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DIGEST

The analgses which are recorded on subsequent pages of this bulletin
were undertaken in recognition of the commercial importance attained by the
fruit industry in both irrigated and non-irrigated sections of the state. They
provide something tangible upon which the relative merits of fruits grown
with and without irrigation can be judged. In the analytical processes par-
ticular attention was given to the determination of those compounds which
materially influence quality and whose relative amounts are assumed to be
subject to greatest variation because of environmental or cultural conditions.
As no samples were secured from especially controlled conditions, the results
must be accepted as correctly indicating the composition of normal irrigated
and normal non-irrigated fruits.

Of the drupaceous fruits this may be said: There is apparent a fairly
well defined tendency for the several kinds of fruit in this division to elaborate
greater percentages of solid matter when grown in the non-irrigated sections.
It is believed, however, that with the exception of Italian and Petite prunes,
such differences in sugar and acid as those determined are too small to
seriously affect taste.

In each of the several varieties of apples whose analyses were undertaken
a remarkable uniformity of composition is evident. Almost invariably the
non-irrigated contain greater percentages of acid and sugar, but the differences
are small; they practically disappear when these constituents are calculated to
the dry or solid matter. If it can be demonstrated that irrigated, in compari-
son with non-irrigated apples, when stored under identical conditions, yield
more quickly to the agencies which effect decay, a partial explanation might
be found in a careful examination of the character of the several compounds
which make up that portion of the fruit which has been designated in the
tables as ‘‘insoluble solids.”” Apples grown with irrigation contain the
smaller percentage of solids insoluble in water. The non-irrigated contain
appreciably higher percentages of crude protein; they might with good reason
therefore be given a slightly higher rating in actual food value. In intensity
and uniformity of color, also in percentage of waste, the irrigated have some-
what the advantage of the non-irrigated.

With the exception of strawberries, differences between the irrigated and
the non-irrigated small fruits in percentage of solid matter, and in the total
sugar which that solid matter contains, are very small. The ror-irrigated,
however, contain appreciably greater percentages of acid and of crude protein.

From a general survey of analytical results, it may fairly be said that
fruits in general manifest a well defined tendency to elaborate greater per-
centages of total solids or dry matter, consequently of sugar, acid, and crude
protein, when grown in non-irrigated sections. With comparatively few ex-
ceptions, however, no marked difference between irrigated and non-irrigated
fruits in actual food or market value should be charged to differences in
composition.



THE COMPOSITION OF IRRIGATED AND
NON-IRRIGATED FRUITS

Expression is frequently given to an apparently wide-spread belief that
irrigated, in comparison with non irrigated fruits are flat in taste and less re-
sistant to the various influences which accomplish disintegration or decay.
It is not to be presumed that by chemical analyses alone, can questions re-
lating to quality in fruits be positively settled. Still, since inquiry has de-
veloped the fact that these alleged characteristics of fruits grown with
irrigation are further believed to be coincident with, if not directly attribut-
able to, abnormally high percentages of water and correspondingly low per-
centages of solid matter and therefore of the particular compouads upon
which taste and body or solidity of structure depend, such analyses are
of fundamental importance for the settlement of questions of this kind.
Moreover in a state whose fruit industry has attained such prominence
and where the hardy fruits are grown so extensively for commercial
purposes as in Idaho under both irrigated and non-irrigated conditions,
any controllable factor which could possibly affect market values should be
closely investigated. With the idea that there should be provided something
tangible upon which comparisons between irrigated and non-irrigated fruits
can be based and possibly upon which conclusions regarding quality reached,
the analyses whose results are recorded on subsequent pages were undertaken.

RELATIVE AMOUNTS AND SIGNIFICANCE OF THE SEVERAL COMPOUNDS

By far the larger amount of any fruit is water; and to that portion of
the fruit may be ascribed much of its value from a physiological standpoint.
The solid or dry matter, that which remains after the water has been evapo-
rated, consists of various compounds which for purposes of classification and
study may be grouped first of all under two general terms, mineral or inorgan-
ic, and organic matter.

The mineral or inorganic portion, that which was contributed by the
soil to the growth of the fruit, in comparison with the organic, is extremely
small. As will be seen later, with apples and pears the weight of pure ash
obtained by careful ignition, in no instance exceeded .30 per cent, and with
pitted and small fruits, in no instance did that weight exceed .75 per cent of
the weight of fresh, ripe fruit used for the determination. While there might
be, because of radical differences in the chemical and physical properties of
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the soils which are characteristic of the irrigated and the non-irrigated sec-
tions, appreciable differences in the percentage composition of the ashes, in
the sum total of the mineral constituents, no material difference between ‘irri-
gated and non-irrigated fruits is apparent,

The organic portion, that which gives to fruit its body, color, flavor, and
odor, is a combination of various compounds, the nature of which permits of a
classification into groups more or less distinctive in character: viz, acids, car-
bohydrates, coloring matter, essential oils, fats, nitrcgenous bodies, and waxes.
The several compounds which fall under one or another of the groups just
mentioned, provide for the most part the basis upon which the most striking
differences in composition can be shown; they will therefore be mentioned
specifically before the analyses are presented in tabulated form.

Of the several commonly occurring fruit acids, malic is the predominat-
ing one in the apple, apricot, cherry, currant, gooseberry, peach, plum, and
strawberry, but closely associated with it, especially in the currant and goose-
berry, is citric acid. Tartaric acid is peculiar to the grape. It would seem
from the pungency of these acids, that the ratio of acid to total sugar is a fac-
tor which must be taken into account in fixing responsibility for flavor. When
recording the results of acid titrations, two courses were open: (1) To calcu-
late them to percentages of the predominiting acid, or (2) to percentage
equivalents of a well known mineral acid. For purpzses of comparison with
results secured by others, the second course appeared to possess some advan-
tages over the first and was therefore adopted. Acidity was calculated as
sulphuric.

Of the carbohydrates, the sugars are the principal representatives in fully
rivened fruits. In stone or pitted fruits, 35 to 60 percent; in apples, 55 to
65 percent; in pears, approximately 45 percent; and in small fruits, 30 to 40
percent of the dry matter is sugar. Ordinarily, in fruits three kinds of sugar
may be looked for, viz: dextrose (grape sugar), levulose (fruit sugar), and
sucrose (cane sugar). In these analyses dextrose and levulose were deter-
mined together ard recorded in the tables as invert sugar. Sucrose was not
found in all kinds of fruit examined and when found, as a rule, it was less
than invert sugar in amount. The actual food value of the various fruits is
largely dependent upon their total sugar content.

Certain definite compounds which are formed during growth and
transported to the exterior cells during the ripening period constitute color-
ing matter. In comparison with other bodies they are always small in
amount, but upon them certain fruits depend largely for that quality which
‘is includea under the term affractiveness.
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The essential oils are likewise small in amount, but to them can be
definitely traced those peculiarities of odor and flavor which in some varieties
are very pronounced.

From some fruits, small amounts of faf-like substances can be isolated;
they are believed to exert no appreciable influence upon the quality of those
fruits in which they occur. Wax-like bodies are more common. In certain
varieties of apples, an especially pronounced waxy coating is at least coinci-
dent with good keeping properties.

The nitrogen compounds are seemingly too small in amount to be con-
sidered a material addition to the nitrogenous portion of the daily diet,
particularly if the fruits are served fresh. In fermentation processes, however,
they are known to exert a very decided. influence upon the quality of the
final products.

ESSENTIAL DETERMINATIONS

In view of the large number of analyses that were thought necessary to
arrive at definite conclusions regarding any decided differences in the com-
position of fruits grown with and without irrigation, the determination of all
of the compounds just mentioned was practically impossible. In these analy-
ses therefore, the determinations have been confined to those compounds and
groups of compounds which are believed to exert a decided influence upon
quality, and whose relative amounts are most subject to variation because of
environmental or cultural conditions. Particular attention was given to the
determination of water, total solids, sugars, and acids. It is believed that
these determinations together with those of ash or mineral substance, coloring
matter (as determined by observation), insoluble solids, and nitrogenous mat-
ter, will develop whatever material differences there may be in the composi-
tion of the most prominent fruits grown with and without irrigation.

METHODS OF ANALYSIS

A brief statement of methods adopted and adhered to throughout will
be given for the benefit of those who may wish to compare these analyses with
similar ones from other sources.

Total solids were determined by the combined use of the ordinary drying
oven and the vacuum desiccator- This procedure was found necessary be-
cause of the comparatively large amounts of sugar present. That portion of
the fruit which was selected for this determination was first cut into thin slices,
then placed in the drying oven which was maintained at a temperatare of 40-45
degrees centigrade, and kept there for a period of 24 hours. It was then re-
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moved to the vacuum desiccator, where, in a vacuum of 20 or 22 inches,
with concentrated sulphuric acid as the desiccating agent, it was brought to
practically constant weight.- The results are believed to be strictly compara-
ble with those secured elsewhere by the use of the vacuum drying oven, but
a point of greater importance is this: Thus secured they correctly indicate
the percentage of total solids (and by difference the percentage of water) in
the several kinds of fruit analyzed, and are therefore among themselves strictly
comparable.

Acids and sugars were determined in aliquot portions of a solution ob-
tained by digesting a weighed portion of the fruit (twice the normal weight
for the Schmidt and Haensch polariscope) for several hours with successive
portions of warm water. By comparison with slightly modified methods for
acid determinations this procedure for acids was found to be perfectly reliable.

Invert and cane sugar were determined by the method of Fehling and by
the use of Munson and Walker’s modifications of the original Fehling solu-
tions. In the conversion of weights of cuprous oxide to corresponding weights
of invert sugar, Munson and Walker’s tables were used. From the weight of
digested residue dried to constant weight at 100° C. was secured the data nec-
essary for the calculation of insoluble solids.

Nitrogen was determined by the Kjeldahl method on 10 to 12 gram por-
tions of the fruit; crude protein by multiplying the nitrogen percentage by 64-

For the determination of wasfe, mechanical methods of necessity were
resorted to- As the number of analyses grew this determination assumed an
importance not at first assigned it. Although made by methods incapable of
the same degree of accuracy as chemical methods, it should be noted that
the determinations were invariably made by the same analyst, thereby elimin-
ating what might have been a fruitful source of error The significance of
that portion of the tables in which percentages of waste are recorded will be
made apparent later.

All analyses were made on fresh ripe fruits.

SECTIONS OF THE STATE REPRESENTED

Ada, Canyon, and Washington counties in South, and Nez Perce county
in North Idaho are represented by irrigated samples of the 1910 and 1911
crops: Bonner, Kootenai, Latah, and Nez Perce counties in North Idaho by
non-irrigated samples of the 1909, 1910, and 1911 crops. In this connec-
tion it should be particularly noted that no samples were secured from espec-
ially controlled conditions; all irrigated samples were grown in districts where
climate and soil render irrigation imperative, all non-irrigated samples in
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districts where the annual precipitation varies from 25 to 35 inches, and where
the soil and topography of the country render irrigation method impracticable.
The analyses therefore indicate the composition of normal irrigated and normal
non-irrigated fruits. The leading commercial districts of the state are well
represented. All samples were grown at elevations less than three thousand feet.

GROUPING OF RESULTS

In the tables the analyses have been grouped under three divisions, viz :
drupaceous, pomaceous, and small fruitss In the original plans for the
work, analyses were contemplated of only such varieties in each division as
are common to both irrigated, and non-irrigated sections. It was soon discov-
ered, however, that in each division certain varieties are very prominent in one
section and practically unknown in another. To have included in the analy-
ses only such varieties as are grown both with and without irrigation would
therefore have eliminated from consideration, in each division, many promi-
nent varieties whose composition for obvious reasons, in this connection, it is
highly desirable to know. The scope of the work was then modified: Under -
each of the three divisions as many varieties as possible were secured for anal-
ysis, regardless of whether each would eventually be represented by both irri-
gated and non-irrigated samples. This fact accounts for the presence in the
tables of many varieties whose analyses in this connection must be considered
of secondary importance- Except for miscellaneous varieties of strawberries
averages have been made for varieties only.
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TABLE II—DRUPACEOUS FRUITS

INSOLUBLE SOLIDS, SUGAR, ACID, AND CRUDE PROTEIN CALCULATED ON AVER-
AGE CONTENT OF DRY MATTER.

Number | Insoluble Sugar Acid Crude
Fruit and variety anafsfses solids total H:g Ak DII&:G?/I‘
percent percent percent percent
APRICOTS
Moorpark—Irrigated 1 9.89 | 65.36 3130 532
CHERRIES )
Bing— Irrigated 2 30.80 | 49.10 3.48 | 4.48
Bing—Non-Irrigated 2 37:87. | 53.08 s s g B SRS v
Black Republlcan—-Imgated o 23:55: 187,74 27307 3:88
* —Non-Irrigated 3 30.15 | 39.86 1.45 | 4.47
Late Duke——Imgated 1 29.14 | 33.10 3.19 | 4.08
¢ —Non-Irrigated il 30.39 | 42.46 3.31 | 4.86
Royal Ann—Irrigated 7 24.62 | 47.16 Je13k i 4:25
** —Non-Irrigated 4 26.45 | 46.80 2.30 | 4.67
Sour— Non-Irrigated 2 25.84 | 37.60 4.64 | 5.67
NECTARINES—Irrigated 2 15.29 | 40.70 3.48 | 1.81
PEACHES
Champion—TIrrigated 3 14.65 | 56.28 il R
Early Alexander—Irrigated 2 10.97 | 66.21 2218 A04
* Crawford—TIrrigated 3 13.76 | 59.91 3630138
i ** —Nonp-Irrigated 1 12.56 | 65.12 | 3,90 . |+4.21
Elberta— Irrigated 2 12.47 | 59.85 3300711 3.91
Yellow Crawford— Irrigated o) LS 20155062 5.47 3.39
PLUMS ‘
Bradshaw—Imga ted 6 13.44 | 44.55 3.48 13037
Green Gage o 1 | 10.66 ‘| 48.20 | 4.05 | 2.42
**  —-Non-Irrigated 2 8,630 118517 7.24 | 4.34
Peach—Irrigated 3 10.10 | 49.04 3.14 - | 3.14
* —Non-Irrigated 3 7.50 | 59.14 S50 181550
PRUNES
Hungarian—Irrigated 5 15,15 [ 43513 B30 12573
** —Non-Irrigated 2 9.31 '['43.43 11\ 7.82 | 3-66
Italian—Irrigated 6 14.97 | 37.28 D 4.34
** —Non-Irrigated 12 13.95 | 48.31 3.63, |13.81
Petite—Irrigated 3 18.36 | 34.97 13901162058
‘‘ —Non-Irrigated o& ot [ BA LSS 2106/ 1 1 3,46
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Cherries: In explanation of the comparatively high percentages of
insoluble solids which have been recorded for cherries in the pieceding tables,
it should be said that for cherries the whole fruit, while for all other fruits in
this division® , the whole fruit exclusive of the pit was used for analysis.

The Bing, Black Republican, Late Duke, and Royal Ann are the only va-
rieties found growing under both irrigated and non-irrigated conditions; they, to-
gether with the Lambert, are the most prominent commercial varieties. With
one exception (Black Republican) the irrigated cherries contained less dry raat-
ter (total solids), insoluble solids, and sugar than did non-irrigated ones of the
same varieties. In acid content the samples of irrigated Bings and Royal
Anns were higher, those of Black Republican, and Late Duke lower than were
the samples of non-irrigated cherries of corresponding varieties. Al varieties
when grown with irrigation were decidedly lower in crude protein than when
grown without. With the exception of sugar in irrigated Royal Anns, the

same statements will hold for sugar, acid, and crude protein calculated to the
dry matter.

Peaches: Only one variety of peach, Early Crawford, was secured from
both irrigated and non-irrigated sections. The irrigated samples contained
less dry matter, sugar, acid, and crude protein, but slightly more insoluble sol-
ids than the non-irrigated one. When calculated to the dry matter the
acid content of the irrigated samples was slightly higher than that of the
non-irrigated one.

Plums: Of the several commercial varieties of plums only those known
as Green Gage, and Peach were found growing under both irrigated and
non-irrigated conditions. Irrigated samples of both varieties contained more
dry matter and insoluble solids than did corresponding samples grown without
irrigation. In sugar the one sample of Green Gage grown with irrigation was
decidedly richer than the samples grown without irrigation. In acid, and crude
protein all samples of both varieties grown with irrigation were lower than
those grown without. ’

Prunes: Three commercial varieties of prunes common to both irriga-
ted and non-irrigated sections were found. The 'average sample grown with

a Except Japanese plum No. 454 and Small Red plum No. 402.
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irrigation contained the smaller percentage of dry matter, sugar, acid, and
crude protein. Differences were not pronounced in the Hungarian and Petite
varieties, but were decidedly so, especially in' the sugar content, of the
more commonly grown Italian.

In the preceding tables differences in composition are not sufficiently
pronounced to enable one to draw sweeping general conclusions. This, how-
ever, may be said: In spite of prorﬁinent exceptions there is a fairly well de-
fined tendency with this class of fruits when grown in the non-irrigated sec-
tions to elaborate more dry matter (total solids), more sugar, more acid, and
more crude protein, than when grown in the irrigated sections. Differences
in sugar, acid, and crude protein are more pronounced when calculated to the
dry matter. As most of the fruits mentioned are marketed and con-
sumed in the fresh condition, the comparatively slight differences in compo-
sition noted from results recorded in Table I are not likely to be detected by
the taste of the average consumer.

WASTE.

On cherries, pits and stems; on peaches, plums, and Hungarian
;;runes, pits and skins ; and on Italian and Petite prunes, pits only were con-
sidered waste. It is evident from Table I that waste on drupaceous fruits
varies considerably with the several kinds. To a less extent it varies also
with varieties, but within any one variety waste is fairly constant for either
irrigated or non-irrigated fruits, but not for both. Apparently, the earlier the
variety, the greater the waste. Of the several kinds of fruit the greatest waste
was found on plums and the closely related Hungarian prune. The waste on
all drupaceous fruits is decidedly appreciable.

Wherever comparisons could be made by varieties the advantage was so
clearly in favor of the samples which were grown with irrigation that it is safe
to conclude that as a rule with drupaceous fruits the greater waste attaches to
those grown under non-irrigated conditions,
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TABLE IV—POMACEOUS FRUITS

INSOLUBLE SOLIDS, SUGAR, ACID, AND CRUDE PROTEIN CALCULATED ON AVER-
AGE CONTENT OF DRY MATTER.

Number | Insoluble Sugar Acid Crude
EERIE anc, jeasiery ana?)fses s i H:;OA l?[\rI?:(sl/:l
percent percent percent | percent
APPLES—Fall
Miscellaneous—Irrigated i
Early Pennock 1 22.53 17 65.59 1.78 1.68
Fall Rambo 1 26.88 | 52.96 2.64 .76
Peck’s Pleasant ) 27.28 | 52.46 3.43 .99
Red Astrachan B 13.04 | 50.44 38T 1..59
Whitney No. 20 1 16.91 | ‘61:67 123 1.23
Yellow Harvest 1 14.97 | 71.54 .98 1.68
Miscellaneous—Non-Irrigated
Gravenstein n! 17131180, 86 3.08 1.83
Jefferis y i: 15.79 | 57.40 1.69 1.80
Red Astrachan 1 18.47 | 61.03 4.34 3.80
Yellow Transparent 1 15 3 58S 6291 4.88
APPLES—Winter
Aikin Red—Irrigated 3 16.24 | 63.66 137 1.03
Arkansas Black—Irrigated 5 16.41 | 63.06 1.86 14533
¥ *“ —Non-Irrigated 6 [119.83 1 66.78 .| 4167 1.97
Ben Davis—Irrigated 7 207 i 611 SO 1.73 1.09
¢ % —Non-Irrigated 17115200857 = 5885 T 54 1.78
Gano—Irrigated 3 18.237(°63.55 1.97 .94
** —Non-Irrigated 211, 121120451 64570, {4 AR50 1.67
Grimes Golden—Irrigated i 13.43 | 60.92 1.60 .96
£ “" —Non Irrigated 4 1.18.08 | 65.30 | -2;30 1.44
Jonathan—Irrigated 39 13.97 | 64.05 25310 117
- *  —Non-Irrigated 1l e L B s Gl b 1.43
Kinnard —Irrigated 3 17.08 | 64.26 1.85 121
Mammoth Black Twig—Irr. 8 1:5:924. 165,89 1.78 1.05
Minkler—Non-Irrigated 1 16.52 | 64.90 2.21 2.26
R. I. Greening—Non-Irrigated 1 17.09 | 58.43 2.50 2573
Rome Beauty—Irrigated 25 155800 7t65E 83 1.64 1.28
o s —Non-Irr. 33 |'17.61 76277 1" 1282 sy
Spitzenberg e 21003 BI5 0336412000 1.80
Tompkins King e 6 |13.36 | 63.44 | 1.98 1.81
Wagener MEE L 12 5o ral e 55250191 1.70
White Pearmain —Irrigated 3 17.96 | 64.14 1.29 1:19
York Imperial— Y 8 | 18.28 | 66.16 | 1.82 1.17
.: Yellow Newtown— s 4 |16.89 ! 65.93 | 2.24 1.02
Bk . —~Non-Irr. 5 |21.11| 59.43 | 2.40 1.93
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TABLE IV—Continued—POMACEOQUS FRUITS

Number | Insoluble Sugar Acid Crude
Fruit and variety a'na(l)yses solids total Hzgs()a DN"?(%el/‘:'
percent percent percent | percert

APPLES—Continued
Winesap — Irrigated f 13.99 | 64.53 1.47 1.05
Winter Banana—  ** 6 16,457 1759123, 2635881117 51
“ " —Non Irrigated 9 17.49' | 61.25 | 1.73 | 1.54

PEARS

Bartlett—TIrrigated 2 17.20 | 47.07 1.62- | 1.26
i —Non-Irrigated 2 17.95 | 45.60 .54 | 2.87
Winter Nelis— ** by 1 25.35 | 45.99 41 2.56

In this division, pomaceous fruits, are included apples and pears only.
In both irrigated and non-irrigated sections of the state the apple takes high-
est rank among all fruits in point of commercial importance. Of partic-
ular interest, therefore are the analyses of the more important varieties.

In Table III are shown results of individual analyses, averages for all
samples of the same variety grown in one and the same orchard, and general
averages for all samples of the same variety, grown either with or without
irrigation. In all cases the whole fruit exclusive of the stem, seeds, and
the smallest possible core was used for analysis. In Table IV are shown aver-
age results for insoluble solids, sugar, acid, and crude protein calculated on
average content of dry matter.

Apples: From the tabulated results it is apparent that fall varieties are
slightly lower than winter varieties in sugar but decidedly higher in acid.
While variety differences are apparent, the results indicate a remarkable de-
gree of uniformity in the composition of specimens which represented any one
variety. Of nineteen well-known winter varieties represented by analyses in
Tables III and IV, comparison of irrigated and non-irrigated with fairness may
well be made on eight.

It is evident that there are slight differences in composition of apples of
the same variety grown with and without irrigation. With few exceptions the
average sample grown with irrigation contained the smaller percentage of total
solids, insoluble solids, sugar, acid, and crude protein. Differences, however,
especially in total sugar and acid content were very small. When these con-
stituents were calculated on the average content of dry matter, in fully half of the
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varieties, the advantage, if the greater percentage of sugarand acid may thus be
spoken of, was with the irrigated samples. The lowest average sugar content
was found in the irrigated Winter Banana, the highest in the non-irrigated
Minkler. The lowest average acid content was found in the irrigated White
Pearmain, the highest in the non-irrigated Yellow Newtown. Without excep-
tion the average crude protein and the average insoluble solids of the irrigated
were appreciably less than were those constituents in corresponding non-irri-
gated samples.

TABLE V—POMACEOUS FRUITS—APPLES

ANALYSES OF FRUIT PICKED FROM DIFFERENT SIDES OF TREE

Water Solids Sugar Acidi- | Crude
ty protein
Nx6%%

as
AR Total I“sl"e]‘-" Invert | Cane | Total | H2SO4

percent|percent|percent|percent|percent|percent|percent|percent

81.13|18.87| 4.30 7.95’ 3.37|11.32) .288|.284
81.45(18.55| 4.84| :7.60;:3.37{10,97| .295| .344
81.27|18.73| 4.32| 7.65|.3.50{11.15, .272| .334
81.20(18.80| 4.27| 7.41| 3.64|11.05| .323|. .302
82.77(17.23| 3.50| 6.82| 3.66(10.48| .275| .244
82.76(17.24| 3.48| 7.41] 3.84|11.25| .231} .322
83.06|16.94; 3.41| 7.05{ 3.28{10.33| .241| .281
83.1211:6.881'3.82| 7. 28| 3:69 1109 <2461 - 311
83.06116.94,2:43..7.92]:3.2411 .16} 392[ 221
81.61(18.39| 2.64| 8.17, 3.49111.66| .438| .177
82.4011.7.601 2.41.7..77].3.25|11.021: 408/ . 178
83021160981 2,517,345 859110938 451205
83.23|16.77| 2.90| 8.17| 2.47|10.64| .394| .270
82.12117,.88 3.221. 8,22 530111, 2315402 257
82.21117,79):2.95|.8.33}:.3.24111,07 153911 . 278
82.14|17.86| 2.96| 8.46| 3.10{11.56| .426| .304
83.79116.21]..2,.9417.27 . 3.23110.50] 237|327
81.74(18.26{ 3.36| 7.33).3.96|11.29 290| .227
82 60(17.40,- 3.31| 7.20| 3.76{10.96| .268| .289
82:46(17.54| 3.21| 7.04\ 3.93{10.971 .243| .273

No. Analyses
Averaged

Ben Davis--Non-Irr.

X . X ‘e

‘6 ‘e [ 43

‘e ‘e ‘e o

Gano—Non-Irr.
(13

(X3 [
0 ‘e ‘e

113 113 (X3
Jonathan—TIrr.
[ (X3
(3 ‘6

[ o

Jonathan -Non-Irr.
‘e . (X3

Rome Beauty--Non-Irr.
“h . LX) X3

‘" ‘e LU

smmZémwzsmmzémwzémmz Side of Tree
I O S SO e Al el =) e TR @ N e R e e e e el e o

““ ‘e (3 ‘e

Because of unequal exposure to direct suplight during the ripening per-
iod it was thought possible that apples, especially in sugar and acid content,
might vary with position on the tree on which they grew and ripened. At
picking time in the fall of 1910 samples of Ben Davis, Gano, Jonathan, and
Rome Beauty were picked with this point in mind. The North, South, East
and West sides of trees in several orchards are represented by samples in
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Table V. From this table it is apparent that formation of sugar and acid in
the apple is independent of its exposure in the tree.

At this point it may be well also to-call attention to this fact: The var-
ious samples of irrigated apples whose analyses are recorded in the preceding
tables of this division were grown in orchards located either on level land or
on land with very moderate slopes to north, south, east, or west. Many of the
non-irrigated samples were grown in orchards of the Palouse Country, where
slope, or exposure to the various points of the compass, in some instances is
very pronounced. It is a matter ot common observance that of several or-
chards occupyin sites of pronounced exposure, those with southerly exposure
produce the more highly colored fruit. But when it is noted that Nos. 557-
564 of Ben Davis, Nos. 549-556 of Gano, Nos. 481a-488a of Jonathan, and
Nos. 529-536 of Rome Beauty, were grown in an orchard which has a pro-
nounced southeast exposure; Nos. 573-580 of Ben Davis, Nos. 565-572 of
Gano, Nos. 497-504 of Jonathan, and Nos. 537-545 of Rome Beauty were
grown in an orchard located on an abrupt north hill slope; Nos. 489a-496 of
Jonathan were grown in an orchard with a south exposure; and Nos. 505-510
of Jonathan were grown in an orchard which is located on level land, it is plain
that material differences in composition can scarcely be traced with positive-
ness to difference in exposure of the orchard site.

Pears: The Bartlett is the one variety of pears found in both irrigated
and non-irrigated sections. In crude protein, as was the case with the ma-
jority of apple samples, the non-irrigated were the higher; in total solids,
sugar, and acid the irrigated samples were higher. The extremely low acid
content of the non irrigated samples is remarkable.

Waste: The edible portion of apples and pears is the whole fruit
minus its stems, seeds and core, and thinnest possible parings. The sig-
nificance of waste on these fruits will become apparent, especially to those
who are interested in the canning and allied industries, when it is stated
that the percentage of the sugar in the waste approximates very closely that
contained in the fresh whole fruit. In the preparation of one ton of apples
for canning purposes, there are discarded as waste between 200 and 300
pounds of material which contain between 20 and 30 pounds of sugar. The
economical saving of this amount of sugar in the form of alcohol, vinegar, or
other by-product should prove to be an item of importance to canners.

It is apparent from Table III that fall varieties run higher in waste than
winter varieties. As between irrigated and non-irrigated apples of the same
variety, differences are in favor of the irrigated ones; for in five out of seven
varieties which are represented in the table by samples grown with and with-
out irrigation, from the average irrigated sample was taken the smaller percent-
age of waste. For practical purposes, however, such differences as those
noted are inappreciable. The lowest average waste (8.51 percent) was taken

from the irrigated Arkansas Black; the highest (14.77 percent) from the non-
irrigated Ben Davis.
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TABLE VII—SMALL FRUITS

INSOLUBLE SOLIDS, SUGAR, ACID, AND CRUDE PROTEIN CALCULATED ON AVER-
§ AGE CONTENT OF DRY MATTER.

e LS T A B

Number ’ Insoluble Sugar Acid Crud_e
Fruit and Variety ana(gses s sehpl Hz%%zt PNr?ctf,'e‘g
percent | percent percent percent
BLACKBERRIES
Irrigated 5 34,56 | 43.72 3.22] 5.66
Non-Irrigated 1 39.36 | 23.85 S8 T T
CURRANTS
Red—Non-Irrigzted 2 43.95 | 29.54 | 8.38| 6.86
White—** 1 46.17 | 25.37 | 8.48| 8.99
DEWBERRIES
Irrigated 5 30.47 | 37.37 3.05| 6.39
Non-Irrigated 4 44.06 | 34.52 7.18| 10.54
GOOSEBERRIES
Irrigated 1 38.90 | 19.90 | 11.80} 9.40
Non-Irrigated 8 44.70" | 32.18 | 14.21| 6.74
GRAPES ;
Delaware—-Irngated 1 30.52 | 45.41 2.79| 4,33
—Non-TIrrigated 1 22.60 | 43.26 3.16| 8.36
Nlagara—Irngated 2 26.37 | 43.53 | 4.49| 3.93
— Non-Irrigated 1 21.34 | 50.33 4.83| 8.81
LOGANBERRIES
Irrigated 3 35.65.| 38.89 8191 860
Non-Irrigated . il 35.62 | 30.22 | 13.47| 8.74
RASPBERRIES
Black—Irrlgaued 6 49.15 | 32.03 2555119
—Non-Irrigated 2 51.30 | 30.60  EsTa Gl R W)
Red—Imgated 9 38.60 | 38.49 4,55|" ‘5.19
—Non-Irrigated 3 32,851 .33:14 6.10| 8.14
Whlte—Imgated 1 38.90 | 43.94 3.731 6.23
—Non Irrigated 1 35.41 | 41.84 5.48| 5.02
STRAWBERRIES
Glen Mary—-.[mgated 2 32.23 | 39.36 5.57| 6.57
Hood River— 5 26.85 | 36.95 7.84| 6.24
* — Non-Irrigated 4 24,20 | 40.49 | 6.00| 5.49
Jumbo—TIrrigated “) 27.90 | 51.14 7.291 5.19
' Mlscellaneous——Irngated 12 28.24 | 42.69 5.88| 6.42
—Non-Irrigated 9 22.11 | 36.35 4.95| 6.52
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In connection with the work on fruits of this division one difficulty not
met with on those of the preceding divisions was encountered; except for
grapes and strawberries specific variety names cauld not be secured. Black-
berries therefore, and in a similar manner several other kinds of small fruit,
were secured, analyzed, and the results recorded simply under the designation
““blackberries irrigated’”’ and ‘’blackberries non-irrigated.”

The analyses indicate an unlooked-for degree of uniformity in the com-
position of the several kinds of fruit in this division. It is noticeable that the
sugar of the blackberry, currant, dewberry, grape (excepting the Isabella va-
riety) loganberry, and of two or three varieties of strawberries is practically
all invert.

As in the preceding divisions the average content of insoluble solids,
total sugar, acid, and crude protein was calculated on average content of dry
matter or total solids. The results are indicated in Table VII.

Blackberries: In sugar the irrigated samples were decidedly higher than
the non-irrigated; in acid and crude protein the reverse was true. In average
content of total solids or dry matter the samples grown with and without irri-
gation were practically the same.

Dewberries: The samples grown with irrigation were higher in dry mat-
ter, and sugar, but lower in acid, and crude protein. The same relations held
when sugar, acid, and crude protein were calculated on the dry matter.

Gooseberries: The irrigated samples contained the smaller percentage
of dry matter, sugar, and acid but the greater percentage of crude protein.

Grapes: Of the two varieties of grapes grown with and without irrigation
(if the acid content of the Niagara variety be excepted) the samples grown
with irrigation contained the smaller percentage of sugar, acid, and crude pro-
tein. :

Loganberries: The irrigated samples were lower in dry matter, acid,
and crude protein but slightly higher in sugar.

Raspberries, Black: The average irrigated sample contained less dry
matter, acid, and crude protein, but practically the same percentage of sugar.

Raspberries, Red: In dry matter and sugar the irrigated samples aver-
aged higher, in acid and crude protein lower.

Raspberries, White: The irrigated sample contained the smaller per-
centage of dry matter, sugar, and acid and the larger percentage of crude pro-
tein.

Strawberries:  Of the many varieties cultivated in different parts of the
state, but one was found common to both irrigated and non-irrigated sections.
The average sample of irrigated Hood River berries contained the smaller
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percentage of dry matter, sugar, and crude protein, but practically the same
percentage of acid. A study of individual analyses and of the averages for
the miscellaneous varieties will warrant the statement that as a rule irrigated
strawberries are decidedly lower than non-irrigated ones in dry matter, sugar,
acid, and crude protein. Along with decided differences in composition
a very marked difference in keeping qualities was noticeable. Those samples
which had been grown with irrigation lost their fresh, attractive appearance,
which is so highly desired in fruits of this kind, much more quickly after
picking than those which had been grown without irrigation. This fact might
be cited in support of the popular belief that irrigated fruits, in general, because
of their greater water content, are inferior in keeping qualities. It is to be
noted however, that, of the large number of analyses of fruits of different kinds
which have been recorded on previous pages, in those of strawberries alone
were the differences in water content between the irrigated and the non-irri-
gated sufficiently great as to stand out clearly in support of that belief.

Blackberries and raspberries reach the markets in both the fresh and the
desiccated condition. It would seem from results recorded in Table VII,
that in the desiccated condition there is sufficient reason for choice between
the irrigated and the non-irrigated product; the dry matter of the irrigated
samples contained decidedly the greater percentage of sugar and the smaller
percentage of acid.

WASTE.

From data recorded in Table VI it is evident that the waste on grapes is
very appreciable, ranging as it did in the samples upon which it was deter-
mined from 16 to 25 percent. The fruit alone of the strawberry is unac-
companied by waste, but as picked for market purposes, by reason of the at-
tached stems, that factor is worthy of note; in the samples examined it
ranged from 1 to 7 percent with the advantage clearly in favor of those grown
with irrigation. ‘On other small fruits, waste, for practical purposes, is a negligi-
ble factor.
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