The effect of the foliar application of potassiumgalcium, boron and humic
acid on vegetative growth, fruit set, leaf mineralyield and fruit quality of
‘Anna’ apple trees.

Abstract

This experiment was carried out during 2012 and32€dasons on seven years old "Anna"
apple treesMlalus domestica L.). Trees were planted akb meters on sandy loam soil under
drip irrigation system in a private orchard at Elddria, Behera Governorate, Egypt. The
experiment involved ten foliage spraying treatmexgdollows: control, sprayed with water,
K at 2% as potassium sulphate, Ca at 0.2% as oalcidoride, B at 0.2% as boric acid, H.A.
at 5% as humic acid, potassium sulphate+ humic, @eildium chloride+ humic acid, boric
acid+ humic acid, potassium sulphate+ calcium atidar boric acid and potassium sulphate+
calcium chloride+ boric acid + humic acid. The ah¢a results showed that potassium
sulphate + calcium chloride + boric acid+ humicdacombination was the best treatment.
This combination had the highest positive effedtriprove the percentages of yield, fruit set,
reducing sugar and total soluble solids. Alsondreased Ca, P, K, N, B, Zn, Mn and Fe in
the leaves in the two seasons, as compared to dhot Moreover, this combination
improved significantly anthocyanin concentrationSSFacid ratio, shoot diameter, shoot
length, leaf area, fruit diametefruit length, average fruit weight and fruit firmsse It
decreased the percentages of fruit drop and adidithe two seasons as compared to the
control and the other treatments.

Keywords: Anna apple; Foliar application; Humic acid; Yiektuit quality

INTRODUCTION

Anna apple Malus domestica L. Borkh) is a low chilling requirement cultivar (Keasapook

et al., 1995) spreading in many tropic and subtropiasiacluding Egypt. Foliar fertilization
has advantages of low application rates, uniforstrithution of fertilizer materials, easiest
method of application and quick responses to appligrients (Khayyaét al., 2007).Boron

is an important micronutrient for trees, it maydyplied to the soil or the foliage with good
effect. Foliar applications of boron before fulbbm or after harvest increased fruit set and
fruit yield of apple trees (Peryesh al., 2003). Asgharzade and Babaeian (2012) studied th
foliar application of calcium borate on some cheexof apple "Sheikh Amir" variety fruits
during 2010 and 2011 seasons at Shirvan regionobtaned results showed that among all
measured characters high amount of fruit yieldit fitmness, total soluble solids and fruit
concentration of B and Ca were recorded in caldoarate treatment but maximum amount
of fruit acidity was obtained in control treatmefd-Sherif et al. (2008) sprayed "Golden
Japanese" plum by four potassium fertilizer souatdsud burst, after fruit set and one month
after fruit set. Results revealed that all treatteesignificantly increased fruit set, yield, fruit
weight, fruit size, fruit length, fruit diametemtal sugar and potassium percentages, while
they decreased fruit drop percentage in companegtm the control treatment. In addition,
the tested treatments increased total carbohydeatédeaf macro-elements content. Humic
acid significantly enhanced apple fruit weight, Igieand soluble solids content étial.
1999), yield, fruit quality and grower income ofpég (Fathiet al. 2002). Applying humic
fertilizers also, on "Canino" apricot (Shaddetdal., 2005) and "Le-Conte" pear (Kabest|
al., 2008) increased markedly the yield of these fraitsaet al. (2007) noticed gradual
increases in shoot diameter, average shoot lehegli,area and NPK accumulation were
parallel to the increase of humic acid applicatori'’Anna" apple trees.



The purpose of this study was investigate the effeliar application of either humic acid,
potassium, calcium or boron as well as their cosuitoms on vegetative growth, fruit set, leaf
mineral, yield and fruit quality of 'Anna’ appleés.

Materials and Methods

This experiment was carried out during the two essive seasons, 2012 and 2013on seven
years old "Anna" apple treeMélus domestica L. Borkh), planted at %6 meters apart in a
sandy loam soil under drip irrigation system in ravgte orchard located at El-Nubaria,
Beheira governorate, Egypt. The physiochemicalysisbf experimental soil was indicated
in Table (1) and it was carried out according tat€deet al. (1982).

Forty uniform trees were selected for this studgl ah of them were subjected to the same
cultural practices in the two seasons. They werayga three times, before flowering, 10
days after full bloom and one month later afteriaglanisrol liquid soap (1ml/l) as a wetting
agentin the two seasons with the following treatisien

T1: Control (sprayed with water)

T2: K at (2%) as potassium sulphate

T3: Ca at (0.2%) as calcium chloride

T4: B at (0.2%) as boric acid

T5: H.A.(humic acid 5%)

T6: K+ H.A

T7: Ca+ H.A.

T8: B + H.A.

T9:K+Ca+B

T10: K+ Ca+B + H.A.

The trees were treated with actosol ® a fertilwéose NPK ratio is 10-10-10 and humic
acid concentration of 2.9%, humic acid is manufediby ARCTECH INC. in USA.

The previous treatments were applied and arrangedrandomized complete block design.
Each treatment included four replicates with ore for each replicate.

The effect of the previous treatments was studigdevaluating their influence on the
following parameters.

Vegetative parameters

At the end of growing seasons, the selected shwetse measured for the average of shoot
length cm, shoot diameter cm and leaf area cm

Fruit set and fruit drop percentage

Two main branches from two direction (east and wefeach tree were chosen and tagged
in March of the two experimental seasons, the nurob8owers was recorded and those set
fruits on the selected branches were counted ftoulzing the percentage of fruit set

according to
Westwood (1988) equatiofiruit set % = —mer of setfruitlets 4 )

Number of opened flowers

Pre-harvest fruit drop was calculated by countimg number of dropping fruit from thé"4
week of May till the commercial harvesting time endhe experimental conditions (3rd
week in June),then expressed as a percent fromhbk number of fruits existed on the tree
at the 4th week of May.

) Number of dropped fruitlets
Fruit drop % = _ x 100
Number of set fruitlets

Yield per tree



Yield was pressed in weight kgand number of frpés tree was recorded at harvest time (3rd
week of June).

Leaf chemical composition

Samples of twenty leaves from the middle part efshoots (according to Chuntanaparb and
Cummings, 1981) were randomly selected from eaphicede (at the 2nd week of June) to
determined their content from N%, P %, K %, Ca% B&edZn, Mn and B at ppm.

Leaf samples were washed with tap water, then digttilled water and dried at 70 until a
constant weight, finally, ground and acid digestasthgt H2SO4 and H202 until clear
solution was obtained (according to Wildeal. 1985). The digested solution was used for
the determination of each of nitrogen (N) using noigGeldhal method, phosphorus (P) by
vanadomolybdo method and potassium (K) was deteanby flame photometer according
to the methoddescribed by Chapman and Parker (19619, manganese, calcium and iron
were determined on atomic absorption spectrophaem{2-8200 Series Polarized Zeeman,
Hitachi, Tokyo, Japan) by using specific lamp foeafic nutrient. The B inleaf samples was
determined by dry ashing as reported earlier byp8tsa and Pratt (1961), and subsequent
measurement of B was done through colorimetry Azbme-H as outlined by Bingham
(1982).

Fruit quality

Twenty fruits were randomly taken at harvest timnf each replicate for the determination
of both physical and chemical characteristics.

Fruit Physical characteristics

Fruit weight (g), fruit length (cm), fruit diametém) and L/D ratio, fruit firmness (Ib/ inch2)
using a Magness and Taylor pressure tester witidth plunger.

Fruit chemical characteristics

Total soluble solids were determined using a hafdactometer, percentage of titratable
acidity in fruit juice was determined accordingAdD.AC., (1985), total soluble solid / total
acidity ratio were calculated.

Total sugars, reducing and non-reducing sugars esmmated according to Malik and Singh
(1980). Anthocyanin was determined at the stageotafration (mg/100 g fresh weight peel)
according to Rabinet al. (1977).

Statistical analysis

The obtained data were subjected to the propeysisabf variance (ANOVA) according to
Snedecor and Cochran (1980). Least significantedifice (LSD) at 0.05% level of
significance was used to compare the treatment snean

Results

Data in table 2, clearly showed that shoot diameteoot length and leaf area were increased
significantly over the control by the the foliarpipgation of potassium sulphate alone or
combined with humic acid, humic acid alone, potasssulphate + calcium chloride + boric
acid combination. Moreover, they also improved Isage, potassium sulphate + calcium
chloride + boric acid + humic acid, calcium chlaig¢ humic acid and boric acid + humic
acid combinations as compared to the control irh [mtidy seasons. Boric acid improved
significantly leaf area, but it did not have angrsficant effect on shoot length or shoot
diameter. Also, the usage of calcium chloride aldite not have any significant effect on
shoot length, shoot diameter or leaf area, in Bettsons as compared to the control.

Results in table 3, showed that the foliar applicabf potassium sulphate alone and humic
acid alone or in combination with each other gawveagincreases in the yield, fruit set
percentages, average fruit weight and decrease@dtmentages of fruit drop. The similar
results were obtained by the usage of boric acahealor combined with humic acid.
Furthermore, calcium chloride + humic acid, potasssulphate + calcium chloride + boric
acid or potassium sulphate + calcium chloride +idacid + humic acid combinations



increased significantly the yield, fruit set pernages, average fruit weight and decreased the
fruit drop percentages with comparing to the cdnt@n the opposite side, the combination
between potassium sulphate and humic acid gavesigoificant increase in average fruit
weight as compared to the control. The usage ofiwal chloride did not have any
remarkable effect on fruit set, yield, averagetfmight or/and fruit drop as compared to the
control treatment in the two seasons.

From the results in table 4, it can be concluded plotassium sulphate + calcium chloride +
boric acid + humic acid combination gave a remakkatcrease in the percentages of Ca, P,
K and N in the leaves as compared to the contealinent. The usage of potassium sulphate
alone or combined with humic acid enhanced sigaifity the percentages of K and N, but it
did not have any significant effect on P and Cacgetages as compared to the control.
Potassium sulphate and humic acid combination irgatdhe percentages of P, but it did not
have any remarkable effect on the percentages offfi& usage of calcium chloride had a
positive effect to increase the percentages ofiwalcbut it did not have any great effect on
N, P and K percentages in the leaves. Calcium iddoand humic acid combination
improved remarkably N, P and K percentages in ¢la@ds but it did not affect significantly
Ca percentages as compared to the control. Borichea no significant effect on N, P, K
and Ca percentages. The combination between hurdibaric acid increased significantly P
and Ca percentages, but it had insignificant eféecthe percentages of N and K. Humic acid
gave a great increase in Ca, K and N percentagestbe control. Potassium sulphate +
calcium chloride + boric acid combination increapeditively N percentage, but it gave non-
significant increase in Ca, K and P percentagéldrieaves with comparing to the control in
both study seasons.

Listed data in table 5, B, Zn, Mn and Fe conterthim leaves was affected positively by the
foliar application of humic acid alone, calcium atitle + humic acid, potassium sulphate +
calcium chloride + boric acid or potassium sulphatEalcium chloride + boric acid + humic
acid combinations as compared to the control in tthe seasons. Potassium sulphate
increased significantly Zn, Mn and Fe concentrajohut its effect on B content was
insignificant as compared to the control in the seasons. Potassium sulphate + humic acid
combination enhanced Zn and B concentration butadt no significant effect on Fe or Mn
concentration in the leaves as compared to theraloMloreover, calcium chloride gave a
considerable enhancement in Zn and Mn concentrdttignt did not have any significant
effect on Fe or B content in the leaves in bottssea as compared to the control. Boric acid
gave no remarkable increase in Fe, Mn and Zn coirighe leaves. On the other side, boric
and humic acid combination caused significant im&ets in Zn, Mn and B concentrations
but it gave insignificant increase in F concentmatin the leaves with comparing to the
control treatment in the two seasons.

From the results in table 6, it can be noticed pwtassium sulphate + calcium chloride +
boric acid + humic acid combination enhanced remualsk fruit diameter fruit length and
fruit firmness in both seasons as compared to tmral. Potassium sulphate, boric acid,
humic acid, calcium chloride + humic acid combioatior potassium sulphate + calcium
chloride + boric acid combination increased freidth and fruitdiameter but, they did not
give a significant increase in fruit firmness irettwo seasons as compared to the control.
Calcium chloride enhanced fruit length and fruirdeter only in the first season and fruit
firmness in the second season as compared to titeotdPotasium sulphate + humic acid
and/or boric acid + humic acid combination gavelight increase in fruit length or fruit
diameter in the two seasons as compared to theotont

From the results in table 7, the foliar applicatiminpotassium sulphate, humic acid, boric
acid or calcium chloride + humic acid combinatiomproved TSS and TSS/ acid ratio and
decreased acidity percentage in the fruits as cordpt the control in the two seasons. In



addition, the combination of potassium sulphateteiam chloride + boric acid or potassium
sulphate + calcium chloride + boric acid + humiddabad the same effect. Potassium
sulphate combined with humic acid increased paditivTSS/ acid ratio but it had
insignificant effect on TSS or acidity, with compay to the control. On the opposite side,
calcium chloride alone and boric + humic acid camkion did not have any remarkable
effect on acidity, TSS, TSS/acid ratio in both se&sas compared to the control.

Data in table 8, showed that the combination ofapsitm sulphate + calcium chloride +
boric acid + humic acid gave a remarkable increaseseducing sugar percentages and
anthocyanin in the two seasons as compared todhtot. Potassium sulphate, boric acid
and calcium chloride + humic acid combination imsed significantly anthocyanin
concentration in the fruits. Additionally, Potassissulphate + humic acid or potassium
sulphate + calcium chloride + boric acid combinatltad the same effect, however all of
them gave insignificant increase in reducing sagml total sugar percentages as compared to
the control in the two seasons. Humic acid achiezegreat increase in reducing sugar
percentage, although it gave insignificant enharenin the total sugar percentage and
anthocyanin with comparing to the control in theoteeasons. On the other side, calcium
chloride or boric acid + humic acid combination didt have any remarkable effect on
anthocyanin concentration, total sugar or redugngar percentages as compared to the
control in the two seasons.

All the treatments did not achieve any significardreases in the total sugar percentages in
the fruits in the first season or in non-reducingas in both seasons as compared to the
control.

Discussion

According to our results the foliar applicationptassium, calcium, boron and humic acid
either alone or in combinations improved vegetativewth, fruit set, leaf mineral, yield,
chemical and physical fruit characteristics ofn@happle trees. These results are in parallel
with the findings of Baligaet al. (2001), who stated that potassium plays a vitéd as
macronutrient in plant growth and sustainable cmopduction. Gobara (2001) also,
mentioned that spraying potassium was highly effedgh improving, nutritional status, yield
and quality of pear and apple trees. Besides, pajhssium concentration in a plant affects
carbohydrate accumulation (Starck, 2003).MoreoMattin et al. (2004), stated that higher
potassium supply increased the total soluble salgent and decreased the total acidity of
berries. Abd El-Fataht al. (2008) on "Costata" persimmon found that theangnt in fruit
weight reached about 36% due to the foliar appboabf potassium nitrate and increased
fruit firmness at harvest time.Talkgal. (2014) studied also, the effect of different gstam
fertilizer forms on yield, fruit quality and leafineral content of "Zebda" mango trees. They
stated that all different potassium forms applmatiad a positive effect on leaf area, mineral
content and yield, fruit physical and chemical euteristics as comparing with control
treatment.

Additionally, our results are consistent with thadings of Casercet al. (2002), who
mentioned that foliar application of calcium on 'l@n" apple trees was effective in the
second half of vegetation period, when the deliveryCa ions to fruits uptake by roots
decreased rapidly. Benavideisal. (2002), also, found that calcium application @olden
Smoothee" apple increased the fruit firmness. Adiogr to our results calcium chloride
increased the acidity of fruits and this explairtsyvit delay the ripening of fruits and these
results are in agreement of Wojcik and Lewandow$RD03), who found that foliar
applications of calcium chloride have been repottedelay ripening of strawberries. There
is a positive correlation between the fruit firmsied "Golden Smoothee" apple and fruit Ca
content (Caseret al., 2004). Nachtigall and Dechen (2006) stated tmairicrease in leaf Ca



concentration of "Gala", "Golden Delicious" and [iF@pple cultivars can be explained by
Ca immobility in plant tissues and no redistribatio other plant organs along the vegetative
cycle, until the end of the cycl8wiatkiewicz and Btaszczyk (2009) mentioned that tHefo
spraying with calcium before harvesting signifidgnincreased the Ca concentration in
"Elise" apples. Moreover, fruits harvested with (0BD3), had a higher flesh firmness than
the control ones. Moreover, foliar application cdl€um chloride improved the yield and
guality of strawberry plants (Kazemi, 2013).

The obtained results are in the same trend wittiitloings of Hanson (1991), who found that
spraying boron was highly effective in improvingitritional status, yield and quality of pear
and apple trees. Wojciket al. (1999) also, mentioned that boron sprayed afteorb
increased fruit set and yield of the apple cultiValstar". The foliar application of boron to
foliage of apple trees had a higher increase i $et, vegetative growth and yield (Pergta
al., 2003). Furthermore, the foliar applications ofdn before full bloom or after harvest
increased fruit set and fruit yield of mature "Ceneince" pear trees and the fruits had higher
firmness than those from the control trees (Wogikl Wojcik, 2003).

Our results could be explained in light of obtaimeslults by Tatinet al. (1991) and Jianguo
et al. (1998) which showed that humic acid substancesipted N uptake and accumulation
of nutrients and enhanced photosynthesis of appés.t Moreover, humic acid is one of the
bio-stimulants which promote plant growth when &plin small quantities (Cheet al.,
1994). It has many effects due to their increaseatibn exchange capacity which affects the
retention and availability of nutrients, or dueadormonal effect, or a combination of both
(Chunhueet al., 1998). Humic materials significantly enhanceglagruit weight, yield and
soluble solids content (Let al. 1999) increased vyield, fruit quality and growecome of
peach and apple (Fatki al. 2002). Cheret al. (2004) stated that humic acids had been
shown to stimulate plant growth and consequen#ydyby acting on mechanisms involved
in: cell respiration, photosynthesis, protein swsik, water and nutrient uptake and enzyme
activities. Humic acid also, enhanced 'Canino’ agprplant growth, nutrient uptake, fruit
yield and fruit characteristics and promoted pegwbar and apple to grow better and
accumulate higher amounts of NPK and dry mattess@st al., 2007). Abd El-Razekt al.
(2012) found that the foliar application of humicicahad a positive effect on yield, fruit
quality, leaf chlorophyll as well as leaf mineraintent of NPK of Florida Prince Peach.
Fathy et al. (2010) found also, that foliar application of haonacid improved vegetative
growth, fruit set, yield and fruit quality of '‘Card' apricot meanwhile juice acidity decreased
indicating better fruit quality.

Conclusion

The foliar application of potassium sulphate, bosicid and humic acid, singly or in
combination, had a positive effect to improve tlegetative growth, fruit set, leaf mineral
content, yield and fruit quality of 'Anna’ appleds. Calcium chloride alone had a positive
effect to increase calcium content in the leavesa$sium sulphate + calcium chloride +
boric acid+ humic acid combination was the besittrent. This combination had the highest
positive effect to improve the percentages of yiéldit set, reducing sugar and TSS. Also, it
increasedCa, P, K, N, B, Zn, Mn and Fe conterthénléaves in the two seasons, as compared
to the control treatment. Moreover, it significgnimproved anthocyanin concentration,
TSS/acid ratio, shoot diameter, shoot length, &af, fruit diameterfruit length, average
fruit weight and fruit firmness. It decreased thrergentages of fruit drop and acidity in the
two seasons as compared to the control and the todaments.

References



Abd El-Fatah D.M., Mohamed S.A., Ismail O.M. 20@fect of biostimulants, ethrel, boron
and potassium nutrient on fruit quality of "Costatersimmon. Australian Journal of
Basic and Applied Sciences 2(4): 1432-1437.

Abd El-Razek E., Abd-Allah A.S.E., Saleh M.M.S. 20Yield and fruit quality of "Florida
prince"peach trees as affected by foliar and gmilieations of humic acid. Journal of
Applied Sciences Research 8(12): 5724-5729.

Asgharzade A., Babaeian M. 2012. Foliar applicatbrcalcium borate and micronutrients
effects on some characters of apple fruits in Smmegion. Annals of Biological Research
3(1): 527-533.

Association of Official Agriculture Chemists, A.O.@. 1985. "Official methods of analysis".
Benjamin Franklin Station, Washington D.C., U.S485-510.

Baligar V.C., Fageria N.K., He Z.L. 2001. Nutriaerge efficiency in plants. Communications
in Soil Science and Plant Analysis 32:921-950.

Benavides A., Recasens |., Casero T., Soria Y., P@p02. Multivariate analysis of quality
and mineral parameters on "Golden Smoothee” apased before harvest with calcium
and stored in controlled atmosphere. Food SciendeTechnology International 8:139-
145.

Bingham F. 1982. Methods of soil analysis: parte Madison: American Society of
Agronomy: 431-447.

Casero T., Benavides A., Recasens I., Rufat J..2B8&harvest calcium sprays and fruit
calcium absorption in ‘Golden’ apples. Acta Hortiovae,594: 467- 473

Casero T., Benavide A., Puy J., Recasens |. 20@atiBnships between leaf and fruit
nutrients a fruit quality attributes in "Golden Smhee" apples using multivariate
regression techniques. Journal of Plant Nutritian1.3 - 324.

Chapman, H.D., Parker F. 1961. Determination of Nihod of analysis for soil, plant and
water. Division of Agricultural Sciences, Univeysdf California, U.S.A: 150-179.

Chapman H. D., Pratt P. F.1961. Methods of anafgsisoils, plants and waters. Division of
Agricultural Sciences, University of California,\Rrside, U.S.A.

Chen Y., Magen H., Riov J. 1994. Humic substancagnating from rapidly decomposing
organic matter: properties and effects on plantwgiioln Senesi N., Miano T. M (Eds):
Humic substances in the global environment andigapbn on human health. Elsevier,
Amsterdam, the Netherlands: 427- 443.

Chen Y., De Nobili M., Aviad T. 2004. Stimulatoryfects of humic substances on plant
growth. 103-129. In: F.R. Magdoff and R.R. Weil €Bd Soil Organic Matter in
Sustainable Agriculture. CRC Press, New York, U.S.A

Chunhua L., Cooper R.J., Bowman D.C.1998. Humid application affects photosynthesis,
root development and nutrient content of creepirgtégrass. Hortscience 33(6):1023-
1025.

Chuntanaparb N., Cummings C. 1981. Seasonal tré@mdsoncentration of nitrogen,
phosphorus potassium, calcium, and magnesium ihdeeions of apple, blueberry,
grape, and peach. Journal of the American Soatetidbrticultural Sciencel05: 933-935.

Cottenie A., Verloo M., Kickens L., Velgle G., Carlymuck R. 1982. Chemical analysis of
plant and soil: 43-51. Laboratory of Analytical aAdrochemistry, State University of
Belgium, Gent.

Eissa F.M., Fathi M.A., EI-Shall S.A. 2007. The haracid and rootstock in enhancing salt
tolerance of "Anna" apple seedlings. Journal ofiégtural Science Mansoura University
32: 3667-3682.

El-sherif H.M., Taha N.M., El- Fahkarani F.M. 20@&fect of potassium fertilizer source on
tree fruiting, fruit quality and storability of "Gaen Japanese" plum. Journal of
Agricultural Science Mansoura University 33(4): 372756.



Fathi M.A., Fawzia M.E., Yahia M.M. 2002. Improvirggowth, yield and fruit quality of
'‘Desert Red' peach and 'Anna’ apple by using sowstirbulants. Minia Journal of
Agricultural Research and Development22 (4): 5594.

Fathy M.A., Gabr M.A., El Shall S.A. 2010. Effect Humic Acid Treatments on 'Canino’
Apricot Growth, Yield and Fruit Quality. New Yorkc&nce Journal, 3(12):109-115.

Gobara A.A., Ahmed F.F.,EI-Shammaa M.S. 2001. Effet varying N. K. and Mg
application ratio on productivity of Banaty grapses. The fifth Arabian Horticulture
conference. Ismallia Egypt, March 24-28: 83-90.

Hanson E.J. 1991. Sour cherry trees respond tarfolron applications. HortScience 26:
1142-1145.

Jianguo Y., Shuiying Y., Yingchang S. 1998. Inflaerof humic acid on the physiological
and biochemical indexes of apple trees. Journkboést Research 11: 623 - 628.

Kabeel H., Abd Elatif F. M., Baza M. S. M. 2008.d@#th, fruiting and nutritional status of
"Le-Cont" pear trees in response to mineral anddtarfertilizers. Annals of Agricultural
Science Moshtohor 46(2): 139-156.

Kazemi M. 2013. Foliar application of salicylic dand calcium on yield, yield component
and chemical properties of strawberry. BulletinEwivironment, Pharmacology and Life
Sciences 2 (11): 19-23.

Khayyat M., Tafazoli E., Eshghi S., Rajaee S. 2@ffect of nitrogen, boron, potassium and
zinc sprays on yield and fruit quality of date paldmerican-Eurasian Journal of
Agricultural and Environmental Science 2(3): 28%29

Krisanapook K., Subhadrabandhu S., Ogata R. 198fuction of budbreak in apple trees
that recived insufficient chilling by hydrogen cyeamide.Kasetsart Journal (Natural
Science) 29: 239- 245.

Li N., Wang X.X.,Lu B.L. 1999.Study of the effect apple liquid fertilizer on the growth
and fruit development of apple. China Fruits 4:220-

Malik C.P., Singh M.B. 1980. Extraction and estiimatof amino acids and keto acids. In:
Plant enzymologyand histo-enzymology. (Eds.): CPalikd MB. Singh, Kalyani
Publishers, New Delhi-Lud Hana, India: 286.

Martin P., Delgado R., Gonzalez M.R., Gallegos 2004. Colour of "Tempranillo" grapes
as affected by different nitrogen and potassiurtilifeation rates. Acta Horticulturae 652:
153-159.

Nachtigall G.R., Dechen A.R. 2006. Seasonality ofrients in leaves and fruits of apple
trees. Scientia Agricola 63(5):493-501.

Peryea F.J., Neilsen D., Neilsen G. 2003. Boromtaaance sprays for apple: Early-season
applications and tank-mixing with calcium chloridortScience 38(4): 542-546.

Rabino L., Alberto L., Monrad M. K.1977. Photocaitof anthocyanin synthesis. Journal of
Plant Physiology 59: 569- 573.

Shaddad G., Khalil A., Fathi M.A. 2005. Improvingowth, yield and fruit quality of
"Canino" apricot by using bio, mineral and humasstifizers. Minufiya Journal of
Agricultural Research30: 317-328.

Snedecor G.W., Cochran W.G. 1980.Statistical methdth edition, Ames, lowa: lowa State
University Press: 85- 86.

Starck Z. 2003. Transportation and distributiomofrients in plants. SGGW. 359.
Swiatkiewicz D., Btaszczyk J. 2009. Effect of calciurtrate spraying on mineral contents
and storability of ‘Elise’ apples. Polish JournEmvironmental Studies 18(5): 971-976.
Taha R.A., Hassan H.S.A., Shaaban E. A. 2014. Effiedifferent potassium fertilizer forms
on yield, fruit quality and leaf mineral content tebda" mango trees. Middle-East

Journal of Scientific Research 21 (1): 123-129.



Tatini M., Bertoni P., Landi A., Traversi M.L. 199&ffect of humic acids on growth and
biomass portioning of containergrown olive plaitsta Horticulturae294: 75 - 80.

Westwood N. M. 1988. Temperate-Zone Pomology. TimBeess. 9999 S.W. Wilshire
Portland, Oregon 97225: 181.

Wilde S. A., Corey R. B., Lyer J.G., Voigt G. K. 82 Soils and plant analysis for tree
culture. 3rd Ed. Oxford, IBH, New Delhi: 1- 218.

Wojcik P., Cieslinski G., Mika A . 1999. Apple yieand fruit quality as influenced by boron
applications. Journal of Plant Nutrition 22: 1365%FT.

Wojcik P., Lewandowski L. 2003. Effect of calciumdaboron sprays on yield and quality of
“Elsanta” strawberry. Journal of Plant Nutrition(3 671-682.

Wojcik P., Wojcik M. 2003. Effects of boron fertahtion on "Conference" pear tree vigor,
nutrition and fruit yield and storability. Plant@&Soil 256: 413-421.

Table 1. Physical and chemical properties of the geriment soll

Depth | Texture pH Total CaCOEC.(dS/m) | O.M. (%) Cations (meg/ 100 g soil) DTPAractable (mg/ kg)

(cm) (mg/L) Na™ [ K" [ Ca | Mg™ | Fe Mn | zn

0-40 | S | g50 | 3046 1.37 0.54 201 2932|227 | 039 050| 031
loam 7 8




Table 2. Effect of spraying potassium, calcium, bam and humic acid on some vegetative growth of
"Anna" apple trees in 2012 and 2013asons

Treatments Shoot length (cm Shoot diameter (cm Leaf area (cr)

2012 2018 2012 2018 2012 2018
T1: Control (sprayed with water) 35.76e 36.47g 0.65g 0.67d 23.36e 24.17d
T2: K at (2%) as potassium sulphate 40.36¢ 41.65¢c 0.73de 0.74c 27.18bcd 28.53bc
T3:Ca at (0.2%) as calcium chloride 36.81de 37.27fg 0.67fg 0.69cd 25.37de 26.67c
T4: B at (0.2%) as boric acid 36.92de 37.31fg 0.68efg 0.70cd 26.46d 27.85c
T5:H.A. (humic acid5%) 41.87b 43.52b 0.81bc 0.82b 29.24ab 30.46ab
T6:K + H.A 37.28d 38.52ef 0.72def 0.73cd 26.85cd 27.14c
T7:Ca+H.A. 42.74b 43.83ab 0.77cd 0.82b 28.65abg 30.06ab
T8: B + HA. 37.65d 39.67de 0.71ef 0.74c 26.12d 27.23c
T9:K+Ca+B 38.14d 40.36¢d 0.84b 0.85b 27.25bcd 28.65bc
T10: K+ Ca+B + H.A. 44.67a 45.17a 0.91a 0.94a 30.67a 31.42a
L.S.Dgoe 1.46 1.57 0.05 0.06 2.11 2.17

Means not sharing the same letter(s) with in eabnen, significantly different at 0.05 level of fability.

Table 3. Effect of spraying potassium, calcium, bam and humic acid on fruit set, fruit drop, yield and
average fruit weight of "Anna" apple trees in 2012and 2013 seasons

Average fruit weight

Treatments Fruit set (%) Fruit drop (%) Yield (kg/ tree) )
2012 2013 2012 2013 2012 2013 2012 2013
T1: Control (sprayed with water) 13.64e 12.969 76.374 75.85a 36.47f 38.14f 117.38f 20.54g
T2: K at (2%) as potassium sulphate | 18.42cd| 18.57d| 70.25cde  68.46qd 43.52d 45.27d 364.6 137.94e
T3:Ca at (0.2%) as calcium chloride | 13.87e 13.72¢g 75.84al 73.258b 38.56ef 40.7(ef 380.7 121.41g

T4: B at (0.2%) as boric acid

19.86bc| 19.75cq

70.86¢ 69.14

45.17¢ed 49.63c

882.83 135.46e

T5:H.A. (humic acid5%)

20.36b | 20.85bg

68.46dgf  65.369

52.74b 53.67b

0W85.2 152.46b

ool

T6:K + H.A 17.65d 16.36e|  71.25cd 68.560 39.82e 42.62de 160.65 122.469g
T7:Ca+H.A. 20.46b | 21.74bq  67.36€ 65.47d 47.85¢c 49.36c 187.81 146.54c
T8: B + H.A. 14.67e | 15.27eff 72.37b 70.854 40.17e 43.65de 9@2.4 128.37f
T9:K+Ca+B 21.37b| 22.57h 66.31 64.73¢f 50.76b 51.36bc 137.56¢ 142.17d
T10:K+Ca+B + H.A. 24.56a 24.87a 60.279g 61.83 58.47a 60.27a 152.37a 67.24a
L.S.Dgoe 1.67 2.05 3.48 3.29 2.84 3.04 4.38 4.14

Means not sharing the same letter(s) with in eadtnen, significantly different at 0.05 level of foability.

Table 4. Effect of spraying potassium, calcium, bam and humic acid on some leaf macro elements
pple trees in 2012and 2013 seasons

Content of "Anna" a

Treatments N (%) P (%) K (%) Ca (%)
2012 2018 2012 201: 2012 201: 2012 2018

T1: Control (sprayed with water) 1.87e 1.90e 0.31de 0.30cq 1.83 1.87e 1.31¢d le34¢d
T2: K at (2%) as potassium sulphate | 1.98bcd | 2.02bcd 0.32cdg  0.34abc 2.01c 2.04bcd d.30c 1.34cde
T3:Ca at (0.2%) as calcium chloride 1.89de 1.91de 0.31d¢ 0.32bqd 1.82d 1.85e 1.44@ab 8al.4
T4: B at (0.2%) as boric acid 1.96cde| 1.98cdg 0.29¢] 0.28d 1.84d 1.90de 1.28d dd.24
T5:H.A. (humic acid5%) 2.07b 2.11ab| 0.34bc 0.35abc 2.04hc 2.07pc 1.40b  44ah.
T6:K + H.A 2.04bc 2.08bc 0.37ab 0.384 2.01 2.02¢d 1.34c &¢.37b
T7:Ca+H.A. 2.07b 2.10b 0.35ab 0.36alk 2.14ab 2.18ab 1.30cd  5cd.3
T8: B + HA. 1.91de 1.95de 0.36aQ 0.384 1.87¢d 1.90de 1.4%a 1.5Pa
T9:K+Ca+B 2.05bc 2.07bd  0.34bqd  0.35apc 1.86d 1.94cde 1.28d 1.27e
T10: K+ Ca+B + H.A. 2.20a 2.22a 0.38a 0.37al 2.204 2.25a 1.46a 1.4Ba
L.S.Doo 0.10 0.11 0.03 0.05 0.12 0.14 0.05 0.07

Means not sharing the same letter(s) with in eablnen, significantly different at 0.05 level of frability.

Table 5.Effect of spraying potassium, calcium, bono and humic acid on some leaf microelements
Content of "Anna" apple trees in2012nd 2013 seasons

Treatments Fe (ppm) Zn (ppm) Mn (ppm) B (ppm)
2012 2013 2012 2013 2012 2013 2012 201
T1: Control (sprayed with water) 119.00d 118.00de 25.00f 26.00g| 45.00s¢ 47.0Qd 68.00§0.00e
T2: K at (2%) as potassium sulphate | 123.00b 124.00b 30.00de 30.00¢ 50.00 52.00b 74.00d'3.00de
T3:Ca at (0.2%) as calcium chloride | 119.00d 117.00e 28.00e 29.00ef  49.00¢49.00bct 68.00e 71.00e




T4: B at (0.2%) as boric acid 120.00cd | 119.00cde 25.00f 27.00f 46.00de 48.00cd6.008c [ 88.00b
T5:H.A. (humic acid5%) 126.00a 128.00a 32.00cd 34.009 56.004b 58.00a 188.0089.00b
T6:K + H.A 121.00bcd | 120.00cd 31.00d 33.00dd  48.00¢4®00bct | 75.00d 78.00c
T7:Ca+H.A. 126.00a 130.00a 35.00b 37.00h 55.00k 57.00a 83.0089.00b
T8: B + H.A. 120.00cd | 119.00cde 30.00d¢ 31.00¢e  51.0060.00bct | 74.00d 76.00cd
T9:K+Ca+B 122.00bc] 121.00c 34.00b¢  38.00p @@l0 | 51.00bc | 88.00b 91.00b
T10: K+ Ca+B + H.A. 128.00a 129.00a 41.00a 44.004 59.00a 60.00a 93.(00a7.00a
L.S.Doo 2.18 2.36 2.02 2.05 3.46 3.67 461 | 4.67

Means not sharing the same letter(s) with in eablnen, significantly different at 0.05 level of foability.

Table 6. Effect of spraying potassium, calcium, bam and humic acid on fruit length, diameter, the
ratio between them and fruit firmness of "Anna" apple trees in 2012 and 2013 seasons

Treatments Fruit length (cm) Fruit diameter L/ D (ratio) Fruit fil rmness (Ib/
(cm) inch?

2012 2013 2012 2013 2012 2013 2012 201B
T1: Control (sprayed with water) 5.27g 5.36e 5.21h 5.29f 1.01b 1.01 12.86b 12.73e
T2: K at (2%) as potassium sulphate] 5.47d 5.68c 5.36d 5.58d 1.02ab 1.02a 12.81k 12.57e
T3:Ca at (0.2%) as calcium chloride| 5.35ef 5.48e 5.26fg 5.34f 1.02ak 1.03a 13.37h 1e.84
T4: B at (0.2%) as boric acid 5.45d 5.57d 5.31¢e 5.42e 1.034 1.03p 12.831 12.69e
T5:H.A. (humic acid5%) 5.76b 5.89b 5.63b 5.72b 1.02alp 1.03p 13.04h 13.45cd
T6:K + H.A 5.30fg 5.38e 5.23gH 5.29f 1.01b 1.02 13.26b 18.5]c
T7:Ca+H.A. 5.62c 5.72c 5.54c 5.65¢c 1.01b| 1.01a 13.08b 13.14cde
T8:B + H.A. 5.37e 5.52de 5.27f 5.47e 1.02ap 1.01a 14.64 1.37a
T9:K+Ca+B 5.60c 5.74c 5.54 5.63cd 1.01p 1.02a  13.00b 12.96de
T10: K+ Ca+B + H.A. 5.92a 6.03a 5.844 5.974| 1.01K4 1.01a 14.77 14.63a
L.S.Doo 0.05 0.07 0.03 0.05 0.01 0.02 0.64 0.7]

Means not sharing the same letter(s) with in eadtnen, significantly different at 0.05 level of foability.

Table 7. Effect of spraying potassium, calcium, ban and humic acid on total soluble solids, aciditand
the ratio between them of "Anna" apfe trees in 2012 and 2013 seasons

Treatments TSE (%) Acidity (%) TSS/ acid ratic
201z 201: 2012 201 2012 201:
T1: Control (sprayed with water) 12.50b 12.60c 0.48a 0.49ab 26.04d 25.711
T2: K at (2%) as potassium sulphate 14.70a 14.90a 0.39b 0.43bcde 37.69h 34.65d
T3:Ca at (0.2%) as calcium chloride 12.60b 12.50c 0.49a 0.50a 25.71d 25.00f
T4: B at (0.2%) as boric acid 14.60a 14.80ab 0.40b 0.42cde 36.50h 35.24d
T5:H.A. (humic acid5%) 15.10a 15.40a 0.37b 0.38e 40.81a 40.53ab
T6:K + HA 13.10b 13.40bc 0.45a 0.46abcd 29.119 29.13¢
T7:Ca+H.A. 15.20a 15.40a 0.37b 0.40de 41.084] 38.50hc
T8:B + H.A. 12.70b 12.90c 0.47a 0.48abc 27.02cd 26.88ef
T9:K+Ca+B 14.80a 14.90a 0.39b 0.41de 37.95] 3438
T10:K+Ca+B + H.A. 15.80a 15.70a 0.37b 0.38e 42.70a 41.32a
L.S.Doo 1.26 1.48 0.04 0.06 2.18 2.27
Means not sharing the same letter(s) with in eabnen, significantly different at 0.05 level of fability.
Table 8. Effect of spraying potassium, calcium, bam and humic acid on some chemical fruit
characteristics of "Anna" apple trees in 2012 and 213 seasons
Treatments Total sugar (%) Reducing sugar (%) Non—red(l;/(;l)ng sugar A(mg?%%ng;
2017 2018 2017 2018 2012 2018 2012 2018
T1: Control (sprayed with water) 7.82a 7.92b 4.67c 4.73cd 3.154 3.19a 21.37c 22.87d
T2: K at (2%) as potassium sulphate| 8.14a 8.21ab 4.89bc] 4.92bcd 3.25a 3.29a 27.84ab 17&8.
T3:Ca at (0.2%) as calcium chloride 7.8la 7.90b 4.66¢c 4.71d 3.154 3.19a 21.40c 22.72d
T4: B at (0.2%) as boric acid 8.05a 8.12ab 4.86bc| 4.90bcd 3.19a 3.2%a 26.35b  7126.%
T5:H.A. (humic acid 5%) 8.46a 8.57ab 5.12ab| 5.17al 3.34a 3.40a 22.Y6c  @K.36
T6:K + HA 7.92a 7.96b 4.72bc 4.82bcd 3.204 3.14a 29.47a a18.95
T7:Ca+H.A. 8.24a 8.37ab 5.02ab 5.11ahc 3.22a 3.26a 28.37ab .34&29
T8:B + H.A. 7.92a 7.97b 4.70bc 4.78cd 3.224 3.19a 22.35¢ 23.47d
T9:K+Ca+B 8.21a 8.35ab| 4.97ah 5.01bed 3.24a .34&3 27.25ab 28.17ak
T10:K+Ca+B +H.A. 8.45a 8.72a 5.36a 5.42a 3.094 3.30a 29.46a 30.[18a
L.S.Doo 0.67a 0.74 0.42 0.38 0.27 0.28 2.52 2.74

Means not sharing the same letter(s) with in eadtnen, significantly different at 0.05 level of foability.



