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ABSTRACT

A one-year experiment was conducted in 1964-1965 in a citrus
orchard located at Adloun, in South Lebanon, to investigate the infliu-
ence of B nutrition on the development of '"peteca' disease in lemon
fruits., Leaf samples were collected during April 196L from Moughiaizly
lemon variety showing no '"peteca' symptoms and from Eﬁreka lemon variety
showing such symptoms. The leaves were analysed for B, N, NOB’ Mg, Mn,
B Fe, Na, Ca, K. Statistical analysis of the data by the use of "t"
test revealed that leaves from Moughiaizly trees were significantly
higher in B concentrations and significantly lower in N, Nﬁs and X con-
tents as compared to the leaves from Eureka trees.

After the establishment of low B levels in Eufeka, a completely
randomized experiment with two levels of borax, one level of polybor
and a check was designed using 5 replications per treatment, The treat-
ments were applied on July 14, 1964, and on September 23 of the same
year, leaf samples were obtained from current season shoots and analysed
for inorganic constituent, The data was further statistically analysed
using the method of analysis of variance.

The results presented on a dry weight basié indicated that 100
grams of borax per tree, applied to_the soil, did not incfease the B
concentration of Bureka leaves, whereas each of the polybor and borax
foliar sprays, at the rate of 250 grams, dissolved in 200 liters of
water, significantly increased the B content of the leaves,

To study the development of "peieca" in storage, 10 lemon

fruits from each treated tree were collected, placed in wooden boxes



and kept at room temperature for two months.

Observations indicated that the appearance of '"peteca' symptoms
on fruits kept in storage started after two weeks in all treatments
and the development increased throughout the storage period. At the
end of the storage, fruits from trees receiving borax soil application
showed the least amount of "peteca! symptoms. However, the results
were not statistically significant from the check.

During this work, histological studies of fruits were undertaken.
Tissues from healthy and diseased fruits were fixed in killing fluid and
embedded in paraffin after dehydration in butyl alcohol and absolute
alcohol, The tissues then were serially sectioned with a microtome and
finally stained in safranin-fast green. Studying the diseased sections
with the use of a photomicroscope and comparing them to healthy tissues,
revealed thaf the outer epidermis of the rind is absolutely normal without
any mechanical injury. The cells under the epicarp layer were dark, dry
and shrunken. The diseased area was always found to be iocated between

the epicarp and inermesocarp layers,
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INTRODUCTION

Deterioration of fruits in storage may be caused by organisms
found on their surface at harvest and/or by physiological disturbances
of the tissues (21), '"Peteca'", a disease reducing the quality of lemons
in storage, appears to be a physiological breakdown of the skin of the
fruit (3, 21, 31, 32). Although a considerable amount of research has
~ been conducted to determine the casual agent by Fawcett and Lee (21)
and Klotz (32), none has reached a definite conclusion regarding the
exact cause. Further, no work has been reported on the influence of B
nutrition on the development of "peteca" disease.

In 1962, Weltzien (51) was the first to report "peteca
symp£oms on lemons in Lebanon., However, the author recently has found
the éame symptoms on Shamﬂuty oranges as well,

Skin breakdown has been reported in apple fruits deficient in
boron (1, 8, 22, 23). It was felt that B may be responsible for "peteca'
as well. For this purpose an experiment was initiated during April 1961,
to investigate the influence of B supply on the inorganic leaf composi-

tion of Eureksa lemon trees and the occurence of "peteca',



REVIEW OF LITERATURE

A, "Peteca'" Disease

I. History

Fawcett and Lee (21) stated that "peteca" has been known in
California since the lemon industry started, and the name '"peteca' was
first adapted by R.E, Smith and E.,H, Smith in 1911, At the same time
Bodartzeff (3) reported that in 1929 when lemons were received in
Leniﬁgrad, 15 to 20% were found to be affected with "peteca" and rot
blotch diseases.

II, Symptoms

"Peteca" is a rind disease of the lemon, Citrus limon, occuring

in étorage. It may occasionally appear on some fruits before they are
picked (21, 32). The disease is hastened by low temperature, cool
growing seasons and heavy oil spraying (3, 21, 32).

The surface cells of the fruit (the flavedo) at first are
normgl, showing no apparent maéhanical injury. However, the tissues
underneath (the albedo) become dry, shrunken and slightly discolored
(21, 32). Following this, the flavedo which is still intact sinks down
and forms deep, dark spots. Fawcett and Lee (21) and Klotz (32) reported
that "peteca" spots resemble early stages of black pit, with the dif-
ference that the later has a slight abrasion through which the bacterium
entered., Klotz (31, 32) was able to produce experimentally symptoms
approximating those of "peteca" and he suggested that anaerobic respi-
ration may be the cause of the disease.

IIT. Control

The only control measure for "peteca" was found to be proper

i
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ventilation in storage and elimination of heavily affected fruits (21).

B, Boron Nutrition

I. Boron Absorption

The uptake of B varies greatly depending on species, varieties,
environmental conditions, availability of B and balance with other ele-
ments in the soil (17, 22)., It is believed that B is absorbed in one of
its ionic forms such as Bhﬁ7’ H2B§3, HBﬁ} or 833 and is required by plants
in extremely low quantities (47). Sufficient B was found to be absorbed
by plants from solutions containing as low as 25 ppm. (22). Eaton (17)
stated that B is carried to the leaves by the transpiration stream as an
inorganic radical and accumulates as a result of its combination with
organic compounds which are not very mobile, In a further statement, he
reported that the absorption rate is determined by the characteristics of
the absorbing root cells, nature of B compounds in the plant and to a
certain degree by the equilibrium existing between mobile and non-mobile

forms of B within the plant.

II., Rootstock Effect on Boron Absorption

Boron accumilation in leaves is partly influenced by the rootstock

(10, 12, 17, 19, 20). Frost Nucellar Eureka lemon grown on Macrophylla

(Citrus macrOphylla) rootstock resulted in lower concentratiana of B in
the leaves and a lower incidance of B taxicity-as compared to tha same
variety grown on other rootstocks (19, 20). On the other hand, grape-
fruit budded on sour orange. was found to absorb less B from the soil than
when grown on trifoliata orange (10). These results show that the said

rootstocks could be used for orchards where B excess is a problem (19).
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III., Lelationship of Boron to QOther Eléments

Boron in.plants is closely associated with other ions, particu-
larly with cations such as Ca++ and K+ (L3). Drake (15) working with
tobacco and corn plants found that B deficiency occured when a certain
balance in the intake of Ca and B did not exist. Also plénts grown on
soils that had high Ca content, such as the alkaline soil#, were reported
to requiré more B than those on acid soils (28), According to Gauch (23)
increasing the B in soils increases the percentage of soluble and total
Ca in the plant. However, Cooper (13) stated thaf high B treatments
decreas; the accumulation of B ih'the leaves,

Reeve and Shive (38) found that as corn and tomato plants ab-
sorbed increasing quantities of K, increasing quantities of B were
observed as well. Also toxic levels of B_in citrus lower Ca and increase
K, while low levels increase P and Mg and decreases K,

Mahr (35) stated that insufficient B in soils resulted in higher
percenfagés of N, Mg, Fe and plants receiving high N concentrations re-
quire greater amounts of B than those receiving limitted levels.

IV, Function of Boron

The exact role of B in plant nutrition is still obscure (7, 22,
27, Lk, 45). It is considered to have a catalytic or enzymatic functions
(12, L45). Recent observations suggested that one role of B is the trans-
location of sugars by forming a sugar borate complex which passes easily
through membranes as compared to non-borated, non-ionized sugar molecules
(7, 16, 23, 24, 44). Dugger, Humpherys and Calhoum (16) stated that B in-
creases the translocation of sugars in plants by decreasing the enzymatic
conversion of glucose-I-phosphate to starch. Thus, an increase in the

concentration of glucose-I-phosphate increases the synthesis of sucrose



which will be translocated from the site of synthesis of plant tissues,
Another possible function of B in plant metabolism is to stabilize the
oxidative system (7). Chapman and Kelley (11) reported that B apparently
plays a role in cell division, it also appears from the work of Tisdale
and Nelson (47) that B has a function in protein synthesis as well.

V. Boron Deficiency in Citrus

Boron deficiency in citrus is more apparent under severe
drought conditions, heavy lime applications and irrigation with alkaline
water (!2, 14, 36), Symptoms may appear on.twigs, leaves, roots and
fruits (12, 14). Fruit symptoms are characterized by malformation,
undersized, excessive drop, thick rind with gum spots and hard areas in
the albedo (5, 7, 12, 27, 36, 4L5). Usually the seeds are shrivelled or
entirely missing (10, 36, L5)., Early stages of deficiency results in
abundant abortion of young fruits, low yield, reduction of juice and low
sugar content (10, 36). On the other hand, there is a splitting in the
leavesTan& corking of the main veins, discoloration and curling of the
leaf blades to the sides and away from the midrib (5, 11, 17, 30, 32).

Stevens (46) stated that lack of B nutrition causes a cessation
of meristematic tissues and die back of new growth. It was also found
that the cambium degenerates, the phloem of the vascular bundles breaks

down and stops the translocation of sugars in said tissues (14, 25).

VI. Control of Boron Deficiency

The margin between sufficiency and injury of B is very narrow (7,
27). Boron deficiency can be overcome by borax or boric acid applications
either to the soil or as a foliar spray (7, 12, 27, 36, 45, 47). However,
B is more commonly applied to the soil than as a foliar spray, because

it is not fixed in the soil (37). Latimer (33) recommends that pH values,
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previous B treatments, rainfall, drainage, leaching power and content
of organic matter of soil should be studied before borax applications.
It was also found that the absorption of borax by plant is dependent
upon the amount of water available and texture of the soill(h7). ouf-
. ficient amounts of borax usually range from 5 to 25 pounds per acre,
depending on the environmental conditions (22). One application of
either borax or boric acid each year gives satisfactory results (30).
Shive (L41)and Jones (28) reported that B can be added in large quan-
tities to alkaline soils as compared to acid soils without causing any
inj;ry to the plants.

VII., Boron Excess in Citrus

Boron excess in citrus occurs when irrigation water contains
more than 0.5 ppm. of B-and when high amounts of B fertilizers are sup-
plied to‘the trees (7, 10, 30). Plants show thé B injury first by
developing yellowish patches between the veins and around the margins
of the_older leaves (11, 30). Current season leaves may not show the
symptoms until they aré several months old, many affected leaves abcise
in winter (30)., Tip-burn and chlorosis were also found to be charac-

teristic symptoms of B excess (5),

VIII, Control of B Excess

Little work has been reported on the control of B excess. .Usu—
ally, waterscontaining more than 2 ppm. of B are considered unfit for
eitrus irrigation (7, 10, 30). When B content of the irrigation water
is high, the best solution is to find another source of water or to use

tolerant plants (10). Also excess application of N was found to decrease

the severity of injury caused by excess B (7, 28).



MATERTALS AND METHODS

The experiment was conducted in a citrus orchard located at
sea.level at Adloun, in south Lebanon, The soil type according to the
reconnaissance map of Lebanon is a clay soil., The pH of the soil is 8,5
(6). The trees are Moughiaizly and Eureka lemon varieties of the same
age (ten years old) budded on sour orange rootstock and set at a distance
of five meters., No B fertilizer was applied to the trees, whereas N was
applied at the rate of 3 kgs, per tree in the form of NHANOB' In the said
orchard "peteca was only appearing on fruits of the fEureka variety.

In spring of 196#, 10 trees from each variety were used for the
preliminary study. Leaves were collected at random from the periphery
of the tree (from.bearing terminals) and each sample was put in a sepa.-—
rate bag (2, 9). Each sample consisted of 30 average énd non=diseased
leaves, The same day, the leaves from each sample were washed with a
detergent by rubbing both surféces with a SPwﬁge, rinsed in tap water ,
then immersed in 0.1% hydrochloric acid for abopt 30 seconds and finally
washed twice with distilled water, After the excess water was shaken off,
the leaves were placed in a paper bag, and dried in a forced draft oven
at 70 + 1 c® for 48 hours. The oven dried samples were ground in a Wiley
mill with a 40 mesh sieve and the ground material was collected in a
screw capped bottle. Prior to weighing of the éample, the bottles with
the cap off were kept in the oven at 70 + 1 c® for approximately 6 hours,

and then cooled in a dessicator,

Boron and NO. were analysed according to the method suggested

3
by Ulrich and Johnson (49). Nitrogen was determined by the standard
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Kjeldahl method (49) and the rest of the elements X, Ca, P, Fe, Mg, Na
and Mn were analysed after the procedure described by Toth et al (48).
The results were calculated on a dry weight basis and statistically ana-
lyséd by using the "t" test which gave the critical difference between
the two means (34).

After establishing the low B content of Bureka lemon leaves, 20
trees were selected and a completely randomized experiment with two levels

of borax (Na .1OH20), one level of polybor (Na2 O¢55203.10H2O) and

5 5407
a check was designed using 5 replications per treatment., The treatments
applied consisted of the following materials,

1« Check ~ Heceiving no B treatment.

2. 100 grams of borax containing 11,26 grams of B applied to the
soil by broadcasting over the area occupied by the root zone,

3, 250 grams of borax containing 28,16 grams of B dissolved in
200 liters of water, foliar spray.

L, 250 grams 6f polybor containing 45.83 grams of B dissolved in
200 liters of water, foliar spray.

A1l treatments were applied on July 14, 1964 and on September 23,
of the same year leaf samples were obtained and analysed as before. The
results were computed on dry weight basis and statistically analysed by
using the method of analysis of variance (34).

A second attempt was made to investigate the effect of B treat-
ments on the development of "peteca'" disease in storage. Ior this pur-
pose 10 fruits from each of the experimental trees were collected on
November 13, 1964, All samples were taken at random from the periphery
of the tree within 150 to 200 cms. above the ground. Lemons were brought

to the laboratory and each sample was numbered from 1 to 10 with India

designer's ink., The samples were placed separately in wooden boxes and
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stored at room temperature for 8 weeks,
The development of the disease on stored fruits was studied at
> intervals as follows:
. 1. November 27, 1964
2. December 10, 196
3. December 18, 1964
L, Jamary L, 1965
5. Jamaary 11, 1965
Histological study of the fruit tissues was undertaken as well.
Materials having the desirable features (about 0.5 cm., thickness of rind
from healthy and diseased fruits) were cut into suitéble pieces and im-
mersed immediately in formalin-alcohol-acetic acid (killing fluid, about
10 ml. in 15 ml. test tubes). After approximately 48 hours, the material
was dehydrated in various concentrations of butyl alcohol and absolute
alcohol solutions, The material was kept at least 2 hours in each con-
centration, Following this, the material was washed with paraffin several
times at 53j$ 2 °C to release the alcohol odor from the tissue. Then the
tissues were fixed in paraffin and placed on wooden blocks. The mounted
tissues were serially sectioned with a microtome (ten micrex: thick) and
stained in safranin-fast green as suggested by Saas (40).
The sections wére critically studied under a photomicroscope
at 8 x 10 x 1,6, 8 X 2,5 x 1.25 and 8 x 2,5 x 1,6 magnifications and

microscopic photographs were taken for further evaluations,



RESULTS AND DISCUSSION

A study was conducted to investigate the "peteca' disease of
Fureka lemons. Results are reported in sections each pertaining to the
subject studied.

I. Comparison Between Inorganic Leaf Composition of fmreka and

Moughiaizly Lemon Varieties Under Similar Orchard Conditions.

The results obtained from leaf inorganic analysis prior to
application of the treatments are presented on a dry weight basis in
Table 1, This Table shows the means of each element studied which were
used to see if any significant differences occurred between the two
varieties.

It is apparent from.stﬁdying'the data in the said table that
leaves from lMoughiaizly trees had.significantxy higher concentrations
of B and ldwer concentrations of N, K, and Nﬁé than leaves from Eureka
trees. The remaining elements that were studied were similar in concen-
trations in both varieties. A possible explanation for high B and low
N, K and N@é |

to accurmlate more B, but less N, K and N@é than Eureka. It also could

be a result of the interaction between the sour orange rootstock and the

concentrations in Moughiaizly is that this variety is able

scion, which resulted in substantially higher B but lower N, K and NO,
content in the variety Moughiaizly than it does in Lureka,

II. Effect of Boron Applicstion on Inorganic Leaf Composition of Fureka

Lemon Variety.

The first aim of this study was to evaluate the effect of B on
the inorganic leaf composition of Eureka. For this purpose B was applied

to Eureka lemon scion variety budded on sour orange rootstock as follows:

& 10 =



Table 1. Comparison between inorganic leaf composition (D.W.) of Hureka

"B

under simil

ar orchard conditions.

Tree % K % Ca % Na % P % Mg % N ppm Fe ppm Mn ppm B
No. AM.. - 2E M E M E M E M E M B M E M E M E
1 1450186 . 8.87 968 0,221 0.278 O.00.111 0,584 10,655 1,78 1.92 2240 16.70  3)20 22.60 .230.10 = 143,30
2 o Le37 11446 9,99 9,40 0.215 0,176 OEIRN0.003 ' 0,595 p0.635 ) o 1.48 1.69 29,60 15.00 24,90 13,30 199.10 177.50
3 1.24 1.45 9,00 9,37 0.319 0,169 0,110 0,087 0,636 0,538 o.mwmeMwm 1,94 1,90 8,70 14,90 31.20  9.90 184,00 163.50
4 1,33 1.86 .  9.62 . 8,75 0,267 0.142  OUILN0.093 0.607 POEES o.paﬁmeNN 1,76 1.88  16.70 21.70 20,40 12.40 180.30 184.30
5 0,96 1.79 11.55 9.66 0.344 0197/ 0,136. 0.147 0,673 [0.608 -o.pwb@qum 1.67 2,02 14,30 15.00 12,70 21.70  192.60 175.80
6 0.88 2.4 9.84 9,10 0.193 0,198 0.104 0,104 0,601 0.634 o.H@PmWMQN 174 175 2080 8.70 3110 3.50 206,80 189,10
7 1,02 1,435  9.66 8,52 0,181 0,92 0.102°50.104 0,691 [0.588 o.Hmamwwmm 1,70 1,66  23.90 12.00 30L70 14.70 ' 200.30 156.00
8 1 1.25 1,87 1017 10.55 0,220 0,178 0 40550.115 0076 0,808 o.H@@wwwoﬂ 1,67 1,90 : 33,10 15,70 91140 31.40 179.00 164,50
9 | 1,25 '1.96 10,18 (9.51, 0,418 0,236 0,088 %0.137 0.637 0,876 c.p@ummwpq 1.77 2,07  15.70 14.30 22,70 28.70  203.20 195. 40
10 1.24 2.24 9. 71" 11.36 0.263 0,302 0421 0.153 0.769 10.B4T o.wmuomwuo 1e81 1,96 15,60 25,80 27:70 2370 195,70 166.70
Mean 1,17 1,76~ 9.97 9.62 0,264 0,207 0,110 0,114 0,657 0,632 o.pqamMWOQ++ 1,74 1.86° 20,08 18,95 23160 . H&Me 197,11 171,61
n
NeSe NeSe N.Se Nn.s. A NeS. Ne.s.
TCalculated "t significant at 0,05 level. ,M
**oalculated "t" significant at 0.01 level. _WM



100 gms. of borax per tree soil application, 250 gms. of borax per 200
liters of water used as foliar spray, 250_gms. of polybor per 200 liters
of water also used as foliar spray“and a check.

Hesults obtained from leaf inorganic analysis on the effect of
B on the elements studied in the leaves are presented in Tables 2 to 11,
These Tables show the data for each element studied, as well as the com-
parison between the means of each of the four treatments used.

The elements will be discussed separately and the discussion
will include the relation of B application and B levei in fhe leaf to each
of the elements, Values in the tables were reported as percent dry weight
or ppm. dry weight,
Boron: The data in Table 2 show that borax applied to the soil by broad-
casting over the area occupied by the root zone did not increase the B
content of the_leaves 70 days after application, as compared to the check,
whereas polygor and borax foliar sprays highly significantly increased the
B concentration in the leaves, No statistical differences were observed
between the effect of both polybor and borax foliar spray on the B supply
to the ieaves. |

Observations indicate that B absorption is faster and more effi-
cient when supplied as foliar spray than when applied to the soil. There-
fore, it can be concluded that under the conditions of this experiment,
B can be easily supplied as foliar sprays to Bureka lemon variety Hhen-
required, These results are in agreement with the findings of Chapman
(10). However, Proebsting (37) stated that B is more commonly applied

to the soil than as a foliar spray. This could be true under conditions

where B is not required immediately by plants as well as in orchards where
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Table 2, Boron content of Eureka lemon leaves (ppm. D.W.) as affected

by B applications to the trees.

P e T T ey TR o eyt L s e

Treatment

R T = e T T r=rs

Replications Check Borax 100 gms./ Polybor 250 gms. Borax 250 gms.
tree soil appli- /200 1t. water, /200 1t, water,

cation foliar spray foliar spray
1 96,25 126,28 232,95 181 .44
2 157 4,4 130.46 306,43 258, 14
3 124,65 1L0,66 217,01 201.73
i 96.97 139,08 178,36 223,18
5 137.91 99,53 227.30 232,12
Moan - 122,60 127.20 232,417 213,32

L.S.D. at 0.05 level 39.91
at 0,01 level 4L.18

" ighly significant at both levels
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F B is not fixed by the soii.

| Nitrogen: The application of B to the soil and as foliar sprays did not
show to have any effect on leaf N, Table 3. However, Euﬁr (35) reported
that insufficient soil B results in higher percentage of N in leaves.

| | Under the conditions of this experiment, it could have been that

the time elapsed between B applications and leaf sampling was too short

to show any effect of B on leaf N.

e & il H

Nitrate Nitrogen: Studying Table 4 it was found that the Nﬁé content of
the leaves was not affected by B supplied either to the soil or as foliar
Sprays.

The explanation given previously for lack of B effect on N content
could be the same for NGB.
Iron: As shown in Table 5, there was a tendency for Fe to be present in
higher amounts when B supply was high in the leaves. Leaf Fe content was
significantly increased with borax and polybor foliar sprays and both
treatments were found to induce approximately similar amounts of Fe in the
leaves., Borax applied to the soil had no effect on leaf Fe, A possible
explanation is that upon the dissolution of borax in the soil, a variety
of compounds might have formed which reduced the amount of Fe available
to the plant, Also the increase of Fe in the leaves of trees receiving;
foliar sprays of B could be due to the fact that B increased the availa-
bility and mobility of Fe in the plant. On the other hand;_borax applied
to the soil did not show any effect on leaf Fe which could be due to the

poor utilization of B, during the period between application and leaf

sampling, by trees.
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Table 3, Nitrogen content of Eureka lemon leaves ( % D.W.) as affected

by B applications to the trees,

Treatment

= i ——

Replications Check Borax 100 gms./ Polybor 250 gums. Borax 250 gms.
tree soil appli~ /200 1t. water, /200 1lt. water,

cation foliar spray Foliar spray
2 205 1,87 1.93 2,02
3 2.07 2,06 1.92 1.90
b 2e34 1:93 .78 2005
5 2,10 2,05 2,03 2,05
Mean 2l 1.99 1,92 2,01

Treatment

S

Calculated F.3/12 = 3,30

at 0,05 level (n.s.)
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Table 4, Nitrate Nitrogen content of Fureka lemon leaves ( % D.W.) as

affected by B applications to the trees.

Treatment

S

Replications Check Borax 100 gms./ Polybor 250 gms- Borax 250 gms./
tree soil ap- / 200 1t. water, 200 1lt, water,

plication foliar spray foliar spray
1 0,170 0,180 0,140 0.120
2 0,130 04160 0,120 0.120
3 0,140 0,070 0,120 0,110
L 0,080 0,170 0,110 0,130
5 0,140 0,160 0,160 0,100
Mean 0,132 0,148 0,130 0.116
Treatment

Calculated F 3/12 = 0,666

at 0,05 level (n.s.)
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Table 5, Iron content of Eureka lemon leaves (ppm. D.W.) as affected

by B applications to the trees.

Treatment

Polybor 250 gms, Borax 250 gms.

Replications Check Borax 100 gms./
/200 1t, water, /200 1lt. water,

tree soil treat-

ment - foliar spray foliar spray
1 11.34 21.72 32.69 17.4.1
2 10,33 sl 23.39 1727
3 11.75 Tbily 17.36 2l .81
L 750 12.96 214,99 12,03
5 10,39 11.51 1126 25.77
Mean' 10426 14028 21,94 1946

A T e —

L.S<De at 0-05 level 8#13
at 0,01 level 10,00
¥Significant at 0,05 level

3% :
Highly significant
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Manganese: The Mn content of the leaves was not affected by B supplied
to the trees, Table 6, This indicates that there was no interaction be-

tween leaf Mn and B at the applied rates.

Magnesium: Leaf Mg was found to be negatively associated with polybor
foliar spray, Table 7.I The polybor spray significantly reduced the Mg
content of the leaves as compared to the Mg content of plants under no
treatment as well as those receivihg borax in the soil and as foliar
spray.

Previously it was repofted in Table 2 that polybor and borax
foliar sprays induced equal anmounts of B in the leaves, therefore, the
reduction of Mg in plant leaves receiving polybor could not be due to the
B supply. It is thought that the chemical.make up of polybor could be

responsible for the said reduction and not to the B supplied.

Phosphorus: Leaf B content was not affected by B supplied to the tree,
Table 8. An explanation can be that there was no any interaction between

B and P in the leaves at the rates applied,

Sodium: The Na content of the leaves was significantly increased at the
0.01 level with polybor foliar spray and only at the 0,05 level with
borax foliar spray, Table 9. The difference could be due to the higher
amounts of B supplied in the polybor spray as compared to borax., On the
other hand borax applied to the soil had no effect on the Na content of
the leaves. A possible explanation is that B was fixed in the solil in

a form which was not available to the trees, or under the conditions of

this experiment the solubility of borax was slowed down and B was not
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Table 6., Manganese content of Eureka lemon leaves (ppm. D.W.) as

affected by B applications to the trees.

== pi— D e

Treatment

i Shate ESREE a T T S e

Replications Check Borax 100 gms./ Polybor 250 gms. Borax 250gms./

tree soil appli- /200 1lt. water,

200 1t. water,

cation foliar spray foliar spray
1 22,69 1337 14,21 16,07
2 12.91 16 .40 18.19 15.94
'3 11.75 26,80 10,68 19.30
L 9,00 12,96 19,22 9.02
5 25.98 14,39 14,07 20,04
Mean 1647 16,78 15.27 16,07
Treatments:

Calculated F 3/12 = 0,096

at 0,05 level (n.s.)
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Table 7., Magnesium content of Eureka lemon leaves (ppm. D.W.) as

affected by B applications to the trees,

e

Treatment

3 S

Polybor 250 gms. Borax 250 gms.

Replications Check Borax 100 gms./
/200 1t, water, /200 1lt. water,

tree soil appli-

cation foliar spray foliar spray
1 0,702 Q. 543 0512 0,590
2 0.639 Qo 547 04520 0,585
3 0,727 0.655 0,480 0,758
L O0.743 0.891 06529 0,602
2 0,714 0,633 0,563 0.465
= i ' R 0,600

Mean 0. 705 - 0. 653

Dt T

L.S.De at 0,05 level 0,109.
at 0,01 level 0.134.

3¢
Highly significant at both levels.,
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Table 8, Phosphorus content of Eureka lemon leaves ( % D.W.) as

~affected by B applications to the trees,

Treatment

e

= R MR T

Replications Check Borax 100 gms./ Polybor 250 gms, Borax 250 gms./
tree soil appli- /200 1t. water, 200 1lt. water,

cation foliar spray foliar spray
1 0.106 0,104 0,092 0,087
2 0,104 0,074 0.09% 0,097
2 0,095 0,096 0.100 0,083
I 0,121 0.110 0,062 0,097
5 0,088 0,104 0,096 0,103
Mean 0,103 0,098 0,089 C.093
Treatment:

Calculated F 3/12 = 1,00

at 0,05 level (n.s.)
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Table 9. Sodium content of Eureka lemon leaves ( % D.W.) as affected

. by B applications to the trees,

Treatment

m—ryy - — —

Replications 'Check Borax 100 gms./ Polybor 250 gms. Borax 250 gms.
tree soil appli- /200 1t. water, /200 1lt. water,

cation foliar spray foliar spray
1 0.088 0.167 0.182 0,150
3 0,164 0.167 0.171 0132
A 0. 144 0,188 0,246 0,118
5 0,163 0,152 0. 149 0,117
Mean 0,144 0,170 0,182 " 0.131

LeS.D. at 0,05 level 0,022.

at 0,01 level 0,027,

3*
Significant at 0,05 level.,

**Significant at both levels.




- 23 -

taken up by the plant in amounts sufficient to affect the Na content

of the leaf, Table 2.

Calcium: The data in Table 10 show that Ca concentrations of the leaves
was increased#with the addition of B, All treatments were found to be
highly significant at the 0,01 level. However, they were not signifi-
cantly different from each other in their effect on Ca contents of the
leaves., Although, Ca was found to increase with borak soil application,
this increase could not be due to B nutrition because the soil applica-
tion did not increase the B coﬁtent of the leaves, Table 2, A possible
explanation is that B increased the availability of Ca ions in the soil
which could have increased the leaf Ca. This suggests that B applied to

the soil had an indirect effect on the leaf Ca content.

Potassium: Leaf K was not affected by B applied to the trees, Table 11.
The results indicate that under the conditions of this experiment, no

interaction between the added B and plant K was established.

11T, Effect of Boron Applications on the Development of "Peteca'

Disease,

The results obtained from counting the fruits showing "peteca
on the tree and in the storage are presented as percent affected fruits
in Tables 12 to 17. The data in said tables was analysed statistically

by using the methods of analysis of variance (34).

Field Observations: Upon examining the lemons on all the trees under ex-
perimental conditions during the period extended from November 13 to Novem-

ber 30, 1964 it was found that "peteca'" disease appeared in few fruits



Table 10, Calcium content of Eureka lemon leaves ( % D.W.) as affected

by B applications to the trees.

e T T T E————TT T

Treatment

— =" e i T

Borax 250 gms./
200 1t. water,

Replications Check Borax 100 gms./
tree soil appli-

Polybor 250 gms,
/200 1t. water,

cation foliar spray foliar spray
1 726 8036 8459 7.82
2 7.07 749 785 8,02
2 a7 Toliky 8.06 Vel2
b To 14 790 8,38 T3k
5 6,66 7419 07 767
Mean 7,06 7.68 8405 7,71

— -

Bed D as 0‘05 level 0-39
at 0,01 level 0,48

"“Highly significant at both levels
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Teble 11, Potassium content of Eureka lemon leaves ( % D.W.) as affected

by B applications to the trees.

Treatment

—

Replications Check Borax 100 gms./ Polybor 250 gms. Borax 250 gms./
tree soil appli~ /200 1lt. water, 200 1lt. water,

cation foliar spray foliar spray
1 oli2 68 1,17 1,38
2 0,78 1o 1434 1.09
3 0.89 149 1.00 1,38
L 1623 1533 1+93 1623
5 1.34 175 1«71 1elidy
Mean 1413 1053 faba 1430

Treatments:
Calculated F 3/12 = 2,71

at 0,05 level (n.s.)
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Figure 1, "Peteca'" Disease on Eureka Lemon Fruits.

(Notice the sunken spots on fruit surface)
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from each of the treatments. Following the appearance of the symptoms,
fruits on the tree were infected by organisms causing fruit rot. The
infected tissues were studied microscopically and the organisms were

jdentified as green mold, blue mold and Alternaria. The affected

fruits were abundantly found on the periphery and lower parts of the
trees rather.than in the center and upper parts. The observations are
in agreement with the findings reported by Fawcett and Lee (21) and
Klotz (32).

The data obtained from counting the infected fruits per tree is
presented in Table 12. This table shows that the non-treated trees had
the highest and trees which received borax applied to the soil had the
least amount of fruits shoﬁing "pefeca”. On the other hand, polybor
foliar spray had a higher percent affected fruits thah the borax foliar

spray. However, the treatments were not statistically significant among

themselves,

Although the difference between borax applied to the soil and

the check were not statistically significant, still borax soil application
caused a considerable reduction in the development of '"peteca'. The

lack of statistical significance could be due to the short time elapsed

; between B application and sampling date.

Laboratory Studies: Ten lemons from each experimental tree were picked
in the green stage, placed in wooden boxes and stored at room temperature

from November 13, 1964 to Jamuary 11, 1965 and studied at 5 intervals.

Symptoms: The first "peteca® symptoms appeared as discolored, slightly

sunken areas on the surface of the rind within two weeks following
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Table 12, Number of fruits showing "peteca" per Eureka lemon tree

counted during November 13 to November 30, 196&.

Treatment

T g T L T T = e . vk e T - T -

Replications Check Borax 100 gms./ Polybor 250 gms. Borax 250 gms./
tree soil appli- /200 1t. water, 200 1lt. water,

cation foliar spray foliar spray

1 20 11 3 8

2 62 2 55 7

3 None None 19 ‘ | 33

A 58 None 8 12

5 19 None 35 16
Mean 39.75 2,60 2l 500 15.20

Treatments:

Calculated F 3/12 = 2,25

at 0,05 level (n-S;)
AMERICAN UKIVERSITY CF 3EIRUT

SCIENCE & AGRICULTURE
LIBRARY
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 storage. A few days later, the surface cells collapsed and dried out,
making the spots deeper, clearer and darker, Figure 1. Fruits were
misshapen (the healthy portion made an outgrowth) and about 2% of the
surface was covered with the disease. These symptoms were similar to
those described by Fawcett and Lee (21)-and Klotz (32),

Although "peteca" does not cause rot to the fruit, the sunken
spots bec&melweak areas and open the way to infection by organisms which
are responsible for rotting. These organisms were identified under a

5 microscope as Stemphyllium and Altermaria. One characteristic symptom

of secondary infection was that the organisms appeared only on the area
where "peteca' first developed and were limited in growth to that area

never extending to the healthy tissue.

The Influence of B Supply on "Peteca' Development in Storage: The data
in Table 13 show that after 2 weeks of storage at room temperature, the
fruits from the check showed the highest and fruits from trees that re-
ceived borax soil application showed the least amount of "peteca”. OUn
the other hand, trees receiving polybor foliar spray had a lesser amount
of fruit showing "peteca" as compared to those receiving borax foliar
spary. After 4 weeks of storage, the results obtained were similar to
those obtained before, with the only difference that polybor foliar spray
treatment resulted in higher percent of affected fruits than borax

foliar treatment, Table 14. A week later, the check had the highest,
followed by borax foliar spray and the borax soil application the

least percent affected fruits, Table 15. After 7 weeks of

storage, polybor foliar spray resulted in the saume percent of
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affected fruits as did the check, and borax foliar spray produced
less than both but more than the borax soil application, Table 16.
The results obtained by counting the affected lemon fruits in
storage at different intervale did not sh¢W'statistical difference
until one week before the end of storage, At the end of storage,
polybor foliar spray treatment had the highest percent of affected
fruits which was highly significant at the 0,01 level as compared
to borax soil and borax foliar Spray'treatments.' However, the
results were not statistically significant from the check.

The trend of fruits from different treatments showing
"peteca was the same as that observed in the field on fruits be-
fore picking, Table 12,

Figures 2 to 5 show that the appearance of "peteca' disease
on lemons kept in storage started after 2 weeks in all treatments,
and the development increased throughout the storage period. Though
during the last week of storage the disease developed very rapidly.
After 8 weeks of storage, polybor foliar spray almost followed the
same pattern as did the check, Figures 2 and 3, Fruits from trees
receiving borax foliar spray and soil application showed a slight
increase during the first 7 weeks and a rapid increase at the end
of storage, Figures 4 and 5.

All through the investigations, there was a good indication
that borax soil application slightly reduced the development of
"peteca disease., One possibility for not getting statistically
significant results could be due to the small size of the samples
taken from each treated and untreated trees,

Boron is known to have a role in sugar translocation in
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Table 13, The development of "peteca" disease on Fureka lemon fruits
at room temperature, from Nov. 13 to Nov, 27, 1964 (percent

- affected fruits).

Treatment

Replications Check Borax 100 gms./ Polybor 250 gms. Borax 250 gms./
tree soil appli- /200 1t. water, 200 1lt. water,

cation foliar spray foliar spray
1 20 30 None 20
2 10 None None 20
3 None None 10 = None
L 30 None 20 None
5 None None 10 10
Mean 12 6 8 10
Treatments:

Calculated F 3/12 = 0,27

at 0,05 level (n.s.)
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Table 14. The development of "peteca" disease on Eureka lemon fruits
at room temperature from Nov. 13 to Dec, 10, 1964 (percent

affected fruits).

Treatment

Replications Check Borax 100 gms./ Polybor 250 gms. Borax 250 gms./
tree soil appli- /200 1t, water, 200 lt. water,

cation foliar spray foliar spray
1 30 30 None 30
2 30 None 10 20
3 None None 10 None
4 30 None- 20 None
5 None None 30 - 10
Mean 18 6 14 12
Treatments:

Calculated F 3/12 = 0,48

at 0,05 level (n.s.)
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Table 15. The development of "peteca" disease on Eureka lemon fruits
at room temperature from Nov, 13 to Dec. 18, 1964 (percent

affected frmiits).

Treatment

Replications Check Borax 100 gms./ Polybor 250 gms, Borax 250 gms./
tree soil appli~ /200 1lt. water, 200 1lt. water,

cation foliar water foliar spray
1 LO 30 None 40
2 30 None 10 4O
3 None None 10 None
L L0 None 20 10
5 None None 50 10
Mean 22 6 18 | 20
Treatments:

Calculated F 3/12 = 0.78

at 0,05 level (n.s.)
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Table 16, The development of "peteca' disease on Fureka lemon fruits
at room temperature from Nov, 13, 1964 to Jan, 4, 1965

(percent affected fruits).

Treatment

=

| Replications Check Borax 100 gms./ Polybor 250 gms./ Borax 250 gms./
| tree soil appli- 200 1lt. water, 200 1t. water,

cation foliar spray foliar water
B 70 L0 1O 10
2 LO None 30 L0
3 None None 10 10
L 70 30 4,0 10
5 20 None 80 10
Mean L0 1 1O | 22
Treatments:

Calculated F 3/12 = 2,10

at 0,05 level (n.s,)



Table 17. The development of "peteca'" disease on FEureka lemon fruits
ét room temperature from Nov, 13, 1964 to Jan. 11, 1965

(percent affected fruits).

Treatment

Replications Check Borax 100 gms,/ Polybor 250 gms. Borax 250 gms./
tree soil appli~ /200 1lt. water, 200 1lt. water,

cation foliar spray foliar spray
1 100 50 70 40
2 50 None 60 60
3 50 40 50 30
L 90 90 100 60
5 40O 20 100 20
e |
Mean 66 L0 76 L2

L.S.D. at 0.05 level 28,.98.
at 0,01 level 35,65.

363
Highly significant at both levels.
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Development of "peteca" in storage on fruits from

trees not receiving additional boron.
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protein synthesis and in cell division of plants. It could be that
when B was applied to the soil and absorbed by the roots, it did func-
tlon in one or more of its roles that indirectly influenced '"peteca'.
Only it has to be kept in mind that if B was absozbed by the roots, the
amount must have been very small and as such did not show an increase
in leaf B content, or the absorbed B could have remained in parts of
the tree other than the 1éaves, Boron in the soil may have increased
the uptake of some elements or compounds which indifectly affected
"peteca,

From this discussion it seems that if B is to be employed ir
correcting "peteca" it has to be applied to tﬁ; soil. However, only a
long term.sﬁudy caﬁ accurately determine the effects of B supplied to

the soil on the development of "peteca',

IV. Histologicel Studies of Lemon Tissues Showing "Peteca'" Symptoms.

Histoclogical work was undertaken on Bureka lemon to study the

histology of tissues from healthy fruits and from fruits showing the
"peteca disease. For this purpose the material was fixed in killing
fluid, embedded in paraffin, serially sectioned with a microscope and
then stained in safranin-fast green.

Studying the sections under the photomicroscope, it was found
that the epidermal wall of tissues taken from diseased fruits was nor-
mal (Figure 6, section 1) as compared in structure to the outer
epidermal wall of tissues taken from healthy lemons, Figure 7, section
1. The outer walls of the epidermal cells were heavily cutinized
in both healthy and diseased tissues. However, fruits heavily

affected by "peteca' showed a rough epidermal layer as compared
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Figure 6. Section from diseased fruit (find tissue) showing

shrunken cells, magnified 384 times,

Figure 7.

Section from healthy fruit (rind tissue), magnified

38, times.
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Figure 8., Section from diseased fruit (rind tissue) showing
rough epidermis and dark, shrunken, dry cells,

magnified 384 times.

Figure 9. Section from diseased fruit (rind tissue) showing

broken oil glands, magnified 75 times.



Figure 10. Section from healthy fruit (rind tissue) showing

a normal oil gland, magnified 96 times,

Figure 11. Section from diseased fruit (rind tissue) showing

excess calcium oxalate crystals, magnified 75 times.



to healthy ones, Figures 6 and 7, section 1. As the shape of cells
contained in the epicarp layer, the diseased tissues ﬁad roundish cells
(Figure 6, section 2) while healthy tissues had polygonal shaped cells,
Figure 7, section 2., The cells from diseased tissues of the hypoderm
layer (beneath the outer epidermis) were completely dry, shrunken and
dark (Figure 8, section 1) while the healthy tissues had normal cells,
Figure 7, section 2, According to Fawcett and Lee (21) surface cells
may remain normal in mild cases.:

Usually the mesocarp layer was the least affected portion.
However, the cells were slightly shrunken as compared to healthy tissues,
Figure 8, section 2. On the other hand in heavily affected cases, the
cell walls were not clear and the intercellular spaces were missing,
Figure 6, section 1.

As shown in Figure 9 (A) cells surrounding the oil glands
were broken, whereas in healthy tissues they were normal, Figure 10
(A). Two of the slides prepared from diseased tissues, out of 35
were found to contain higher amounts of calcium oxalate crystals,
Figure 11 (B).

From the histological study, it was found that the '"peteca
disease of lemons appears to occur beneath.the outer wall of the epi-

carp layer and above the inner mesocarp layer of the peel,



SUMMARY AND CONCLUSIONS

This study was undertaken to investigate the influence of B
nutrition on the development of "peteca' disease on Fureka lemons.

A preliminary survey was conducted during April 196} to com-
pare the inorganic leaf composition of Moughiaizly lemon variety,
showing no "peteca' symptoﬁs, and Eureka lemon variety showing such
symptoms, both varieties growing in the same orchard., The elements
analysed for were B, N, NO_, K, Ca, Na, P, Fe, Mg and Mn. The results
obtained from leaf analyses revealed that leaves from Moughiaizly trees
had significantly higher concentration of B and lower concentrations
of N, K and NUB than leaves from Eureka trees.

After the establishment of low B level in Fureka lemon leaves
20 trees were selected and B was applied as follows: 100 gms. of borax
/tree, soil treatment, 250 gms. of borax/200 1lt. of water, foliar spray,
250 gms. of polybor/200 1lt. of water, foliar spray, and no B application.
Each treatment was replicated 5 times.

By'comparing leaf inorganic constituentsﬁof treated trees to
non-treated trees, it was found that leaf B concéntrations were signi-
ficantly increased with both polybor and borax foliar spray. Whereas,
borax applied to the soil had no effect on B content of the leaves. In
addition to this, leaf Fe, Mg, Na and Ca concentrétions were found to
be increased by borax and polybor applications as well.

To study the development of '"peteca" and its relation to B,

10 fruits from each experimental trees were stored at room temperatyre

for 8 weeks, At the end of storage it was found that trees receiving

polybor foliar spray had the highest and trees receiving borax soil
- L5



application had the least percent affected fruits, However, none of
the results were statistically significant as compared to the check.
Similar results were obtained by examining the fruit on the experimental
trees.,

Histological studies on tissues from healthy and diseased
fruits of Eureka lemon were carried out, Upon comparing the structure
of diseases tissues to healthy tissues, it was seen that in diseased
tissues cells under the epicarp layer were dark, shrunken, dry and had
& roundish rather than polygonal shape. Also the cell walls were not
clear and the intercellular spaceé.were missing. The affected area was
always found to be below the upper epidermis and above the mesocarp.
The studies confirmed that "peteca' disease is a physiological breakdown
of the skin,

This work showed that there was no direct effect of B nutrition
on "peteca' development, Further investigations are necessary to find

the actual cause of '"peteca' and the extent of B influence on its

development.
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Table 18. Analysis of variance for Boron content (ppm. D.W.) of Eureka
lemon leaves as affected by B applications to the trees and

reported in table 2,

oource Sum Sq. defs Mean Sq. F, Ratio
Replication 78L0.99 b 1960,25 2.88
Treatment, 51430.79 3 17143 .60 25,23
Error 8153.93 12 679 1Ly

Total 67425471 19

Treatments:

Observed F 3/12 = 3.49 (5%)
5495 (1%)

%%Highly significant at both levels.,

Table 19. Analysis of variance for nitrogen content ( 2 D.W.) of Eureka
lemon leaves as affected by B applications to the trees and

reported in table 3,

Source Sum Sq., dotls Mean Sq. F, Ratio
Replication 0,02 A 0,050 5.00
Treatment 0.10 3 0,033 2630
Error 0s13 12 0,010

Treatments:

Observed F 3/12 = 3,49 at 0,05 level (n.s,)
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Table 20, Analysis of variance for Nﬁé content ( % D.W.) of Fureka
lemon leaves as affected by B applications to the trees

and reported in table 4.

Source Sum Sqg. defe Mean Sq. F. Ratio

Replications 0004 - L 0.0010 111

Treatments 0,002 ' 3 0.,0006 0.666
. Error i 0,011 12 - 0,0009

Total 0,017 19

Treatments:

Observed F 3/12 = 3,49 at 0,05 level (n.s.)

Table 21, Analysis of variance for Fe content (ppm. D.W.) of Bureka

lemon leaves as affected by B applications to the trees and

reported in table 5.

Source Sum Qe d.f, Mean Sq,. F. Ratio
Replications 111.54 I 27 .89 0,80

3
Treatments 510,78 3 136493 393
Error L17.77 12 34,81
Total 9#6109 19
Treatments:

Observed F 3/12 = 3,49 (5%).

%
Significant at one level,



Table 22, Analysis of variance for Mn content (ppm. D.W.) of Eureka

lemon leaves as affected by B applications to the trees

and reported in table 6,
Source Sum 5q. d.f. Mean Sq. F. Ratio
Replications 81420 I 20,30 0.622
Treatments 9.37 3 3.12 0,096
Error 391.83 12 22,65
Total ] 482,40 19
Treatments:

Observed F 3/12 = 3,49 at C.05 level (n.s.)

Table 23, Analysis of variance for Mg content (ppm. D.W.) of Eureka

lemon leaves as affected by B applications to the trees

and reported in table 7.

Source Sum Sq. def. Mean S5Sq,. F. Ratio
Replications 0042 L 0.010 1.428

B -
Treatments 0,094 3 0.031 L1428
Error 0,092 12 0,007
Total 0,228
Treatments:

Observed F 3/12 = 3,49 (5%)

¥
Significant at one level.
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Table 24. Analysis of variance for P content ( % D.W.) of Eureka lemon

leaves as affected by B applications to the trees and reported

in table 8.
Source Sum 59, SRR o Mean Sq. F. Ratio
Replications 0.0002 L 00,0001 0.50
Treatments 0,0005 3 0,0002 1,00
Error 00025 12 00,0002
Total 0,0032 19
Treatments:

Observed F 3/12 = 3,49 at 0.05 level (n.s,)

Table 25. Analysis of variance for Na content (5 D.W.) of Eureka lemen

leaves as affected by B applications to the trees and reported

in table 9.
Source Sum Sqe d.f. Mean 5q. F. Ratio
Replications 0.0047 L 0.0018 3.00

365¢

Treatments 0.0108 3 0,0036 6,00
Error 0.0070 12 0.0006
Total 0.0225 19
Treatments:

Observed F 3/12 = 3,49 (5%)
5.95 (1%)

**ighly significant at both levels.




Table 26, Analysis of variance for Ca content ( % D.W.) of Eureka

lemon leaves as affected by B applications to the trees

and reported in table 10.

Source Sum S defs Mean S5q. F,. Ratio

Replications 1.26 L 043150 394
363

Treatments 2455 3 00,8500 10,63

Error 0,96 12 00,0800

Total kel 19

Treatments:

Observed F 3/12 = 3,49 (5%)

5026 (1%)

*Highly significant at both levels.

Table 27. Analysis of variance for K content ( % DuWs) of Eureka

lemon leaves as affected by B applications to the trees

and reported in table 11.

Source Sum Sqg. def. Mean Sqg. F. Ratio
Replications OokT L 0,1175 2. 177
Treatments Oolidy 3 _0.1A66 - 271
Error 0165 12 0.051{.1

Total 1.56 19

Treatments:

Observed F 3/12 = 3.49 at 0,05 level (n.s.)
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Table 28. Analysis of variance for affected fruits at room temperature

with "peteca" from Jan, 5 to Jan, 11, 1965 and reported in

table 1 2.
ooyrce Sum Sq. = dels Mean S5q. F, Ratio
Replications 5630 A 1407 319
Treatments 1760 = 3 1587 3,60
Error __ 5290 12 Ly 1
Total 15680 19
Treatments:

Observed F 3/12 = 3.49 (5%)

3%
Significant at one level.

Table 29, Analysis of variance for affected fruits at room temperature
with "peteca" from Dec. 19, 1964 to Jan. A, 1965 and reported

in table 13,

Source Sum Sq. d.f. Mean Sq. F. Ratio
Replications 4,080 A 1020 249
Treatments 2580 3 860 2,10
Error 1,920 12 - L10

Total 11580 19

Treatments:

Observed F 3/12 = 3.49 at 0,05 level (ne8s)
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Table 30, Analysis of variance for affected fruits at room temperature

with "peteca" from Dec, 11 to Dec, 18, 1964 and reported in

table 1..
Source Sum Sq. d.f. Mean S5q. F, Ratio
Replications 1330 L 353 1.01
Treatments 775 3 258 0.78
Error 3950 12 329
Total | 6055 19
Treatments:

Observed F 3/12 = 3,49 at 0,05 level (n,s,)

Table 31, Analysis of variance for affected fruits at room temperature

with "peteca" from Nov. 28 to Dec. 10, 196, and reported in

table 1 5 e
Source Sum Sqg. dlf, Mean Sq. F. Ratic
Replications 850 L 212450 113
Treatments 275 3 01,67 0.48
Error 2250 12 187,92
Total 3575 19
Treatments:

Observed F 3/12 = 3,49 at 0,05 level (n,s,)
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Table 32. Analysis of variance for affected fruits at room temperature

with "peteca" from Nov, 13 to Nov. 27, 196l and reported in

table 16.
Source Sum Sqg. ‘ d.f, Mean 5Q. F., Ratio
Replications 580 L 145 1.16
Treatments 100 3 3333 Q.27
Error ; 1500 12 122,25
Total 2180 19
Treatments:

Observed F 3/12 = 3.49 at 0.05 level (n.ss)

Table 33, Analysis of variance for affected fruits before picking

with "peteca" from Nov. 13 to Nov, 30, 1965 and reported in

table 17.
Source Sum S5q. defe Mean 54, F. Ratio
Replications 1060.80 L 265.20 0,758
Treatments 2351 3 781, 067 2425
Error 19k 12 34,950
Treatments:

Observed F 3/12 = 3.49 at 0,05 level (nesae)



