1 o)throughout their liiespan, mass rearing (multiple 
mating), or just after being captured in the field. 

Type of 
mating 

No. of {%) fema!es with I he following No. 
temales of spermatophores:· 

dissected 0 1 2 3 4 5 6 7 
-~--~---~--- ··---- ·····--·- ······-------··- ···-·------~-----

Single"pair 220 
In the field 220 
Multiple 410 

10.9 

t6.8 
15.1 

64.1 20.5 
68.2 14.1 
63.2 13.9 

1.8 2.7 
0.9 
2.7 3.2 1.0 0.5 0.5 

Tabla 5. Percent hatch ol eggalald by_!i, 'l!!!!!!!!! Beghdad a train (B) femalao mated with both 
I(B) males and cytoplasmically Incompatible American strein (A) mateo at the indicated ratios 

placed In beokero ol 3 different sizes. Figures In parentheses are numbers of repllcetes). 

Beaker size (litres) 
No. of each strain 

A~~~L ___ :.6 _______ 3 __ ~ ____ _:_ ___ ,_ 

0:5:5 72.268(10) 64.61 a(12) 64.70a(14) 

5:5:5 44.10b(7) 33.18b(9) 30.72b(14) 
20:5:5 17.38c(7) 21 .91 be (13) 21.04 be (1 3) 

40:5:5 10.04c(6) 15.82c(14) 18.44c(14) 
-----------.----- -----~---------·-· 

Mean percents in a column followed by the same letter are not signifcan11y diHerent (p > 0.05; Dun· 
can's multiple range test). 
Mean within rows are not significantly diHerent at the .:=~bove· mentioned level of confidence and test. 
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Post im:idence in marketed date palm 
fruits in Dulse, Kano State, Nigeria 

C.l. AISAGBONHI' 
' Department o! Zoology, University of Benin. 

ABSTRACT. 

Date palrn fruit sarnplr'!s from live markets situated in Dutse Local Govern

ment are 11 ware mieroscopically examined every fortnight. Oryzaephilis merca
tor (Fauvtd) (Coleoptera : Silvanidae), Coccotrypus dactyliperda (Fabricius) 
(Coleoptera : Scolytidae), Araecerud fasciculatus (Degeer) (Coleoptera :An
tilribae) and Plodia mterpunctella Hubner (Lepidoptera: Pyralidae) were reco
vered from inf,,Gted luuits Positive correlation was established between percen
tage number of fruits infested versus percentage nurnberoflruits without Calyx 
(r "' 0.5074H); percentage number of fruits infested versus percentage number 
of fruits with cracks (r ~' 0.4166'); percentage number of fruits infested with 
lrass, yeast and fragments versus percentage number of frui)s without Calyx (r 
= 0.5788'"); and percentage nurnbrlrof fruits infested with y'east, frass and frag
ments vers1 .. s prcentage number of fruits with cracks (r ~ 0_.5548"). These re
sults sMw tllat carefu!iy il8.rvested and packed fruits with calyx ends still atta
'ched and •,!ahout cracks have a lower percentage infestation than those with 

cracks ar,rJ without calyx ends attached . 

. lor; '-"_;~ 01.,.....1 ,_) ~IJW ,) o~_p.-_,...!1 ..:..l_r.:.JI 
.. .jy,l~l .1 ·if' . 

: 4 '}I..:J I 

~ '-""' _,;J '-""''lo .tli,_;L,..,_, ,_) ~ J_,..J wl:..,..l • __ ., 0" c->1....; w..b:-f 
~ .,_. --., "' 

oiyr.aophilism•rcator, ')l:JI ..;..U)i\ ~J "-'.r"-' !"' ..UJ . 0::"~\fi.l;S' Lt~ · 
ah ..>L~ J . Coccotrypes- daciytiparda, Araer-erus fasoiculatus, Pl&i~l\n~rpunat~la 

~ ···~;·.;•', :., 

')L;.Jiy '-;~1 .!k:JI _:,.,, ~5"' .;,;~. >y-5 ~ ~I::JI w #f..UJ '! ~l;..p \'I' 
~0.5788 c..,.J~...:..l11 .~JI tr ~0.4166 ~IJWJI , r =0.5074 ~I 0" 

~ 0.5548 4.4.ii.:.JIJWJG ;WJ~ '"L,. 'II .ft ;;;~ ...:.>~J ..W o!.ll~ J!.;!.tL.Pf r
<.,?ICJJ~J c_L •. f~/1 ..:,I~JWI ~"' ,~~ :L,L;.JI .J! ~ [.l:.:::...l~ , r 
. c_WI WJ~ <flG U,;v.....Jt ) . .!l~ ~Jla.o jWll -) '"t-,.. \'I~ ~t)fj..l.:. · 

. ' .. 
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iNTRODUCTION 

Dale palm fruits lorm an important component of th<o carbohydrate food of 
many people in the Northern parts of Nigeria. 

Dry date fruits are commonly attacked by more than i 2 insect species be, 
longing to the Coleoptera and Lepidoptera ~Hussain 1963, 1964). Undwen and 
Vincent (1953) reported lour species of nitidulid beetles (Carpophiilus dimidia
tus) (Fabricius) or the corn sap beetle, C. hemipterus (Unnaeus) also called fig 
beetle or two-spotted beetle; the pineapple beetle, Umphorus hurneral!s (F'abri
cius) and the yellow nititiulid, Haptoncus luteoius (Ericr1son). 

Other insects reported by Elmer et al (1968) include the rusty grain beetle, 
Cryptolestes ferrugineus (Stephens). the saw toothed grain beet!e Oryzaephi· 
tus sunnamensis Linnaeus aiKI the Merchant grain beetle, 0. mercator Fauvel 
as feeding on dates in storage and r;ausing fruit spoilage in much ~he sarne man .. 
ner as the nitidulids. 

The "date-stone beetle" Coccotrypes dactyliperda (Fabricius) lias also be· 
en reported to occur in the United States and Mexico (Stickney, 1 9~i0), 1\lgeria 
(Teisseire, 1961 ), the coastal areas of Libya (Martin, 1%9), United Arab Repu
blic (Buxton, 1920) and lsrae! (Kelull et al, 1966). 

This investigation was carried out to determine the ~;pedes ol insects that 
are destructive to stored oate palm fruits in Dutse locality. 

MATERTIAL AND METHODS. 

F•ve markets (Kachako, Shuwarin, Kiyawa, Laraba and Yadi) situated 
~round NIFOR Dulse date palm substation were chosen. Two cellophane pak
kaged· Jate fruits weighing 1 kilog1<'"'me eact1 were randomly purchased from 
each oi these markets every fortnight. r:1ese ourchased packets were then con· 
veyed to the laboratory, dissected and microscopically exam,neci, for presEmce 
or absence of insect infestation. As far as possible all these market samples we
re examined within one week of the date of purchHse. 

Collections were made of insect specimens found within Hie date fruit me
socarp and the date seed. These insect specimens were preserved in 70 % al

cohol solutions. The moth recovered was presrved dry and pinned up. Th_. 1 <~e

re prepared and parcelled to the Common Commonwealth Institute of Entomo
logy, London lor identification. 

Statistical analysts: Simple regression analysis was earned out to find the 
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re!Rtionship between percentage number of fruits infested and percentage 
number of rruitr, without calyx; percentage number of fruits infested and percen
tage number of fruits witr1 cracks percentage number of fruits without calyx; and 
also between percentage number of fruits infested with yeast, frass and frag
ments and pr;rcentage number ot fruits with cracks. 

RESULTS AND DISCUSSIONS 

During periodic examination of randomly purchased date palm fruits from 
five markets in Datse local government area, the following insects were found 
feeding on the rnarkE•det fruits. They were identified by CIE London as follows: 

Oryzaephilus mercator (Fauvel) (R. Madge and M. L. Cox determined) (Co
leoptera: Silvanidae). 

Coccotrypes dactyliperda (Fabricius) (M. L. Cox determined) (Coleoptera: 
Scotytidae). This was erronepuslytilought to be Poecilip spas reported in Nl 
FOFliweniieth annual report 198::!, and from earlier observations during this stu
dy. 

Araecerus fasciclatus (Degear) (M. L. Cox determined) (Coleoptera :An: 
thribidae). 

Plodia imerpunctella Hubner (J. D. Bradley determined) (Lepidoptera: Py-
ralida.e). -- · ·. 

Oryzaephilus mercator: Plodia interpunctella and Araecerus fasciculatus 
were found feeding on the date mesocarp while Coccotrypes dactyliperda was 
found puncturing and feeding on the date seeds. 

The decreasing magnitude of relative occurrnce of these pests were 0. 
mercator > C. dacty!iperda > Plodia interpunctella > Araecerus fasciculatus. 

Figures 1, 2 and 3 show the monthly titals of larvae, pupae and adults of 0. 
mercator, the most abundant of these storage pests, during the period January 
1984 to March 1986. 

Figures 4,5, 6, and 7 show the positive finear regression graphs of percen
tag<O number of fruits infested versus percentage number of fruits without calyx; 
percentage number of fruits infested versus percentage number of fruits with 
cracks; percentagt m.m>-er of truits infested with frass, yeast and fragments 
versus percentage number of fruits without calyx and percentage number of fru
its infested with yeast, frass and fragments versus percentage number of fruits 
with cracks. Positive correlation (r = 0.507 4 .. , 0.4166•, 0.5788 .. , 0.5548 .. ) was 
established between each of these parameters. 

Only three species of insects of the order Coleoptera and onP Lpr,.aopteran 

289 



G. I. Aisagbonhi 

were recorded as being destructive to m.<ii'keted dale palm fruit~ in this study. 
Hussain (1963, 1964) reported that dry date fruits are commonly altar.ked by 
more than 12 insect species belonging to the Coleoptera and Lepidoptera. Furt· 
her investigation needs to be done to determine the range of pests of the date 
fruits in Nigeria. 

Figures 1 ,2, and 3. reveal that the insects build up in population 2 to 4 
months after the harvest (period of harvest, late FeiJruary to late April). The peak 
period of insect infestation was June and July for all the larval, pupal and adult 
stages. A second peak occurred in October in the adult population, before cbtai· 
ning zero infestation levels during the off season, just before the period of the 
next harvest. Freshy harvested fruits were not infested. 

The implication of the positive correlation obtained between percentage in· 
sect infestation and number of fruits with calyx ends attached or without cracks 
indicates that fruits should be carefully picked from date palm bunches alter har
vesting so that the calyx ends could remain intact. Care should also be taken to 
avoid fruits getting cracked during drying, processing and packaging opera· 
lions. Dawson (1982) similarly made these observations. 

The implication of the time infestation consequently sets in one or two 
months after harvest and the monthly trend of insect infestation is that fruits 
need to be protected against insect infestation, tor long term storage. Elmer and 
Carpenter (1968) gave the advantages of fumigation of newly picked dates. In· 
sect infestation is thus arrested and reinfestation within the packingl1ouse is 
checked when dates are fumigated. Leesch et al (1982) indicated that Phospine 
was an effective fumigant for the disinfestation of date fruits. 

Ahmed et al (1982) and AI-Hakkak et al (1984) in different experiments on 
disinfestation of commercially packed dates in standard cartons by ionising ra
diation, indicated this to be an efficient and safe method. WHO (198i) earlier ga· 
ve an unconditional acceptance lor date irradiation for the purpose of controlling 
infestation of stored product insects using an average dose of up to 1 DO Krad. 

This study reveals that marketed date fruits are seriously attacked by stora· 
ge pests and highlights the need to protect date palm fruits against insect infes
tat on for long term storage. 
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BLACK RCn OF DATE FRUIT: a new post-harvest decay cau
sed by Botryodiplodia iheobromae 

lblso B. Omamor 
Plant Pathology Division 

Nigerian Institute For 011 Palm Research (NIFOR) 
P.M. B. 1030 

Near Benin City 
Nlger!a 

ABSTRACT: 

A storage decay of date fruit is caused by §otryodiplodia theobroma,e pat. 
Within 2 days of inoculation, the fruit segments were covered by grey mycelium 
of the pathogen and sporulation occurred 3 days later. By the 8th day the fruit 
segments had turned black, thus rendering them undesirable._§, theobrom!!!l 
however, has no effect on seed viability and the radicle was not affected but can 
draslicaily reduce the amount of soluble sugars in the fruit. 

~I o_,.!l • _,. .. .''il .;,..:u1 
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INTRODUCTION: 

Date palm (phoenix dactylifera L.) fruits are considered as high energy 
foods due to their high'siig'ar comerit and in addition, the provision o1 vitamins 
and other nutrients (i 0) make them an important factor in thr; diet of thn peopkr 
of thB Middle East as well as Northern Niqeria where date is comrnonly grown 
and consun1ed on a !mge scale. The relatively high proportion of suoars in sorne 
date iruits, however, makes them particularly susceptible to infestation. Tl1us 
Thielaviopsis paradoxa (2) Aspergillus niger, species of Helrninthosporium, Al
ternariaalicrMacos·p-oriu m-iiavii'-t>e'fm -li11f)ii(~ated as caU:SingrotiiTCiati)iruTfs~ 
However, isolations from df;caying date fruih3 yielded some pathogenic fungi, 
one of which was Bctryodiplodia tt;eobrornae pat This fungus has been repor
ted to cause diseaSe o·n n"lJrnerousprai:ltSi.f1th-e tropics (5). !n addition to causing 

stem blight, it has been reported to produce fruit decay of many plants including 
banana (9) mango and cocao {3). Though B. t!tcobroma~J has been reported as 
causing heart rot of date palrn (7), this is ttietirslreporlofii causing elate fruit de

cay in storage. 

MATERIAlS AND METHODS 

Source of the pathogen: The fungi were got from some decaying fruits ob
tained from the fruit store in Dutse and also from sorml markets in l<ano State. 

Isolation and identification of the fungi: Each fruit was surface sterilizsd in 
0.35% calcium hypochlorite for 1 mm and washed thoroughly in three chanqes 
of sterile distilled water. A portion of the epidermis was peeled back aseptically 
and a small piece of about 1 mm2 of the underlaying mesocarp was excised and 
placed on potato-dextrose agar (PDA) and incubated at room temperature (27-
2B"C) for 3 days. At the end of the incubation period, the different fungal colonies 
that grew out from the mesocarp were purified and maintained at room tempera
ture. Samples of some fungi were sent to the Commonwealth Mycologicallnsti· 
tute Kew lor identification. 

Source of fruit: Five month·old healthy, ripe and dey fruits Wf)re obtained 
from Dulse. Out of the different types, light brown and highly weinkled variety 
was used. In order to minimize variety response to the pathogen, all the fruits ca
me from the same plant 

Pathogenicity Tests: Due to the high rate of contamination noticed during 
the preliminary investigations healthy date fruits were first washed thoroughly 
by using cotton wool soaked in sterile distilled water. These fruits were then sur
lace sterilized with 0.1% mercuric chloride for 3 min and then rinsed thoroughly 
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In 3 changes of sterile distilled waler. Each fruit was lll<m a,<;;epllcal!y OOstanlld 
and sliced into 4-halvas. These w<:.ra again sm!aca slsr\li:roo as pravioullly sta~ 
ted but this time with calcium hypochlorite (0.35%). Six halves wem placed in 
each of i 5 sterile conlc.al flasks and 1 ml o! the inoculum e.djusted to ·; x i o• pyc· 
nldiospores per rnillililar was introduced into each !task. The flasks were lhen 
shaker. was !c distril.futed the inoculum evenly ovar ihe fruit segments. For the 
control: 15 flasks each containing 6 plecos of tmlt segments wam IMculalcd 
with 1 mi sterile dislillad water and sMkenthoroughiy. The 11asks wem then in~ 
cubated at room temperature lor 20 days. A! the and ollhs incubation period the 
pathogen was re-isolaied and compared will! tha migint~l organism. The expert·· 
ment was repeated twice. 

Effects of the pathogen on total soluble sugars of fruit. During tho incuba
tion period, 3 flasks of each treatment were harvested and the Anthrone method 
(4) was employed to determine the leva! of tho total soluble sugar in ihe fruits al 
0,4,8, 12, 16, and 20 days of inoculation. Alter drying the fruit segments to con
slant wt at 80"C, the fungal mycelium of the infected segmonts were brushed off 
be!ore the sugar analysis was done. The mtperi\"ent was repeated thrice. A 
graph of percentage amount of sugar consumed by ihe fungus against time in 
days alter inoculation was plotted. 

Effects of the pathogen on seed viability: One hundred and twenty date 
seeds were surtace sterilized as slated previously and soaked in sterile distilled 
water lor 24hrs. The water was then decanted and t1·1e seeds sterilized again. 
Twenty seeds were then placed in each of 3 conical flasks and inoculated with 
1 ml of the inoculum adjusted to 3 x 1 06 pycniaiospores per milliliter. Three 
flasks of the control, a,ach containing 20 seeds were inoculated with iml sterile 
distilled water. The sfx flasks were incubated at room temperature for a period of 
21 days. The flasks were kept moist and records ot pmcentage infection and 
germination were kept. At the end of the incubation period, tho e;:1ercular of the 
ungerminated seeds were removed and the embryo plalM on PDA a~d incuba
ted at room temperature for 5 days. The experiment was rep<'lated twice. 

RESULTS AND DISCUSSIONS 

Four pathogens viz: j'lspergilltJs niger, Botryodiplodia theobromae, pal. 
(Herb. IMINo. 283847, 283655) and species of Rhizopus and PeniCIIITUITi were 
isolated from stored decaying date fruits. Out of these Asperqillus niger, Rhizo
pus and !'enicillium spp have been repotted before as date fruit rot organisms 
nT About 50.04% of the infested samples analysed yielded A. niger exi&tmg 
alone or in combination with Penicillium sp. About 30.25% yielded Rhizop•.1~ sp 
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and about 19.71% yielded 8. theol:lr0mae .. The semi-dry, deep purple colou•r>Jd 
lru~s appeared resislanl tO:]l;. ~~;!his organism was not isolated from infe
sted lruils of this varh:>!y. t>.iso during the preliminary investigations, !he pathoge
nicity tests carrioo out shO\ii!Kllhat this fruit variety was indeed resistant!<? A. !:!!: . 
!Jer. 
-- For this ·write up only B lh»~1bromae was considered. Within 48hrs oi ino
culation, !he fruit segmentshad <1boiifffi% Infection cover. By the 4th day the 
whole alttemal swface was covered by gnsy mycelia of the pathogen, but the ra
mifying mycelia had not gone deep into the internal tissue. On the 5th day, pyni· 
dia initials wero evident on the external surlace and the segments started tur
ning black. On the 8th day there was clear dccolomation of the in!emal tissue 
and by the 20th day both llle external surface (plate 1) and internal tissue were 
black indicating total deterioration of !he fruit segments. R<:Hsolations from the 
inoculated fruit seiJmsr.ts yieldnd only Jj, ~~oobrom{<~· ~ theOil['l.!!!l!2 has also 
been reported to infest the oil palm (6) and the cownu! palm (unpublished data) 
where it causes pannelling and gwnosis ol the coconut. 

lnfe~otion at the s•~eds was very slow and even after 21 days of inoculation, 
only about 6.3% were ir.fet-'led. Infection was noticad particularly in grooves of 
the seeds where some bits of U1e masocarp were !eft. It was observed that whe
re there was an infection at a!l, the mycelia remained superticial. This was prob· 
abiy duo to !he hard nature of the endocarp which the pathog•;n was unable to 
pfonetrate._i}_. theo_i?,[.Q~ is thus not lifmly to be seed borne in date palm. Unlike 
in seeds of seeded banana where it grows deep into the seed coat and micropy
lar plug so as to be unaffected by surface sterilants (5). 

Germination was obse:ved in both the control and inoculated seeds at 13 
days inoculation. By :?.1 days, germination in the control and inoculated seeds • 
was 77% and 76.3% respectively. There is thus no significant (P '~ 0.05) diffe
rence between the two treatments. Also, there was no fungal yrov.1h grom the 
plated embryo of ungerminated seeds indicating that!!_. theobromae could not 
penetrate the operculum to infect the embryo. This confirms the views of many 
authors (5) that a theobromae is a weak pathogen and only takes advantage of 
mechanical injury. TFiUSl3 theobromae has no effect on seed viability. Thera
dicle of the germinated seedswere-ruso not infected. 

The total soluble sugar available in the control fruit segments was found In 
be 72.50% and there was no significant (P = 0.05%) deviation throughv~- .ne 
experiment. However, the total soluble sugar in the inoculated fruit segment~ 
decreased with tirnt; even though the external infection cover from the 4th day 
remained <:it 100%, (Table ·1 ). This indicates that total colonization of the exter
nal fruit swiace was laster than that of the internal tissue and that the utilization 
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of the sugars was dependent on the extent of the internal !issue colonization. 
Tl101 first partol the graph (between days 0 and 8) Fig. 1 indicates a period of 

active uWizatif>n or u·1c:.' available sugars. This period corresponds to the period 
of ac\ive vegGlative grC>wth (days 0-4) and the production of pynidia (days 5-8). 
fly tho 8th da)' them was a reduction in sugars of about 74.72%. 

fl. theobrorna<~ is thus an aggressive rot causing organism which renders 
the d'ateff.Jil.io\ail\;unclesirabb barely 4Bhrs after it has flained entry into the fru
it tfssue, Tht~s~~ fruits can thus not bG marl~eted and this on a large scale can lead 
to a considerable loss of revenuo. Conside!'ing the role of date fruits in jam and 
syrup industries (8), thi;~ disease~ rnat~?-~ of great economic importance. 
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The Effects of!!· theobm~ on the total soluble sugars in dry, browil, 
highly weinkled stored d!lle fruits 

----------------· 
Time in days %Infection %Total soluble %Reduction 

after inoculation sugars available in sugars 
in fruits 

---···-----------·-------··- -"'"" ······-····--·-· "------·-··-····· 

0 0 l2.50 00.00 
4 100 51.25 29.31 
8 100 18.33 74 72 
12 100 8.75 87.93 
16 iOO 3.50 95.17 
20 100 0.83 98.85 

~~~ 

tJ 

Plate 1: A. Date fruit segment 1nfected by B. theobromae 
B. Control ~ · 

~""""'" 
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Susceptibility of fiphestia ca!idel!a larvae to Bacillus thurin·· 

Dale palm J6( 1) 
published 198!1 

ABSTRACT: 

---gieru;isTocaliso!ates -~---~ ----------

J.F. A!-Maadhidi 
Dept of 1\/Hcrobio!gy, 

Faculty of Agriculture, and Biology, 
0.0. BOX 765, Baghdad, IRAQ 

Five Bacillus thuringiensis isolates were bioassayed against larvae of 
Ephestia calid~lla. Larvae were highly susceptible to certain isolates in their diet 
if exposure began during the 1st instar; they were less susceptible if exposure 
began during the later instar. The effectivness of these isolates was even clear 
in preventin9 adult emergence from groups of neonate larvae fed on treated me
dia. 

~aGil!IIS l::.r~ lr ~ ..;.;':J .f-"-! Ephe~ cali~iidla ,;:.,,UI. ~l-.ol ~Li 
thuringiensis --:;::_--------·· 

c?, ~ \...,J I Li \.:-..) ; ~ 

J!_,JI- >I'"""-;- Y"1 o '-;' . <.7" .• ~)J-!.\.:1\.J M--1; _)I 4-~) .J:~.J ~WI f~ 

::;....~1 

Bacillus thuringiensis lcp~ ,j' :\~ ,;:., 'l_r- :;_w_;j :\}~1 c::..>I.J8l::;p1 

i.r' ~ ~JL,., <.!:..>Li.J! ~l..,ol ;..L.O; c::....;\.5 . Epllestia calidella ;~ 0u _,n J-" 
i! _yS:, L,,::._., '"L,)\J i.l-.~ "L;i Lo lsjy J__, '11.J_,kll '-~ c/'J ~_,N ..l.:.<:- ...:~ '1 _;..JI 
4~ L..a,l ~I, c::....;LS' .;:_, 'l_; . ..JI ,j__., :L,)L.....; 01·. ;~h JG-.11 _j ~,A,r:JI 

. 4, 0 ).,> , I j;J ;.r.;.._,_.,j I .;:.., L; __.J I i.r' e.::--'~ ~p ..l.:.<:- -~WI} I [J _r.;. 
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INTRODUCTION. 

In the past mo decades, among the entornogGnoun !A.2Gteri<:',~ Dt;.Ginus th.t;·· 
ring,~~r~1~ Berliner, which was isolated for the first tirne trom !ts origit:;:::+I~1~·;St i\.f·J·;~~ 
gasta Kuhnieila in 19i 1 and 19'i 5, has recei\tfJd muclt consideration~: fn.mt both 
insect pathologists and economic entomologists. 
~ ll:llJringien.sis has a significant pathogenicity for rcl. lo.rqo nmnbcr of insect 

species belonging to different order (1 ,2). Above ail, B. ttUJJjnniensis i;; e1ppar 
··'•'•·-> ~···"'-'·='c._,.-~•'"""''"·•'·-- "' 

ently harmless to humans/ quite specific for insect pest, pmiicutnrly tho~:e from 
Lepidoptera, and yet harmless to crops, animals, fishes, parcdtes and pmda· 
tors (3). 

r'\s a part of project intiated first time in Iraq, fivH bcte\fHial !::.iCiiutc~; VJore puri-

fied from infected larvae of ~~..Pi:S ~~~£>!~L~~ and §J:ll9.,~~}l~~- ?<:\ii~JV1~Hj and 
identified as.§: l_tH,Jrinajensi§!. 

The present study was conducted to measure the dfectivneGS of thescc ba
cillun isolates in controling la1vae of Ephestia calidella, a pest on dates in tile 
field and wearhouse (4,5). -~~- -~=="""· 

MATERIALS AI~D li!l~THODS 

Larvae ( < 24 hr or 15 days old) of E. calidella were obtained from a labora
tory culture of this insect grown on food mixture of 8% qmund wllole whoat 
12% dry yeast, 6% date syrup (Dibis) and 1% glycerol at 213 :': i °C, 65 J: 5% hu
midity and 16··hr photoperiod. 

Harvested cells of B. thurinc;8nsis fmm slant cultum wero added to ·i 00 rnl 
aliquat of sterile nutrientbrothin.250 ml Erlenmyer flasks. Those tlm;l<s were in·· 
cuba ted at30'C for 24 hr and shaked at 150 rpm. The suspensions thus oiJtai·· 
ned were standarized b¥ agar palie count method and serial dilutions were pm·· 
pared. The marked diHc3fences in the initial sizes of !nocul(.:: were relatively not 
Nide; Such differeces are usually inherated during bacterial dilutions. 

Bioassays of B. thuringiensis isolates were conducted by mixing 1 0 rnl of 
each suspension witli.1oo·g insect rearing medium. La!Vae were distributecl1/ 
vial (30 ml) and allowed to fed on ca. 2g treated and untreated (control) media. 
Mortalities were monitored at regular intervals following intiation of the experi
ments. When death occured in the controls, mortality rates in the tremments we· 
re corrected using Abbott's formula (6). 

To examine the efficacy of bacterial isolates on larval population, gmups oi 
1st ins tar larvae were placed into separate jars ("I L. capacity) each containGd ca. 
250g medium. ·rhree ~:lGI"ial dilutions for each bacteria\ isolate Wfc·Jro tested in ad~ 



Susceptibility d Ep!Jestia cafide!l~! lo Oacillus 

dit.ion 1'0 .tile contror. ThGse prepared .Iars vvere stored in f!le same controlie::d en" 
vironment as th~Y insect cultures. Adult that ernerged were recorded daily until 
nn fwiher o.dutts vvore observed 

RESULTS Ai\!t:J CNSCUSSIOI\1 

The effoGiiV(lfless of five B. thuringienst3 isolates against 15 days old lar-
vae of E. calideHa in laboratorY tr:t&!sTS suri1rt1·arizod in Table 1. Larval mortalities 
were V(i'ri~ibie. iu.nong isolates used as well as w!thin the dilutions of each isolate, 
isolates no. 1 ,;>and 4 gave the highest percentages ol rnmta!!teis of 100, 90 and 
98, respectively at their initial size of inoculum. Moreover, their 10 foids dilution 

was even good in causing l1igh rates of mortalities. Althounh, the inoculum size 
of lsolatroJs no A was the lowest in comparison with that of no. ·1 and 2, its effecti
veness was rnucll better and there was an appearent omdual reduction in mor
tality correlated witrr the dilution. That means the viqor of microbial isolates or 
preparation to certain oxtent plays the rnajor rol<) in determining tile efficacy and 
not only tile inoculum size. However, thH threshold to bring the highest mortality 
certa.inly will not bo more than 2 folds of 0.3:J x ·1 oe 

DiHemnces in toxicity betweon subspec1es of the same serotypG and I or 
mnung diifE!mnt sucspE,cies had been reported (7). Mostly, in all dilutions used, 
it was noticed tha_t JX:mk mortality occurred around 48~ 120 hr after larval introw 
duction. !n gonc:rat, larval mortality was decreased as the bacterial dilution was 
incrcasH.i, except \Nith isolate no. 5 ·which showed unc!ecH· trend. 

The oflicacy of two diflemnt inoculum size ot holate no.2 (with high rate of 
spore vihhility) wmo t(~,ster.i on< 24hr oid larvae (Table 2). The inoculurn size of 
: .l >< 1 Of) G{:;H~::/rn1 and !ts 10 to Ids dilution gave ·r 00% mortality in comparison 
\Nith 88(5{; and 2\--J% respec;tively of· the other inoculum size of 0.25 x ·r 08 cells/rnl 
and ih~ 10 folds dllcn'ion nave i 00% mortality in comparison with 88% and 26% 
r("spectively ol' the other inoculum size of 0.2Ei x i O" cells.'ml and its 10 folds di·· 
lution. Meanwhile, t11ere is no significant differenws beL.coJen iOO% and 88% 
mortalities obtained {X2 "~ 3 -649 · df"'- 1· P>0 -05). 

Apparently, the young larvae wore more susceptiiJre and succumbed to in
l'ection emlier than the mature larvae (Tables 1,2 and 3). Such differences in 
susceptibility, might be due to the individual differences in the physiological cha
racters of th(~ living organisms, being less in the younger instras than in the older 
()ilG,S (8). 

·rhorosults of H1e effectivness of F3. t\1ur_i_r1giensis isolates on adult emergen
ce aHer lnitin! tn~atrnents of tho rnedi38.r~d-~1trodUdTon of I st instar larvae arA gi
ven in Tab\o :1. ln this respect, E. cal\della larvae showed a high suscepti:):lity to 
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'I bacterial isolates. 
All1 st instar groups fed on treated media pid not produced adults at the in-· 

itial inoculum and its 10 folds dilution except with .isolate no. 5. In comparison 
with results obtained (unpublised) for Ectomylois ceratoniae larvae larvae ofk 
calidel.!~ appoare to be more susceptible to any of the bacterial isolates tested:. 
Differences in susceptiblity among pest population to.§_. !~uringiensis infection 
could result from several factors. These factors are: natural immunily of the lar
vae, behavioral characteristics and feeding repellence (9), In addition to the po .. 
pulation vigor (1 0). More knowledge about the mode of action of.§._ I!Juri~g_i,<? .. nSi§ 
on these species is needed before a preciese explination can be made. Results 
also indiacted that microbial propagation and spread through cullme might be 
happened, especially if we compare the mortality percentage obtained from tre
atment with isolate no. 2 using individullarvalspace unite or no. of larvae/space 
unit as in Tables 2 and 3. The usefuliness of the present results are very obvious 
in the programme of controlling this pest. Using a whole treated grain, Nwar•ze 
et al. (12) found that El. thuringiensis Berliner could be applie<i to controle C. 
cautella and. plorJia interpunctella. 
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't'a;bie i,. MmiaH~i (tf E. ~t:BIIcl0Ha !mvw& {15 d~;y~ u!d} fnd "Hi medlm trf~¥:::t0d ~<''ilth dlfh.!lr<:lnt Di!u~ 
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Tab!o 3. t~veragc percent C1Ciuit. c,rrwrgence of_§:..:. c~~ from media treated with differ en 

iutions of_g~ '~~~~~2Q!~~~~ isola\(~S. 
-~--- .... -~ --· . ----· .. ········--··-----·····-··--·--····-·· 
f.\ilu\10ns Adult Emt~ltJed 
·······-·--·-········ . ~------------·-·-- --------· 
lsols~e t'-lo. 1 c/1 10 t 10 ' 
-···-··---·····-··· . ··- ······-·······-- ··-····---.. -- . ·-· ···-'" 

0 0 1.80 
(0.:3:5 ~< 1 ,_;,,_, (132)" (9G) (111) 

2 0 0 A8.90 

(0. '14 ~ 10fi) (102) (9fi) (98) 

3 0 0 17.00 

(0.27G>-.1C') (If!) (9tl) (94) 

4 0 0 18.56 

(0.232x HY') (7!3) (80) (97) 
!) () n.sG 6:1.27 

(0.2~:11- x 1 ot\J ('I 04; (f31) (98) 
____ , ____ _. ....... ·····-· .. "·-····~-. 

<> fnii~81 ,;ixcJ ol 1noculurn (cell!mi): 

b· Number of 1st insto.r larvae usui in ihme replicates. 
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Utilization of date stone in single cell Protein production 

Hassan K. AI Ogadi; Saleh Khalil"; Hamood Hadi and Shafa AI·Nakash 
Dept. oi Palm and Dates, Agricultural and Water Resources Research 
Centrej 
P.O.Box 2416, Fudaliyah, Baghdad 

ABSTRACT: 

A study was carried out on cultivation oi C. utilis in date stone powder 
aqueous extr·acl to determine the effect of the ia.Ctors (sugar concentration, in
cubation temperature, PH value, inoculation, and nitrogen source) on biom;1ss 
yield and protein content. The results revealed: (a) the suitrrble concentration of 
su9ar to produce yeast protein was 3%. (b) optimum conditions of incubation 
temperature and PH value of C. uti lis (S 1) & (S2) were 30"C, 4.8 and 28"C, 5.0 re
spectively. (c) C. utrlis (S2) gave.truire amount of protein than c utilis (S,). (d) 
til<~ inocuiation .. oTtwostages (the first stage was done at tl1e begin.riir1g time of 
fermentation an<i the second after 20 hrs) was better than inoculation of one sta
ge. (e) ammonium sulfate was the best source ol nitrogen. 

o..~>l_,ll ~;JI ~,;~7 f. r_l;:.;i cj _r:]l -5_,; J)\.A;;.,~I 

c)l.i:JI ,ll._.;:.! <.5>l~ .,_,,_,~ , :\..i.,l,;.. 7JL.,. , ''' 5..J...S:.JI .__,_ .. \Jl>- · ,. 
.. " '--- '· .. (J . .r-

n \ '\ ~:'. cr , ;;,,,\l,,JI .,},..JL, ¥•iJ j-JI ~r-~l.i..S.r '.!J-....JI,~ J...?;,;ll r--' 
>IJ .. ~ , 4,1,.~1 

::t..>':>WI 
Gt; 0f~ .... oJ JUI ,,..,~.,Ji d" Candida ,_,.,...;..JI W i..~I.J, c.::._,,.r-':"1 
ct.;;l!\3 _JIJ;J! .b.~3.U PH '~.J,.J ~o-JI o)_r- :.:..,:.>~i.r-UI ;-,s; _r...l...n:J _r-:Jl 

lil;;.)! c:>JL..:;\_9 ·C:,;;i,;Jic:r' ift~J ;;,y-...JI :i.lsJI i.J j.9 J-"" ~h.:c:JI .JJ....v.t•J 

,:,w: uy~.1.ll ('-:·' %3c:1,.;9)1 3 ;;,_t.:"'J\ ;,L:.<JI L_l~':/ ,_,CJI r.?) 4_.;':A.: (l ,)1 
'-)>' 5.0 'i28 J 4.8 'i 30 c,!b ( S _,_ )J ( S 1 ) Candida utilis ..11 c::.....;L) ~ 
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introduction 

ThG production of micro-bial protein from bacteria, yeast, fungi and a!gao 
using various carbohydrate and hydro·carbon mecha is a recent acJvancemGnt 
in the field of food research (20). 

Tl-;e hiomass ot yeast was used as food in Germany durinq th8 first world 
war (5). 1\ lart.JG number of raw materials such as spent sulfate liquor (7), molas
ses (2?,6), hydrolysed cassava ('IS), wood sugar (2'1 ,4) whey (14, 16), date juice 
(11 ,12) and peat (23) were use<J to pro<Juce yeast protein. 

The suitable concentration of sugar to produce the yeast protein was 5% 
(20), 3% (l) and 2% (11 ). Nitrate ('10), ammonium salts (30,2:>.), urea and yeast 
extract (2B) were used as nitrogen sources on the cultivation of C. utlils. 

Tile growth conditions incubation temperature and PH vaiueoTii1edium 
that were set to produce pmte1n vmied according to the yeast used. The condi· 
lion, PH 3.l, 30°C (9), PH 4.5, :l2°C (6), PH 5·6, 3\Y"C (25) were used on cultiva
tion of C. uti!is. 

nie!Jiornass yield and protein content depend on the medium contents, 
growth conclitions and the strain that was used (8). The vHriation of environe· 
mental factors caused changing in bolh quantity and quality of protein (2). Hm
vested biomass was 16.2 g /50g sugar (18), 10.6 g/iiter (!4), 10.0 g/ liter (23) 
and '1.45 g/ liter (1 ! ) when the yeast cultivated on date juice, whey, peat and pre
pared laboratory medium respectively. 

In iraq, dates by-·produc~s are ~n-eKp(:~r!siVH and rlch in sugars (tho carbon 
source) and other nutrients. 

The objective of this work it~ to dHterrnine the effect of suoar concentration, 
incubation temperature, PH value, the inoculation and notrogen source on the 
biomass yield and protein content output of ~...:._L:ti~~ cultivated on date stone 
powder aqueous extraxt. 

Materials and methods 
Organisms: 

Two laboratory strains of candida, C. utiiis (S1) and (S2) were used and 
maintained on potato dextrose agar slantand trons-fered monthly. Slants were 
incubated at 30'C for 48 hrs and then kept relrigrated (4"C). 

Date stone powder: 

Stones were obtained from Zahdi date, dried and crushed by rnillin[J machi
ne (condux D 6450 Hana.u 11/wolfgang) to powder form. 
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Oat~ ®ttm:f~ powder &~qulf3f?Us mtb·set~ 

Distilled water (:>liter:,;) was added to the one kilogram date fl!Om) powder in 
a glass jar. Ths mixture was hE; a ted in vJater bath (90°C) for one hour with conti~ 
nous agitation, cooled and iilterated. The sugar content and the PH of tho pFjpa .. 
red liquor werH adjusted tot;% and 4.5 respectively. 

lrwculmn: 

C. utilis was cultivated on d&Je syrup medium containing diluted soiulion ol 
date 'syrur}('! % su!~ar) and 2% yeast extract. The incubation was carried out on 
shaker incubator (~i0°Cr 'ISO rpm) for 48 hrs. The inoc:u!e.tion ratio was 5% (2C,). 

Cullhlilli<li1 m<ldimn: 

Flask~) o'i 500 em~~ cap?tc'tty, each contained 100 cm8 ot' date stone powder 
aquoous extn:wt, 0.2 g ure~~ and 5 em~ inoculum. The cultivation was carried out 
in shak(~r incubator. 

BkH-:o:~ass (dry $,~eH we5Qih~): 

1\ 50 ctr~3 :.;ample of cuiture broth was c0ntrlfuged for 10 min at 3000 rpm. 
Tile precipitated coils wco~t3 washed with distilled water and recenteriuged. Tho 
washed eel!, were placr::d in tho oven at i05°C lor 20 hrn {"7}. 

!Analytical fB"}thodes; 
Protein: 

Micro l{jeldhal Tecator system (1002 Distilling unit) was used to d'llermin<:f 
the protein of date stone powder and biomass. 

Analysis of date stone powder: 

Procedums used to detnnine moisture, fiiJre, ash, ti:Jtalliplds and total su
gars were described in A.O.A.C. (1). 

Analysis of biomass; 
Reducing sugar: 

neducing sugar were determined by Miller methode (13). One crn3 water 
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suspension containin;;; 0.5 mg biornaSs v:o1::.; plac+:~d rn ct ('}omno water bath fori 0 
rnln. The sample was cooled ~~nd the absorbanc-e n~easurod at 550 mn. Agluco~ 
sc ~)tt-;m..io.rd curvG \rvas prHpared< 

Tot;:d 1~:pids: 

The lotai !ipicl8 of (me-urarn t>iomaEs \N€H"1:: i::>ttracted by :;oXtet system (HI) 
with ~~0 Cl'"';P pGtro!n-urn t~ther at i OO"C ~ocr 2 hrs 

NuG!eic £v:;;1ds:. 

She:w.fer ntethod · (26) lt/a.s l . .i~;ed to dc·l'o!Tnine tftu nudeic ~'-cids. 

Res~,;!h:;; ?t:nd tHse"a.s~l(H1 

Dato s!a ne Pt•wder: 

Date s\)nP. p~._>~Nck~r used it"; U1~s vl'·ork contained 5.6-9% tot a! suqan-.\ 7 .s2r1c1 
tot a: Hpids, 5.3.5% prot.dn, 64.G'}{~ ti.tlre, 1:16% ash and 10.2% _moisture (Table 

I; 

Suqar ;;~:;ncentn~ti(~·n: 

"Tl\c· blornass yield and pri5{ein output of C. utiiis (S 1) l$; (S2) cultlva1fd on dri
tc ~.;tvne powder aqueous nxtract r:-1ediurn wii'f~-~:iHfE-~ientconcentraticns of suuar 
( 1 .. ~; J,4 a. nO f)'~{) we1 .. e pi'(!senlnd in Fl9urcs ('i) & (2). 

nesufL) Fi9U(S (i) rcweai(:)d that a high concentration ot su~mF nave higher 
yk::ld of biomass than a kwlu concentration. The statistical analysis appeared 
tlw.t tiwH-::- \NGre no ~dgnincant diftemnces between weight rr;eans of biomass 
output of C. uH\i~3 cu1Uvated on rnedia of 3,4 and 5% sugar. 

FigUI;e--U!Y'ShowGli that fncreasing sugar concentration up to 3% caused t?. 

de:cmase in protion yield Tl1is meant that protien output ot C. ut1Iis decreased 
with inc1·easing tho sugar concentration. This result is in agrEi8meri't with those 
mentioned by Vanuden (29) and !'Jowris and Torna (19) who observed negative 
correlation betwen growth rate and the protein content. 

Incubation temperature; 

Incubation temperature used for the" cultivation of C. uti lis was between 28-
:'2. ·c according to previous workN's recornrnendations:rfieresults of using in-
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Utilization oi date stone 

cubation temperature of 26,28,30 and 32"C (Figures 3 and 4) appeared that the 
incubation temperature l1ad a si9nificant influence on the biomass yield and 

· protein. 

The inocu!alion: 

Previous results in this work showed that C. uti lis (82) gave more amount of 
protein than C. ulilis (S1). As for that C. uti lis (S;);;;a; selected to be used in stu· 
dy the effect.oiii1iiculation and nilroiien.source on biomass yield and protein. 

The inoculum was added to the cultivation medium as shown In (Table 2). 
The statistical analysis of t11e results Figure 7 revealed a significant differences 
between weight means of biomass and protein output of C, utilis (S2) cultivated 
on media (A, Band C). -·--

The cultivalion on medium B gave more yield of biomass and protein than 
the media (A and C). Broth total soluble solid means (alter separation of yeast 
cells) of the media A,B and C were 1 .4, 0.5 and 1.6 respectively. This result me
ant the utilization of medium contents by yeast was more in medium 8 and led to 
hinher production of biomass and prolein. 

The medium C gave a lower yield of biomass and protein when compared 
with rr,~dium A. 

This result may be due to the following reasons. 

a) The second stage of inoculation took place at the end of fermentation. b) 
!he inoculum size that ad dod to l11e medium C at beginning time of fermentation 
was less than that in medilml A. 

Cultivation ol C. utilis (S,) & (52) at28"C gave a lower yield of biomass and 
protein when compareo >"1111 28, 30 and 32"C. The incubation at 32"C gave lese 
yield cl biomass and protein t11an28 and 30"C. These results are in aqreemen1 
with Evision (3) who stated that a decrease in the yield of the biomass and pro~ 
ein was due to the decrease in the activities of tricarboxylic acid enzymes. 

Results Figures 3 and 4 revealed that suitable incubation temperature of C 
utilis (S,) & (S2) were 30 and 28"C respectively. -

PH value of medium: 

The biomass yield and protein output of C. utilis (S,) & (S,j cultivated on da· 
te stone powder aqueous extract medium with different PH (4.6, 4.6. 5.0, 5.2, 
5.4, 5.6, 5.8 and 6.0) are shown in figures 5 and 6. 

It was foc;nd that the PH had signilicant influence on biomass yield and prot· 
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ein content. The results revealed e. neg3tive corrE:Ii=~Uon between values of PH 
t.,p to 5.0 and both biomass yield und protein co~1tont. 

The influence of PH depends on ex:change of hydrogen ions of the ce!\s for 
\(;:·Is of sorne rninHrals that were lound 1i"l ~he rnedium such as!·( (~~4). 

Suitable PH of ~.:_~!.!i!_i_:?, (8 1) & (8 2) to prOduce yeast protein were 4,8 and Fd) 

respectively. 

Nitrogen source: 

The biomass yteid and protein produced by C. uWis (S2} cultivated on datG 
stone powder aqueous eKtract mediurn with d!Hemnt sourcos or nitrogen are 
presented in Figure 8. It appeamd that nitrogen source hos a significant influen·· 
ce orr yield of biomass and protein. The medium ot ammonium ~~u!fate. gav1-3 a 
higher amount of protein and the !ower yield of biomass when compared vvith 
medium of urea. -This result is~ in agreement wittl tho Va.nudcn (29) ·vVho obser~ 
veda negative corr~)lat{on betweon biornass yie!ci and protein output of C. uti lis 
cultivated on medium of amrnordurn suli"at~:::. ____ ... ___ ., ___ _ 

Chemical Ci.:)a~posiHon~ 

i 0.87 g I:"Jiomass \•vas obtained when G. ut!l!is (S2) cultivated on a shaker in-
cubator (28'C, ·150 rpm) tor 48 t!rs. The res[;lis(Table 1) showed tr,at biomass 
contained 42.2% prot(~h\ 2.1.T% sunar, 3.8% lipids and [5.78% nucleic ncids. 

It was ob.se1 ved that U1is biomass was a good source ot nutrients (protein, 
sugar and lipids} and had a lower content of nuclelG acids \:han 6.19 nucleic 
acids of biomass produced by Macris and Mokke (22). 
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AI. Onaidi H.K aofa\ 

Figure 3 
Biomass out put of C. uti lis (81 ), (82) cultivated on medium (1 00 crn3 date stone 

powder aqueous extract- 3% sugar-, 0,2 g urea) (PH 4,5,150 rpm) 
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Utilization of date stone 

Figure4 
Protein content of C. utilis cultivated on medium (100 em• dats stone powder 

squeous extract- 3% sugar, 0,2g uree) (PH4,5, 150 rpm) 

/ 
I/ 
/ 
' {;.\Hi~t" (::1 1 ) 

<: 

I :; 
~ •! 

I ~ 
r .; ff 

l ~ 
~ ~: 
I ·' 
! ::-: ' .. 
~~ 

.: !; 

i ~ r ,_; 

I 
' I -: 
f " 
i 
I 

·~--r--.---r--.---~~r---r~ ~ 
' 

"""'""""'"""""""'-' 

~ ~ ~ 

., ... 

LSU (ofs-1) U.006 

N 

, .. ~ 

LSD (ols2) · 0.016 

325 

~ "; 

' 



AI. Ogaidi. ki.K aelal 

Figure 5 
The efkd of PH on biomossyicld of C. utilis cultivated on medium (i OO.Ocm' da" 
Ia stone povder aqueous eatract. (-3% sugor- 0.2 g urea C. utilis) (S,) & (S2) ci" 

cuba!ad at 30, 2s•c ruspeclively) 
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Utir1zation of da!(~ stone 

Figure 6 
The Protein content of C. uti/is cultivated on medium ('I 00) em" date stone pow·· 
der aqueous extract- 3% suqar, 0,2g urea) (C. tJ!ili~; "8 1" & "S,," incubated at 

.30,28°C resbectively) 
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AL Ogaidi. H.l< aefa\ 

Figure 7 
Biomass arid Protein out put of C. utilis (82) cultivated on date stone powder 
aqueous extract·· 3% sugar. (PH 5, 28°C, 150 rp(fl). 
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ClARIFICAT!ON OF DATE JiJICF PY \"=<" ~ MING TFC: , !•)UE 

J!iifllr S. AHiaklmk, Yousif Ali*, Su!l1n1 H.F. AH\I!adfal and F:;dia Y. Balta 
perio!sum Ra~!!rcll Centra, Scfentllic fl&~Search Council, Jo>diriys, P.O. 
Box 10039, !Sa!ilx:!ad, Iraq. 
• Otlpalmo®nl <:~f Chemistry, Collegu of Agrlcullure, Abu-Ghraib, Baghdad, 
lr~~q. · 

.~1\!STAACi: 

In !his study we describe a new rmn·distruc!ili<J and facile method fm dale· 
juice clarification, namely, foaming technique prt)(:I!Ss. This was ar.hiav;;d by re· 
moving the llaigh molecular weight components of the date-juice, by selective 
adoorpticm ollhe molecules of these oomponems with high surface activity, un 
the swiace o! rising gas bubbles through fhe date-juice. The remaininu boca me 
clear pale yellow solution and had mostly the monosaccharides. 

<}' )! ;:,r...A ~~ ,r.:-AP J!.,j j 
~-~ ...•. H r~ ,.;v ~.r.. , .!lK.Jl .. ~,L,p -~ 

. ..aJ...;,;._.J I ·v 

Jo_y;J '~_r"'.> (non ctistruciive) ;;.,;')\;1 y.iY ;;.;1_)-' ~!L.>-.;1 :\..,..1_,,\.JI ,j,p. ,j r; 
,j,p. c.;.tJ 0->..J,;li ~-: . ~..J) .;!,...J! r.a...ll.) ;_,.<.) .:.r-PJ J....:.<.i _,_dl ;.,,.,= 
l~ . .sJ , (adsorption) L>j\_.?4 )WI .j-!~1 0;3J1 -:.>1:> .;:_,l;~! .\Jij~ ~)o.ll 

-~ .r? jiJ. viJ.LA> ~"'~ -~ :i,;fo..jl •-~ )I c.# . J.,)IJ. ;;,....J..~ 'JW ..::,I) 
. }'..:;.II 

0 j Ul~y ~\_; J_i.,,! ,·;) l~:,J (Clear) ~L,.. ~-'.J~ e:-'Ui .r~! .)I 
. :i.;ol>-'11 ,.::.A~_f.-jl j-" .Y'L., 'YI 
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iNYROOl.ICTIOI'4 

Da!& !mit:> Is ooneiOOroo coo of 100 impmoot aglictJ!rural product m Iraq. I! 
has bean used illd•11rtriuly tor tho proouctloo ol vinaqar. e1harwl, protein ya!ll!l, 
lllhis' (1) i!nfl 1et'1lntly lcwlha prO<.iudlon ol!k:jt!id sugar. Too clarifKJatlofi ol dalol· 
jtliro lilf lh<> production of liquid &(.'QI!f i~ oonsldtlmd one of tha major problmns in 
this industry. Two ~nown processes ara appliw.:l; one by the use of enzymes 
:auoo as r<Jrh'<lru~e, ca!iuclast ~<nil ~tmy!<~sa (~~). !!rid !he S()C()nd Is chamical pro
CSS!ro, wl'tara lime il> mainly used In a~~ liquid sug.~r plant (3}. 

lnlllia invtlsligatioo a physiCal oon-<listructiv©lachniqu!'l nama!y, foaming 
ruld !J.uilb!e fmc:OOnu!lon. is used. The prtmttf)' objective of the cleuifit:'.ali011 of da· 
!&-julw is to remov11 n10Si of ihe biiJh moloouku· weight componcmts, such as lhe 
pmic subl!lances, wilXes, \lUms, proteins and any other soluble polysacchan
dfJ!l. 

4 S')lbh~ }13 0; kw1a1 ~tsfi» ~a.r & brown thict ds~e :llft11P 

Foam .oopara!lon technique is basad on the selective adsorption ol surfaoo 
active m<JIOOHk~s at !he surlace ol bubbles which rise ihrough a column or llqud 
and prooue0 a lnam (4). It has be0n used in separation of polysaccharides mix .. 
lures (5). lmctionalion ollha pectic substan<:es ol apple (6), and fractionation of 
synlha!le polymer® into narrow molocularweiql1! curs (7). And mos! recently for 
tho kac;tionation of date juice (8) .. 

MAT'Efi!At. i'l!\lt'J MiFfHO!lS 
M!!t~ri~!s 

Samples ollehdi date variety, 1985 crop, were obtained !rom the agricultu
re and water resourcos research center and stored at room temperature (25") 
until further use. 

Prepar~ilon of date Juice 

Date fruits were pitted and soaked in 3:\ (w/v), water: date ratio at (40"). It 
was then homogenized using a food processor, cooled and centrifuged at6000 
rpm lor 30 min, at 5" (Bx•. 16.9). 

Foaming 

The foaming ttpparaius shown in Fig.1 was used with 3 different types of 

:no 



l~nll!W®®$ 

Ttwbl«lii.y 

Clarification oi· date .Juici::l 

columns and solution pool (A,B and C). Dillerent Nitrogen gas flow ra!e was re
quired to achieve stable foam in each run. 

Turbidity was determined using a (HACH 2100 A) turbidimeter (Table 1). 

Coi<mr 

Optical densitiet> were measured at a wave length 520 rtm using a spec'<ro
photorneter model Unicam SP1800 (Table 2). 

lot~l ®oluble !!!iJI!ds 

Degme Brix (Bx') were measured at 20", using a Carl Zeiss refractometer. 

Sugars content 

Sugars (glucose, frectose ... etc.) were determined using a Pye Unlearn 
HF'LC system, fitted with Ucrwosmb-NH column. Samples, 20 ul, of each frac
tions were eluted af 1 .-nl/min. Tile mobile phase was acetonitrile, water in a ra
tio oi l5:2!o (Table 3j. 

R<!SUL T AND OlSCUSGION 

Clarification of date juice is basically a process useu to remove most of the 
date juice components except for tht" sugars; either by separating or distroying 
them. 

In this invistigation, three loam fra.cttonation columns of different dimen

tions were used; because the dimentior. of the column is an important factor to
gether with the concentration of the solution and flow ratio. In a resent stOdy (6), 
pectic substances were foam fractionated using a similar apparatus as shown in 
Fig 1. It was shown that the flow rate was the main factor for the fractionation {6). 
However in the present work, a fix flow rate was used for all the runs, but chan
ging other paramenters. Initially preliminary runs were carried out on solutions 
contaning equal weights of standard Dglucose and 0-frectose of diffrernt con
centrations; in all runs, no foam was produced. These observations suggested 
that separation of heigher molecular weight components (pectic substances, 
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'Naxe:s, pmtelnG! ntc.) ol' date juice could be po~>sible if foarninn technique was 
pertnrn1ed. 

\Nhen fo<:Hninp V-./~~s applied on H drl.tG juica ~?.3 8x0
, a comp!c~tE~ ct:ni~ u1.n.:w 

i.e., t.ota! foarning W0}'J observed in a!! '(1·\rer?. typo~: of ccdurnns used. ['10\~Jr:wer, a 
2.a BY-0 of date ju~cn '#aS oniy pr~db!!yf;_::arnod ln co!urnn A. !twas therefore sug~ 
gested that thG uonc8ntration of tl"l-~.~ juice v.ra.s irnportant !n order to haV(1 a stable 
fo::~m which is neco~;::;ary for the ~i:ef)aration pro(X)SS. 

Expe-riment.'::< ?lc;re G·m· ied nut on dil"h::n:~ni dat:=-:; juice concen~rations ran·· 
gino front 4.6 Bx0 to 2:3 8)(0

, with colurnnf:; of d!Ht:;njnt sizes (Fiq. 1} and there

sults of a ~~~t:!lectod runs are show(\ in Tab!r::; 1, vvore a cornparision ls made bet-
weon foe:d, colk::ctecJ foarnate ar•d residuD.l solution in hmn of terbidity units. in 

all runs podornH~d. th1~ residuol soluilon has rnuch loss turbh"Jlty tl1sn the feed 

solutions and tho turbidity c&.us!n~J ~X}iT!L'!tlnenh:; woro accurno~atGd in t!~·:·· foarna·· 
tG; \i1 roost cases tho·i were, jellifien. 

Color rrH:3asurments 01( the \"oaJnate end tho r~~siduai solution shovvncl 
sirn!1ar tranods table 2, 

Thr:1 results in tab!os i, and 2 shovv 1hat whfm usinp co!urnn A (2crn IDL a 
cicar Golution \tlfas produced frorn !he 4.6 Bx.O date .iuice \.'!liH·I turbidity of 10 NTU 
and co!or of O.i25 nm. Ho\"'iever, usino a w!dc:r colurnn B (2.8 em !.D.), the resi

dua! ~~o!ut!on hHd a hioher turbiditv va!un but iov\/or in co!or. h was a! so noted that 
when using column 6.(4cfA !D) r:a jeB wai3 formc:d on the sides of the column c::~nd 
in the roc:eivrJr. This jollification wuB on!\1 ob::·::t-~rved in column C.": and wher.Julco 
concentration was above ·1 0 .. ?. Gx(1

. A possible explanation ~~~;ven to this observa·· 
tion is that the ratio of the pt~ctic substano.?s to the accornpanied monosucchari

des is favorabltJ ior jollification. 
It was concluded, ·iwrn the results ohtained from the dlfferent exper!m£;nts, 

and taking into account th<) econornical values of tlte process, that using date~ 

juice of 10.2 Bx0 with column 8 (2.8 !D) gave the best results. 

The pt~rcentage of the foarnate volurne to food solution was in the range of 

i 4··;15% and they had similar monm;ac:charides ratio (Table 3\ This could be 

due to tile cany over of the monosaccharides with the foa.rnable materials. 

In order to minimize tile carry over of the monosaccharides, ethanol was 
added to the date juice and the mixture was then subjected for foaming. The foa

ming process was slower, in this case, than usual and the nugars content were 

lower in the loamate but higher in the residue, as shown in table3. 
From Table 3 one can conclude that, when date juice ('I 0.2 8x0

) was used, 
foaming did occur but with higher percentage of foaming volume (22 for loam ate 
and 78 lor residue having same ratio of sugars content). On the other hand, the 
ethanol containing date juice had a lower !oamate volume (18 for foamate and 
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821or residue) and the monosaccharides ra~io was higher in the residue. 
Following this non·dislruc!ilfe method will minimize the use of chemicals 

and omit the use ol enzymes in the process of date-juice clarification.lt also has 
main advantage that the materials separated in the foam could be subjected for 
lurlher fractionation to obtain products of value in the food industries, such as 
peclic subslances. 
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T-·1• Turtoid!tf 1\l,TJJ. 

a... Column 

4.2 ·A 
B 

oo a 

10.2 B 

c: 

F"ood 

125 

125 
137 

200 

200 

~ Foamste was cvlki'ctad in two f!'-Mt!OOS. 
•• Cootpie!a jelli!catloo of p;.x;tic st!OOI"""""· 

T-·2-~oor(nml 

Bl!". ~umn Feed 

Sl1mp!t.~ 

ResldU{l 

10 
2'J 
82 

19 

81) 

Sampl• 
P..GSidua 

··-.,.-~---------~~--------- --~--------·-·· ------- ·-- . ------·- -----. 
4.~ A 0.5 0.125 

B 0.5 0.07 
6.5 I! 0.59 o.rw 

~0.2 B 1.09 0.25 

c 1.00 0.39 

"' Foama.te was coUceti:t<i is two fractions. 
•• Comp!oia jetlllc:ati<>n o! poolic subsim!COO. 

Fr;;:amat£e 

jl)t) 

3"?0 
~1011'1' 

29-lHF2 
250/fl' 
:-t90/fi~ 

24"' 

F~Nma1a 

0.31 
1-97 
U.'ll/FI' 
1.0011'2 
Li9/F1"' 
O.:l!F2 
O.SA··· 

T&ble (3j III'LC enatyaes olo~gllnl In dalejolca and lrm!om• fro111 column B. 

Bx' 

Date juice 

10.2 

10.2 
·t-10% 
Etha110la 

Sample Sugars area 

Glucose 

food 7.40 
foamate 7.25 
residue 7.58 
feed 6.48 
ioamato 5.25 

tesidua 8.52 
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Fructose of volume 

5.33 100 
5.30 22 
!i~~5 78 
4.85 100 
4.12 18 

7.09 82 
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T!t!e: The Efficiency 1;1f the Simi Date M<!rketing System 

fl!zvj !i!lunoor AU Bh&ll and Dr John Oavis'-
'lile authors are, msp<!<:tivel;r, >'e<:>!~<~rcll student and Lecturer !n Agricu!· 

tural Ec<.>nomk"l, The O.uoon's tlnhl<m>ity of Belf&sl, En-9 5PX 
A<JSiRACT; 

Tho aim of this paper is to analyse and evalt~ate production and exchange 
enicitmcy in ihe Sind dale rnarftetiflg systern. 

At pr~sent there are certain difHeuities in interpretation and measurement, 
but despito thes~\ criteria oi ''wod(ab!eil t~ornpetition, provided a suUsfactorv 
theoretical and BJialyiica! frmnevvork. A fra~~rnented production structure !.s id~.m~ 
tifiHd and thi~; is as.$or;iated with im:ffidant use of resources. Consiefoml)!e varia
~i(;n in production aftic!snGy b(~tvleen districts is evident Efiicip,ncy at wholesala 
levHI is rel&k1d to i!rm sizt~ and busim~ss functions performed . 
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Rizvi· Munear All Shah 

INTRODUCTION 

This paper reports the results of the final part of a three part study on the 
structure, conduct and pe1formance of the date market in Sind, pakistan. Re
sults of the first two stages were reported in earlier papers by Rizvi and Uavis 
(1985) and (1986). 

The relative efficiency of production and exchange has considerable im
pact on tl1e welfare of enterprises producing and marketing dates. Efficiency is 
also a matter of concern to the consuming public since it ultimately affi:'CI$ the 
prices paid by consumers. According to Kohls and Uhl (1980), marketing effi
ciency can be increased in two ways. Any marketing change that reduces the 
costs of performing the functions without altering the marketing utilities would 
clearly be an improvement in marketing efficiency. Alternatively, enhancing the 
utility output of marketing process without increasing marketing costs, would al
so increase efficiency. According to Gibbons (1970), production is deemed to 
be efficient when the required output is obtained with minimal resource input. In 
simple terms, the aim is to use and allocate resources effiCiently in order to ma
ximise the output-input ratio. 

Production Level 

In order to evaluate efficiency at the date orchard level in Sind, analytical 
coverage was extended to the two main date producing districts (viz Khairpur 
and Sukkur) in Sind. Together these cover 96.5 per cent of total date production 
in Sind. The period of analysis covered only one year,.ie 1983·84. Clearly, this 
restncts the conclusions which can be drawn from tile analysis. 

Efficency at orchard level has been measured as a ratio of input to output: 

Total costs 
-············ = Average cost per rupee of output 
Total Revenue 

Thus, this measure reflects both the quantity of an orchard output and the 
average prices (date variety/form wise) received. Similarly, total costs (esta· 
blishment, fixed, semi-fixed and variable costs) incurred in production and mar
keting were divided by the total quantity of output to get the unit costs (rupee per 
maund') in each size group, by district. 
--·---... - .... ····-···~···~-----------

1. "PN m<:~und" has been used as "Unit" equivalent to 40 kg. 
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To measure production eif;Giency in agricultUr(~, thG usual procedure is to 
compare the costs and returns of the indlvidual farms iN!th a orour.:i or rcqiona! 

· "avera9eu and sometirnos with the "rnost efticiont" levrJ. (D;:wi$ P U?6) ha~ i:J-;j·· 

inted out two drawbaCks of this tll(~thodoiogy, 
(a) it is not El. nonnr1tive cornpc.ri~;on, ~linen it iJ~'!lV s:;how~. \!'Jilt~\: has been 

achie-ved in pr;:.lc:ticc; anrJ C&.i 1 not indicate v11hat the i~;:.v~~~ of etfidt:}i.1Cy ~·;huukl be. 
(b) On an interregional bo.sis i'i is only rnoA.nin~)ful to n1HI<:CO>Cornpadsons bHt.

wcxm ''i)roaJ\y siml'iar" farm typos. 
However, in tl1e end he concludod that it wns a '·workabkt approach to the 

problem ot eH\c.!cncy measurement. 
Due to lack ot precedent data, it is difficult to know if a cizJe orchard ls opera

ting at tile "max\mum attainable pmduction eHiclency" or "lyin~l w!thin ii" and 
even what the "!ovvE:t~t costs" are i·or a given production process. Despite these 
drAwbacks, tt1e methodoloqy is valid 2nd ust:Jfu! tor .::tnniysing wllethcr H1e effi
ciency r.,f resounx~ use in ono size group or district is better in rt-:lmion to ott1er si .. 
.ze: qroups 01" district. It is also 01"18 means tly whlch a quantiU·ve association t)et-
\Neen structure, conduct and performance rnay be rleterrninecJ. Therefore, con"' 
sidering the Jirnited d0.tn avo.Uat:dc~, ihe only pra.ctlca! r-neH1od for rnnnsuring f?ffl·· 

cioncy at the dn.te orchnrd love! is to cornpn.r(J the etficlerH;y boti.NOt:n the di"ffe-
rent siz.(~ group orchar-ds on a total input-output basis ciurinq tho sarr1c lirne pe
riocl 

Firstly, thi::; methodolo~]Y was applied to the Kht.:J.irpur districi (wiU1in diffe
rent size ~1roups) hncause date orchards in this district am of a "broadly sirnila.r" 
type atKl, thcmnHer, a comparison VI/as rnade behveon efHclc·ncy in two districts 
(viz Khairpur and Su~.:;l.:;ur). A straight comparison of this kind b<-3tween the diffe
rent size groups in the two dist1·icts nec~ds to take account of tho following lim ita·· 
tlOilS. 

(a) Khahpw district is popular for tl1e ""Asil'' variety whereas, rnost ot the 
plantings in the Sukkur district are of the "Fasii" variety and yields here have be'" 
en declinin~J. The date qrowers in the ~:::ukkur district WE:)i"e ti"lHI"f::<lorE: reluctant to 
incur high production costs in these old orchards. In contrast, growprs ln the 
l~hairpur district were keen to invest, in order to get better yields. Thr3fclore, the 
differences hntween date variety, yield and costs, prohibit o. straight comparison 

·t>etween the elate orchards of the two districts. 
(b) 1'\hairpur has a natural advantage in date production due to superior soil. 

The water table is hi~~Jh in this district and irrigation has a significant impact on 
the date output 

i. l<arachi division hAs 3 dis~rlcts, but here is c::ounted 8S one district. 
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lJVhnlescdo Lovtt'.!t 

/\\ \~/hOk~salo !eve!, duo tc1 non" &'·n)if;:;.bll!ty of r.wiclng dG.tH fn;;rn_t3ach district 
llnrke;, \he analytical cover:·'ige oxtends to t!"w thrEW: rnain wtJolesale rnarkets 
viz Sukkur, Hydc-:ra.bad 1.-J.nd i<arachi';, which toqether account for (:)2.4 per cent ot 
H1e tota: quHntity rnnr\{(}it:Jd HlroUGh Gincl auction mari{est. T!1e renudnino quan~ 
iity was sotci throu9h the othor ten dlstrict rnarl-:.cts in Sind. The f~fticiency ot the 
procurerr1ent centre::-;, \·vho handled 18 per cent of the total production in Sind, 
has been orn!tled due to !ack ot authentic costs/boncfil data frorn ti1ese centres. 

The Hweo aspects of etficiency at whoieso.!o !eve! evaluated are, labour· 
pmductivlty', economies of size and capacity utilisDtion. For ,·;_na1ytical purposes, 
comparisons are rnad'~ between Sukkur, Hydera!xld and K.arachi wholesale 
rnarkets usinn as a unit of measurernent rupees per rnaund hand!ecl by (.:;ach 
who!osalo firm. The reason tor comparing the:~e geographically separated mar
kets \:1 Sind prov1nce, i~* the lack of a "standam" rneasure upon ~~t)ich to base 
such an ana\ysi::. ot efficiency. In o1·der to_rw~trict t!re- comparisons to the "broad~ 
!y .sirnilar" wlH)insa!e firrn.s, the calculations foi· the two rnain types of who!esalr 

firiTl$ ic:~. 

Types!\ <11Vi E.: aru rnac!e separately (Fiizvi and Davis, i985). A ~~traight 
comparison be:\Wec~n \\NO types of firms could be rnisloading due to diHerences 
in theil- rnarkc-iinq functions, method~> and costs ot bu;::;iness operation. Similarly, 
the fin--n:) h~mdiino unprocessed (fres!1) dates exclusively were not included in 
thls_study because: (i) there is a siuniticant difference~ in the prices and costs bet·· 
ween processed (dry and dehydu~ted) and unprocessecl dales, and; (ii) the tra
d(~ period for tho unprocessed dates is limited to the date season only. 

netaii ie\1(;1 

Measui"0111ent of eHiciency at retail i()ve! is rather difhcult. T!'Je analysis is 

therefor'(' limited to two components of the operating costs··total fixed costs' and 
per maund variable costs. 

i. Both these finm; ~re distin~wtshed by their markctinq functions. Type;' A" wholesale firms 

work as ;~uctionecr~; in ! he same market and provide loan and other rnarkBt ft::lGil!tles to the 
dal.r;: sellers <Ji\d buyt:rs (~xdusivt~ly. 

2. Thr:.' ~it<:!~(! cost~, inc:t;ned (~xc!usively on da'ie trade by a retaUcr could not be easily scpara .. 
led, dur~ to tiH~ typic;:..Hy ,nvf:!rsified nature of retail shops coupled with their poor accoun~ 

tinn •·ocurds. 

340 



Sind date marketing 

EI\IIPIRIGAL FINDINGS 
1~ EFFICIENCY IN THE PHODUCTION SECTOH 

·1. ·J 1\hairpur drstricl 
Table 1 shows that the lower averagr; oporalinn costs (ie. f-\upees G5/fJ7 

per malmd) of the largest size group which suggests sup(0rfor efficiency in this 
group. However, at Khairpur date orchard level, there are many external factors 
influencing yields over wr1ic1"1 managerial decrsions of datcJ growers have little di~ 
rect control. Interestingly, the smallest size group oarnecl higher average reve~ 
nues (ie. Rupees 201.07 per maund) than the two larger groups. Tr1is was a con~ 
sequence of the outlet to which date growers in larger siw groups sold t11eir out~ 
put ie. to the procurement centres. If the elate g,·owers behave rationally', it 
would be expected that they would sell their surpluses to the most rewarding 
outlet. However, such crroice depends also on the feasible outlets available and 
the financial conditions prevailing in the Sind date market. 

It is apparent that the average fixed production costs incurred by the smal
lest size group (ie. Rupees 25i~l4 per rnauncl) are lower than the larger size 
groups. This suggests that iurllror research is required to determine the rela
tionship between size and eHiciency. Whether or not such a relationshop does 
exist, one can not assume that Hw largest size group had the greater efficiency, 
since a lot of other natura! and individual factors can influence production effi~ 
ciency. Nevertheiess, tho lower unit costs of the largest size ~Jroup does suggest 
that economies of SIZe do exist although the precise magnitude of these econo~ 
mies due to size alone would require furtt1er research, 
I. 2 Comparative production efficiency of Khairpur and Sukkur districts 

Table 2 shows measures of overall efficiency in each district. This analysis 
shows that the fixed production costs (ie. Rupees 25/88 per maund) incurred by 
the Khairpur date growers are 142.3 per cent hrgher than the Sukkur date gro
wers. Howevc"r, net income per rnaund (ie. Rupees i 35/5"1) of Khairpurdistrict is 
25.5 per cent higher l11anthe Sukkur districl,which;suggests better overall per
formance by the l<llairpur date growers. This relatively superior performance of 
Kharrpur district is lilcely to rrnprovo in future, due to faster increasing yields of 
and prices for the Asil variety in this district. 

------
1.1t was not the purpose of 'l.his study (being concerned with improving the performance of 

marketing) to dictl?ltA seller choice. Rather, the task is to suggest ways in which the results 
desired by sellers c::mid be!<H.:complished ie. higher returns w!th the same cost. 
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2- EfFICIENCY IN WHOLESALE SERCTOii 

2.1 Labour Product·,vity 

Table 3 shows that the Sukkur assembly market is more efficient than the 
two urban rnari<ets viz Hydr0rabad and KarachL This reflects thG relatively high 
quantity handled coupled wrth a lower number of employee. Average quantity 
per employee of the type 'A" wholesale firms was 58J per cent higher than the 
average for the three markets. 

In Hyderabad and Karachi it was lower at 59.7 and 81.6 per cent respecti
vely, 

Sales per employee and value added per employee in Sukkur market wer<~ 
149 and 139 per cent respectively of the three markets average. In Hyderabad 
and Karachi markets these ratios were enl1anced to some extent to 68 and 67 
per cent and 83 and 94 per· cent respectively. The somewhat smaller gap in per
formance between Sukkur and the other twq urban rnar kets using these two 
measures reflects differences in the selling prices (and possil1ly in the cost-price 
margins) and i•1 t11e variety and forms of dates sold'. 

Sirnilarly gross output per 100 rupees labour cost indicates the relative effi .. 
ciency of Sukl<ur assembly market, which rs 175 per cent of the average. In Hy
derabad and Karachi. it remained 48 per cent and Tl per cent respectively. By 
comparing measures 1 and 4, it is evident that in measure 4, Sukkur assembly 
market is about 1 .B times the average, whereas, with measum 1 it is only 1 .6 ti
mes which reflects the relatively low wage costs rn Suld<Ur market The same 
position seems to hold fortyre "13" wholesale firms who show even better relati· 
ve efficiency at Sukkur market in comparison to Hydembad and l<arachi mar
kets in all the stficiency measures employed. 

The labour productivity of Karachi wholesale market was better than thE 

Hyderabad wholesale market 

2.2 Economies of size 
To evaluate the second aspect of wholesale efficiency, a cross-sectiona 

method has been employed, which provides some indication of the size/cost re 
lationship. Figure 1 shows that in type 'A' group firms, no firm was worl<ing in thE 
lowest size category (ie. below 15,000 maunds) in these three markets. It is evi· 
dent that the unit costs incurred by the largest group of firms (mostly working ir 

Sukkur market) were significantly lower than the costs incurred by the firms war 
king in the lower size groups (those working mostly in the ott1er two markets o 

1. Handling of higher value date variety and forms coupled with ICJwer unit costs will providt 
higher margins and thus labour productivity measured in monetary terms will be enhan 

ced. 
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Sind province). This enb.ly::>i!:? .sug~3o::;ts a reldtion;3hlp b~~tvvcen size and unit 
cost;3 iOl" both t;/P(J£3· ot 'Nh~-:;l;:~:.)<'.llH fircnc:: .. !t b not; iO~:;sibh3 to m.;::;d"l clefir.ite conciu · 

sions baHed on thls nr;;.;dVSif. abot.A the.; si~Jn\"ficancu of 8Conr.ni!~.::u oi !'->i?e tiled, 
accord!ng to proc::uckw; >l!"C.; pract~c:t-~ily Bh.',:c~y~·~ avail3b!t~, Nev·c ;·t?·(:rlc~;s, 
the~:;R r(<1Ults dernonstra.tH supedoi· ;;~Thdcni..:V of typu 'A' vvi·lo1eS<:I\lJ firm.s com .. 
par0d to 'C' iirn1s. T'hc resuhs !.~i:?o :>U(J!JCSt ti':nt Uw costD seoc .1 1.0 ccJwet"go 
as tt1c s\zu oi Hrn1 increases. 

8ain (18b8) h8S enuiT!'.:J(\J.teci 1'hrcG pu~islblc r6lat.ionships be1v¥Gt::n a fln--n's 
s!zo and its effici(:ncy. !n the situdtior. def::crih8d in this papel'the large$( i'irm si

tJ:: qmup hr.:s nvident!y1 not boc;orne "L11~-Junou~.Jll" to suffer perceptible cH~;eco· 
norn\es of ~arge biXE.•. The rf~ason v,;mdd app8ar to be that the largest ~:jizn qr:y_.ip 
ha1:: nDt yet ful!y e.-.:p!oited al! of avgiiabie si.:te economies. Therefore•_, i'i vvou\d he 
a ''raUonai" inteqJn~talion of thr:: data to conclude; kmtath,ely lhnt fhtm~ in tho \ar .. 
nest s!ze qroup nrr::. more efncit:mt and that an "unl;:nown" range of "opt;rnurn ., :::;,<. 

zc ox.ists. Thr·: lower limit of this rtwoe ~vould be at least the largest sizH nmup 
anrJ.ly;:;~~d hero(!:-:::. G5,000 mnunds and above}. Ca!.ition is needed in ir-?tei·prr::tlng 
thl?-r~e Onclinqs t)Gcause many of U tOSG nrrns may not be worl\ing dt. th0 optlnlr_>.i 
point on thc..;!r ::-:.hnrt run averagr3 cost curves du0) ~o underutilisation ol capacity'. 
However, the fr;.ct that a sizt-;/ efficioncy relationship seems to exist. is an lnesca
\)!e conciu~:~-io1) lrorn this analysi!·;;. 

2.3 Ct·lpnity utlH:~aiion 
in k'1rmG of cfficicncv it is dosiraL·Io r11 wholc.-:>l:de iovei for f'irrns to c1perate at 

len0l. a.t the minirnHl opUr-r18i size~. Tho extent tqwhit-.;!·1 Hrm~-, ar·e ablo to rJ.ci"'deve 
H1is ~:•ize of oporatlo:\ has a s!qniflcant effect on production efficiency and there~ 
fom i.nlilwncc,.s not only the unit cost of operation but tho pro til ~ositic!l1.S.S welL In 
e"v'\'Jiuatinq this asf.':lOct of eff\ci<:mcy, 6!1,000 maunds, has been assurnod tn beth 
de~dmd rn~nlmum Gfi'iciont size (rn.e.s.). The extent to which ¥inns handied qua.n~ 
tities b;;;!ow lhe iYU.;.:>. level would provide !):Orno indication m< the !ikety I08s in 
production etfidenc:y. 

Hqute 2 shows the extent to which typo ·A' and 'S' Wllole~;a!o firrns were 
able to aei',ievn thek targf.)t durlnn th(; dale season (ie. betvveRn ).uly and SepA 
tember) and fn Hv:: re~:'it of tht~ year during the ·19B3-- 84 season. !t is apparent 
that, in Sukkur cna!"koi·, t}fpG '!\' ;;;nd ~u' firms Wi..:":rr;: both to operate close tom. e,s. 
during the date SHason, particularly type '/•~' firms w~wse average throughput 
was about 94 pt~rcent o! nr.c.s.in aU the tt1ree markets type 'A' firms were supe~ 
rior to type 'B' Howev81', in Karachi and Hyderabad in particular their aveage 
throughput was only G9 and 30 per cent of m.<l.s. respectively, considerable be 
low \he Sukkur average. Thi'' analys<s cions not lead \o definite conclusions aiJ 
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out losses in porduction efficiency as a result of ~~rnaii size-fif·ms, However, it do-

es suggest that 1h~31'G WGre- substantial inefficiencies at 'Yvholescile level, particu
lar!y in Hydmabad and !<arachi markets. Utilisat1on of capacity remained vGry 
low during the off<;eamm in all three markets. 

3 EFFICIENCY II\! FlETAIL SEGTOI'l 

Table 4 shows tho relative importance of thf! t~.ovo measun.;.d cornponents of 

efficiency at Sukkur, Hyderabad and Karachi retail rnctrl-<ots. 
The variable costs per rnaund at Sukkur retail markut were ·J4.8 per cent 

higher than tho average variable costs of the ti·n·cH:~ marl<et~l. This may reflect 

market externalities caused by narrow and congested Sukkur market streets 
which wouid increase wa.iting and loading t1mes of traders. The '·effectiveness'' 

of Sukkur retan market wus bcttr:?! with regard to totai fixt:1d costs--reflecting lower 

we~ges and rent and rates in thi~; market. Howevr:r, the perfcwnance of rc-:1tai!ers 
in Hyderabad and t\arachi rnarkets was superior wiH1 I"Ggd.rd to unit variable 

costs. 

CONCLUSIONS 

(a) The fragl-rientod structure of the date production soctor seems to be a~_:; .. 

socioted with relativn!y lnHfficient resource use. If this structural position co1·1ti· 
nues and no rneasures are takon lo protect tl~s crop aga!rv5t natura! climatic f::lc-· 
tors, it is unlikely H:at production efficiency will improve ~-;if_-Jn\fic:;.tnty in the 1 war 

future. Nothing was observed to suggest that means of realising size ucono·· 
rnies, such m;; co-operatives, were being utilised. It I.Nould be worthwhile to inve

stigate the desirability and foasibility of such co-operative development rneasu-· 

res both at grower level and for the processing anc' distribution stones. 
(b) Evalauation 01< efficiency in the whOlesale sector has revealed evidence 

of inefficient use of resource>s. In Hyderabad all the date throughput was marlw .. 

ted by firms of a size equivalent to less than 50 percent of m.e.s., and inl<arachi, 

U1e figure was 20 per cent. However, in Sukkur market, all wholesale firms were 
found to be operating at a size greater than half of U1e rn .. e.s., and only 20 per 

cent were operating below the m.e.s. This efficiency evaluation was confirmed 

by comparing labour pmductivity. 

Tile present !imitation on total date supplies and their highly seasonal natu

re are seen to be the major constraints on improving productivity. Morever, non

rationalisation of capacity at wholesale level indicates inadequate competitive 

forces in the Sind date market. 
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(C) Efficiency in the highly fragmented and multiple product retail shops 
was not easy to measure. Although the evidence obtained at the three retail 
markets was inconciusive, it nevertholess demonstrates the effectiveness of 
Sukkur market with regard to total fixed costs and the superiority of Karachi re
tail market with regard to per maund variable costs. 
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Table 4 

Retailers average cost structures at Sukkur, Hyderabad and 
Karachi markets, 1983-84 

Market 

Sukkur 

Hyderabad 

Kdr·achi. 

Average 

(Rupees) 

-------- ~-------

Total fixed 
costs 

22,200 

34,800 

46,680 

34,560 

349 

Av. variable coSts 
(per maund) 

23.90 

19.65 

18.90 

20.82 



~· (! 

Average cost 
(Rs/per Md) 

Figure 1. 
Relationship of average unit cost to scale of firms Sll· J83w84 
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Date palm J6(1) 
t-·ubHshed i 938 

r·-·· 
! 
I 

Shc·t't Cornrnurlic:at1on 

Hum~d~ty Adapt~1tk~n nf t?hoenb~· 

Pt'~:~rnnrtd Dh~rtnas:~'ik:t~ 

Date Prc.grarn Gm1Bu~tant tv: 

'H1c Nongncnc!J V!ll!.lge & 
The Udorn i:\g~·fcuHt~nd Ci~HB{~®~ 'lfu:~Ha.nd 

] 

!'751 Moo 9, Tarnbon.\Ne~t ·rhat, Amph~"1.f Mt~ang~ Non~~kh~~ ~ffOV~rtc~~ 43-(Hl~; 
Th~dl~tH:l 1 r~~}tH·ua\"y·1 HUB 

lntroduclion 

The Date pa.im (Phoenix dactyllkrB_) i~; a 'JttPf intGn~:·:~tin9 fruittre<:~. A tyrH~ ot 
its fruits, the Dry Oat!)S, )s ospeda!iy ot high s-taple food \.hUJ0 i:o both humans 
and animals. !ts proouct1vity Gould be w~ry high G{J. the Garnani V£lxiety of Egypt 
prodt1ccs over ~~00 kHogro.ms per natrn per ye~l.r und a poJrn t:}f the· Sh: .. 11-:Hni variO·· 
ty of lr<~n tf;.dched 341 kilogr-r:ans. 

T!1e author started a ~;tudy in ·t £-h3S and tnet with overwhelming obstacles. 
Hov .. lt=Jverl !n this year of 1 9B8, we are launching a subsiantia.! program. We BX-: 

pect th~u the pro9rarn will give interesting results from rruitinf-JS ot the hybrids (:~ 
Dc.te palms and the hybrids o-f Dat(~ palms cros~~~3d with several phoenix spe
cil~s. 

Premises & Hypothsses 

In '1969, doubts and confusion of thoughts deriving from misleading con
cepts prevailing at ti·w.t time strongly !aced the author. Thanks to the inspiration 
of scientific curiosity and the great value of the Dry Dates, the author enthusia
stically thmw himself and all his efforts on the search for a clear and precise ans
wer to the problem of creating, by plannfld hybridization of germ plasm of phoe
nix, \he greatly accelerated evolution of new forms of Dry Dates adapted to the 
humidity of Thailand, The new Dry Dates will bGcome in the Future a major~":;" 
wer to the very great shmiage of food caused by World population explosiOn, in 
being the type of very intensive and l1ighly competive staple food production. 

Now in 1 cone, w" hLwG come to a new line ol concepts pmsenling more 
creative: interpretation of premises and more dynamic lwpotheses. These pre
mises and hypot11eses will be put to the tests by which our program is being spe-

3~2 



cificalty designed for the purpose o! gaining insights into tJw dspihs ol tho pro· 
blem. II is expected thallhe fruitings of three (3) genemoons of Phoosix hybrids 
will effectively give a clearer and more precise knowledge of ihe above problem 
In 16 years i.e. in 2003 A.D.··----·- atthat!ime several thoudsand phoenix hybrid 
females will be fruiting lixuriantly. 

The following is a brief statement ot tho essential points ollha program so 
that an idea of the program can be grasped and its evaluation can be madt'!. 

The goal or rather the immediate objective is represented by a Vision of an 
image of Prototype Drv Dates considered to be as follows: its characteristics 
should be: -·--

1. Sufficient content of sugars or carbohydrates in relation to volume 'of fruit, 
requirement of moistum transpiration is in equilibrium with the ambient humidity 
and temperature, firm texture of pulp, proper type of ripening enzymes, etc. so 
that it will either ripen on palm or by processing. 

2. Sufficient staple food value to both rHJmans and animals. 
3. Sufficient productivity of fruits per palm and per unit area of planting. 

Accelerated Evetlut!cm 

In fruit breeding, especially this program, the time frame of 3 generations of 
planned hybridization taking a period of i6 years i.e. 1988-2003 A.D. is reason
ably adequate, practical and effective. The decisive factors which greatly contri
bute to the acceleration of evolution of forms of Dry Dates including other possi
ble forms, with far-reaching effects in evolution, are: 

1. The germplasm 01' pl1oenix has high potentials for variability and therefo
re for great plasticity of forms of fruits. The Date palm will contribute the quality ot 
fruits. Other phoenix species will contribute even greater increase in variability 
and plasticity of forms of fruits. The stress is placed in selection of the types of 
date varieties and phoenix species having characteristics pertinent to the objec
tives of the program. 

2. The stress is placed in using the methods of' vbridization which will arn
plily the variability and plasticity to 1118 greatest fegrb'J and also on the qreatest 
amplification of combining abilities of each selected~male by the use of mixed 
pollens from a considerable number of selected males to pollinat£• each selec
ted female. This will give greater probability to hit the desired hybrids 1 •. 1'-"" cros
sing having tl1e desired combination of characters end characteristics. 

3. The program will start the hybridization in 1988 with 41ines of single crot.·· 
ses of individuals planted from seeds of 8 date varieties and 61ines of date seed
lings crossed with 6 phoenix species: P. pusilla, P. reclinata ~ Pitth:, Bun-

' - ' 
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nag, P. li!OOlliili, P. rup!oola, P, Hanwana and P. humilis. 
In 1993 d6uti1e crosses will remade in \hese '10 lines. Mixed pollens frorr 

all other 3 lines will oo used to pollinate each female of 1110 4 date lines. The r 
(Date x spooieu) lines will be crossed in the same way. 

In i 996 the Fi of these double crosses wiil be crossed in the same way as 
above. 

In 2003 initial phase evaluation of fruilings oi tl'wse hybrids will be made. 

implemenlatlon 

1, The program will be carried out at The hJdo_cn. Agricultural College, Udorn 
Province, Thailand and at the Nongnooch Vi\lage, Chonburi province, Thailand. 

The College will maintain a population of 400 indivduals. The useless 
palms will be removed and new interesting palms will replace them. 

The Nongnooch Village has a land area of 128 l1ectares and will plant se
veral thousands of these phoenix hybrids. Mr. Kampol Tansajja is the Landlord. 
He will introduce the types of date varieties such as dry dates, sweet l<halal da" 
tes, dates resistant to high humidity, dates of which khalals can be processed to 
ripen into cured tarnars, etc. by getting the offshoots of these varieties for varie
tal tests and for breeding. 

Mr. 1\ampol Tansajja is making the Nongnooch Village to be the largest 
palm Collection Garden in Asia. He will collect representatives of the 15 Major 
Groups of palms from the most primitive line, tile Coryphoid Line to the most ad" 
vanced line i.e. the phytelephantoid Line. Other interesting palms such as the 
edible fruit palms, the sap palms, the cabbage palms, etc. including t11e native 
palms of Thailand will be collected. The Nongnoocl1 Village is a modern resort 
and should be visited by tourists who come to Thailand. 

The author would like to ask for cooperation and assistance to this rrogram 
of Humidity Adaptation of Phoenix, in whatever way possible, This is an appleal 
to all World Date Experts and Agencies worl<ing on the development and evolu
tion of the Date palm and the Genus of phoenix. 

This program will contribute to the Great Future of the Date palm and phoe' 
nix. Thanks. 

'. 

,_ 
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DATE PRODUCTiON AND MARKETING BEHAVIOUR OF DAo 
TE PRODUCERS !N lRM~ WiTH SPECiAL REFERENCE TO 

CO-OPERATIVES* 

LAITH SAlMAN Al-Aii 
Section of economic research and studies 

Agriculture & Water Resources Research Center, Scientific Research 
Council 

P.O.Box 24i6 Baghdad, Iraq 

As the most important date-growing area, Iraq supplies three quarters ot 
the world date exports. Despite this leading market share, elates from Iraq fetch 
relatively low prices on the world market, and, over tile last few years, the per
centage of Iraq's Date exports has been decreasing. This situation results main· 
ly beacuse the required terms of export contracts regarding quality and timing 
have not been-fulfilled. This is caused primarily by difficulties in tile domestic 
market: late delivery as well as unfavourable condition lay a.nd insufficient stora
ge on the farms. 

The low export prices determine the price in the domestic market. Thus, 
there is no incentive to improve production. Attempts made by the government 
marketing organization to breal< this vicious circle by raising buying prices have 
not been very successful until now. 

The objective of this investigation was to analyse the marketing behaviour 
of date producers, to explain their marketing decisions and lo determine their 
readiness to react to market-oriented actions. A decision oriented approch was 
used as a framework.o The analysis of marketing decisions was carried out in 
three steps: basis (date production), process (decision maker, goals, field), and 
determinants with special reference to interpersonal communication. The focus 
was on date producers organized in co-operatives because of their particufar si· 
gnificance in Iraq's date rroduction. The data were collected during an empirical 
survey conducted in 12 villages having 6 co-operatives in tl1e provinces of Baby
lon and Kerbala, and from the evaluation of statistics and relevant publications 

y 1 his is om abstract of ph.D. DsssertGition, Goettingen Univ., F.R. Germany, publiSiwti in the 
socioeconomic studies on !iura! Development Vol. 74, F.R. Germany, 1987. 



For the analysis, additivo scoring scales wero establishod and served to evalua, 
J·e the direction of rnarketing decisions, the physical rnarket access as well as 
the intensity of personal communication between members and management 
of co-operatives. There arB hardly any farms producing dates exclusively. Addi
tional farm activities me undercropping of the palm nardens, cultivation of other 
farmland, and animal husbandry. nro farm structure is determined above all, by 
the size of the paim garden, land tenure, availability of labour and the educatio
nal level. Negative influences exercised by the ac!di!ional farm activities on date 
production could not be proved in the statistical tests, There is a main deficit in 
date proc',rction with reqard to all date palm cultivation practices. Tl1is deficit 
could ben :rt!~pted by appropriate rneci1anization and improved training and ex
tension. High planting densities, fields of small sizes and the farmers' lacking in
clination hamper medranization. Soil salinity as well as pests and diseases cau
se reductions in yields on most farms. Under the prevailing cost/price relations, 
<Jate production only offers a low contribution margin as compared with other 
farm activities. 

in marketing, iate delivery and reluctance to sell to t11e Dates Committee 
were obsmved. It was ascertained that the causes thereof were the bad condi
tion of the physical infrastructure, late procurement of price information, long 
waiting times in the market transactions, delayed payment of the sales' pro
ceeds, impersonal atmosphere at the buying centres, lack of (family) labour and 
the fanners' low educational level. Generally, tile date producers included in the 
survey showed a mtional marketing behaviour. Thus, it can be expected that the 
instruments of price, market and structural policies will be effective. The elimina
tion of restraints could increase the producers' readiness to change their marke
ting decision co in favour of the date marketing organization. 

MeaSUIE'S for oxtending the supply of appropriate machines and imple
ments as wdJ as other production inputs, for improving water mangement, 
especially drainage, tor intensifying extension, for increasing the number of 
buying centres and the Intensity of Interpersonal communication, and for re
structuring the rural roads network should be considered particularly positive. 
Co·· op-eratives should be more closely involved into the implementation of the 
appropriate measures. 

The outcome would improve not only the date economy, but also the whole 
agricultural sector and, moreover, accelerate general rural develooment. 
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AL~:t :iCt 

·1 h0 colloid materials consi::i~· one of the main factors effecting filtration 
and clarification process. 

In order to determine the optimal conditions for maximum rate of sugar ex
traction, minimum non sugar compounds, and witl1lowest percentage of sugar 
losses. 

A compal'ison a !three process of date sugar extraction (Enzyme treatment, 
Hindi a Liquid sugar, and t11e modified process) were studied. The results revea
led that the use of commerical pectic enzymes (pectin estrase and polygalac
turonase) in date juic<: preparation are necessa1y in order to obtain a higher su
gar extraction rate (81.0%) and juice clarity value of 72.0% and losses of sugars 
IP.ss than 3.4%, When compared to the modified process with values of 86.6, 
70.8 and 4.1% respectively, While tor the Hindia liquid sugar process the values 
were, 15.8, 70.0, and 11.0% respectively. It was found that a relationship bet
ween concentration of soluble pectin and fine filtration rate is existed, with a criti
cal concentration range of 0.090-0.095%. 

The development of colour intensity in the juice ol'·imu1a Liquid sugar pro
cess was more noticable with an 1ncrease of 24% wllen compared to the enzy
me and modified process respectiv~l., WI >~le furfural and 5 .. hydroxy methyl fur
-...1-ral increased in the enzym&tis:::!!~· ~:-:-:atPd 1u1u:, and iha modified procw·~'3. 

It was concluded from ti18 comparat1ve applied research that the enzyme 
treatment process, gave an increase 111 the y1eld and prove the quality of the jui
ce wi\11 reducing the cost by i.O. 15.00 per ton of date. 
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Production of Single cell protein from Date waste and soma part ol palm. 

ABSTRACT 

This study was carried out to investigate the growth,. ceiiUIY~.c activity and 
production of single cell protein of Cellulomonas isolated in THe Bioi. Dept. (Sa· 
no 1981) College of Science, BAGHDAD. Univ.) on different cellulosic material 
Date cake, Rice husks and four datepalme parts. 

Bacterial activity to hydrolysis cellulose in crude material and compared 
with chemical hydrolysis material with (caustic sod~_and Dioxan solutions). 

The best results were obtained when date palm leaflets were treated with 
caustic soda, it gave a high amount ol protein {727.5mg. 100 cm3) and higt1 
amount of redusing sugar (59.5 mg/ 100 cm3). 
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Ommatlsws bhwtilitU!S lybleus De ~In 

~I .... A.~ J..-. JW> . . . 
•.< •• b·!l ~1;)1 ..!.>~li}l~ 

: ;,....')I..;JI 

~~ .:...\~\ :.r Ommatissus binotatus lybicus .<J"'~_,JJI ;_,...:.... r-?U 

jU_, .}.)~\ J_,.!.ll Jp if' ~..WI_, Jl~l .j ~I J~..!l _}&. ~~WI 
U, 'I 

0 M p.,.,.J 

441·;....!1 .:..oipli-'!W ~~~ ,.:r.;L.; .j •r...ll o.i.A •Y. t:-ulJ .__I;.:. f' 
~ ~ ,.;;\iJ} !li.:A .)I ~_,.i , ~_,.;jl; ~)1 .,:..,~1 J)l>. o,..:..:.JI Jl}o ':/ 
.:>I ~_,..:...,:.. W1 J')(> ·~~ .~ ~~..wl·uus:JI ..;:.....)~ w ..:.~1 ..:.>!1.' 
~J\!ll _},;,jl j ;_..!.>.)1 .)1,_..;1 ~J$.. _:. .. _,1>1 JJI ~I j')l...;. ; _ _:.,.JI ;I_...; I o.\.<0 

. .;,....;JI -.,._,1)1, iJ!.,..JI .:...~>:-_,~ ._9')1;:,:. ':! ..!.U~J 
.:;~y <..il.;.;....JI .;...;.....Ji)Jo~l .j t,r.>_,....ll _MI.>.~.<> j ~ ..::.>LiJ} ~JJ 

.} ""'~ L.... .jl!l~ J/~1 .;....J' ;JJ.ll .) ~.f':"Y' j\5 ~""J' .>.IV .:r %&1:19 
- - • . :ij ~~ .~ 1rt> J_t:H ~.;.;..J1 ...,..,)-, rl~.,, 

Bkllo,glcal and ecological stuc!ies on Ommatlssus blrotatul! iyblcu11 De 
Bergevin 

E M. T. Al-Hafldh 

ABSTRACT 

Ommatissus binotatus lyblcus De Ber. is one if the most important pests on 
date palm. 

The life eycle of this insect eas determined in the field for the two genera
tions. 

The popula!lon density of Dubas was studied also. The results showed that 
the population uuling- the first generation was higher the than the second 
generation. 

There is a significant difference between the number of eggs laid on ltle{!if
•erent frond rows. 
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~_r.:JI ..,......,J ~ (4,2, 4) ~I~ JL.!J4 .UJU.. ~ (5.8, 6.2) 'J..li 
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JJ.WI '-!.* ._? .Js.~ ._rl,S\'1 ~ .J4 ~J L.S ( 1947; Bliss 1949 & 1!.!50 

~\.; ;r(Nixon 193L) ~~)li•~j ~ ~ ..li ~?.ill ;.r<JI J.Ui Jt '-JJ""'> 
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The Jnfluence of Bagging on Fruit Set and Fruit Characteristic,. in Date 
Palm Cv. Hlllawi 
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The study was carried out at Hartha region the expermental station of the 
college ol agriculture. Basrah Unv. for the two season 1985 and 1986on Halla· 
wy Date Palm Cv. The spadices were bagged immediately after pollination. 
Four different periods were used for bagging 1.2.3 and 4 weeks. in addation to 
the unbagged spadices taken as control. The objective was to study the effect of 
bagging the spadices on fruit set and development of fruit. yield and some other 
characteristics. 

In general, the results indicated. that the bagging treatment had a signifi· 
cant increase in fruit set. y1eid and fruit dimensions. The period of bagging of 
four weeks gave superior resultS in those characteristics compared with other 
treatments. Moreover. growth of the pollinated carpels in the bagging treatment 
was faster than the unbagged treatment. 
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