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ABSTARCT

Two field experiments were carried out during the summer seasons of 2002
and 2003 on potato ¢v. { Spunta ) in clayey loamy soil at EI-Baramoon Res . Station,
Mansoura, Dakahlia Governorate, to study the effect of foliar application with organic
compounds i.e. ascorbic acid citric acid and oxalic acid and their combinations
with the nitrogenous fertilization at rate of (150 kg/fed) compared with similar rate of
nitrogen fertilization alone without foliar application on vegetative growth, yield, tubers
quality and some chemica! contents of foliage and tubers.

Results showed that the follar application with mixture of (ascorbic acid +
citric acid) at rate of (750+750 ppm)" twice at 7 and 9 weeks after planting was very
effective on vegetative growth parameters i.e, plant height {cm) (fresh weight of
foliagefplant (g) and dry weight of foliage (%) ; as well as , average of the tuber
weight (g) ,total tubers yieid (ton/ feddan), dry matter of tuber (%) and starch content
of tubers (%)compared with the other treatments . On the other hand , the main
stems number / plant , number of tubers/plant and tuber content of protein (%) were
not affected significantly by the different treatments during the two seasons . N, P and
K contents in both leaves at 80 DAP and tubers at harvest were significantly
increased by applying the foliar spraying with mixture of {ascorbic acid + citric acid)
at rate of (750+750 ppm)™" in the two summer seasons of 2002 and 2003 .

The results revealed that applying the foliar spraying with mixture of (ascorbic
acid + citric acid at rate of 750 + 750 ppm) on potate plants twice at 7 and 9 weeks
after planting under conditions of nitrogen fertilization at rate of 150 kg/ffed. led to
increase of vegetative growth parameters and increment of total tubers yield/fed by
12.88% (average of two study seasons), as well as tubers quality improvemant
compared with the same rate of nitrogen fertilization alone without foliar application by
crganic compeounds (control).

INTRODUCTION

Potato (Solamum tuberosum L) is the 4" most important food crop in
the world, the world potato production in year of 2004 approached 327. 624.
417 metric tons, whereas potato production in Egypt was 1.950.000 metric
tons (FAQ, 2005).

An effecient application of nitrogen fertilization during the early stage of
plant growth increased plant growth parameters i.e, plant height, number of
branches/plant and fresh weight of haulm/plant (Carlos, 2000 , Juarez et at
2000 and Philiips et al, 2004).

Some investigators used the organic compounds such as ascorbic acid
and citric acid to improve productivity of some vegetables. For instance
Raskin (1992) indicated that cilric acid and ascorbic acid as natural
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components have auxinic action, antioxidant effect and as an enzyme factor.

In this respect, Hemila et al (1985) and Farag (1896) reported that these
compounds have synargistic effect on improving growth, flowering and
productivity of fruits. Smirnoff (2000) found that convincing evidence of the
involvemnent of ascorbate in cell devision and the rapid growth. BSc and
Savage (1999) and Smimoff and Wheeler (2000} indicated that oxalic acid
and its salts ococur as end products of metabolism in a number of plant
tissues. On the other hand, Todd and Joshua (2003) revealed that ascorbic
acid is likely the primary precursor of oxalic acid in plant.

Some organic compounds were used as a foliar spraying solution or for
seeds soaking before planting to improve the crops production and its quality,
EL-Gamal {1985) illustrated that soaking potato seed pieces in vitamin ( ¢ )
caused significant increases in both of tuber weight and total tuber yield. El-
Zawahry and Hamada (1994) found that soaking seeds in ascorbic acid
increased the fresh and dry weight of shoots and roots than the untreated
eggplants .

Ahmed et al (1998) observed that applying two foliar sprays at growth
start and at 30 days later of ascorbic acid (ascobine) or citric acid (citrine)
were very effective on improving yield, fruit weight and total sugar of apple .
Vaser (2003) indicated that spraying of sweet cherry plants with ascorbic acid
solution gave the highest dry weight of plant shoots comparing with spraying
by citric acid.

Fathey et al, (2003} reported that using (ascorbi¢c acid + citric acid) as
foliar spraying was more effective than using every compound alone on piant
height, number of branches/plant, dry matter of fruit, tolal carbohydrate,
average of fruit weight and total yield, as well as N, P and K cotents of

eggplant.
MATERIALS AND METHODS

This investigation was carried out during two summer seasons of 2002
and 2003 at El-Baramoon Res. Station, Mansoura, Dakahlia Governorate to
study the effect of foliar application with some organic compounds i.e
ascorbic, critic acid and oxalic acid, as well as their combination on
vegetative growth, yield , tuber quality and some chemical analysis of potato
cv. Spunta. Physical and chemical analysis of the experiment soil are shown
in table (1).

Experimental design and treatments :

Experimental design was a randomized compiete blocks with three
replications. Each plot consisted of 3 ridges; 5 m long; 75 cm wide and seed
pieces were planted apart 25 cm. The experimental plot area was 11,25 m2.
Seed tubers were planted on 20" and 25" of January; 2002 and 2003,
respectively.
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Tabie (1): Physical and chemical properties of the experiment soil at El-
Baramoon Res. Station .*

Physical properties Chemical Properties
Depth Depth
Character 0-20cm | 20-40em Character 0-20cm | 20-40cm

Sand% 33.8 34.0 Ec dslfim {1:5) 0.63 0.65
Silt% 23.4 23.1 Soluble anions Meg/100 g sail
Clay % 38.2 38.0 Cos’ 0.0 0.0
Soil texture Clayey loamy Hecoz 2.05 20
O.M% 1.8 1.8 cL 0.3 0.32
Ca Coa% 2.1 2.5 So4’ 0.8 0.93
1.8.5 0.2 0.24 Soluble cations Meg/100 g soil
PH 7.8 7.9 Ca++ 215 | 218
Bulk density 1.18 1.15 Mg++ 0.35 0.37
Field capacity% 43.8 42.9 Na+ 0.35 0.38
Available water% 23.15 22.54 K+ 0.30 0.32
Wilting point% 20.55 20.22 Availahe N ppm 29 25

Available P ppm 16 14

Available K ppm 384 322

*according to methods of Jackson (1973).

The experiment treatments (1 to 7) were fertilized at rate of 150 kg
N/fed and sprayed twice at 7 and 9 weeks after planting with organic
compounds as follows:
1- Ascorbic acid (1500 ppm)™*
2- Citric acid (1500 ppm)--
3- Oxalic acid (1500 ppm)™
4- Ascorbic acid + Citric acid (750+750 ppm)*
5- Citric acid + Oxalic acid (750+750 ppm)™
8- Ascorbic acid + Oxalic acid (750+750ppm)™
7- Ascorbic acid + Citric acid + Oxalic acid (500 + 500 + 500 ppm)™
8- Ammonium nitrate at rate of 150 Kg N/fed. (without organic compounds
spraying as control).
The mineral fertitizers were added as follows:
1- 8Single superphosphate (15.8% P.0;) was added once during the soil
preparation at rate of 75 kg P,Os/fed.
2- Ammonium nitrate (33.5% N) was added on three equal portions after 4, 3
and 8 weeks from planting date at rate of 150 kg N/fed. for all treatments.
3- Potassium sulphate (48% K;0) was added on twice equal portion after 4
and 6 weeks from planting date at rate of 96 kg Koo/fed .
Other agricultural practices were carried out according to the
recommendations of the Ministry of Agriculture .

Data studied:

1- At 90 DAP, six ptants were taken randomly from each plot to determine,
plant height (cm); number of main stems/plant; foliage fresh weight/plant
{g) and dry weight of foliage (35} .

2- At harvest, number of lubers/plant; average of tuber weight (g) and total
luber yield ( ton/fed ) were recorded. Dry matter , starch and protein
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content of tuber were determined according to the methods described
by (ACAC , 1990 ) .

3- At harvest, total nitrogen, phosphour and potassium in the digested dry
weight of both foliage at 90 DAP and tuber were determined according to
Jackson methods (1973).

Data were subjected to the statistical analysis and means were

compared using new L.S.D method described by Gomez and Gomez (1984).

RESULTS AND DISCUSSIONS

1- Vegetative growth parameters:

Data presented in table (2) show that the plant height (cm); foliage
fresh weight/plant (g) and dry weight of foliage (%) at 90 DAP were
significantly affected by different treatments, while the main stems number
was not significantly affected during both seasons.

Table (2): Vegetative growth at 90 DAP as affected by foliar application
with organic compounds during the summer seasons of 2002
and 2003 .
Charactersy Plant height |Main stems No/|Fresh weight of| Dry weight of

{cm) plant foliage/plant (g)| foliage (%)
A A A R R A A

Treatments $eason|season|season|season|season (season | seasoniseason
1)Ascorbic acid] 34.33 | 39.00 | 1.67 2.00 (22467 (367.33| 17.06 | 16.65
2) Citric acid 38,33 ) 41.33 2.00 2.33 |231.007:343.33| 17.18 | 16.85
13) Oxalic acid 34.00 | 3867 1.67 1.67 | 2066732867 17.37 | 17.86

)T+ 2 37.00 | 43.00 | 200 | 2.33 |238.33 39967 | 18.02 | 17.90
5) 1+ 3 3167 | 37.67 | 1.67 | 2.00 |202.00321.00| 17.67 | 17.82
) 2+3 31.67 | 37.67 | 1.67 | 1.67 |202.00]317.33| 16.94 | 17.85
T\1+2+3 | al.67 | 37.33 | 167 | 1.67 |206.33)331.00| 17.50 | 17.83
?)5%°;ér|\j"fed.1 30,00 | 3667 | 1.33 | 1.67 |201.33|314.33| 17.33 | 17.77
F. Test - - NS | NS " - - =
(50 at 0.05 130 | 245 | = < 7226 | 576 | 024 | 006

The resulis in table (2} show that the foliar appiication with mixture of
(ascorbic acid +citric acid) at rate of (750 + 750 ppm)™" twice at 7 and 9
weeks after planting gave highest values of plant height (cm) , fresh weight of
foliage/piant {g) and dry weight of foliage (%), this effect may be due to an
auxinic action of these organic compounds on potate plants { Raskin 1992).
Similar conciusions were obtained by Hemila et al (1985); EL-Zawahry and
Hamada (1994); Farag (1896); Smirnoff (2000); Fathey et al (2003) and
Vaser (2003) who reported that using (ascorbic acid + citric acid) as foliar
spraying was more effective on plant height, number of branches /plant, dry
weight of plant shoots than using every compound alone .

2-Yield and its components:

Regarding the effect of foliar application with organic compounds on
yield and its components; data in tabie (3) indicate that average of the tuber
weight (g) and the total tubers yield (ton/fed) were significantly increased by

1168



J. Agric. Sci, Mansoura Univ., 31 (2), February, 2006

the foliar sPraying with mixture of (ascorbic acid +citric acid) at rate of (750 +
750 ppm)™ twice at 7 and 9 weeks after planting ,while the number of
tubers/piant was not significantly affected by different treatments during the
two study seasons of 2002 and 2003 .

In the same table (3), the data reported clearly increment in the yield
and its components as a result of foliar spraying by organic compounds, the
highest increment of tubers yield was obtained by foliar spraying with mixture
of (ascorbic acid + citric acid at rate of 750 + 750 ppmy™ | this increment was
(12.39-13.36%) in both seasons, respectively under conditions of N
fertilization (150 kg/fed) compared with-same N rate alone (control).

Table (3): vield and its components at harvest as affected by foliar
application with organic compounds during the summer
seasons of 2002 and 2003,

Average
Characters Number : Total
of tubers / plant °””b‘(*")‘”e'9h‘ yield ton/fed
__1-§t zl'ld 15! 2I'Iﬂ ?5'! zl'lﬂ
Treatments Season|season season|season)season) season
1) Ascorbic acid 4.00 4.33 [109.67 [114.33 | 11.87 | 1272
) Citric acid 4.33 467 [107.67[110.33] 12.07 | 12.80
3) Oxalic acid 4.00 400 ; 9867 j101.33| 1103 | 11.32
dy1+2 4.33 4,67 |116.33|119.00| 12.25 [ 12.90
5)1+3 367 | 367 [102.33]107.00] 1083 | 11.71
B) 2+3 3.33 3.67 [100.331102.00} 10.93 | 11.45
7Y1+2+3 3.33 3.67 | 98.67 {10267 10.88 | 11.40
8)Control 150 kgN fed” | 3.00 3.33 | 97.33 [100.33] 1080 | 11.38
F. Test N.S N.S * b . -
LSD at 0.05 - -- 5.08 4.98 0,35 025 |

Such increase in the yield might be attributed to the action of these
compounds on stimulating both cell division and enlargement which caused
an obvious increase in the average of tuber weight and consequently the total
tubers yield / feddan. These results are in agreement with those reported by
ElL-Gamal (1985); Ahmed et al (1998); Fathey et al (2003) and Vaser (2003).

3- Quality parameters of tubers :

Data in table (4) illustrate that there were significant differences in
tuber contents of dry matter (%) and starch (%) as affected by the different
treatments in both seasons. The results show that applying the foliar
spraying by mixture of (ascorbic acid + citric acid) at rate of (750 + 750 ppm)™*
twice at 7 and 9 weeks after planting increased the tuber dry matter (%) and
starch content in tuber (%) as compared with the other treatments in the
summer seasons of 2002 and 2003. A similar trend was noted by Fathey et
al (2003) who reported that using (ascorbic acid + citric acid) as foliar
spraying was more effeclive than using either compound alone on the total
carbohydrate and dry matter of eggplant fruits.
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Table {4): Tubers quality characters at harvest as affected by foliar
application with organic compounds during e summer
seasons of 2002 and 2003,

Characters] Chemical compositions of leaves at 90 DAP
N % 1 P % K %
st M L P 1= 2™
ifreatments 1" season Season | Season | season | season | season
1) Ascorbic acid 3.19 3.18 0.372 0,387 3.41 3.20
2} Citric acid 3.17 3.16 0.368 0.370 3.38 3.49
3) Oxalic acid 270 277 0.355 {.335 2.81 2.88
i1 +2 3.07 3.05 (.407 0.400 3.42 3.54
511+ 3 2.91 3.01 (0.323 0.320 3.36 3.41
B) 2+3 2.99 2.92 {.317 0.308 3.05 3.18
7y1+2+3 3.05 3.04 (.29% 0.304 3.03 3.05
?g%"l:‘;;?;e . 285 | 270 | 0350 | 0302 | 282 | 294 |
F‘ Test L ] x¥ R e EL ] *h
L3D at 0.05 .15 0.17 .03 (.03 0.12 0.10

4- Chernical compositions :

Generally; the nutrients concentrations in the tuber are good
reflection for content of these nutrents in the ieaves and vigor of the
vegelative growth. Data in table (5 a&h) revealed that applying the foliar
spraying by mixture of (ascorbic acid + Gitric acid) at rate of (750 + 750 ppm)*
twice at 7 and 9 weeks afier planting had significant effect on N, P and K
contents in hoth of leaves and tubers during the summer Seasons of 2002
and 2003 compared with control. These resuits proved that the organic
compounds may help stimulating and increase nitrogen , phosphorus and
potassium absorption.  These resuits are in accordance with those obtained
by Fathey et al {2003).

Table (5-a): Chemical compositions of leaves at 90 DAP as affected by
foliar application with organic compounds during the
summer seasons of 2002 and 2003 .

Characters Drg matter (%) Starch {%) Protein (%)
1 2™ 1 2™ 15 2™
Treatments seasoll | season | Season | season | seasoh | season
1) Ascorbic acid 19.10 19.80 13.85 13.75 1.59 185 |
2} Citric acid 19.12 18.57 13.88 13.68 1.59 1.64
31 Oxalic acid 18.57 19.33 13.73 13.63 1.56 1.58
)1+ 2 19.17 19.80 13.96 13.81 1.65 1.668
5)1+3 16.83 19.33 13.73 13.63 1.63 1.65
B) 2+3 18,70 19,33 13.83 13.64 1.56 1.61
711+2+3 18.70 10.33 13.75 13.64 1.56 1.63
?g%",fg’;?'m . 18,87 | 19.40 | 1378 | 1368 | 155 | 1.54
F. Test * * . B NE NS
LSD at 0.05 0.04 0.03 0.06 0.08 - -
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Table {5-b): Chemical compositions of tubers at harvest as affected by
foliar application with organic compounds during the
summer seasons of 2002 and 2003.

Characters| Chemicat compositions of tuber at harvest
N % P % K %
Treatments 17 season|2™ season|1® season |2 season|1° season |2 season
1) Ascorbic acid 1.34 1.41 0.323 0.316 1.41 1.45
2) Citric acid 1.34 1.37 0.312 0.307 1.30 1.38
3) Oxalic acid 1.26 1.29 0.303 0.306 1.20 1.34
4y1+ 2 1.39 1.43 0.327 0.318 1.44 1.57
5)1+3 1.37 1.37 0.282 0.202 1.52 1.52
B) 2+3 1.34 1.34 0.278 0.281 1.12 1.28
7y1+2+3 1.33 1.32 0.269 0.284 1.38 1,33
8yControl 150 kgN fed™ 1.30 1.31 0.288 0.281 1.28 1.17
F‘ Test - * - * i £ 1
LSD at 0.05 0.02 0.05 0.01 0.01 0.12 0.08
Conclusion

This investigation indicate that applying the foliar spraying with mixture
of (ascorbic acid + citric acid at rate of 750 + 750 ppm)'L on potato plants
twice at 7 and 9 weeks after planting led to increase of vegetative growth
parameters and tubers quality, as well as recorded good increment of tubers
yield reached 12.88 % (mean of two study seasons).

REFFERENCES

Ahmed ; F.F., AMAKL; AA. Gobara and A.E.m, Mansour (1998). Yield and
quality of Anna apple trees (Malus domestica L.) in response to foliar
application of ascobine and citrine fextilizers . Egypt. J.Hort.Vol.25(2):
203-208.

AOAC (1990). Official Methods of Analysis. 15" Ed. Washington DC,

USA.

BSc S.N. and G. Savage (1999). Oxalate content of foods and its effect on
humans. Asia Pacific J.of Clin. Nutrition; Vol.8; No1: 64-74.

Carlos A. D.S5.0 (2000 ). Potato crop growth as affected by nitrogen and
piantdensity . Pesq. Agropec. Bras.; vol. 35; No. 5:1-19.

El-Gamal, A.S.(1985). Studies on potatoes seeds. M.Sc.Thesis Fac. of
Agric. Mans Univ. Egypt

El-Zawahry, AM. and A. M. Hamada (1994). The effect of soaking seeds in
ascorbic acid, pyridoxinc or thiamine solution on mematoda
{Meloidogyne Javanica) infection and on some metabolic processes in
EGG plant. Assuit J. of Agric. Sci . 25(3).

FAO (2005) Statistical Database Report, Rome talty.

Farag ,K.M. (1996). Use of urea, phynilalanine thiamine or their combination
to accelerate anthocyanin development and their effects on the
storage life of Flame seedless graps. The first Egyptian Hungarian
Hort. Conf. Kafr-El-Sheikh, Egypt. 15-17 sept., 1996.

"M



El-Banna, E.N.et al.

Fathey, EI.S., EI-S, ZM.AXhedr and A.M. Moghazy (2003). Improves
metablical and agronomical performance of eggplant under higher
temperature stressful condition (Late summer) by using some
antioxidants and mineral nutrients. Non-traditionalism Methods of
Production and Improvement the Agricultural Crops Conference. 1-3
Dec. 2003, Cairo,-Egypt.

Gomez ,K.A. and Gomez ,A.A.(1984). Statistical Procedures for Agricultural
Research. 2™ Ed. John Wiely & Sons. New-York. USA.

Hemila,H.R.; P.Berts and M. Wikstrom {1985). Activaled poiymorphonuciear
leucocytes consume vitamin ¢. Frbs. Lett. 178; 25.

Jackson, M.L. (1973). Soil Chemical Analysis. Prentice-Hall of india Private
Limited, New Delhi.

Juarez, H.S., J.R. Amaro, M.D. Rivera; A. Paraga and R.J. Hijimans (2000).
The effect of nitrogen fertilization of potato late biight in the filed. CIP
Program Report, Res. on Potato, 69-76.

Phillips, 8.B.; D.K. Keahey and G.L. Mullins (2004). Nitrogen management
for white potato production. Verginia Co. Ext. No. 438; 1-6.

Raskin, |. (1992). Salicylate, a new plant hormone. Plant Physiol. 99; 799.

Smirnoff, N. (2000). Ascorbic acid: metabolisim and functions of a
multifacetted molecule . Current Opinion in Plant Bio. Vol. 3(3).229-
235,

Smirnoff , N. and G.L. Wheeler {2000). Ascorbic acid in plants: Biosynthesis
and function. Critical Rev. in Plant Sci. Vol. 19, No.(4): 267-290.

Todd, A.K. and R.K. Joshua (2003). L-galactono-Lactone dehydrogenase is
present in calcium oxaiate crystal idioblasts of two plant species. Plant
Physio. and Bioch. Vol. 41(3):201-206.

Vaser, V. (2003). Effect of ascorbic acid and citric acid on Ex vitro rooting
and acclimization of Prunus aviuml, L. microshoots. Acta Hort. (ISHS)
616: 59-68.

1172



J. Agric. Sci. Mansoura Univ., 31 (2), February, 2006

Gl 33 Jg—anally galll o & puad) SlSpally Ao (D 50

bl

T e (S5 s 5t pdle Gube plla  FUD U sl

= A 30 Ggad S0 — Ol Bgas dgea - RN Al iy publhad Sgay and
. . . s Sl

aa = 55l = Aed )3 Sgaah 38 e — Al g sl g (pdah VI Cigan dgaa - DL AusiS e 00

‘)J:;Ug,\ﬂh?&: ,\'--T AR Jm...allml JS‘ “;M}nd)‘_‘a_;' J\.u_):-.z....u_);.\
i_dnilae — aJ}.‘.-..\.J'n ~ el il gpg&w@gb@pbda_j qs(l.u}u.‘ s_.'ﬂ;a-a‘
a3 Sl e B g gnal) SUS S G B 6 Al s~k
_-,x_i/e;sx e Joear g W1 pantll e pgidelis N LYY LS YT aeay O ad
peandiy s padl) gaill DLl o S5 55 s BE 3 501 spandll S iy & ks
'“'-'L'J—hjd‘ 3‘1\.14..13\.;.\5.“ KA EPLONY o g U L ARt

}4_¢;+d.u_,&_~zY| )HLLJM&JJ__“L,.;J_“J\C_&M;B_LL»JJ
g o g bl g gl 2a (ise (A el (86 YO+ Ve L) S el il
ol Jph o laa Yiad oS haifand e Joag Sy P sadll ae de 3l e s
u_)}jn_.u}u Sy £ (O/o) hyall Al a..\.a.“} (,;) '._ILu/J_)a.“ C_j'd:dﬁ s s (f”"’)
Wil (e il jolt (s iaay (%) et AL sl y (hasf oh) S Jgeandl y (an)di sl
g e c_,t__ul\ S gl go-al Bali e ¢ gAY Dbl Bl A5 jlis
Cbalaally b gine G A (%) 0 gl e A (5 ey il f o pal sae y SilfAs
apm e e G159 Oe S s fiaa O Sl Caai gl LS AWl awse DS AilA)
(o dygina 335 i 08 geuliglly o gdue gl g Cun g il (e Slaall die S g Aol
Voo + Vo) S G (bl Gaaa ot il ) Sl daen Joe daliy 50 B0 plaadd
EOTCTS B REAPS! JURPSRLUN T RPN e [T SPR - BT U
R RS R RS RO

s Sl yaea Ga kadin B0 2N plasiad o il 2 ekl dele Aiay
Of e bl Sl e ( ilflagie JS e el e 2 VO] 58 0 ok ALl an
100 o mar 59 5¥) mandll iy s Sl de 3 e anlill g 5 bl g gan e
ol 8 Sl B KH Jgeanadt 300 55 5 eaddl peill Gluld d 52l 0 sl ladfaas
Sl p0 B n Cpmal (MAREYL (A age 33U daugia) Y0V Y AA )i
SS ey e W AW sl S8 5y YD el Jame ki 35 e il
(s F) unad

1173





