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HE PRESENT WORK was carriad out in newly reclaimed land

at Sadat city,Taba farm, El-Menoufia governorate during
1998/1999 and 1999/2000 Potatoes var.Nicola was cultivated to study
Effect of cattle manure,bio fertilizers and reducing mineral fertilizer on
nutrient content and yield of potato plant, The resuits from this study
indicated that percentages of N, P, K , Mg and Calcium were
increased in potato leaves by reducing the mineral fertilizer of the
recommended dose (300 kg rock phosphate and 150 kg N and 175 kg
K,0) to half or quarter with bio fertilizer. Using biofertilizer with half
or quarter of recommended dose of mineral fertilizer caused increasing
in specific gravity of potato tuber. Adding biofertilizer alone increased
dry matter content in potato tuber. Whereas, this increment was not
significant with application of the haif or guarter of recommended
mineral fertilizer dose and biofertilizer. Increasing in total
carbohydrates was found by applying biofertilizer alone in potato
tuber. Whereas, this increase was not significant with reducing the
mineral fertilizer to half or quarter of recommended dose and
biofertilizer. Applying the recommended dose of mineral fertilizer
(check) compared with other treatments increased the nitrate content in
potato tuber.

Reducing mineral fertilizer to half or quarter of recommended dose
with biofertilizer increased total yield per plant and per feddan.
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Potate (Solanum tuberosum L) is one of the most important vegetable crops
grown in Egypt. Bio-fertilization is generally based on altering the rizosphere
flora, by seed or soil inoculation with certain organisms, capable of inducing
beneficial effects on a compatible host. Bio fertilizers mainly comprise nitrogen
fixers, phosphate dissolvers or silicate bacteria, (E-Hadad, 1993). The
availability of nutrients to potato plant is determined as much by the rate at
which nutrients are cycled within the system as it is by the level of inputs to the
system. The organic residucs from plants which are broken down by soil
microorganisms can be taken up by plants. Kuzmich & Pfrfravo (1985) found
that starch content decreased in potato tubers by adding NPK, although, the
starch yield increased in the control (unfertilizerd). Singh and Brar (1985)
concluded that applying K and FYM to e soil increased potassium
concentration in the leaves at 30, 45 and 60 days after planting. While Mg
contents in the leaves were reduced by K application but this effect decreased
when FYM was applied.Dry matter of leaves, stems and tubers of potato plant
was very high during the early growth stages in the treatments given NPK
fertilizer. While these values in the organic treatments became higher in the later
stage of the growth (Banerje & Singhamahapatra, 1986). Mica et al. (1986)
showed that when potatoes were given 35 FYM tha and 20 or 160 N/ha the
tuber fresh weight and dry matter contents were the greatest at the highest N rate.
Also the best dry matter was obtained with 120 kg/hi.Singe (1986) reported that
increasing N rates adding to the soil caused linear ircreasing in nitrate N in the
tuber. On the other hand, decreased the dry matter aad K contents. Vokal ef al.
(1986) suggested that applying the organic fertilizers including FYM and cattle
slurry increased NPK and Mg content in the haulm, particufarly in the later half
of the growing season. Also, cattle slurry increased K concentration in the
haulm. Sharma & Arora (1987) found that increaming N rates significantly
caused a decrease in P and K concentrations ix the haulm and tubers.
Grzeskiewick & Socko (1989) stated that applying cattle slurries had more
favorable effects on starch and DM content than mineral fertilizers.Hamouz
(1991) on potatoes cvs. Resy and Klara, given 40 on/ha FYM and 0-240 kg
N/ha, found that nitrate accumulation of c¢v Klan was 62% higher than
Resy,while 300mg nitrate-N/Kg was acceptable limit for nitrate in potato tuber.

Trehan et al. (1991) found that applying potask and FYM to the soil
increased available soil K ,while, applying P, P + K increased available soil K
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that increased K uptake.Specific gravity increased with low rate of K fertilizer,
but general trend for K application was reducing specific of gravity (Champman
et al, 1992). Nazarov (1992) suggested that using compost and NPK fertilizers
were correlated to the nitrite content in the soil and potatoes tuber. Shatilov and
Sharov (1992) found that starch of potato tuber content decreased with
increasing FYM rate to 200 ton/ha. Moreover, nitrate content increased from 64
to 190mg/kg with high FYM rate. Saleh & Abd El Fettah (1997) observed that
application of organic manures alone increased dry weight over the control
treatment (100% chemical fertilizer). Also, the uptake of N, P and K significantly
increased with adding organic manure.

Quastel (1965) reported that soil microorganisms known as phosphate
solubilizing bacteria (PSB) play a fundamental role in converting P fixed form to
be soluble and available for plant nutrition. As well as, the microbial breakdown
of soil organic matter is associated with an increase CO, production which
possibly increases the solubility of soil phospbate.Gomaa (1989) mentioned that
some effects of phosphate solubilizing bacteria inoculation have been observed
in terms of increasing the amount of available P.

El-Gamal (1996) demonstrated that increasing N feriilizer level or
inoculation with HALEX?2 increased leaf N content and dry matter content of
patato tuber.Ash ef al. (1996) and Ahmed et al, (1997) noticed that nutrient
uptake by groundnut plants significantly increased when organic was applied
alone or in combination with either biofertilizer or chemical fertilizers.
Mahendran & Chandramani (1998) found that starch content of tubers and N, P
and K available were the highest by applying 100% NPK basically together with
Azospirllum and phosphobactriem, while N, P and K uptake were the greatest
with 100% NPK applied in 2 equal split doses+bio-fertilizers(Azospirllum and
phosphobactriem).

Zayed (1998) proved that the phosphorus dissolving bacteria is known by its
ability to dissolve the precipitated form phosphors: Cag (PO,) , depending on
its ability to produce inorganic, organic acids and /or CO5 . Rabinovich et al
(1999) mentioned that increased doses of bio-fertilizers for potato raised high
concentration of denitrificating microorganisms.

Egypt. J.Hort. 29, No. 1 (2002)



102 5.D. ABOU-HUSSEIN et al.

Material and Methods

Two field experiments were conducted in sandy soil at Sadat city, Taba farm,
El -Menoufia Governorate (70 km north Cairo from the Desert Road), during
two successive seasons, e, 1998/1999 and 1999/2000,

Plant materials

Certified seed potato tubers of Nicola cultivar (locally produced and cold
stored), obtained from the General Authority for Producers and Exporters of
Horticulture Crops, Cairo, Egypt, were used in the experiments. Nicola cultivar
is medium early to medium late .The whole seed tubers were planted, on 15th of
November in the two seasons, for the two experiments.

Soil properties

The physical and chemical properties of the experimental soil are presented
in Table 1. The analysis of cattle manures used in this experiments are shown in
Table 2.

TABLE 1. Chemical and physical properties of Taba farm soil (Sadat city).

R Mechanical Ana.l SiS pH E¢ Cacol | Carions Anions

i Sand | Sitt | Clay | Texture DS/Im | % N P K [Ca [ Mg Coy Heoy ol S0,
ioog % kD) % % meg/L | meq/L ‘
i i meg/L h
L 1 -1
! Sandy ! ; J J l -
too {35 |s soil 820 1.8 | 5.50 | Traces | 044 [057] 265 | 240 |Zero | 385 53| ss65 o%
TABLE 2. Analysis of cattle manure used in Taba farm.

C OM | C/N | Macro Elements (Ya) Micro Elements

i Organic fertilizer | % % ratio

! i N P K Ca Mg Fe Mn
) : % % Y% Y% % % ppm
i Cantle mapure 18.71 {3741 | 1162 [ 161 | 07325 12706 { 0.1607 | U.6965 | 0.6499 | 190217

Treatments
This experiment included five treatments which were as follows :
1- Cattel manure only at a rate of 40 m3.

2-Suspensions of bio fertilizers only, ie., soil yeast (Candida tropicals) ,
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Psendomonas aeruginosa and phosphate solubilizing bacteria (Bacillus
megatherium var, phosphaticum).

3- The recommended dose of fertilizer as a check, i.e., 40 m3 cattle manure, 300
kg rock phoshate before planting, and 150 kg N and 175 kg K,O/fed. after
planting at three times (35, 55 and 80 days from planting).

4-Half of recommended dose of mineral fertilizer and bio fertilizer suspensions,
i.e, soil yeast (Candida tropicals) , Pseudomonas aeruginosa and phosphate
solubilizing bacteria ( Bacillus megatherium var. phosphaticum).

5-Quarter of recommended dose of mineral fertilizer plus bio fertilizer suspensions
of, ie., soil yeast (Candida tropicals), Pseudomonas aeruginosa and phosphate
solubilizing bacteria (Bacillus megatherium var. phosphaticum).

Boifertilizers used in these experiment were used as suspension added to the
soil directly before planting . It is consisted of yeast, Pseudomonas and bio
fertilizer phosphate dissolving bacteria.Experiment contained five rows ecach
experimental plot was 6 m iength and 6 m width, making an area of 36 m?
Each plot received equivalent amount of 200 Kg sulfur added to soil before
planting. The potassium phosphate contained (52% K20) Hortozol imported
from Russia. The rock phosphate, Sulfur and cattle manure were applied 20 days
before planting. Cattle manure was added in the middle of the row at 40 cm
depth then the soil was irrigated.All the experimental plots received the same
amount of water from planting till harvest,using drip irrigation system, the flow
rate of drippers was 4L/hr and the distance between the lateral irrigation line was
one m with distances of 50 cm between the drippers.

The experimental design
The treatments were arranged in a randomized complete block design with
three replicates.

Data recorded
Yield
Each experimental plot was harvested individually after 120 days from
planting and yield data were recorded:
1-Average tuber weight
2-Average tuber number per plant
3-Specific gravity
4-Total yield per (plant and feddan.).

Egypt. J.Hort. 29, No. 1 (2002)



104 S5.D. ABOQU-HUSSEIN et al.

Determination of specific gravity
Tuber specific gravity was calculated from samples weights measured in air
and water .

Determination of dry matter content
Dry matter content was determined at 65°C for 72 hr using the standard
methods as illustrated by AOAC (1990) .

Chemical measurements

A random sample of fifteen tubers was selected from every treatment after
harvesting for determination of total carbohydrates, dry matter,nitrate content .
Sample of the fourth top leaves was taken at 50 and 80 days from planting to
determine N, P, K, Ca and Mg.

Determination of total carbohydrates
Total carbohydrates were determined according to the method described by
Shaffer & Hartman (1921).

Determination of nitrate
Nitrate content in tuber was determined according to the method described by
Holty & Petwerowski (1972).

Determination of N, P, K, Ca and Mg

For mineral analysis, dried leaves were digested in HySO, and the minerals
content were estimated as follows : -

Total nitrogen, Potassium, calcium and magnesium

Total nitrogen content was determined according to the procedure described
by FAO Soils Bulletin (1980) .

Phosphorus
Phosphors content was determined using the method described by Chapman
& Pratt (1961) .

Statistical analysis
The statistical analysis was done according to Steel & Torrie (1960) .

Resnlts
Nutrient content of potato leaf

Nitrogen
The percentages of nitrogen, phosphorus, potassium, calcium and magnesium
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were affected with the applied fertilizer (Table 3) . The obtained results idicated
that applying half recommended dose of mineral fertilizers with biofertilizer or
using check {recommended dose) increased N % in potato leaves at both
samples, in the first season. In the second season,applying check (recommended
dose) gave the highest value at first sample.Whereas, using bic fertilizer alone
increased N percentage in potato leaves at the second sampling date.

Phosphorus

Data presented in Table 3 showed the effect of cattle manure, biofertilizer or
biofertitizer with reducing mineral fertilizer on phosphorus content in potato
leaves. The reduced mineral fertilizer and added biofertilizer increased uptake of
phosphorus in potato leaves at the first sample and quarter recommeded mineral
fertilizer at the second sample,in first season. In the second season, the highest
value was found with applying cattle manure at first sample,and biofertilizer and
to rate quarter of recommended mineral fertilizer dose at the second sample.

Potassium

Response of the potassium content in potato leaves to cattle manure,
biofertilizer and reducing mineral fertilizer with biofertilizer is illustrated in
Table 3 . Applying check treatment recorded the highest potassium content in
potato leaves at first sample . Whereas, Applying half recommended dos¢ with
biofertilizer increased the percentage of potassium in potato leaves at the second
sample, in the first season.While, in the second season using cattle manure alone
recorded the highest potassium content in potato leaves at first sampling date and
check (recommended dose) at the second sample.

Calcium

Data presented in Table 3 showed the effect of cattle manure, biofertilizer
and reducing mineral fertilizer with biofertilizer on the percentage of calcium
content in potato leaves. In first season, the half of recommended dose of mineral
fertilizer with biofertilizer increased calcium content in potato leaves at the first
sample .On the other hand, using cattle manure alone gave the highest valuc at
the second sampling date.Whereas,using mineral fertilizer with biofertilizer at
the first sample and biofertilizers alone at the second sample were the most
favourable treatments in second season.
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TABLE 3. Effect of cattle manure,blo fertilizers and reducing mineral fertilizer with
bio fertilizer on nutrient content of potate leaves in 1998/1999 and

1999/2000 seasons.
Treatments N P K {Ca Mg |N P K iCa (Mg
% % 1% |% % % 1% {% [% |%
1998/1999 ’
50 days from planting 80 days from planting
Cattie manure 368 1084 | 771 |1.17 |0.64 |3.51 | 085 (552 {285 |0.54
Bio fertilizer 440 1054 1651 1095 [052 §3.50 {064 |753 {133 (054
Check 346 (086 (860 [ 1.39 662 [442 {086 [655 [ [.56 (0.53

Half  recommened dosetBio|444 | 132 752 | 141 J070 1430 ]0.75 1851 | 240 055
fertilizers.
Quarter recornmened dose +Bid 4.28 093 | 7.70 {1.34 | 0,57 |3.86 [1.01 {750 |2.14 |0.55
fertilizers.

1999/2000
Cattle manure 428 1092 (B4R [0.70 [ 065 |3.48 |060 {6456 [175 |0.79
Bio fertilizer 462 1071 [B45 (112 |063 [474 {065 {701 {196 {073
Check 47% 1086 | 731 | 112 | 065 |3.33 10.51 [845 | 1.B6 (0.64

Half recommened dosetBio}4.51 |0.6% |7.74 [ 127 10.63 3.35 |054 1706 |1.84 [080
fertilizers,
Quarter recommened dose +Big 4.22 [ 074 1 7.26 | 129 | 068 |3.37 i063 |770 | 1.74 [ 0.75
fertijizers. :

Recommended dose: (300 kg rock phosphate and 150 kg N and 175 kg K,0 .

Magnesium

As shown in Table 3, the effect of cattle manure, biofertilizer and reducing
mineral fertilizer with biofertilizer on the percentage of magnesium in potato
leaves. The half of recommended dose of mineral fertilizer increased magnesium
content in potato leaves at both samples in the first season.In the second
season,reducing mineral fertilizer to rate of quarter recommended dose with bio
fertilizer recorded the highest value at first sample. Whereas, the half
recommended dose with biofertilizer was the most effective treatment at the
second sample.

Yield characters

Average tuber weight

Data illustrated in Table 4 represent the effect of cattle manure, biofertilizer
and reducing mineral fertilizer on average tuber weight of potato ptant. Check
treatment produced at the highest average tuber weight compared with other
treatments both samples in both seasons,with the excption of, the biofertilizer
which was the best in the first scason only.
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TABLE 4. Effect of cattle manure,biofertilizers and reducing mineral fertilizer with
bio fertilizer on yield characters of potato plant in 1998/1999 and

1999/2000 seasons.

Treatments Average | Spectfic | Dry W Nitrae ] Totmt
Tuber | Gravity | Matter | Carbohydrates Yied [
Weight | @) )0 | 08 ppm (kphﬂ 1
® [ ® I

199871999 IR

Cattle manure 7243 ] 1.02 21.61 |42.74 40092 [ 720.00

Bio fertilizer 130,52 1.0 2766 | 4737 42037 |'1227.66

Check 11191 | 1.01 23.73 | 47.86 510.94 1125966 "

Half recommened dose+ Bio | 93.74 1,06 24,40 | 45,17 419.97 ,1816.66

 fertilizer,

Quarter recommened dose +| 10635 | 1.05 2553 14156 33422 '} 131400

Bio fertilizer. i T

iL.SD at 5% 2351 |0.04 1415 |3.98 1109.67 [ 893.65

1999/2000 .

Cattle manure 710083 |1.01 23.58 [42.07 35050 | 606.33

Bio festilizer 9384 |1.01 2395 | 47.33 400.37 | 706.56 -

Check 11175 {101 2248 |47.83 510.65 | 920.66 -

Half recommened doset+ Bio|104.64 ] 1.05 18.26 | 4553 419.26. | 1297.66

fertifizer.

Quarter recommened dose + Bio | 10937 ]1.04 2212 |41.24 333.86 | 1128:66

fertilizer,

LSDat5% 1293 1003 286 [4.00 107.06 " | 143.14

Recommended dose: (300 kg rock phosphate and 150 kg N and 175 kg K, 0).

Speciﬁc gravity

Data in Table 4 represent the effect of cattle manure, biofertilizer and
reducing mineral fertilizer with biofertilizer on specific gravity of potato tuber.
Reducing mineral fertilizers to half or quarter of the recommended dose plus
biofertilizer increased specific gravity compared with other treatments in both

s¢asons.

Dry matter

Data presented in Table 4 show the effect of cattle manure, biofertilizer and
reducing mineral fertilizer on the percentage of dry matter content of potato
tuber. Applying biofertilzer alone increased dry matter content compared with
other treatments in both seasons.
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Total carbohydrates

Results in Tables 4 indicated that application of bicfertilizer alone or check
treatment increased total carbohydrates of potato tuber compared with orther
treatments in both scasons,

Nitrates content

Effect of catfle manure, biofertilizer and reducing mineral feriilizer with
biofertilizer on nitrate content of potato tuber is shown in Table 4. Applying
check treatment gave the highest value of nitrate content of potato tuber
compared with other treatments in both seasons. While,the lowest values of
nitrate content were detected in tubers produced from plants received the quarter
recommended mineral fertilizer.

Total yield

Data Illustrated in Table 4 and Fig.1 show the effect of cattle manue,
biofertilizer and reducing mineral fertilizer with biofertilizer on total yield per
plant and per feddan. Reducing mineral fertilizer to half recommended dose with
biofertilizer added to the soil produced the highest total yield per plant and per
feddan followed,in desceing orderd,by quarter recommended dose with
biofertilizer.This was true in both seasons.

Discussion

Applying biofertilizer to potato crop with reducing mineral fertilizers
increased the percentage of N, P, K, Mg and Ca in potato leaves. On the other
hand, adding biofertilizer increased dry matter, specific gravity and total
carbohydrates. This effect could be due to that biofertilizers play a fundamental
role in converting P or K fixed form to be soluble ready for plant nutrition
making the uptake of nutrients by plants more easy. Similar results were found
by Quastel (1965) and Zayed (1998) who found that soil microorganisms known
as phosphate solubilizing bacteria (PSB) play a fundamenta) role in converting P
fixed form to be available. Increasing N fertilizer level or inoculation with
HALEX2 increased leaf N content and dry matter content of potato tuber (El
Gamal, 1996) .

Average tuber weight was increased by applying biofertilizers with reducing
mineral fertilizers which lead to inerease total yield. This effect might be due to
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1998/1999

Total yield(ton/fed.)

1999/2000 |

N
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I

Total yield (ton\fed.)

Fig.1. Effect of organic manure, bio-fertilizers and reducing mineral fertilizer with
bio fertilizer on total yield/plant of potate plant in 1998/1999 and 1999/2000
seasons.
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that applying biofertilizer increased microorganisms in the soil, which convert
the ability of mobilizing the unavailable forms of nutrients elements to available
forms (Ishac, 1989). On the other hand, the microorganisms produce growth
promoting substances which increase the plant growth. This increase in plant
growth may increase the photosynthetic rates leading to an increase of the
assimilation rates. So that the tuber weight and tuber size increased, which
conscquently increased the total yield. Similar results were found by Kundu &
Gaur (1980), who reported that potato inoculated with culture suspension of
Bacillus polymyxa and Pesudomonas straita gave the higher yield. Hauka ef al.
{1990) reported that inoculation of PSB increased yield of tomato. Large and
medium sized tubers and total potato tuber yield were the greatest from
combination of both biofertilizer and growth regulator (Ghosh & Das , 1998).

The obtained results showed also that applying the half recommended dose of
mineral fertilizers along with biofertilizers resulted in higher potato yield than
check treatment.This may be attributed to enhancing plant growth parameters,
i.e. plant height, leaf number, fresh and dry weight, N, P and K contentin potato
leaves compared to check treatment.In other words,using biofertilizers had
beneficial influence in reducing the amount of minera) fertilizers added for
potato production
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