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€ THE DATE INDUSTRY IN THE UNITED STATES

=) . . . .
“The ggonomic importance of dates in American agriculture has

sHoreased 1apidly since the first introduction of named varieties by
d States Department of Agriculture in 1890. That the
production is still far below consumption is shown by the
prewar importations ranged from 21,000 to 29,000 tons,
ed with the maximum domestic production of 10,500 tons
813.% This crop compares with 870 tons in 1929. As a
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P Bubmitted for publication September 1, 1045, Presented to the faenlty of tha
Graduate School of the University of Minnesota December 1041 ip partial fulfill-
ment of the requirements for the degree of doctor of philosephy.

*The writer is grafeful to the following growers For permission to use materinl
from thelr date gavdens in the course of this investigation: Ted €. Buck, Mrs.
Chauncey D. Ciarke, JTames McFarlan, and Robbins Russel: to the Californin
Pate Growers' Associntion for the use of its storage facllitles; to M, P. Masure,
formerly of the Dureau of Plant Industry, Soils, and Agricultural Engineering,
Tor assisinnce in coliecting fruit snmples during one sepzon; to W. W. Aldsich
and R. W. Nixon, of this Bureau, through whose courtesy samples of fruit from
palms with voarious leaf-fo-fruit-bunch ratios were obtained; ona to @. Q. Burr
ardd L, 8. Moyer, of the Oniversity of Minnesots, for valuable suggestions on the
preparation of the manuseript.

#Italie pumeraly in parentheses refer to Literature Cited, p. 30.
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result of this fortunate increase in domestic production the date
crop made a substantial contribution to the availuble food supply
of the American people during the war years, when importations
were veduced to insignificant amounts. In terms of energy supply,
100 pounds of fresh dates contains 60 pounds of sugar; hence, the
1948 crop contained 6,000 tons of sugur, or the equivalent of refined
sugar from 39,000 tons of sugar beets, or the average yield of 3,300
acres; or 79,000 tons of sugarcane, or the avernge yield of 4,400
ncres. ?

During the war part of the date crop was used to replace some of
the dried fruits that had been removed from the usual civilian trade
channels for use by the armed forces. Part of the crop was used in
the prepuration of ration kits for the armed forces; the large amount
of energy per unit weight and volume fits the date to this use. It 1s
a fair sonrce of the minernls caleium and iron.

Because of climatic limitations slmost all the commercial dates
produced in this country are grown in the Coachella and Imperial
Valleys of California and in the Salt River Valley of Arizona;
about 90 percent of the total crop is produced in the Coachella Valley.

FACTORS RELATED TO COMPOSITION AND QUALITY
OF DATES

In spite of various studies, such as those of Vinson (32), Sievers
and Barger (29}, and Haas and Bliss (73}, the available inform ation
on the composition of dates is small in comparison with that of many
other crops. In order to obtain additional information the develop-
ment of the fruit of Deglet Noor and Barhee vavieties was followed
near Indio, Calif.. in 1938 and 1939 for periods up to 25 weeks.
beginning about 6 weeks after pollination and extending to the end
of the harvest period.

In this study it was found in general that after the main period
of cell division the development of the date should be divided into
three stages with different chazacteristics rather than into fwo stages
as usually done.

The two periods. or stages, into which the development of the date
is usually divided are charactevized by (1) vapid increase in size and
fresh weight and (2) rapid accumulation of dry matter, especially
sugar. Associated with the first stage arve u high proportion of
reducing sugars. a high degree of hydratian, relatively high active
acidity, accumulation of almost all the solids which are insoluble in
80-percent aleohol, and green color. Associated with the second ave
a rapid increase in sucrose; a rapid decrense in percentage of redue-
ing sugars, but not jn amount: a gradual decrease in active aeldity;
a gradual increase in proportion of soluble pectin in the total pectin;
a decrease in quantity of protopectin per fruit; a decrease m per-
centage of water and in quantity per fruit; and a charactenstic
color—red in Deelet Noor and vellow in Barhee.

he three stages into which the compositional development should
be divided nre charncterized as follows: (1) Rapid increase in fresh

+ Calenmated from average yvield and produetion fizures for 1929 ta 1043 (31).
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weight and volume; rapid accumulation of reducing sugars; low but
Increasing rate of accummlation of total sugars and total solids;
highest active acidity; hydration high, but not quite equal to that
in the next period; and green color. {2) Reduced rate of gain in
fresh weight and volume, greatly reduced rate of accumulation of
reducing sugars, considerable reduction in the already low rate of
accurnulation of fotal sugars, high degree of hydration, slightly re-
duced active acidity, and green color. (8) Continued decrease in
rate of gaim in fresh weight, the actual weight possibly even decreas-
ing late in the period; low rate of gain in reducing sugars; rapidly
Increasing rate of accumulation of sucrose, total sugars, and total
solids; decrveasing degree of hydrvation; continued decrense in active
acidity; and red or yellow color, according to vaviety. The third
stage continues until the fruits begin to ripen.

There was little diffevence between the composition of the Lasal
and apical halves until after about the first of August, when the
water and sucrose contents were Jower and reducing sugars were
higher in the apical half than in the basal, The concenfration of
sugars in the fruit sap remained Jow thronghout the period of rapid
growth and then increased rapidly. The ultimate concentration in
immature Deglet Noor dates was 2.2 moles of sucrose and 1.0 mole
of reducing sugars per liter of water, assuming all the water to be
free. There was no increase in gnantity of total sugars per frait
after a maturity of 50- to 90-percent-soft had been attained.

The maximum water content per fruit coincided with the maxinmm
susceptibility of the dates to injury from checking, the forerunner
of blacknese. Tn percentage of fresh woight the water content was
high during the first two of the three periods of fruit development
that have been described. Tt decreased dnring the third period and
continued to decrease as {he dates vipened. An abnormally high
moisture content daring and immediately preceding ripening seemed
to be associnted with inferior quality in the ripe dates. Excessive
davkening in storage was associafed with high moisture content. No
consistent relation was found between the moistove conlont and the
proportion of reducing sugars in ripe dates at different pickings
from the same garden,

Mydrogen-ion concenteation was usnally slightly higher in the basal
half than i (he apieal during the grewing season and was highest
at the thme of the wost wpid rale of inerease in fresh weight, Tt
decveused somewhat ax the dafes vipened, and in vipe dutes the con-
centration was usually shighily higher in the apical half than in the
bagal.

Soluble nensugar solids accumunlated af rates such that a graph
showing quantify per fruit has @ shape similae to that represenfing
totnl solids. A simijlar graph for inselable solids more nearly resem-
bles the one for the fresh weight per frait. Mozt of the protopectin was
acounlated while the dates were increasing in size and freslu weight
it was quantitatively related fo the water content. There was no
deereage in total alcohol-insoluble solids upon ripening of the Deglet
Noor; m the Burhee theve wus o decrease which was gquantitatively
equal (o the decrease in {otal pectic substances in thal varviety.
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Reduction in leaf-to-fruit-bunelh ratio tended to incresse the
water content and reduce the size of the ripe dates, but it did not
affect the total sugar content in percentage of dry weight.

Differences in soil type did not produce any noticeable eflects on
the composition of the dates.

Although there was » trend toward a lower prevalling temperature
at the end of the harvest season and a lowering of the proportion of
reducing sugars in total sugars at the end of the season, no close
relation between these two factors could be detected.

Changes associated with ripening include softening, change in
colov, decrease in fresh weight, decrease in water content, decrease in
active acidity, decrease in sucrose, inerease in reducing sugars, decrease
in protopectin, increase in seluble pectin in the Deglet Noor and a
slight decrease in the Barhee, and conversion of tannin from the
soluble to an insoluble, tasteless form. The Barhee has very little
astringency and is edible in the immature condition.

Many kinds of fruits continue to ingrease in size and weight after
they have Lecome sufliciontly mature. or ripe, to be picked for the
market ; consequently. within hmifs, it is often worth while for the
grower {0 delay picking for a thme so as to take advantage of the
inereased yield. Truits of which this is true include the apple, pear,
plum, grapefruit. and orange. The date. however, does not fit into
this category. In the varieties that have been investigated no further
gain in dry matter ocenrs after fhe vipening process is well under
way., On the other hand, the dry weight of dates in the previpe, or
khalal, stage eontinnes to increase until ripening has begun, and
even iF it were possible to prepare a salisfactory prodict from dates
picked in the khalal stage, a rveduclion in yield would resnlt from
this practice.

The stage of maturity at which dafes should he picked {o the best
advantrge of the grower is determined partly by the cost of handling
when picked at different sfages of maturity. from 50-percent-soft to .
trec-ripe; partly by the facilities available for ripenimg and curing
and the cost of operating them: and partly by the refurns obtained
for different grades of dates. Added to these factors or superimposed
on them nuist be that of Tiability of the cvop to Injury From rain, exees-
stve heat. bivds. or other causes 1F picking 1z delayed. During periods
of Jabor shortage it may heeome necessary. however. to employ pro-
cedures that would not novimally be conducive to producing the high-
est uadity ov giving tlie greatest profit.

MATERIALS AND METIIONS
SOURGE OF MATRRIAY

Most of the work reported in this bulletin was done on the Deglet
Noor variety, beeause most American-grown dates are of the cane-
sugar group of which this vaviely is the most important vepresenta-
tive. The Barhee was chosen as asecond variely for twe reasons. (1)
Tt vepresents o large group of varvieties in that it is an invert-sugar
date. The invert-sugar group is important, although the total Ameri-
~ean crop of invert-sugar dates is Tar below that of the cane-sugur
group. {2) Tt is also one of the few varieties in which the tannin
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content of the immature dates is Iow. If the presence of soluble tannin
has any effect on enzyme activity in immature dates, it might be ex-
pected that some evidence of this effect would be found in differences
mn the behavior of the two varieties. Soluble tannin, however, dis-
appears from all yarieties as the fruits ripen.

All the materiol was obtained from date palms growing in the
Coaclella Valley. All gardens of the Doglet Noor variety are within
7 miles of Indio, Calif.; one from which the Barhee was obtained is
near Thermal, Calif.,, and the other is at Indio. All these gardens
are within 30 feet of sea level. TFor convenience each garden was
given a reference letter (table 1).

The gardens were selected for the purpose of representing several
types of soil on which dates are grown. In view of the various cul-
tural practices of the growers, however, any differences found mi aht
be related to treatment rather {han to soil type. Size is affected by
so many factors that specific experiments would have to be set up to
determine the influence of each. The factors invelved include soil
typo and texture; permeability of soil to air and wuter; soil reaction,
composition, and structure; frequeney and.amount of irvigation;
fertilization; and pollination and bunch-thinning practices, The
presence of a tight, impervious layer of soil at varying depths near
the surface in garden B made water penetration highty unsatistac-
tory; this probably had a greater cffect on the vesults than the fine
texture of the soil.

'anLe 1.—Nouree of dute mulerial

.
| Yoear of sampling I Soil type

Garden destznation Varkely

] !
A . S Deglet Noor. oL 1R L0039 ... Coachelln very fine sad, smooth phase,
o ethr 11039 . lieHo elay loam, siity phnze.
.. 94 © Cogeliella ftian sind.
o 1534 v Canchelln very Ane sand,
fiarheo i fIpdlo very {ine sand.
di 1930-.. -} Inclio Yoamn,

T Prom U, 3. soil survey (137,

DEescrurrion or SAMPLES

As dates develop they undergo eolor changes similar fo those of
some other fruits, such as the blackberry. The siage in which the
color is green is veferred to as kimri, after the Arvabian usage. As the
dates approach their meximum size they turn from green to yellow
or vavious shades of red, depending upon the vaviety; this slage is
referred to as khalal. The khalal color of the Deglet Noor variefy is
red, and that of the Barliee is yellow. The fruits remain turgid
threughout the kimri and khalal stages. The khalal stage is followed
by the rutab, which beging with the onset of ripening and continues
up to but does not include enring. The typical khalal color dis-
appears as the fruits ripen, and the characteristic varietal color of
the ripe dates develops. Finally there is the tamar stage, which
includes dates in a condition sufliciently cured to keep without spoil-
age from molding or fermentation at ordinary temperatures. The
50-percent-soft, 90-percent-soft, and tree-ripe stages of maturity used
in the work reported in this bulletin are all in the rutab stage,
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In 1938 only the Deglet Noor variety from garden A was sampled,
whereas in 1039 samples were taken from all the gavdens listed. In
1988 all bunches nsed had been pollinated with pellen from the same
male paln between April 10 and 15. Each palm carried 10 to 12
moderately thinned bunches and gave an average yield of about 300
pounds of ripe dates. Soon after peilination + uniform bunches on
each of 5 palms were selected and marked. Samples were picked
from these bunches at 2-week intervals from May 17 to June 28 and
then at weekly intervals until November 8, the end of the havvest
season. Samples collected after some of the fruits had ripened were
divided into 4 maturity groups as follows:

(1) l{lmlhl;_no parg of the fruits hind begun te ripen, but all of them had
furaed from preen to red in color,

(2) Fifty-percent-soft; softening, wlhich normally begins at the apex in the
Degiet Noor variety, had progressed to the equatorial region.

{3} Ninety-porcent-solt; softening had progressed to the region of the
shoulder,

(4) Tree-ripe: the entive fruits had softened bul had not cured.

No partly ripened dates were picked from grrden D.

In presenting the results the four maturity groups were treated
separately for various reasons. Primarily it was desirable to inves-
tigato the composition of dates at the various stages of maturity fo
learn at approximately what stage they had attained their maximum
complement, of total dry matter and sugar; it was also desirable to
learn something about the constancy of the compositional relation of
the groups during the entive period of ripening.

Samples were picked in 1939 in the manncr described for 1938
except that coliections were made at 2-week intervals until some of the
fruits began to ripen and at weekly intervals thereafter. After the
first two pickings each year the fruits were divided at the equator and
the hasal and apical halves were preserved and analyzed separately.
This division was not made on fruits from gardens D and K.

The number of fraits per sample depended on size and availability,
ranging from 400 at the first picking each season to as few us 25 for
some stages of maturity at soie pickings in which no more material
was available from the bunches being used. With immature dates the
number was gradually decreased to 8¢ per sample as the size ncreased.
This number was maintained in order Lo assure representative samples.

Since the samples were picked immediately after sunvise, the fruits
were hardly exposed to divect sumlight on the day they were picked;
this prevented the introduction of variations due to different degrees
of desiceation during days of varying intensities of heat. Al each
sampling, fruits were picked from scattered positions on the bunches
in order to compensate for local variations.

The individual fruits of one bunch may differ as much as 6 to 12
weeks in reaching full vipeness. This wide variation in rate of de-
velopment and ripening necessitated taking ab each sampling date
samples of fruits of delinife stages of maturity vather than & single
sample of the bunch as a whele. A composite sample of 2 buneh after
ripening had begun would reveal very little exnct information on the
developmental, or ripening, process. The discussion applying fto
growth rates or rates of accumulation is concerned only with that
part of the season preceding the beginning of harvest.
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A Leavy rain fell on September 4 and 5, 1930, A period of warm,
humid weather followed the rain, with the result that a large portion
of the fruit was made unfit for use by cracking and mold infection
and was not included in the samples. Since samples were drawn from
only the less mature, sound fruits, they showed a lower sugar content
than wounld have been the case if more of the more mature fruits had
been sound enougii to be included. Another heavy rain fell on Sep-
tember 24.

MerHODS 0F MaKING DETERMINATIONS

The perianths and seeds were removed, and only the flesh was re-
» tained 1 the samples. In 1938 o part of each sample was frozen at
—15% C. for DI determinations; the remainder was ground in  coarse
food chopper nnd mixed, and aliquots werc immediately dropped into
suflicient hot 93-percent aleohol to mnke the final concentration at
least 80 percent.  Uhe samples were held at the botling point for 30
minutes and then sealed. The sampling technique was the same in
1930 except that no pIf determinations were made.

The pll of expressed juice was determined by means of a glass-
electrode pIT meter. The pII of ripe dates was determined on un-
frozen ground flesh. It was found necessary to add three dvops of
water to each sminple of ripe Deglet Noor dates in order to insert the
eleetrodes; this was done uniformly on all the ripe samplles of this
variety. Ifreezing was omitted on ripe samples (1) because it was
unnegessary, since the tissue broke up easily in the untrozen state and
no juice could be pressed even from frozen tissuc; and {2) Dbecause
even hard freezing did not change the physical condition of the
fruit. The ripe dates did not freeze hard until a temperature of an-
proximately —t5° C. was reached.

In 1938 the material was extracted 16 hours in Soxhlet extractors.
The 80-percent aleohol used for extraetion was changed after the first
3 hours, IHeating was done by a water bath maintained at approxi-
mately 92° C. In 1939 all extraction was done in Landsied! extractors
heated by the same bath} again $0-percent alcohol wus used, but 1t
was Tound that 3 hours was suflicient for complete extraction. Pre-
liminary trials showed complete extraction in 224 hours. This method
has the advantage of speed and much shorter exposare to heat. which
is important when dealing with material confaining such relatively
unstuble substances as levulose. Small pieces of pumice rock elimi-
nated bumping more cffectively than glass beads or pieces of glass
tubing.

The method adopted to determine moisture content consisted in
weighing the insoluble residue in tared thimbles and drying and
weighing aliquots of the extract. Both fractions were dried at §0° C.
at a pressurs of less than 1 inch of mercury. This method is maore
time-consuming but also move accurate than the method of Bidiwell
and Sterling {2), which is commonly used on dates, or any other
similar one that was tried. The Bidwell-Sterling method is satis-
factory for certain materials and purposes but is stﬁ)ject to variations
n the results, which depend on the degree of dispersion of the ma-
terinl and rate and time of boiling as well as on the composition of
the material. Dry levulose yielded 7.4 percent water when boiled in

.
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toluene for 114 hours. Water was not removed by boiling dextrose or
sucrose in toluene for that period, bul if xylene was substituted for
toluene (25) water was removed from dextrose also. These methods
ave usefnl for quickly approximating the water content if the condi-
tions arve well controlled.

Sugars were determined by a modification of the Quisumbing and
'Thomas permanganate tilyation method, as deseribed by Haxvey (13).
Reducing sugars were ealeulated as invert sugar. The sugars repre-
sented by the increase in reducing power alfter acid hydrolysis are
referred to as sucrose. Sepavation of dextrose and levulose was done
by the procedure of Jackson and Mathews, as given by Loomis and
Shull (22). Total sugars are the sum of the reducing and nonreduc-
ing fractions.

Acid hydrolyzable polysaccharides were ¢utermined hy the official
procedure {7} and are reported as dextrose. No fractionation of this
group was attempted.

Pectic substances were deternined by the method of Carré (¥}
with Conrad’s modification {9) of extracting protopectin with am-
monium citrate instead of amimoniwm oxalate. These substances are
reported as impure calelum pectate. oo
Sugars, peetic substances, and soluble and insoluble solids are ve-
ported as percentage of dry weight and also as quantity per fruit;
water is given as pereentage of fresh weight and as quantity per
froit, VWhere percentage composition of the whole frait is given, the
values were obtained from the weighted avernge of the values for
the two halves analyzed scparately. Quantities per fruit were cal-
culated on the basis of the average size of the fruits in each saniple.

RATE OF GROWTIL AND ACCUMULATION OF SUGAR

The growth of dates as indicated by their fresh and dry weights at
various times is shown in figure 1. The fresh weights of avernge
fruits on varions dates durmg the season are given in fable 2 for
gardens A to B; garden T was not sampled duving the growing
season. Crawford (/0) and ITans and Bliss (£3) showed that in-
erenses in length and givth ave closely associnfed with increases in
fresh weight.

The development of dates has long heen divided into fwo stages:
{1} Rapid imcrease in size and (2) mpid accumulation of sugar and
consequent inerease in dry weight, Although the datn presented in
figare 2 snbstantiate this coneept, upon eloser examination it will be
seen thal the development may be divided into three stages. This
second inferpretation is considered in the discussion begimning on
page 18, Up fo thal point the diseussion is based on the division of
the development into fwo slages.




FRESH WEIGHT

GRAMS PER FRUIT

®- GARDEN A, 1938
©- GARDEN A, 1939
i - GARDEN B, igag
&- GARDEN G, 1939
0-GARDEN E, 19389

DRY WEIGHT

GRAMS PER FRUIT

- ; 0
JURE JuLY PUBUST  SEPTEMBER OCTOBER

Fieurk 1—Growth of immature dates as indiented by their fresh and dry welghts,,




PAnLE 2—Water, redicing-sugar, suerose, and total sugar contents and active acidity of dates at various stages of ripencss
[Whenever no value is given for the apical half, the fruits were not divided and the value under the bass! half is‘based on analysis of whole fruits]
DEGLET NOOR (GARDEN A, 1038)
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DEGLET NOOR (GARDEN A, *938) - Continued

Reducing sugars
{dry-weight
basis)
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(ry-weight
basis)
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{dry-weight
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Active acidity
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half halt

Percent | Percent
&L b 46,8

Busal Apicil
half half

Basal Apical
half hait

Basal Apiceal
half hall

A pical
half

Basal

Percent
1.5
13.0 16.7
16,3 2.0
22,4 26. 4
12,4 16,7
16,5 2L 5
321 25.2

13.2 16,8

142 10.1

105 2L1

12.5 15.8

13.7 18.9

15.9 19.2

Percent
15. 4

Percent '|. Percent
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66, 5 0.0
6.8 55.6
a7 SL2
68.6 621
63.0 §6.1
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58.3 55.3
67.2
65. 7
50.6

DEGLET NOOR (GARDEN A, 1939)
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TABLE 2~ ater, reducing-sugur, sucrose,

Day
of

sampling

Alay
June

July
Aug.
Sept. 2

NRGLET NOOR (GARDEN A, 193%)-—Continned

Khalabo. ... . .- :
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(5 (0 o ) [ IO
;Klmlnl.._.-- .
S0-percent-soft.
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b (TS 5 1]
{Khalal, .
130-pereent-soft.
140-percent-soft.-
I'Cree-ripe.ce.-.
‘Khalal..o......
A-percent-5ol

o

1.
lno-percenl-!,oﬁ--

Tree-ripe . cum-

&0-percent-soft.
< U0-percent-soft.
\"Tree-ripe... .

Tree-ripe.;

Kimri.....
SRR ¢ L SO

A0
Khalal

Tree-Tipeo.m s

Tresh
weight
per
fruit

Graims
.5
13.7
12,9
1.0
14.3

Water
{fresh-weight
1nsis)

Rediicing sugars
{dry-weight
basis)

and total sugar contents and aelive qeidity of dales at various stages of ripeness—Continuer

Sucrose
(dsy-weight
basis)

Total sugars
(dry-weight
basis)

Active scidity

Tasal
half

Percent
3.1

Basal
half

Apical
hatf

Percent
14,

18.0

Apical
half

Basal
half

Basal
hall’

Apical
half

Basal

Percent

Percent
65.3 62.1

Percent | Percent
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DEGLET NOOR (GARDEN C, 1039)
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Water - Reducing sugars Bucrose Total sagars:
; Frosh (fresh-weight {dry-weight (dry-weight (dry-weight Active acidity
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0
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sampling : fruit . . . " N
Basal Apieal Basal Apical Basal Apical Basal Apical Baagal
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. 4.5 -
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wana QO ol
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Khalal .. ... ..
Z0-percent-soft
£0-pereent-soft
Trec-ripe.. ... ..
Kbalal__.__. _.
£0-percent-soft.
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Treé-ripe L . 9. 23,6
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TABLE 2.—4117(1107', reducing-sugar, sucrose, and total sugar contents and active acidity of dates at various stages of ripengss—Continued

DEGLET NOOR (GARDEN D, PLOT A, 1939)-—Continued

T)a".»'
f

[
sampling

Singe

Fresh
weight
per
fruit

Water
(frosh-weight
‘thasis)

Redueing sugars
(dry-weight
hasis)

Sucrose
(dry-weight
basis)

‘T'otal sugars
{dry-weight
basis)

Active acidity

Basal Apieal
half half

Basal Apieat
half half

Apical
half

Basal
half

Basal

Apical
half half

Basal Apieal
half

Kimrio .00
. dol.
| [y
Khalal.
S ¢ [ TGN
Tree-ripe-
TKhatal,
I'reg-ripe..
Khalal.......
Tree-ripo.,

Grumny

Percent
85,5

Percent

Percent

Percent | Percent

Percent | Percent
39.9

pH
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DEGLET NOOR (GARDEN D, I’LOJ.‘ ¢, 1930)-—Contmucd

Water Reducing sugars Sucrose Tota) sugars d
Fresh (fresh-weight - (dry-weight (dry-weight (dry=weight « Aetive ncidity
,Dnr)' weight basis) basis) basis) basis)

0
sampling (?Sft

Basat Apieal Basal Apient Basat Apica) Basal Apical Basal Apical
half half halt half half lalf half Lialf half half

Percent | Percent | Percent | Percent { Percent | Percent | Percent | Percent y Il
—— . X 11,3 45. 7 R

July
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Fioure 2—Daily Increases in fresh weight and total sugars of immature dutes,




COMPOSITIONAL CHANGES IN THE DATE TFRUIP

Figure 2 shows smoothed curves which indicate the rates of change
in fresh weight and in total sugars in Deglet Noor dates from gurden
A, 1638, and in Barhee dates from garden E. Both show = rapid
increase in rate of gain in fresh weight during the second half of
June and both maintained a high rate during the first half of July,
but the maximum rate came a little later in the Barhee than in the
Deglet Noor. There are seasonal differences in this respect, but the
Barhee is known to be later in maturing, The rate of guin in fresh
welght continued to Jecrease in the latier part of July, but that in
total sugars inereased rapidly in both varieties until the beginning of
harvest. Atter that the rate was probably as high a3 before, but since
fraits were continually ripening and being removed from the troes
it was not possible to obtain an acenrate mensure of it.

In cach sevies the rate of increase in dey weight during the first
period was fow compmred with that duving the second. The percent-
age of total sugars in dry mafter increased at o relatively constant
rate from about 20 pereent in the latler part of May to froin 39 to 48
percent on or about July 20 in the Deglet Noor series and from 22
pereent (o 5& percent i the Barhwe. In spite of tliese ineveases the
actual aceumulation of sngar in the fruit was small compared with
that during the second period.

The two periods in the development of dates are also distinguished
by a difference in the kind of sugar accumulated during each period.
In table 3, which shows the average daily gain in reducing sugars,
suerose. and (ota] sugars duving the two perieds, it will be noted that
there is a striking similarity in the behavior of all the series in both
varieties.

Tamy d—dverage daily goin in sugar per fruit during each of the fwo main
wevinds of devddopment of dates

Period Avprape deily gin por Gait
Garden | Yearof e G e =

Variety  Igesignation stnpline ] .- - R R Rc(.l-ucir:gi . Total
Snerasy ¢

3 S :
Nu.j inclusive dates - Barstion | sugnrs supacs

s e ] oSGy S S

i
i REFTHE Afii- it
Frays i pritng yre iy

il Lk
o

Deglel Your ; Lot May ET e dul nn
: K Fuly ¥ o Sopt, {2 gt

o
-2t

T, . 17 May 23w July 18 o5
July Wre Aup. 3¢ 3

Twy. . . May 23 to Fuiv oy e
- July 20 to Sepd. 1 1%

a5
5]

Fah

o5
B Lir g e

B, ) : May 2 to Taly 20 5
i July M to g, 21 42

Bartee. .. . 1 E Aoy 23 to Aug, ! .‘ 71
Al 2 o Sepd. 10 1]

#E
Rl iy

The vate of aceunulation of reducing sugars was always consider-
ably greater duving the fiest period than during the second and usuaily
several times as great as that of sucrose during the first period. On
the other hand. the rate for suerose was very low during the first
period but increased {o & rale as much as 49 (nes as fast during the
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second (table 3, garden A, 1938). Total sugars increased 6 to 8 times
as fast in the second period as in the fivst.

The sugar content in five series at various times during the entire
growing season is shown in figure 3. It will be noted that all series
behaved much alike, irrespective of the type of soil on which the palms
were growing or of differences in cnltural treatment. The two vari-
eties wiso behaved much alike, but during the second period the Barhee
gnined considerably more rapidly in sugar than the Deglet Noor.
Any differences among the series are largely due to size rather than
to percentage composition.

The uniformity in sugar content ameong the series is shown in fig-
ure 4. In all series the reducing sugars increased rapidly until some
time in July, attaining a maximam of 32 to 37 percent of the dry
weight in the Deglet Noor and 50 percent in the Barhee {table 2).
The exact time at which the maximum occurred varied with season
and variety. Subsequently the percentage dropped as rapidly as it
had inereased, but this drop was due to the rapid increase in sucrose
rather than to an actual deerease in guantity of reducing sugars per
frait. After late August the percentage of reducing sugars remained
about constant until the fruits began to ripen.

‘The percentage of sucrose remained very low for several weecks
while the dates were growing at the maximum rate. Later it increased
rapidly not only in quantity per fruit but alse in percentage of dry
weight. All series gained in percentage of sucrose at about the same
rate.

The eurves ior total sugars show an interesting and consistent
reduction in 1ate of increase during the first part of July, the exact
time varying somewhat with the season. This decrease in rate
occurred in both halves in both varieties in all series under observa-
tion. These reductions, which can also be seen in both the sugar
carves in figure 2, introduce a thivd stage in the dry-weight accumu-
lation in dates. No compensatory factor has been fourd in the
aceumulation of any other component of the frait. Perhaps there is
some relation to the seed development, such as has been observed in
stone fruits by Connors (8), Lilleland (19), Brooks (4}, and others.
The balance between vegelative and reproductive growth in a plant
is delicate; the development of the seed within a fruit and that of
its fleshy parts are both important, according to MeCollum (24),
who found that parthenocarpic fruits of cucumbers did not reduce
vegetative growth ws much as normal fruits, The fresh weights of
the seeds at the various pickings in 1938 are shown in figure 5, but
no dry weights were obtained and no observations were made on the
development of the various portions of the seeds. The seeds increased
in weight uniformly until early in July; by the end of that month
growth had ceased entirely. The decrease in rate of gain in sugar
accurred when the quantity of sugar per fruit was still small and the
dates were completely green (kimyi stage). Hardening of the seed
coincided with this period of reduced rate of sugar accumulation.

The additional stage in the development of the date is not obvious
in curves showing fresh ov dry weights or in theose showing the rate
of increase in fresh weight, but it is clear in curves showing the rate
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COMPOSITIONAL CHANGES IN THE DATE FRUIT
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Frure 3-~Reducing sugars, sucrose, and total sugars in imm
expressed as guantity per fralt.

QCTOBER

ature dates,




20 TECHENICAL BULLETIN 916, U. 8. DEPE, OF AGRICULTGRE

N
<
o
o

® - GARDERN
o- GARDEN
A- GARDEN
SUCROSE p &~ GARDEN

G- GARDEN

£y
o

)
fou]
PERCENT [DRY-WE|GHT BASIS)

w0
Lis]
<<
]
,—
X
[
Lat
=
i
ksl
[+ o
[«]
-
=
w
L]
[+4
TH
o

REGULCING SUGARS

)
MAY JUNE JULy AUGUST SEPTEMBER OGTOBER

FIGURE 4.—SBugar content of immature dates, expressed as percentage
of dry weight.
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COMPOSITIONAL CHANGES IN 9HIE DATE FRUIT
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It i o o~ ggent_

[ ]

GRAMS PER SEED

1 L. i
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Fiours 5.~Fresh weight of Deglet Noor date saeds of different pickings,
garden A, 1938,

of increase in total sugars {fig. 2). According to these results, the
development. of dates shouid be divided into three stages such as have
been reported for stone fruits, as aiready indicated, rather than into
two, as stated by Vinson (82), Haas and Bliss {(73), and others.
These stages can be characterized as follows:

{1} Rapid increase in fresh weight and volume ; rapid accumulation of redue-
{ng sugavs; low but Increasing rate of accumulation of total sugars and fotal
solids; highest active acidity ; hydration high, but not quite equal to that in the
next peried ; and green color.

{2} Reduced@ rate of gain in fresh weight and volume, greatly reduced rake
of mccumpintion of yveducing sugaers, considernble reduction in the alvendy low
rvate of gcoumulation of total sugars, high degree of hydration, slightly reduced
active acidity, and green color.

{3) Continved decrease in rate of gain in fresh welght, the actum weight
possibly even decrensing late in the period ; low rate of gain in reducing sugars ;
rapidly increasing vate of accumulntion of sucrose, total sugars, and total solids;
decreasing degree of hydration; continued decrease in active ncidity: and red
or yellow color, according to variety.

The first, and second stages ave in the kimri stage of development,
and the third is in the khalal. The first corresponds approximately
to Long’s third and fourth stages in the anatomical development of
the date (21), the second to his fifth, and the third to his sixth. The
third stage continues until the fruits begin to ripen.

The high proportion of reducing sugars in dates during the time
they ave growing rapidly is further shown in figure 6. Reducin
sugars are expressed as percentage of total sugars rather than by the
usual ratio of reducing sugars fo sucrose, since doing this gives a
clearer picture of the relation. The carves for the two varieties are
much alike until the beginning of ripening; at that time the reducin g
sugars in the Barhee increase to about 100 percent of the total SNZATs,
whereas in the Deglet Noor they usually increase to only 30 to 40
percent. Reducing sugars constituted over 80 percent of the total
during much of the first two periods of development, attaining a
maximum of 89 percent in the Deglet Noor (June 20, garden A, 1939)
and 92 percent in the Barhee (July 21, garden E). As sucrose
accumulated, the percentage of reducing sugars decreased to about
15 or 20 percent of the total in both varieties.
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irrerne B—Reducing sugnrs in Bunmature dates, expressed s percentage
of total suguys,

Changes that oecur in the sugars of dates during ripening differ
widely among varieties according to the type to which the variety
belongs. In the fruit of both varieties discussed in this bulletin the
sugar was predominantly sucrose immediately before ripening began
(table 2 and figs. 4 and 6). At the time the first fruits ripened
ghis form of sugar amounted to 80 to 83 percent of the total sugar
present in the remaining immature fruits in the series under observa-
tion. As soon as ripening began, part of the sucrose was inverted,
the amount undergoing this change depending on the variety, environ-
mental conditions, and internal variations in the fruit. An indication
of the extent to which the sucrose was inverted in the series under
observation by the time the dates were trec-ripe may be obtained from
table 4,

‘Pantk 4.—Proporiion of reducing sugarg in tolal sugars in doles immediately
after they were picked

Tteduging sugars {{olad sugar basis) In—

Varkely Carden Yonr of
deslgiatlon snmpling

Tmrnatitee frifts Ripe fruftz 2

Fereent Fereend
15 30

Deglet Noor,
Do

t Averpge doring harvest season eny. T Averare for (hie season,




COMPOSITIONAL CHANGES IN THR DATI FRULT

The covtrast in invertase activity du ving the ripening of the Deglet
Noor and the Barhee is striking, Previous to the beginning of
ripening, the proportion of reducin g sugars in total sugars was about

* the same in the two varieties, or close to 20 percent. Upon completion
of ripening, the reducing sugars had increased to about 33 percent
of the total sugars in average Deglet Noor Jdates, whereas in the
Barhee they had inereased fo about 100 percent. The length of time
required for the vipening of an individual fruit is no greater for the
Barhee than for the Deglet Noor. Inversion in frujt still relaining
any sucrose continued after harvest at a rate influenced by the factors
already mentioned and also by storage temperature. moisture content,
and processing freatment.

SUGAR CONTEXNT

Since it was found that the reducing sugars in dafes are composed
of approximately equal parts of dextrose and levulose, this fraction
is reported as invert sugar. Fhisisin agreement with resalts reported
by Vinson (32}. 1t was likewise found that the redueing substances
obtained upon acid hydrolysis of the aleoholic extructs were also
compoesed of approximately equal parts of dextrose and levulose:
the nonreducing sugar is therefore reported as sucrose. Cleared date
extracts, either before or after acid hydrolysis, did not contain any
appreciable amounts of reducing substances that were not readily
fermented by yeast,

Comrarisox or Basak Axp Apicar, HALves

In five series the fruits of all samples after the first two were
divided at the equator and the two halves were preserved and analyzed
separately (table 2). As the differences between the two halves were
similar in all the series, only one set of typical carves (garden A.
1939} is presented (fig. 7). The reducing sugars were nearly equal in
the two halves until August 1, after which time those in the apical
half exceeded those in the basal half by about 4 percent. Likewise.
the two halves were equal in sucrose content umntil August 1, after
which that in the basal half was higher. Asa result, the total sugars
of the two halves remained nearly equal during the entire develop-
mental period of the fruit. In the series under discussion the apical
hatf was slightly higher in total sagars than the basal half at the
end of the mrowing season but this was not always true; the averages
for partly ripe and ripe fruits in three series appeer intable 5. Tt was
always true in the Deglet Noor, however, that reducing SUgATS Were
higher and sucrose was Jower in the apical half than in the basal
during the latter part of the season until the dates had ripened
{table 2). '
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REDUGING SUGARS

PERGCENT (TOTAL SUGAR BASIS)

SUGARS

0 - APIGAL HALF
a - BASAL HALF

PERCENTIDRY~WEIGHT BASIS)

REDUCING SUGARS

Mmay JUNE JULY AUGUST SEPTEMBER OCTOBER

FicURe T—Comparison of sugar content of basal and apical halves of immature
Ireglet Noor dates, garden A, 1939,




COMPOSITIONAL CTIANGES 1IN TIE DATE FRUIT

TanLe 5.—Comparison of average tolal sugar content of basal and apical halves
of parily ripe and ripe Deglet Noor dates

Snger content (dry-welight basis) nt indieated stape of minturity

Garden Year of S0-percent-soft | GG-percentsall | Tree-ripe
designation sampling !

Rnsal Anical ' Basat ! Aenl Basal ; Apieat
haif 1alf i hai? half half : half
! ;

Prreent Pereent Prereend Prereent Pereend Percent

1048 83 ¥h. I N T0. 8 .2
1530 .0 8L.2 . E0. 6 50, 5
1030 50, Bl 1 s .8 ) T80

These results are not in agreement with those of Tlaas and Bliss
(18), who found considerable differences in the redueing, nonreducing,
and total sugars in the two halves of Deglet Noor throughout the
growing season. They reported differences as high as 9 percent in
the reducing sugars of the two halves and as high as 17 percent in the
nonreducing, with the result that the percentage of the latter in the
basal half was more than twice as high as that in the apical. The
fact that there were some ripe fruits in their sample picked on Sep-
tember 20 could partly explain the difference on this date, but enrlicy
samples showed even greater proportional differences in the non-
reducing sugar contents of the two halves; e.o., they found 9.9 and
2.2 percent 1n the basal and apieal halves on July 1 and 13.1 and 3.9
percent, respectively, on July 22.

The constancy of the diflerences in the relative amounts of the vari-
ous sugars in the two halves of ripe dates of the Deglet Noor variety
is shown in table 6. The difference in total sugars between the two
halves was not as great or as consistent as that helween the two frac-
tions. In 20 of 23 lots the apical half was higher in reducing sugars,
m 3 in sucrose, and in 13 in total sugars. Total sugurs in the 2 halves
were equal in 2 instances, These differences were continuations of
those which began developing in the sugur-accunilating period of
fruit growth and were remarkably constant throughout the season.
These results agree with those of Flans and Bliss (18), who reported
that reducing sugars were higher in the apical half and nonreducing
in the basal. They differ, howsver, in that Iaas and Bliss found total
sugars to be higher in the bagai half,

Tame G—Frequency with awchich one hulf of vipe Neglel Xanr dates erecedod
the ather in sugar conlent (dry-weight busis) in 28 lots

Readueing sigars Sucrose ! Total rugnes t

Guarden Yearof
Aesignation smapling [ po
! © hald

Apfesl Basal ¢ Aplegl | Tosal Apleai
Ialf [ hali  hall | hall halt
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1In 2 lots the hinives were equil in totai supgars.
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CoNceNTRATION OF Sucans 1N THe Sar or Imvarure Dates

'The concentration of sugars in the sap of immature dates has been
calenlated in an arbitrary muanner, based on the assumplions thai the
water in the fruit is uniformly distributed throughout the tissues in-
volved in each sumple and that nove of it is bound. Both of these
assumptions are in ervor, but it is considered that the data give ap-
proximate information, valuable for purposes of compavison. No
attempt was mude to determine the bound water, but doubtless some
was present. ITowever, if any bound water was present this fach
would reduce the amount of free water that could act as a solvent,
and the actnal concentration wouldl be somewhat greater than that
shown.

The data from garden A, 1939, ave used to llusirate the conecentra-
tion of sugars in the sap of growing dates of the Deglet Noor variety
and those Trom garden [2 that of the Barhee (fig. §). The concentra-
tion of reducing sugars was ahmost the same and remarkably constant
in both halves throughout the peviod of rapid growth i size. In the
Deglet Noov it increased from 40 gm, per liter of water on Muy 23 to
59 am. on June 20, remained constant until July 20, and then decreased
slighlly until carly Aungust. Subsequently there was a gradual in-
crease n both halves, but this was move rapid in the apieal half; this
inerense continued as the dates ripened. On Qctober 17 the concen-
trations in immature dates were 100 and 174 gm. per lier in the basal
and apical halves, vespeelively.

T'he sucrose concentrafion in the Deglet Noor dates vemained ab an
alnost constant value of 7 to 10 gm. per liter of water Trom Muy 23
to-Fuly 7. By Aupnst 13 had increased until it exceeded that of
reducing sugars: afterward it inereased rapidly Tor the duration of
the life of the fruit. The sucrose conventrations in the two halves
werns alike up to the middle of August (lig. 8), but by October 17
they hadl increased to 638 gm. per liter of water in the hasal hall ol the
fruit and 761 g, in the apieal half, The hreak in this inerease early
in September (fig. 8) was cawsed by rain which fell on the fourtl and
i, The higher concentration in the apieal halt than in the basal
during the latter portion of the season wus largely the result of 2
Jower moisOure contont wther than of a higher sugar content ({able 2).

During the period of rapid growth of Deglet Noer dates the con-
contration of reducing sugars (dextrose and Jevnlose) in grams per
Titer of waler was aboul six limes that of sucrese; thus the moleeular
concentintion of each of the bwo veducing sugnrs was about gix times
that of sucrose.

During the growing period the concentration of veducing sugars in
Barheo dntes (gurden 9} inereased slowly from 40 gm. per Diter of
water in the whole fruits on May 23 to 76 g, in the basal hall and
78 gm. in the apieal hall on Angust 2 (fig. 81, The increage continued
ak o uniform raie. excepl for the infhience of rain, until September
11, when the two halves had concentrations ol 125 and 125 am., ve-
speetively. ‘E'he suerose concentraiion decveased from 13 gm. per
liter on June T to 7 gm. in the basal half and 6 g in (he apienl half
on July 21, Alter this the concentralion increased rapidly up to 465
and 538 gni. per liter of waler, vespectively, on Neptember 11 (fig. 8).
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Figure 8—Conecentration of sugars in the sap of immature dates, expressed s
grams per liter of water.
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No additional samples were obtained in thig series, as the crop was
almost ruined by ruin. ]

The ultimate concentration of sugar found in the immature Degilet
Noor dates was equivalent to 2.2 moles of suerose and 1.0 mole of re-
ducing sugars, or a total of 3.2 moles per liter of water. In addition
to the sugars there were other solids soluble in 80-percent alcohol
{(most of them wuter-soluble}, which amounted to as much as 95.5
gm. per liter of water; also there were some solids insoluble in alcohol
but soluble in water (e.q., pectin). In spite of these high concentra-
tions of sngars and other soluble solids immature dates lost water at
this stage of development, whereas earlier, with a sugar concentration
of about 60 gm. of reducing sugars and 10 gm. of sucrose per liter
of water, or o total of about 0.36 mole per liter, the wuter content
increased rapidly in quantity and at leust held its own In percentage.
The hydration is probably causally related to the active acidity, as
Caldwell (6) suggested in his discussion on hydration of growing and
ripening fruits.

INFLUENCE OF Stace oF MATURITY

Fraits of the Deglet Noor variety begin to ripen at the apieal end.
Ripening progresses inward and toward the basal end until, after 10
days to several weeks, the whole fruit is ripe. The length of time
required for the ripening process depends on the environment, espe-
cially the temperature. Barhee dates turn transhicent as they ripen;
the process begins with the appearance »f one to several soft, trans-
lucent spots anywhere on the surface. ‘These spots increase i size
until they coalesce and the entire fruit becomes soft and ripe. The
euring process which follows consists in vompletion of the break-
down of the tissues and in dehydration.

Dates attain their maximum sugar content soon after they begin to
ripen, The exact stage of maturity at which they contain the maxi-
mwm amount of sugar appears to vary sontewhat, but it is at some
stage from 50-percent-soft to something less than tree-ripe in the Deg-
let Noor; it may be at Jeast as early in the Barhee. This stage is in-
fluenced to o certain extent by the growing conditions, the pavt of
the harvest season in question, and the variety. In very few instances
in the Deglet Noor series was the total sugar content of ripe dates
as high as that of those from the same series at some earlier stage of
maturity picked on the same day. At times the sugar content of
khalal fruit was as high as that of partly ripe or ripe dates when
computed as percentage of dry weight, but not when computed as
quantity per frnit. Figare 9 indicates that the dates failed to gain
in sngar during the final stages of ripening. This is true whether
the sugar is considered on o percentage basis or as quantity per frit.
Consistent results have been obtained in this respect in the three series
on which detailed observations have been made, Similar results were
obtained on the Barhee, but tlie number of observations was too small
to permit drawing definite conclusions. Table 7 shows the average
results for the various gardens. Ripe dafes from all the gardens con-
tained less totul sugar per fruit than purtly vipe ones from the same
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Frgure 9—Total sugur content of partly ripe and ripe Deglet Noor dates,
expressed as percentuge of dry weight and quantity per fruit.
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garden at the same picking. The differences were small in the series
from garden A, 1938 and 1939, but very noticeable in that from
garden C. The only exception to this was the first picking .f ripe
dates in garden A, 1938 (fig. 9).

TarrLE T.—Comparison of total suger conienls of duetes wl various stages of
weturity
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Hilgeman and Smith (17) obtained n similar reduction in the sugar
content of ripe Maktoom dates but not Khadrvawy. Lile the Barhee,
both these vavieties are of the invert-sugar group. Qther constituents
besides sugar contribute to the quality of the fruit; consequently, it
must not be assumed without further investigations that as good a
finished product ean be obtained Irom fruits picked when only partly
ripe as from thoese allowed to ripen on the pulm. From a practical
point of view the additional cost of handling dates that are only
partly ripe must also be considered, since facilities wounld be required
with which to complete the ripening process and additional time
would be required for dehydration.

The total sugnr content of ripe dates from a given garden remained
almost constant in percentage of dry weight throughout the entirve
harvest season of u given year, though there was a slight tendency
for an increase us the season advanced and alse a tendency for the
later ripening fruit to be slightly larger.

In 1938 the khalal Deglet Noor dates in garden A contained as
much total sugar (dry-weight basis) as partly ripe or ripe ones after
the first part of the harvest season, but in 1939 the kkhalal dates from
the same trees never (uite equaled the more mature (table 2). The
difference between the two seasons was due to the higher sugar con-
tent of ripe dates in 1939 than in 1938. The sugar contents during
the two growing seasons were very nexrly alike, a consistent difference
occurring only after the fenit began to ripen (table 2). The average
sugar content of the ripe fruit was 77 in 1938 and 81 percent in 1939,
This difference was presumably due to the effects ol a sbvere freeze
which nearly defoliated the palms in January 1937. Since recovery
was not so far advanced in 1938 as in 1939, the reserves in the palms
were drained to o lower Jevel at the end of the growing season of 1938
than at the corresponding time in 1939,

In garden C tho khalal dates had o total sugar content as high-as
the ripe ones picked from the same garden on the same day, after
the first part of the harvest senson, but the total sugar content of the
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ripe dates was lower than that of ripe ones from garden A in 19390
(table 2). Accurate cultural records ure not avai{rable for the two
gurdens, but the lightness of the soil in garden C may be partly re-
sponsible for the diflerence. Garden A also received lieavier u pplica-
tions of fertilizer than garden C. Amnother important factor is that
garden € was more severely injured by the freeze m 1937 than wus
garden A. Ripe dates from garden A had more sucrose and less re-
ducing sugars (dry-weight basis) than those from garden C (tuble 2},
reducing sugars in dates from garden A averaged 30 percent, whereas
those from gurden C averaged 37 percent of the totul. In considering
the composition of the 1939 crop it is necessury to keep in mind the
possibility that the heavy rains of September 1, 5, and 24 inHuenced
the results. Jt will also be recalled that, although the 30-percent-soft
dates from garden C had almost as high total sugar content as those
at any stage of maturity from garden .\, there was a greater decreuse
in the sugur content of the dates from gavden C than in those from
garden A as they ripened.

Ram damage prevented comparisons of sugur contents of ripe and
unzipe dates from gardens B and I8 for the latter part of the season.
The one sample of ripe Deglel Noor obtained from garden B had a
Ligher sugar content than kchalal fruits picked on the sume day (Sep-
tember 13); total sugars in these samples amounted to 75 and %6
percent of the dry weight, respectively.

In garden D (table 2) the average total sugar content of khalal
Deglet Noor dates during the harvest season was T+ percent of the
dry weight and that of the ripe fruit 81 percent. The sugar content
of the khalal dutes never equaled that of the ripe ones in the same plot.

The reason for the high proportion of reducing sugars in the dates
from gavden D is not evident, but this condition is associated with
low quality. Iligh moisture content before and during ripening may
have been involved. This high reducing-sugar content is barely sug-
gested n the sugar composition during the growing season. How-
ever, the moisture content of the fruit from garden D was markedly
higher than that from garden A. The moisture contents of immature
dates from these gardens are compared as follows:

Haisture ) . Moisture

Garden A, 1h39: (pereent) tiarden 1, 19300 (pereent)
Angust G2 Auzusy ) T80
Septembher H Raeptewmber 6171
September 12..... e il September 1: 62-GG
September 26................ 3 Reprember 27....,........ 59-63

1 Tange covers plots In Lhils garden.

L'lie dates in garden A ripened with what may be considered a normal
proportion of reducing sugns and with good color for the variety,
whereas those in garden D ripened with & high proportion of reduc-
ing sugars and with color undesirably darvlk for the vaviety.

These sugar analyses agree in most respects with those reported
by other workers. Vinson’s sugar analyses (32) were apparently
made by means of a polariscope. The average of nine samples of ripe
Deglet Noor dates was 81 percent when calculated on the dry-weight
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basis. His results with immature dates are not directly comparable
with those found in the present work, as his samples consisted of ab-
normal fruit; even the pea-size dates (1.13 gm.) were picked late in
September, whereas normal fruits attain that size by the middle of
May to early June, depending on location and season. IHe found 438
percent total sugars in these dates on the basis of dry weight, whereas
in the series reported in this paper the toial sugar content of dates
that had a fresh weight of 1.1 to 2.8 gm. was from 18 to 20 percent.
o also found a higher proportion of reducing sugars than was found
in the present work; e.z, in a sample picked on October 17 and de-
seribed as “bright red, none ripe,” he reported 27 percent of the total
sugars as reducing sugars (compared with values below 20 percent in
the present worlk). It is possible that some of the lack of agreement
was brought about by diflerences in methods, for he did not give his
method of preserving his samples. He determined water content by
drying in a partial vacuum over sulfuric acid at 70° €. for 46 hours.

Freeman’s sugar values {22), which were reported in the same
bulletin as those of Vinson (32}, ranged from 82 to 88 percent; 23
analyses averaged §& percent. Flis method was not given, but it may
be assumed that it was the same as thuat employed by Vinson.

HMaas and Bliss (1J) used the method of Shaffer and Hartmann
for their sugar analysis. The gencral shape of their curve for total
sugars is similar to hase reported in the present paper, but their
lues are considerably lower. They reported a total sugar content
of about 6 percent (dry-weight busis} on May 21 as compared with 13
pereent found by the writer on May 17, 1948, and 21. 21, 18, and 25
percent on May 23, 1939 (table 2). Similarly, on and after September
2 they found a total of about 62 percent in samples which included
some ripe fruits. On corresponding dates, the present report shows
immature fruits (in the khalal stage) as having amounts inereasing
s)ightly from 72, 75, 76, 75, 73, 73, 71, and 73 percent in the various
eardens as the season advanced. In the first part of the season the
discrepuncy was caused mainly by differences in the reducing sugars,
but after about August 1 the bullt of the diflerence was in the non-
reducing Traction. Their values Tor reducing sugars were Jower in the
first part of the season and higher in the latter part than those found
n the couse of the present work,

The results reported here agree reasonnbly well with those reported
by Sievers and Barger (29). The average of 23 determinations of
total sugars in ripe Deglet Noor dates as reported by them wus 76
percent of the dry weight, with a range of 71 to 83 percent. They
used about the same method for sugar analysis as the one used in the
present work, but moisture was determined the first year by drying
partially extracted material and the extract at temperatures not ex-
ceeding 20° . and subsequently by the methad of Bidwell and Ster-
Iing (2).

Itattah {17) used one of the iodometric methods for the determina-
tion of sugars and dried the material in vacuam at 70° C. for 12 hiours
for determining moisture. He reported 61 to 8§t percent total sugars
in a number of varieties, with 72 to 98 percent in Deglet Noor. No
analyses of dates during the growing season were given.
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MOISTURE CONTENT

The water content of both varieties was over 80 percent (fresh-
weight basis) in all series throughout the period of rapid growth
{table 2). The maximum was 86 percent in the Deglet Noor (garden
A, 1938, July 268} and 87 percent in the Barhee {garden B, July 7).
The high moisture content coincided with rapid grewth and high
active acidity and also with the time when most of the sugar was in
the form of reducing sugars, but water and total sugars weve inversely
related (figs. 2, 6, and 10). Diflerences in moisture content of dates
from different soil types or after different cultural trentments were
generally small (table 2). Diltfcrences in the moisture confent of the
two halves were also small during the growing period, although in
general u slightly lower percentage of water was found in the apical
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half (tabie 2). Tlis difference increased in the Deglet Noor until the
fruits had ripened from the tip to the equator.

Moisture content expressed as quantity per fruit presents a picture
quite different from that obtained when it is expressed as percentaye
of fresh weight (fig. 10). During the period of high hydration the
amount of wuter contained in ench frutt increased rapidly with the
increase m size. Even after the percentage of moisture had began to
decrease, the mmount per fruit continued to increase for a short time,
The maximure quantity per {rait was reached early in Augnst in the
series observed m 1939; dates ¥rom garden B had a lower peak and
the maximum ocewrred slightiy later than in those from the other
gardens in the same year. I'ruits from gavden A reached their maxi-
mum several days later in 1938 than in 1039, The quantity of water
per fruit began to decrease immedintely affer the maximum was at-
tained in each series; this occurred 5 to ¢ weeks before any fruit began
to vipen. The percentage of moisture began to deerease m July.

The relatively short period of maximum moisture content {ex-
pressed as quantity per fruit) during late July and ewrly Angust
coincides with the time at which dutes ure most suseeptible to check-
ing of the epidermis near the tip. This blemish eonsists of minute
transverse breaks in the cuticle nnd the epidermis. AL first it is lim-
ited to the suriaee layer of cells, but Jafer it may alleet cells many
layers deep. Ilnas and Bliss (13) deseribed the condition in some de-
tall. ITigh susceptibility to this type of injury continucs for only a
relatively short period in the development of the frnit (13). Severe
checking will develop into blacknese, one of the most servious of the
physiological disturbances of dates from the econamic point of view
(13, 86, 27, 28). Data given by linas and Bliss (/3) show that this
relation hetween moisture content and susceptibility to cheeking also
exisied m the dates with which they worked, but they did not eall
attention to it. The time at which the maxinmen water content (ex-
Ppressed as quantity per Truit} oceurs varies from one season to another.
That of the series under observation in 1938 occurred befween August
9 and 16, whereas in 1939 all except that from guvden B hiad the maxi-
mum about August 15 the maximum in gavden T3 occurred between
Angust 2 amd 17, The maximunm meistire in amount per frait in the
series reported by ITaas and Bliss (13) was found on August 12, but
the highest percentage of molsture was fonnd in the sample collected
on July 1. The greatest susceptibility to cheeking in this series was
found on August 12. It is of interest to note that dafes from garden I.
unlike those in the other series, had no sharp maximum waler content
(cquaniity per fruit); it was also considevably smaller than that in
datez from the other gardens. Nixon (27) and Nixon and Crawford
{28} reported that small fruits ave not as susceptible to checking and
blacknose as arve large ones. at least when the Qifference In size is
brought ahaut by differential thinning treatments, ‘Fhe period of
maximuom water content {quanti(y per fruit) eoincided wiih the be-
ginning of the change in color from green to red or vellow, according
to variety, that is, Trom kimri {o khalal.

Water is lost af an inereased rate when the fruits begin to ripen.
Whalal Deglet Noor dates from gavden W\ 1939, conlained 61 pevcent




COMPOSITIONAL CHANGES IN TITE DATE FRUM 35

moisture at the beginning of the harvest season, whereas 50-percent-
soft dates contained 41 percent, 90-percent-soft 37 percent, and tree-
ripe 33 percent moisture (table 2). These figures decreased somewhat
later in the season so that on Qctober 17 they were 48, 36, 33, and 26
Perzent, vespectively. Other series gave similar results,

‘The apieal portion of Deglet Noor dates hegan having a lower
moisture content than the basal early in the sugar-accumulating pe-
riod, and this difference increased as the fruits began {o vipen (table
2). The averago differences between the apical and basal halves of
Deglet Noor dates from garden A. 1939, at the various stages of ma-
turity follow:

Moisture
Stage of maturity: (percent)
Ithalal (during harvest)
al-porcent-soft
H0-percent-soft

This value Increased until the fruits were 50-percent-soft. and subse-
quently it decreased as the basal half rvipened; it was as high as 12
percent in ndividual samples {table 2, garden A. 1938, September aT7}.
Stmilar results were obtained with the other series of the same variety,
bat the difference in moisture content between the basal and apical
halves of the Barhee was not so great (table 2).

The moisture content of dates in the late khalal stage from all the
plots in garden D & was higher than that of similar ones from gardens
Aand C (table 8§). The color of the ripe fruit from all plots in garden
D, especially plots C and D, was darker and therefore less desivable
in appearance than that from gardens A and C. The darker color
of the ripe dafes and the higher proportion of reducing sugars in total
sugars in Immature and ripe fruits from the plots with a low leaf-
to-fruit-bunch ratio as compared with similar ones from the plots
with a high ratio might well be associated with the difference in
moisture content in the two groups. This supposition is strengthened
by the fact that the higher moisture content of the late khalal dates
from the plots in garden D as compared with similar fruits from
gardens A, 1038 and 1939, and C (table 8) tends to be reflected in the
quality of the ripe dates {p. 47). The comparison is most striking
in plots A and C, for which the respective average moisture contents of
late khalal dates were 61 and 65 percent (average of values on Septem-
ber 13 and 27, table 8) and the respective percentages of fruits in the
‘wo best grades were 51 and 6 pereent (p. 47). The consistently darker
color of the ripe dates from garden D as compared with that of dates
from the other gardens sampled does not always find expression in the
grades, since additional factors must necessarily be considered in de-
termining the grade.

*For a deseription of the (reatments of (he plots Iy garden D see p- 43,
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TaBLE 8.—Aifoisturc content of khalul Deglet Noor diles at varvious tmes during
the harvest scuson

Molsture Molrture
Gavden, Het, and dny cantent Gurden, plot, and day content
af srinpling {frosli-weight of sumpllng {fresh-weiglt
unsisd bnsls}

Percont Dercant
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Seph, 12
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Bapl. L3 oaa s
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L IPer deseription of plots seo p. 43,

Another relation that may be significant is the fact that the moisture
percentage of khalal dates at the beginning of the harvest season is
higher than Iater in the season {tables 2 and 8). It is common packing-
house experience that Deglet Noor dates vipening at the beginning
of the season are likely to be inferiov in quality as compared with
those from the sume garden ripening Inter. The inferiority of early-
ripening dates consists in thetr tendency to davken more quickly and
to spoil from mnolding and fermentation more readily than those that
ripen later in the season. ‘Lhis fact suggests thaf the high moisture
content of the khalal dates imymediately before they ripen may pre-
dispose them to these forms of deterioration.

The rate at which water is lost by dates before and during ripening
is an important ¥actor in detevmining the quality of Lthe final product.
I water is lost too vapidly before the chemical changes accompanying
ripening have taken place, the processes will be slowed down or
stopped (32) and a poor product will result. Too rapid dehydration
in dates that have already softened completely also gives an inferior
product. On the other hand, too slow dehydration makes the dates
subject to various forms of deterioration including excessive darken-
ing, fermentation, molding, und loss of flavor.

The association of excessive darkening of the flesh with high mois-
ture content was demonstrated in one series of stored Deglet Noor
dates in which the moisture content was determined on light and dark
fruit from seven lots, which had been stored an average of 7 months
at 28° F. {about -2° C.}. The moisture content of the dark fruit
ranged from 32 to 35 percent with an average of 33 percent; that of
the light fruit ranged from 27 to 30 percent, with an average of 29
percent. These results substantiate experience in packing houses,
where excessive darkening has been found to be associated with a high
moisture content. In unpublished experiments Barger ® found that

* PUnpublished notes on cold storage of dates by W, R. Barger, Division of Froft
and Vegetable Crops and Diseases.
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in excessively dark Deglet Noor dates the reducing sugars constituied
an abnormally high percentage of the total sugars. A high propor-
tion of reducing sugars in itself may not be objectionable inasmuch
as the sucrose is completely inverted in muany excellent varieties of
invert-sugar dates, but the conditions conducive to rapid inversion in
the Deglet Noor variety are also conducive to other changes which
lower the guality.

Tha causes of excessive hydration are varied and muy be external
or internal. Preeipitation or high humidities during ripening con
bring it about, but even under favorable atmospheric conditions are
found varintions in this respect which make some dates more inclined
to retain un excessive amount of moisture than others, thus predispos-
ing them to fermentation and darkening. It might be supposed that
this could be due to the llesh of some varteties being more hygroscopie
than that of others; but Vinson (32) found that this was not true,
since both kinds, onee hrought to the same moisture content, gained
or lost water at approximately the same rates under sinilay conditions
of humidity and temperature.

Data available from other experiments suggest that a contributing
factor tending towurd excessive hydration and darkening in vipe dates
may be found in inadequate irvigation during the eavly puart of the
growing season followed by nm]_)Te wrigation during the latter part.
Ripe Deglet Noor dates from the adequately irrigated palms in three
sets of paired plots had an avernge of 2 percent less moisture (Iresh-
weight basis) in the six collections that were magle than those from
the mnadequately irrigated palms. All the lots from the inadequately
irrigated pahns had higher moisture contents than those from the
palms provided with suflicient water. Inadequate irrigation resulted
in the production of abnormally davk dates,

HYDROGEN-ION CONCENTRATION

Determinations of the active acidity, ot pll values, were made on
tha expressed juice of frozen Deglet Noor dates from garden A, 1038,
until they began to vipen. lLater the determinations were made on
the ground flesh, as it was impossible to obtain uny juice by sqtieezing,
The acidity incrensed from pii 8.5 in the whole fruit on Muay 17, 1938,
to pH 5.1 1 the basal half and pIf 5.2 in the apical on June 14 (table
2). Shibsequently the acidity decreased gradually until the frait was
ripe. The basal half was usunlly more acid than the apical in the
growing dates, although the difference wus not great (table 2), A
close 1'e§a.ti0n existed between the active acidity of the basal half of
immature Deglet Noor dates and the rate of increase in fresh weight
until earlty September, when soms of the fruits begun to ripen (hg.
11). High acidity was associnted with w high rate of incrense in
fresh weight and size. These results wre in general agreement with
Caldwell’s statements (§) that there is a close relation between the
rate of growth and the active acidity of fruit and that the greatest
nctive acidity occurs simultaneously with the period of greatest hydra-
tion. The water content in eanch series remained at a nearly constant
value within 1 percent of the maximum throughout the month ot July
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RATE OF INCREASE
IN FRESH WEIGHT

~

DAILY INCREASE PER FRUIT {MILLIGRAMS)

o
Q
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Fi1cure 11.—TRelation of hydrogen-lon concentrution of the expressed juice of the
basal haif of immature Deglet Noor dates to rate of inerease in fresh weight,
garden A, 1938,

(fig. 10), but the active acidity had decreased somewhat by the end
of that month (fig. 11 and table 2). 'The greater active acidity of
the basal half as compared with that of the apical half also supports
Caldwell’s statement that actively growing tissue has n higher active
acidity than does less active tissue, since Haas and Bliss (13) and
Long (27) have shown that most of the elongation of dates takes
place at the basal end. The range of active acidity was less than 1 pH
unit for the entire season previous to the beginning of ripening.
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The hydrogen-ion concentration of the dutes decrensed somewhat
during ripening. Observations on the 1938 crop in garden A showed
L pIT range of 5.9 to 6.4 in the basal half and of 5.8 to 6.2 in the apical
hatf of ripe dates (table 2). In contrast to the situation in immature
froits the apieal half of mature ones was usually slightly more acid
than the basal at any given picking; the difference ranged from 0.03
to U4 pIL unit.  There was no seasonal trend in the sctive acidity of
ripe dates.

NONSUGAR-SOLIDS CONTENT

The nonsugar solids were divided on the basis of their solubility in
the extracting medium, 8G-percent aleohol. The time of aceumulation
ot these solids is shown in figure 12, Prior to September 1 soluble
nonsugar solids were accumulated at rates such thut the graph
assimes o shape sinilar to that for total dry matter provided the
ordinates ave sulliciently magnified. Among these solids are minerals,
cnzynies, lannins. and pigments,

The only available data on the mineral content of American-grown
dates are these of Ilaas and Bliss (7.2), who Tound that all the ele-
ments on which anaiyses were made were aceumulated at fairly con-
stant rates during the entive life of the fruit. The elements reported
include polassinm, sodinm. caleium, sulfur, phosphorus, magnesium,
copper, manganese, nifrogen. and chlorine,  Haas and Bliss stated
that there was no greater correlation between the potassium and sugrar
confents than between those of any other clement and sugar. A5 with
the storage tissucs ol other plants, by far the most abundant single
elemient in the ash of the date was potassium, which constituted over
40 percent of the total. This proportion remained fairly constant
during the Tife of the truit,
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The only enzyme in dates which lhiag been studied in detail is in-
vertase. Vinson (J42) found that the invertase of unripe dates is in
the intracellular form and cannot be extracted with water or glycerin
even after the cells are killed with acetone or teluene. Ile found that
4s soon as the dates begin to ripen the invertase changes to an extra-
cellular form and is readily soluble, at least in the invert-sugar vari-
cties. The pulp of unripe dates was found {o be capable of inverting
solutions of cane sugar very rapidly even though no invertase could
bo extracted. Vinson'’s enzyme worlt was dene on invertase, not so
much because of any importance it might have in connection with the
ripening processes as because of the case of following the activities
of this enzyme., Vinson felt that conditions which influenced the ac-
tivity of this enzyme would also influence that of other enzymes in-
volved in the ripening process. The addition of tanunin did not pre-
vent invertase from remaining in solution in glycerin, and invertase
precipitated by tannin did not lose its ability to invert sucrose.

The changes in tannin and related substances in vipening dates are
not well understood. Lloyd (20) differentinted the tannin substances
into plastic and aplustie. Ile concluded (20, p. 149) that the plastic
tannin “oceurs and disappears at such times and in such sitnations
as fo warrant the conclusion that it is o nuirient, and in this is analo-
gous Lo starch, reservae ccllulose, oil, ete.” e found that plastic
tannin undevwent transloeation, but there was no evidence that
changes in the tannins were involved in the rapid accumulation of
sugar. Lloyd found that the aplastic tannin was transformed into
hard, inseluble tannin bodies in the cells jn which it occurred ovig-
inally and that there was no translocation and no accumulation of this
type of tannin at the time of ripening. The Tormation of insoluble
tannin bodies is characteristic of the ripening process in dates: the
nature of this deposition is unknown.

Vinson (32) concluded that the tannin might form insoluble bodies
by condensing with some product of enzymatic setion. Ile found that
the tannin of unripe dates was not removed by long digestion with
ripening date pulp and hence the deposition was not a direct enzy-
matic action; but if immature froits wore headed 1o 70° . for 10
minutes or more, the astringencey became permnnent as a result of the
destruction of nn enzyme oceurring in the fruit. Bigelow, Gore, and
Howard {3) reported chservations on persimmons in which the tannin
grains passed throngh n (ransitory viscous stage before they con-
densed into the hard insoluble condition. These writers also noted
thiat these cells at n certain stage of development would burst when
placed in contact with saliva and concluded that the cells had been
prevented from taking up water and bursting while in the fruit be-
cause of the osmotic pressure of the fruit juice. A few varieties of
dates, such ns the Barhee and the Braim, have so little tannin in the
immature state that (hey arve only slightly or nat at all astringent;
the nslringency of any duate vaviety, however, disappears during nor-
mal ripening.

Turrell. Sinelair, and Bliss (30) discussed the possible relation
hetween the varions tanning aud tanninlike substances and the sns-
ceptibility of dates to fungns attacic.
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The yellow pigment of the Barhee vaviety in the lchalal stage wus
found by gquahtative tests to be » {lavone or (lavonol, and the red pig-
ment in the Deglet Noor in the sume stuge was found to be an antho-
cyanin. Although curotene is nssociated with chlorophyll in the kimri
stage, much of 1t 1muy subsequently e lost since ripe Deglet Noor
dates have been found by the rat-growth methoed to have the relatively
low vitamin A potency of 66 Internatienal Units per 100 gm. {4).
Fresh tree-ripened Halawy dates were found to have a vitamin A
potency of the same ovder of magnitude, whereas the Saidy had a
potency of abeut 350 International Units %.{c). ’

The guantity of soluble nunsugar solids per fruit did not change
appreciably during the ripening process. LThey averaged 5 perceut
of the fresh weight, or 7 percent of the dry weight, of ripe Deglet
Noor dates anil 5 percent of the fresh weight, or 9 percent ot the dry
weight, of ripe Barhee. The soluble nonsugar solids constituted 7 to
1 percent of the total seluble solids in the vipe dales of both varicties.
The tannin compounds are included in this group in the immature
fraits, but in the ripe ones they ave included in the insoluble solids,

The insoluble solids include all substances insoluble in 80-percent
aleohol.  Curves representing these solids (lig. 12) resemble those for
the fresh weight of the fruit. Most of the accumulation of thege ma-
terials occurred at the period of rapid increase in fresh weight, with
only a slight increase after the fivst part of Angust. This is to be
expected in view of the fuct that these solids include the ecell-wall
materials, most of wltich are laid down about the time of cell enlarge-
ment,  The incrense continued at u low vate up to the beginning of
ripening. so that all samples of partly ripe or ¥ipe dates of the Deglet
Noor variety contained more of these substances than the immature
samples. In this vaviety there wus no decrease in the total amount
of these substances during ripening, but there were changes in the
relative quantities of fractions within the group; for instance, a de-
crease in protopectin and an increase in water-soluble pectin. In the
available sample of ripe I3arhiee there wis a decrease in insoluble
solids from 770 mg. per
freit in the unripe sumple
to 724 mg. in the ripe sam-
ple picked on the sume day.
"This loss could be due to n
loss in pectic substances
(p. 43).

A single series of de-
terminations indicated that
the totul acid-hydrolyzable
polysaccharides in the api-
*al halves did not increuse
subzequent to the time the
rapid nerease in total in-
JUNE JULY AUGUST soluble solids had ended
Irgune 13.—.Acid-hydrolyzable pelysacchnrides (fig. 1‘1._)' : 1\..11 alyses °£

in the apleal half of Immature Doglet Noor Whole-Truit samples of

“dntes, garden A, 1938, partly ripe and ripe dates

100

MILLIGRAMS PER HALF FRUIT

25
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indicated that there was no reduction in the total quantity
of these substances as the dates ripened. While the identity of these
substances was not defermined, qualitative tests for starch and dex-
trin were negative. This is in agreement with the results obtained
by Lloyd {20), who found that dates contain a small amount of starch
at about the time of pollination but none thereafter. When the resi-
due after aleoholic extraction was hydrolyzed by acid, an indicator
which was deep red in solutions more acid than pH 5.4 was formed.
When the solution was brought to pH 5.4 or higher the pigment
turned blue and quickly precipitated.

Analysis of pectic materials was made on dates from gardens A,
1988 and 1939, and I only. Most of these substances {reported as im-
pure calecium pectate) were accumulated during the period of rapid

o]
150 - BARMEE -
GARDEN E, 1929 5
O
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o .-'""“'_@7<.
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~

Oo-TOTAL PECTIC SUBSTANCES
®-PROTOPECTIN
A-SOLUBLE PECTIN

DEGLET NOOR
GARDEN A, 1939

MILLIGRAMS PER FRUIT
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Frguss 14,—Pectic substances in Immatore dates, expressed as impure calcium
pectate per fruit.
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increase in fresh weight (table 9 and fig. 14). All the protopectin
was stored during this period, but soluble pectin was accumulated at
a fanly constant rate during the entire life of the fruit up to the time
1t began to ripen. The quantity of total pectic materials per fruit
continued to increasc somewhat aifter the end of the period of rapid
increase in fresh weight. The protopectin per fruit was at its maxi-
mum at the beginning of the period of rapid sugur accumulation and
decreased with the advance of the season. 'T'he decrease in protopectin
coincided with the decrease in quantity of water per fruit (figs. 10
and 14).

An interesting coincidence, which may be signifieant, 1s the fact that
the maximum quantity of protopectin per fruit occurred when the
dates hnd their highest quantity of waler per fruit and also weve most
susceptible to checking. While Barhee dates de not develop typical
blacknose, they may develop o type of water injury similar to it. In
. the Deglet Noor the subsequent increase in soluble pectin was slightly
greater than the decveuse in protopectin; consequently the tofal quan-
tity of pectic materials per fruit continued to increase but at a reduced
rate (fig. 14). Tn the Barhee both protopectin and soluble pectin
decreased as the fruits ripened (table 10}. The ripe duates contained
40 mg. less total pectic materials than the immature ones: this com-
pares with a difference of -0 mg. in the amount of total insoluble
solids found in the same samples {p. 41},

TasrLe O.—DPectic subslances in immuture dates expressed as percentuge of dry
weight of impure culeium peclule
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In 1939 the percentnge of protopectin (dry-weight basis) was
higher in the apical half than in the basal in five of seven samples
of immature Deglet Noor dates und in all five of the immature Barhee
samples that were analyzed (garden I2). On June 20 the Deglet
Noor contrined 3.6 and 2.5 percent in the basal and apieal halves, re-
spectively; by September 1 these values had dropped to 1.3 and 1.5
percent. Likewise, on June 21 the Barhee contained 4.1 and 4.3 percent
in tho basal and apics] halves, respectively, and by September 11 the
percentages had dropped to 0.9 and 1. Subsequent decreases in the
protopectin content of inunatuve dates were only slight, but appre-
cinbly smaller quantities were found in the ripe ones of both varieties:
for exaniple, on September 12 khalal Deglet Noor dates from gurden
A, 1939, contained 81 mg. protopectin per fruit, whereas ripe fruits
Trom the same garden on the same day contained 44 myg.

On the basis of percentage of dry weight, protopectin increased
slightly between June 20 and July 20 in dates from garden A. 1939,
whereas in those from gardens A, 1938, and 1, the percentage did not
merease after June 14 and June 21, respectively (table 9). Although
the quantity per fruit was inereasing, sugar was also accumulating at
an increasingly rapid rate so that the percentage of protopectin soon
hegan to decvease. This was equally true for both varieties.

Soluble peetin in the Barhee increased from 33 percent of the total
pectic maierials in June to 54 percent just before ripening began in
September and to 63 percent upon rvipening. The proportional in-
creaso in soluble pectin associnted with ripening was not as great as
might be expected with this varviety since the quantity per fruit actu-
ally decreased as vipening progressed; the rate, however, was lower
than the decrense in protopectin.

The soluble pectin in the Deglet Noor variety increased from {wo-
fifths of the total pectic materials in June tn nearly one-half just
before ripening and to fwo-thirds immediately after ripening. The
comparafive proportions of total pectic materials that were soluble
at different stages of maturity of Deglet Noor dates, garden A, 1989,
follow:

Part of fruit and slage toart af frmit and stage

of maturity: ) of maturity-—Con.

Hasa) InUr: Percent | Apieal half: Percent
Khnei (in June), . ....., 42 ! Kimri {in Tune)
IChalal {during boavvest) 47 Khialal (during havrvest)
Al-poreent-solt a8 ! i-percent-goft
O0-percent-snft & | O0-percent-snft
Tres-ripe . [T ‘Pree-ripe

Similar vesults were obtained in 1938, TPresumably the proportion
of soluble peetin continues to increase as the fruit cures. Total pectic
materials m ripe Barhee dates amounied to 1.4 pereent of the dry
weight as compared with an average of 1.8 pereent in the Deglet Noor
in hoth 1938 and 1930. The inerease in propertion of solnble peetin
as the dates ripen is in agreement with results reported on other
fraits, such as apples (7), pes (14, 28), and tomatoes (9). Tt would
he expected that the proportion of soluble pectin would inerease
earlier in the apical portion than in the basal of Deglet Noor duies,
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since the former softens first as ripening progresses, but the compari-
son given shows that the two ends were nearly alile in this respect.

Sinece the pectic fractions of the two portions of partly ripe dates
were approximately alike, it is difficult to rvelate the difference in ap-
pearance of the two halves to composition; it is quite true that the
apical half is lower in moisture and sucrose and higher in reducing
sugars but this difference could hardly be responsible. Possibly the
separavion of the material called protopectin in this bulletin into cell-
wall and middie-lamella fractions would have been informative.

INFLUENCE OF VARIOUS FACTORS ON COMPOSITION
Lesr-ro-Frurr-Buxnca Ratio

The influence of the ratio of leaves to fruit bunches on the Deglet
Noor variety was stusied in gavden 1D, Diflerent ratios were obtained
by pruning all the palms {o 30 leaves ench and varying the numnber
of fruit bunches retained by each palm. Normally the leaves on a
date palin remain functional for about 5 years. The experiments
undertaken reguived the removal of all the leaves from es~h palm
with the exception of those which had emerged in 1987 in 1 set of
paired plots; in the other all the leaves were removed with the excep-
tion of these which had emerged in 1938. Al the new leaves pro-
duced daving the 1039 season were allowed to rerunin on the palms,
Tn euch of these groups of plots theve was 1 plot in wlich each palm
carried 3 moderately thinned bunches, and 1 in which each palm ear-
ried 10. This arrangement provided 2 plots having a leai-to-fruit-
bunch ratio of 10to 1 and 2 having onte of 3 to 1. For convenience these
plois will be referred to as follows:

Mot A (lenf-to-fruit-bunel ratio 10 to 1; lezves produced in 1937).
Plat I3 (Jenf-fo-fruit-bunch ratio 10 to 1; leuves produced in 1938).
Mot G (leaf-fo-fruit-bunch vatio 3 to 1; lenves produced in I937).
ot Iy (leaf-to-fruit-bunch ratio 3 to 1; leaves produced in 1938).

There was little difference in the sugar content. of the dates result-
ing from the variation in leaf-to-fruit-bunch ratio. The avernge total
sugar content (dry-weight huasis) of the immature fruits from the
plots with a ratio of 10 to 1 was only 1 percent higher than that from
those with n ratio of 3 to 1. The reducing sugars averaged 27 percent
of the total sugars in the last five collections of immuture dates from
plots A and B, 31 percent in these from plot C, and 28 percent in
those from plot D.  The slight increase in proportion of reducing
sugars when the leaf-to-fruit-hunch ratio was reduced may not be
of practical significance, but the percentage of reducing sugars was
Jower in immature dates from the plots with the high leaf-to-fruit-
bunch rafio than in these from plots with the low ratio after the first
part of the season. This difference was retained in the ripe dates,
reducing sugars constituting 4 percent of the total sugars in ripe
dates from plot A and 47 percent in those from plot C. Both of
these values are higher than those associated with good quality in this
variety. Total sugnr content of the ripe dates in percentage of dry
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weight was not influenced by the leaf-to-fruit-bunch ratio or by the
year in which the leaves were produced.

The most obvicus influence of the varviation of leaf-to-fruit-bunch
ratio upon the ripe dates was the effect on size. The fresh weights
per average fruit from each plot ure given in table 2 and the dry
weights in table 11, The avernge fresh weight of ripe dates from the
plots with a ratio of 3 to 1 (plots C and 1)) was 90 percent of that of
fruit from the plots with a ratio of 10 to 1 {plots A and B}, BSuni-
larly, the average dry weight per frait from the plots with a ratio of
3 to 1 was 85 percent of that of dates from the plots with a vatio of
10 to 1.

Tanee 13 —Influence of leaf-to-fruit-bunch ratio upon dry weight per fruft of
Deglet Noor dutes, gurden 13, 1039
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An outstanding difference in the composition of the dates from the
plots with high and low leaf-to-fruit-bunch ratios was that of mois-
ture content in late khalal and xipe froits {tables 2 and 8 and fig. 15).
Dates from the plots with the high vatio had appreciabiy lower mois-
ture content than these from the plots with the low ratie, the differ-
ence between plots A and C being $.8 percent on September 1, Simi-
lar but less pronounced differences were noted when the 1938 leaves
were Tetained on the palms instead of those produced in 1987, The
possible influence which an excessively high moisture content might
have upon the quality of the ripe dates has been discussed in the
section on moisture contenf. (p. 33). Flendrickson and Veilimeyer
(16} also found high drying ratios associated with high yields in
IFrench prunes. They found that the ratios were not changed ma-
terially by irrigation treatment.

Commercial grading of vipe Deglet Noor dates from these gardens?
include the following:

T Dates from gardens A and C were grwled by a conunercia] packing house;
those from garden 13, by the Bection of Citrus, Aveeado, and Other Snbtropicnl
Fruit Investigations, Division of Froil and Vegetable Qrons and Disenses.
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Garden and plot Edible dutes in | Garden and plot Edille dates In

erpar . grades L and 2 i SO e grades I and 2
designation: (pereent) designation—Con. {poreent

A, 1838 L.l P 5 I} plot B
A, 1939 7 D, plot ¢
B, plet D

Grades 1 and 2 were the two best of five grades of edible fruits, A
compatrison of the grades with the moisture content of dates in the late
khalal stage as given in table 8 suggests that a higl moisture content
{percentage of fresh weiglit) is associated with low quality when the
fruits ripen. Adeditional work will need to be done to determine defi-
nitely whether a causal relation exists, and if so, what culturnl prac-
tices may be adopted to improve the quality of the erop.

90

o/

O- PLOT A
A-PLOT C

PERCENT { FRESH-WEIGHT BASIS)

*

50

May JUNE JULY AUGUST SEPTEMBER

Froure 15.—Water content of imnature Deglet Noor dates as afTecied by lenf-to-
frui{-bunch ratio, expressed as peveentage of fresh weight, gavden D, Tlot A,
1¢ leaves per Truit buneh ; plot ¢, 3 leaves per fruit bunch,

Somr. Tyre

Differences nmong the Deglet Noor series with respect to sugar con-
tent of immature dates were so small that it is not possible to
ascriba them to vuriations in the soils. Not only was the percentage
of total sugars remaricably uniform in all the series (table 2), but
the relation between the reducing and the nonredueing fractions was
also uniform,

In the ripe dates there were some diflerences in the total sugar con-
tent of fruils from gurdens on the various soil types, but they were
not great and they were not necessarily related to the soil type on
which the palms were growing. 'The average total sugnr contents of
ripe dates harvested from gardens A, 1938 and 1939, and C and the
four plots in I were 77, 81, 78, §2, 81, 81, and 81 percent, respectively
{table 2). Only one picking of vipe dates was obtained from garden
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B and that one had been dumaged by rain; however, the total sugar
content of this samplo was 78 percent. These figures show w remark-
able uniformity considering the diversity of soil conditions and cul-
tural treatment. ‘I'he sugar content of dutes from gavden A vavied
sulliciently in two successive seasons to cover nearly the entive range
represented by all the gardens, There were large differences in the
proportion of reducing sugars in total sugars but, on the basis of the
evidence at hand, they cannot be said to be related to the soil.

Such diflerences in moisture content of ripe fruit as occurred could
not be reluled to soil type. In the case of garden D the higher water
content of the lnte Klulal dates cunnot be aseribed to the soil texture,
since palms growing on both coarser (garden C) and finer {garden B)
textured soils produced dates with lower moisture contents during the
late khalal stage. The texture of the soil in garden A is close to that
in garden D (table 1).

TEMPERATURE AT RipENING TThve -

Sicvers and Barger (29) stated that the inversion of sucrose during
ripening of dutes was appavently accelerated by high temperatuves,
for they found that Truits picked in Noveniber had a lower percentage
of reducing sugars than those of comparable matarity which ripened
carlier. Similar results were obtained in the present work to the
extent that dates which ripened in the latler part of the season had a
lower percentage of reducing sugars than those which ripened earlier,
"The percentnges of reducing sugars in total sugars in ripe dates from
garden A, 1989, und from garden C are shown in figure 16. The
moisture contents of the same samples and the mean tempevature® for
the & days preceding each picking (based on the picking dates of
guarden ) are shown. An examination of the figure will show that
thero is 110 close relation between the mean temperatnre and either
the water conient or the proportion of reducing sugars in total suggrs.
Similar resulls were obtained if maximum or minimum temperatires
wero used instead of the mean, The temperature dropped from Sep-
tember 19 to Qctober 10, vose considerably during the following 2
weeks, and then dropped slightly. The reducing sugars in fruit from
oarden A increased from September 12 to 26 and decveased during
the remainder of the season. O the other hand, the reducing sugars
in dntes Jrom garden C remained nearly constant but increased
slightly from September 12 to Qctober 3, decreased slightly by Octo-
ber 10, and decreased greatly by October 24, Fruits picked on Octeber
24 wers too dry andshriveled {o be considered normal.

There was a tendency for the moisture conlent of ripe fruit from
both gardens to decrense as the season advanced. Whis was also the
general tendency of the mean temperature, but the two variables did
not agreo in defail. There was no definite trend in the moistnre con-
tent of the ripe dates from garden .\, 1938, although there was a deli-
nite downward trend in the mean temperature during the harvest sea-
son {table 2). The proportion of reducing sugars was low at the last
two piclkings of this series, but there was no trend previous to this.

sPampernfure records obtained from Dewey €. Moorve, of the T. 8. DPate
Garden, who wasg olserver for the U, 8. Weatlher Dureau at the time.
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The interrelation of femperature, reduchig-sugnr content, and mois-
ture contant is rather complicated. Imimediately before Deglet Noor
dates begin to ripen they are Jow in reducing sugars and high in
sucrose and water, us compared with vipe fruits. During ripening,
reducing sugars increase and sucrose and moisture contents decrease.
The rate of each process is depondent to a considerable extent on the
prevailing temperature. Thus at higher temperatures water is lost
more rapidly and sucrose is inverted more rapidly than at lower tem-
peratures, but the fruit also ripens move rapidly so that the processes
operate for a shorter time {han at the lower temperatures; hence the
end results depend on time as well as on tem perature. The moisture
content at: the time the dates are ripe is also affected by the relative
humidity at the time of ripening as well as by the moisture content
before they began to ripen. In turn, the rates of (he other processes
are influenced by the moisture content.
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