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EFFECT OF COMPOST AND SOME BIOFERTILIZERS ON
GROWTH, YIELD AND QUALITY OF POTATO CROP
(Solanum tuberosum L.)

Awad, E. M.
Vegetable Res. Dept., Hort. Res. Inst., Agric. Res. Center, Giza, Egypt

ABSTRACT

Two field experiments were conducted during the fall (Nifi) season of
1998/1999 and 1999/2000 at Abou Awad Village, Aga, Dakahlia Governorate, on
potato cv. Diamont to investigate the effect of compost i.e. compost 1 (Rice straw and
Wheat straw), compost 2 (City garbage manure) and some biofertilizers (Biogein,
Phosphorein, phosphate dissolving bacteria (PDB) and silicate decomposing bacteria
(SDB) as a substitute for chemical fertilizers on potato plants.

The obtained data show that the plants stand percentage at 45 days after
planting was the highest with treatment 8 (compost 2 (City garbage manure) + 2
treatment 2 (Rock phosphate + Feldspar + Biogein + Phosphorein + Bacillus circulans).
Vegetative growth, in terms of piant height, number of main stems/plant, foliage fresh
weight/plant (g) and foliage dry weight (%) at 75 (DAP) were increased by using the
mineral fertilizer (control). NPK (%) in leaves at 75 (DAP) and tubers at harvesting were
aiso increased by treatment of compost 2 (City garbage manure) + 'z treatment 3 (Rock
phosphate + Feldspar+ Biogein + Bacillus megatrium + Bacillus circulans) during the
both seasons.” Cn the other hand, tofal tubers yield (ton/fed.), number of tubers/plant,
average weight of tubersipiar:i {2} and dry weight of tubers (%) were significantly
increased with this treatment in both seasons. vii:ita treatment of compost 1 increased

starch (%) in tubers, also the highest reduction in nitrate concentration {ppinyifi WUDErS ™~

was recorded for treatment 3 (Rock phosphate + Feldspar+ Biogein + Bacillus
megatnium + Bacillus circulans) in the both seasons.

Generally, the results indicate that using treatment of compost 2 (City
garbage manure) + %2 treatment 3 (Rock phosphate + Feldspar+ Biogein + Baciflus
megatnum + Bacillus circulans) as a substitute of chemical fertilizers of potato plants
improved tuber yield, quality and saved considerable amount of mineral fertilizers of
NPK requirements. Likewise, inoculation by mixture of biofertilizers may be helpful in
reducing the poliution of environment and may be recommended in potato bio-
production.

INTRODUCTION

Potato (Solanum tuberosum L.) is considered one of the most
important vegetable crops grown in Egypt for local consumption and export.

Organic manures which include compost and city garbage manure
are applied to improve the nutritional status of the plant and maintain the
fertility through its effect on physical and chemical properties of the soil (Abou-
Baker and El-Magraby, 1994 and Attalah et al., 1997). Giusquiani et a/. (1988)
also indicated that addition of compost to soil increased contents of available
phosphorus and exchangeable potassium. Also, Berghe (1996) found that
potato yields increased with increasing compost dose. Ashour and Sarhan
(1998) showed that application of 25% city garbage manure with 75% of the
recommend dose of N, P and K gave highest tuber yield. In the same respect,
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Tawfik (2001) mentioned that the highest net profit was obtained from potatoes
fertilized with 25 % city garbage manure + Microbein + 50 % NPK.

Rock phosphate as a nature source of phosphorous has better
effect on growth and yield. Rock phosphate is considered more available when
added with organic manures. Where, El-Banna and Abd El-Salam (2000)
indicated that application of rock phosphate with farmyard manure at the rate
of 15 ton/fed in addition to 180 kg N + 75 kg P,Os /fed , increased total yield of
tubers/fed.

On the other hand, many investigators showed that, potato plants
inoculation with biofertilizers, known as phosphate dissoiving bacteria (PDB)
and silicate decomposing bacteria (SDB) play a fundamental role in converting
P and K fixed form to be soluble ready available for plant nutrition, and
application of biofertilizers are important economically to reduce pollution of
environment. In this respect, El-Gamal (1996), Ashour and Sarhan (1998) and
Tawfik (2001) reported that application of biofertilizers was improved plant
height, dry weight and total tuber yield. Abdel-Ati et al. (1996), Hammad and
Abdel-Ati (1998) and El-Banna and Tolba (2000) mentioned that using the
biofertilizers increased plant height, number of branches / plant, number and
weight of tubers / plant, dry matter content of tubers and total tubers yield/fed.,
as well as decreased the nitrate concentration in potato tubers.

Balabel (1997) and Afify and Bayoumy (2001) mentioned that the
silicate bacteria have the ability to release K,O from feldspar and biotite.
Balabel (1997) reported that inoculating orthoclase with Bacillus circulans
(SDB) gave better effects on all vegetative and yield attributes. They also,
indicated that these effects were reflected on N, P and K content of tubers. El-
Banna (2001) indicated that using Bacillus circulans (SDB) gave rise to
increase the vegetative growth characters.

Abdel-Ati et al. (1996) indicated that inoculation of potato tuber
seeds with P-solubilizing bacteria (PSB) such as, Bacillus megatrium resulted
in increasing P and K content and vegetative growth of potato (i.e., plant
height, number of branches and dry matter as well as number of tubers / plant
and total yield /fed.

Hauka et al. (1990 & 1996) and Hauka (2000) reported that soil
microorganisms can play an important role in improving plant growth by
solubilizing phosphorus from rock phosphate.

Therefore, the present investigation was designed as an attempt to
investigate the effect of compost and some biofertilizers as effective
alternatives for chemical fertilizers to produce potato tubers of high quality.
Keeping out of environment from pollution is one of the promised goals.

MATERIALS AND METHODS

Two successive field experiments were carried out during fall (Nili)
seasons of 1998/1999 and 1999/2000 at Abou Awad Village, Aga, Dakahlia .

Governorate.
Some physical and chemical properties of the experimental soil are

recorded in Table (1).

5526



J. Agric. Sci. Mansoura Univ., 27(8), August, 2002

Table (1): Some physical and chemical properties of the experimental
soil.
Physical characteristics Chemical characteristics
. ' Available nutrients (ppm)
Sand | Silt | Clay Texture PH N P K Zn I Mn | Fe

30.3 [ 346 | 35,5 [ Clayeyloam | 7.9 | 60.3 | 24.4 | 239 | 3.00 |8.60]|16.80

Phosphorein and Biogein biofertilizers were obtained from the
General Organization for Agriculture Equalization Fund (GOAEF). An efficient
inocula of Bacillus megatrium as phosphate dissolving bacteria (PDB) and
Bacillus circulans as silicate decomposing bacteria (SDB) were obtained from
Integrated Control Res. Dept., Plant Pathology Res. Inst., Agric. Res. Center,
Giza.

Potato tuber seed were mixed with some biofertilizers (Phosphorein
and Biogein) at the rate of 10.67 kg/ton seed tuber. Whereas, PDB and SDB
inocula were added at rate of 200 mi/plot contains (1 x 10® cells/m| culture).
Rock phosphate or/and Feldspar was added to the soil immediately before the
first irrigation.

Compost (1) and compost (2) at rate of 14, 24 ton/fed., respectively
was spreaded and thoroughly mixed with the surface soil layer (0-20 cm)
before planting. Compost (1) prepared from straw of both rice and wheat and
compost (2) prepared from city garbage which was obtained from Mansoura
Manufacture for Organic manure. The chemical analysis of compost (1) and
compost (2) are shown in Table (2).

Table (2): Chemical analysis of compost (1) and compost (2).

Manure Macro-elements Micro-elements ciN | om
Source (%) (ppm) pH ratio | (%) Humic
N P K Fe | Mn | 2n | Cu :

C°?‘}‘)’°s‘ 132 | 047 [ 082 | 151 | 312 | 65 | 37 | 7.7 | 1561|326 | 48

Compost
) 0.78 .91 . ’ : -
@ 0.9 035 ( 3800 | 510 {190 | 236 (7.9 | 17.2:1 | 35.9

The chemical analysis of Rock phosphate and Feldspar (KALSi;Os)
are shown in Table (3) as follows:

Table (3): Chemical analysis of rock phosphate and feldspar*.
Source Nutrients (%)
P20s K20 SiO; Al>,O; FeO3 MgO CaO SO
Rock

hosphate 28.0 0.19 2.1 0.72 3.61 0.68 41.0 5.32

|Feldspar 0.35 16.4 60.8 16.9 0.25 0.14 0.37 --
* Egyptian Fertilizer Development Center (FEDC) Lab., El-Delta Company for Fertilizers and
Chemical Industries, Talkha, Dakahlia, Egypt.

. The soil was digested as described in Jackson (1967) using a modified
Kjeldah! procedure, but, the plant samples were digested using sulfuric and
perchioric mixture, Jackson (1967).
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Contents of Fe, Mn, Zn and Cu were determined as described in Page
et al. (1982) using an atomic absorption spectrophotometer.
Total nitrogen was determined with micro-Kjeldahl method according to
Chapman and Pratt (1961). Phosphorus was colorimetrically determined
following Jackson (1967). Potassium was determined using a flame
photometer as described by Jackson (1967).
The experimental design was randomized complete blocks (RCB) with
three replicates. Each plot consisted of 4 ndges 5.0 m length and 75 cm
width, each individual plot area was 15 mZ® Each plot contamed 80 seed of
tubers. Sprouted seed tubers of Diamont. were planted on 20" October and
15™ October, in 1998 and 1999 respectively.
The experimental treatments of compost, inorganic fertilizers and
biofertilizers in single or combined applications were conducted as follows:
1.Control (recommended full dose of mineral fertilizer (NPK) at the rate of
180 kg N/fed., 75 kg P,Os /fed. and 96 K,0 kg /fed.).

2.Rock phosphate (RP) + Feldspar (F) + Biogein (B) + Phosphorein +
Bacillus circulans as silicate decomposing bacteria (SDB).

3.Rock phosphate (RP) + Feldspar (F) + Biogein + Bacillus megatrium as
phosphate dissolving bacteria (PDB) + Bacillus circulans as silicate
decomposing bacteria (SDB).

4.Compost 1 (Rice straw and wheat straw).

5.Compost 1 + % treatment 2 (Rock phosphate + Feldspar + Biogein +
Phosphorein + Bacillus circulans).

6.Compost 1 + % treatment 3 (Rock phosphate + Feldspar + Biogein +
Bacillus megatrium + Bacillus circulans).

7.Compost 2 (City garbage manure).

8.Compost 2 + % treatment 2 (Rock phosphate + Feldspar + Biogein +
Phosphorein + Bacillus circulans).

9.Compost 2 + ¥ treatment 3 (Rock phosphate + Feldspar + Biogein +
Bacillus megatrium + Bacillus circulans).

Nitrogen was added at three equal portion at 3, 5 and 7 weeks after
planting for (control) treatment, the 1* portion was added in form of ammonium
sulphate (20.5% N), whereas, the second and third portions were added in the
form of ammonium nitrate (33.5% N). Single super phosphate (P,0s5 15.5%)
was added once during the soil preparation with rate of 75 kg P,Os/fed.
Potassium sulphate (48% K,0O) was added twice with rate 96 kg K,O/fed. Rock
phosphate (28.0 % P,0Os) and Feldspar (16.4 % K;O) as natural sources of P
and K were powdered and mixed with the soil before the first irrigation at the
rate of 268 kg/fed. and 585 kg/fed., respectively.

Studied characters:
1. Vegetative growth characters:
Random samples of 5§ potato plants were taken at 75 days after .

planting (DAP) from each plot and the following data were recorded: plant
stand percentage at 45 (DAP), plant height (cm), number of main stems/plant,
foliage fresh weight (g), and foliage dry weight (%).
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2. Yield parameters:
Data at harvest, total weight of tuber yield (ton/fed), number of
tubers/plant and average of tubers weight (g).

3. Tuber quality properties:

Tubers were dried separately in forced-air oven at 70°C to constant
weight (for 72 hr) and then dry weight was determined. Percentage of starch
content in tuber was determined according to A.O.A.C (1990).

4. Chemical composition

The mineral content, N, P and K were estimated by taken a sample
of the 4™ leaf from the plant apex at 75 days after planting and tubers at
harvesting time. Nitrate concentration ppm (dry weight basic) estimated was
measured as described by Singh (1988).

Statistical analysis

The all obtained data were statistically analyzed according to the
procedure outlined by Snedecor and Cochran (1980). The means were
compared using Duncan’s muitiple range test as published by Duncan (1955).

RESULTS AND DISCUSSION

1. Vegetative growth characters:

Data in Table (4) indicated that plant stand percentage at 45 days
after planting (DAP) was significantly affected by different treatments in the
two seasons. The treatments received compost 2 (City garbage manure) + %
treatment 2 (Rock phosphate + Feldspar + Biogein + Phosphorein + Bacillus
circulans) was the best for plant stand. Data of the same table showed a
significant increase in plant height (cm), number of main stems per plant,
foliage fresh weight (g) and the percentage of foliage dry weight at 75 days
after planting (DAP) in both seasons by treatment receiving mineral fertilization
(control) compared with other treatments, except of the second season with
number of stems per plant. The increase might be due to rapid releasing of
essential nutrients from the mineral fertilizations to plant. These results are in
agreement with those obtained by El-Banna (2001), and Ashour and Sarhan
(1998).

On the other hand, the same table demonstrated clearly that using
compost combined with biofertilizer had a positive effect on growth characters.
This might be related to the improvement of physical conditions of the soil,
provided energy for microorganisms activity and increase the availability and
uptake of NPK, which was positively reflected on growth (Wani et al., 1988;
Awad, 1998 and Romero et al., 2000).

- Moreover, microorganism as using as biofertilizers produce plant
promoting substances, mainly IAA, gibberellins and cytokinin-like substances,
which could stimulate plant growth, absorption of nutrient and the metabolism
process (Subba Rao, 1993, Chabat et al., 1996 and El-Banna, 2001).
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2. Yield and its components:

Data in Table (5) indicated that total tuber yield (ton/fed), number of
tubers/plant, average of tubers weight (g) and tuber dry weight (%) were
increased significantly in both seasons, in case of treatment received compost
2 (City garbage manure) + % treatment 3 (Rock phosphate + Feldspar +
Biogein + Bacillus megatrium + Bacillus circulans) compared with other
treatments.

In case of total tuber yield, the percentage increase over the mineral
fertilizer (NPK) amounted to be 16.16 and 16.07 in the first and second
seasons, respectively. These results illustrated that the biofertilizer in addition
to compost 2 (City garbage manure) could play an important role in improving
plant growth and the nutrient status of the plant and maintain the fertility of the
soil. This is due to releasing N, P and K from biofertilizer, rock phosphate and
feldspar, respectively. Similar results were obtained by Mishustin et al. (1981),
El-Dahtory et al. (1989); Abdel-Ati et al. (1996) and Tawfik, 2001).

Data in Table (5) also indicated that using treatment 8 (compost 2
(City garbage manure) + % treatment 2 (Rock phosphate + Feldspar + Biogein
+ Phosphorein + Bacillus circulans) was more effective on potato yield than
with using uninoculation treatments alone.

3. Mineral composition:

Data in Table (6) showed that mineral fertilization significantly
increased N, P and K percentage in leaves and tuber compared with other
treatments in the two seasons. This result may be due to the nutrients in
mineral fertilizers are directly available and quickly release to the plant roots in
comparison with other treatments. Data in the same table indicated that
application of treatment 9 (compost 2 (City garbage manure) + 2 treatment 3
(Rock phosphate + Feldspar + Biogein + Bacillus megatrium + Bacillus
circulans) led to increase N, P and K in leaves and tuber. These results may
suggest the role of N,-fixing bacteria (Azotobacter) in Biogein, which
9providing the plants with their requirements from nitrogen. The same results
are agreement with El-Dahtory et al. (1989); Hauka et al. (1990); Hauka (2000)
and El-Banna (2001). In addition, application of compost 2 (City garbage
manure) increased nutrients uptake and improved the efficiency of macro-
elements and ability to meet some micro-elements requirements of potato
crop.

4. Tuber quality:
4.1. Starch content (%):

The data in Table (7) indicated that percentage tuber starch content
was significantly affected by nutrient sources. The treatment 4 (Compost 1
(Rice straw and wheat straw) significantly increased tuber starch content over
the mineral fertilizers in the two seasons. Similar results were obtained by
Abdulla (1999) and Tawfik (2001), who stated that applying the biofertilizer
combined with organic manure significantly increased total starch content in
tubers.

5531



Awad, E. M.

‘Bunueid saye shkeq= 4dva

‘eunajoeq Bujajossip snioydsoyd = gad
-eusjoeq Buisodwooap ajedis = gas
Jedspied= 4

‘ajeydsoyd ¥o0y = dy

eggee |eovee | BLOLL e0'8Ll e0L'G B Q€S BEQ0El ellL'el € judunea)) ¥ + g isodwod-g
9qe 6022 | 96522 | 9¢€80L 99011 qov'dy q09¥ q8G°L1 q09'Ll Z waunean z; + g 1sodwo)-g
ace’le |ave'le | 9166 2000L | PPO8E | POOL'Y PE68 3P 006 (amnuew abequeb AD) Z 1s0dwod-/|
qegl'ic|age’Le P 0'G6 0.°.6 9Q0L'¥ o9 0’y 29€°01 2vvoL € Juawieayn %, + | ysodwod-g
qecl'ic| q¢€0¢c | @pe'L6 P O'€E6 POLE 90’y P 926 P 9g'6 Zjuaunea) % + | sodwoy-g
qe /G'lg| qs2'ee 2.°88 P .06 POLE P0O6'E pse'8 9¢e8 ‘(mexs jeaym pue mess aony) | 1sodwod-
qeeie | aveLe j0'e8 2¢'68 20i'¢ 902t 96,9 1689 908 + 80d + waboig + 4 + dy-¢|
2/L1'61 | 2002 1008 20¢8 206¢C 20l'E 9¢2S'9 4299 gqs + wasoydsoyd + weborg +4 + dy-2
qe g6l | 9G6e2C | a.L401 q0°201 990L'Y 990€¥ | °0Q0Z°LL | A8C'LL (MdN) Jazijiuay jesauin) [0Jju0D-|
6661 8661 6661 8661 6661 8661 6661 8661 Sjuawilead ||
(%) wed/ {psjuoy)
| s49gm jo sayew Aiq | (6) Jueyd 7 yBram saqn) 13qn} Jo ‘oN p19iA 1aqny jejo}. ssa30es8YD

"SUOSEas 000Z/6661 PUE 66/8661 Ul dVQ S I SJaZ||1112J01q awioS pue 3S0dwiod Y)Im Uonez|iua) A
pajoaye se ojejod jo Jaqn) jo Japew Auip pue jueidpybiam Jaqny ‘yueid/iaqny Jo Jaquinu ‘plaih Jaqny jejo) :(s) slqel

5532



J. Agric. Sci. Mansoura Univ., 27(8), August, 2002

‘Bunueld Jaye skeg= dva

‘eu9)oeq Buiajossip snuoydsoyd = 8ad
eueyorq Buisodwodap ajeds = 4as
Jedspied= 4

‘ajeydsoyd %204 = 4y

a6/'1 981 |q982|ql6c|a9y0|asy0|oqlcofoazeolarsL|aest jaecsz|aessZ £ juawjeas) % + Z 1s0dwod-6
azzilazeyjoecz|asse|acsyo[osyofacco|aveo|asoL|aveL|agrz]aose Z wawieal) % + z 1s0dwoo-g
PzeL|apgeL|jpcoz|[atiz|povo|pPeyvo|pPszolepszo|pPeyL | Py |pPyez|opbee (aunuew abeqeb AD) Z 1Is0dwo)-,
205t |ovsi|pizz|pscz|Poro|Payofoqicoloaeco|295L [o29'L [o2vvz | 2652 € wauneal) ¥ + | 1sodwon-g
ozv'L|PPovL|apLizlaslz(peco(PiIvo(pocoloazeo|lpert iyt fopizzlpece Z Jusuneas ¥ + | isodwod-g
P8ZL[ayeL [J2002Z]|J0€02]|29c0|P6ED [ PBZO[Po0c0|PELt |pP6EL |10 YOz 2222 (MeJIS Jeaym pue mess 301y) | 1sodwod-p
S9GL'L]402°4 | 4684 | J06'L |JEE0 (250 |@b20|@sz0|281L|a¢zzL|BiseL] s002 €30S + 8ad + ueboig + 4 + du-¢
11’1 |205L|J06L |s26'L [s2c0 [2ec0|azzofacz0o[asi'L o6 |6ggL |06t g0s + uiaioydsoyd + uabolg +4 + d¥-2
e681|eBZ6L |BBOE|BSZE| LSO [BZS O[Ot ofeec0n |9t [egeL|ezoe|eLLE (MdN) J9ZI1U9} [BISUIW) 1011U0D-
sjuaunealy
6661 | 8661 | 666 | 8661 | 6661 | 8661 | 6661 | BE66L | 6661 | 866L | 666L | 8661
Jaqny SaAeaT Jeqn) SOAeoT Jaqny) SOABOT
AR (%) g (%) N S18)0BIBYD

"Suoseas 0002/6661 PuUe 66/8661 Ul 418Z1jI1aj01q BwWOS pue }sodwod YyUm uonezijiuay
Aq pajoaye se Bunsansey je 1aqny ul pue dyqa SZ Je Juejd ojejod jo saAeaj uj ) pue 4 ‘N Jo abejuadiag :(9) ajqe)

5533



Awad, E. M.

4.2. Nitrate concentration (ppm) in tubers:

Table (7) showed that nitrate concentration in the flesh tuber was
lower in the potatoes receiving treatment 3 (Rock phosphate + Feldspar +
Biogein + Bacillus megatrium + Bacillus circulans). Similar results were
mentioned by Abdel-Ati (1998), Abdel-Naem et al. (1999) and Ei-Banna and
Abd El-Salam (2000).

Table (7): Percentage of stach content and nitrate concentration (ppm) in
tuber as affected by fertilization with compost and some
biofertilizer in 1998/99 and 1999/2000 seasons.

Characters Tuber starch content | Nitrate concentration

Treatments (%) (ppm)
1998 1999 1998 1999

1-Control (Mineral fertilizer (NPK) 13.91d 13.73 ¢ 73.70 a 77.00 a
2-RP + F+ Biogein + Phosphorein + SDB 1595a | 1588ab | 34.30f 32.70e
3-RP + F + Biogein + PDB + SDB 16.03 a 15.98a [ 31.00ef | 30.00e
4-Compost 1 (Rice straw and wheat straw). 16.06 a 16.01 a 49.00 ¢ 47.70 ¢
5-Compost 1 + ¥ treatment 2 15.93 a 15.73 b 42.70e | 43.30cd
6-Compost 1 + ¥z treatment 3 15.88 a 15.43 ¢ 43.30 e 41.00d
7-Compost 2 (City garbage manure) 14.76 ¢ 14.65 e 54.30 b 56.00 b
8-Compost 2 + ¥ treatment 2 156.21b 156.16d | 47.00cd | 45.30cd
9-Compost 2 + V2 treatment 3 15.02bc | 14.97d | 45.70de | 44.30 cd
RP = Rock phosphate.
F  =Feldspar.

SDB = Silicate decomposing bacteria.
PDB = Phosphorus dissolving bacteria.
DAP =Days after planting.

On the other hand, the highest level of nitrate was detected in potato
tubers produced from plants treated with mineral fertilizer (control). The steady
release of nitrogen from organic fertilizers could make nitrogen taken up
mainly in the form of ammonium, which probably lowered nitrate content in
potato tubers (Kalbe et al., 1995).

Conclusion:

This investigation could suggest that application of compost 2 (City
garbage manure) + % treatment 3 (Rock phosphate + Feldspar + Biogein +
Bacillus megatrium + Bacillus circulans) indispensable for optimum potato
production, maximum yield and quality of tubers. Moreover, the application of
compost combination with some biofertilizers would decrease both pollution of
environment and the production costs.
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