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ABSTRACT

This field study was carried out, during fall seasons of 2002 and 2003, to

== the effect of chemical fertilizer (Sangral) and biofertilizer (Nitrobien) in

™ ratio (0/0, 100/0, 75/25, 50/50, 25/75 and 0/100% of Sangral and Nitrobien,
=wely) on the growth, the yield and the chemical composition of potatoes.
s showed that nitrogen application increased vegetative growth and yield of
sers. The addition of 25% of Nitrobien to 75% of the chemical fertilizer resulted

e highest values of growth parameters and yield as compared with all other

Al

=nts. Chlorophyll, N, P and K in leaves and total carbohydrate concentration in
were also increased by the addition of 25% of Nitrobien to the chemical

=r_ This study indicated that the application of 25% of Nitrobien with 75% of

= in mixed form is the best treatment for potato growth and production in arid
-arid regions.
3s; (Solanum tuberosum L.), “Sangral”, bio-fertilizer “nitrobine”, Chlorophyll, N,
P, K, total carbohydrates.

INTRODUCTION

Potato (Solanum tuberosum L.) is considered as one of the most
vegetable crops in many areas of the world and there is a high

2 for local market, processing and exportation. A great attention to the

Soagriculture in potato production using organic fertilizers, in order to

== water and soil contamination with biofertilizers, is considered recently.

Orme of the major concerns in today's world is the pollution and
mation of scil. The use of chemical fertilizers and pesticides has
femendous harm to the environment. Recently, intensive effort is

Spent to minimize the amount of potato nitrogen fertilizers in order to

production cost and environment pollution without major reduction

i yield. Biofertilizers are environmentally friendly fertilizers and are

= mest countries. Biofertilizers are organisms that enrich the nutrient
of soil. The main sources of biofertilizers are bacteria, fungi and
==ra (blue-green algae). The most striking relationship that these

plants is symbiosis, in which the partners derive benefits from each

Sants have a number of relationships with fungi, bacteria and algae,

¢ mest common of which are with mycorrhiza, rhizobium and

==2e. These are known to deliver a number of benefits including

_4 on, disease resistance and tolerance to adverse soil and climatic

= These techniques have proved to be successful biofertilizers that
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form a health relationship with the roots. Biofertilizers will help to solve such
problems as increasing soil salinity and chemical run-offs from the agricultural
fields. Thus, fertilizers are important if we are to ensure a healthy future for
the generations to come.

Recent attention has been given to less pollution practices in modern
agriculture. One of ways to reduce soil poliution is the use of biofertilizers
which have been recommended by several investigators to substitute
chemical fertilizer (El-Agory et al., 1996 and Krishnamurthy et al., 2001). The
use of biofertilizers may have additional benefits such as nitrogen fixation,
mobilizing phosphate and micronutrients through the production of organic
acids and lowering soil pH (Saber, 1993). Microorganisms that make up the
biofertilizer can secrete growth promoting factors such as gibberellins,
cytokinines, and auxins (Ghosh et al., 2000). The aim of the current study is
to evaluate the efficiency of biofertilizer in minimizing chemical fertilization
doses and investigate its effect on growth, chemical constituents and yield of
potatoes.

MATERIALS AND METHODS

This field experiment was carried out during the autumn seasons cf
2002 and 2003 at the Research Station of the College of Agric. and
Veterinary Medicine, Qassim University, Saudi Arabia, tc investigate the
response of potato plants (Cv. Spunta) to chemical and bio-fertilizers added
as mixed or separate fertilizer. The experimental soil was sandy with
chemical and physical properties shown in Table 1. The experiment included
6 treatments arranged in a randomized complete block design with three
replicates. Tubers were planted, 30 cm apart, in rows, 3 m length and 100 cm
apart. The area of the experimental unit was 9 m? (3x3m).

Table 1: Initial characteristics of the soil textures used.

Characteristics

Particl2 size distribution(%) Values
Coarse sand 50.20
Fine sand 39.50
Silt 3.60
Clay 6.60
Soluble cations(meq1™”)

Ca™ 11.30
Mg** 03.60
Na* 17.70
Soluble anions(meq1™)

Cl- 13.80
HCO 3 08.10
SO"4 15.30
EC (dSm™ at 25°C) ‘ 03.56
pH (paste) 8.10

Organic carbon 0.22
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Chemical fertilizer (Sangral, ammonium sulphate 20% N) : biofertilizer
2ien) ratios were as follows: 100:0, 75:25, 50:50, 25:75 and 0:0 (control)
chemical fertilizer (CF) : Dbiofertilizer (BF), respectively. Nitrobien
2spirillum sp + Azobacter sp) in the amount of 2.5 kg/ha was added

planting with one-third of the amount of Sangral (600 kg/ha). The rest
aral was divided into two equal portions and added at 30 days intervals
= 2=anning of complete emergence. Sangral contains both macro and micro
ents: 20% N (ammonium sulphate), 20% P (P,0s), 20% K, (K20), 0.40%
= 202% Mg (Mg0), 70 ppm Fe, 14 ppm Zn, 16 ppm Cu, 42 ppm Mn, 22
8 and 14 ppm Mo. Other agricultural practices were followed as

=nly recommended for potatoes.

Z: Initial characteristics of the irrigation water used.
Water characteristics Values

fmmoh.cm™) 1.80

dle cations(meq1™)

8.00
3.20
6.50
0.24
2 anions(meq1')
5.50
0.00
3.10
5.00
1204
3.08
6.90

Potato tubers cv. Spunta were planted on 15/9/2002 and 17/9/2003,
' Barvesting was done on 20/1/2003 and 24/1/2004, for the two
rTents respectively. Drip irrigation was used. The amount of irrigation
= was to 12 ml per plot per every irrigation time. The chemical
BEsBon of irrigation water is given in table 2. Also, fertilization was
=S recommended by the ministry of Agriculture, so, the total dose of
%20/ hectare as potassium sulfate (40%), 300 kg P,Os/ hectare as
osphate (20%), and a dose of 300 kg N/hectare as urea were

- D=t2 on plant height, number of aerial stems, number of leaves per
@nd dry weight of plant parts (after oven-drayed at 70°C to constant
were recorded at ninety days after planting. Chlorophyll was

=0 according to Wettestein (1957).

nitrogen, phosphorus, and potassium were determined in the

&y materials. The samples were digested in a mixture of sulfuric acid,
2cid and hydrogen peroxide according to Linder (1944). For

aton of total N, the modified Microkjeldahl apparatus was used
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(Pregl, 1945). Phosphorus was determined col
while potassium was determined by using the f

At harvest, tubers were collected, weig
three size categories according to i
than 4cm) and then each grade was weighed separately. Dry matter
percentage of tubers was determined after oven-drying at 105°C until
constant weight. Total carbohydrates were determined in tubers following the
method of Buysse and Merckx (1993).

All data were statistically analyzed according to Snedecor and Cochran

(1980) with the aid of COSTAT computer program for statistics. Differences
| of significance.

among traatments were tested with LSD at 5% leve

RESULTS AND DISCUSSION

4-Growth parameters

Data recorded in
per plant, number of leaves per
increased significantly Dy nitrogen

Table 3 indicate that plant height, number of stems
plant, and dry weight of shoots were
fertilization as compared with contro!

plants (0/0 treatment). The best results were obtained with the treatment of
75/25, at which all growth parameters recorded greatest values comparad
with all the other treatments. All growth values tended to decrease as tre
chemical fertilizer portion was reduced. This was true at both seascns.

Table 3. Effect of chemical and piofertilizers on vegetative growth of

potato plants.
Treatments \ Plant height | No. Stems No. leaves \ Shoot dry
(CFIBF)%' {cm) Ipiant Iplant weight
Season (2002)
0/0 [ 2844d” | 322c | 32.12d |
100/0 | 5281a | 812a | 66242
[ 75125 [ 6665a | 6643 | 75142
Egs_o —645b | _5.14b | 60.34D
25/75 2033b | 488D | 54.12Db
0/100 3482c | 450Db | 48.06¢
Season (2003)
\@0  do2id | 211¢€ [ 41.20d
10010 [ 43332 | 5163 [ 65452
[ 75125 2805a | ©01a | 70222
@150 | 3641b | 3330 | 56.64b
25175 | 3248b | 3150 | 46870
01100 [ 2855¢ | 2080 | 4126¢

Tt = chemical teriizer, BF = biofertilizer.
Ty 2lues TepIesenk Teans of 3 measurements. Weans tollowed by he
2 SONTHN 2R agt Sigrificanity Aotk using \ S0 a1, COTNRRAGSOTS.
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The present results may confirm the study of Abd-El-Hafez et a/ (2001) on
corn, Sundaravelu and Muthukrishinan (1993) on radish and Hanafy et al.
(2000) on lettuce who reported that biofertilizer treatments increased
significantly the height, the leaf area, and the dry weight of treated plants. In a
recent and similar study by Al-moshileh, 2004 on spinach, he reported that
vegetative growth enhanced when plants were provided with mixture of
chemical and biofertilizer, compared with control or both fertilizers as single
treatments. The increased growth variables resulted from nitrogen fertilization
may be attributed to the increase in cell division and elongation which
reflected increases in plant height and dry matter accumulation (Sharief et al.,
1998 and Hamed, 1998). Moreover, increases in growth parameters due to
biofertilizer application may be attributed to the positive effect of bacterial
inoculation and living organisms, exist in the biofertilizer, on nitrogen fixation
and endogenous phytohormones such as indole-acetic acid, gibberellins and
Cytokinins which play an important role in the formation of new cells and plant
tissues (Salisbury and Ross, 1992).

2-Yield components

Data show that the number of tubers and tuber weight per plant were
increased significantly by nitrogen application as compared with the control
(Table 4). The highest values of both parameters were recorded at 75/25, as
compared to the other treatments. At such treatment, number of tubers per
plant was more than 2.5 times as much as control plants, while 100/0
treatment increased the number of tubers by about 2.2 times of the control.
Weight of tubers per plant followed the same trend as that recorded for the
number of tubers. The most increase in tuber weight per plant was recorded
at 75/25 treatment, which caused an increase of about 3 times more than
control plants. It is obvious that size of tubers was increased significantly by
the addition of 25% of the nitobien biofertilizer to the chemical fertilizer. In this
concern, 75/25 treatment produced nearly 37% large size grade and 39%
medium size grade tubers, while the small size grade was the lowest
percentage value (24%) among all treatments. Results were comparable at
both seasons.The increment in tuber yield and size of potato plant by the
presence of biofertilizer with the chemical fertilizer may be attributed to the
increased fixation of nitrogen and enhancing the photosynthesis.
Consequently, increased photosynthates and carbohydrate formation and
translocation from the aboveground parts to the under ground parts, leading
to increasing the tuber size. Besides the influence of phytohormone by
biofertilizer which result in increasing tuber production ner plant and tuber
size. These results are in a full agreement with those ieported by Sultan et a/.
(1994), Singh et al. (1993) and Al-Moshileh and Motawei (2003). The present
data are in agreement with those reported by El-Akabawy et al. (2000) who
mentioned that cotton yield was increased significantly through the use of the
biofertilizer Nitrobien. Dry matter accumulation in tubers was increased
significantly in fertilized, compared with unfertilized plants (Fig. 1). The
highest value of dry matter percentage was recorded at 75/25 treatment
compared with the other fertilizer applications. At this treatment, dry mater
percent was 2.5 as much as that in control tubers with 0/0 treatment. This
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accumulation of dry matter may be due to the positive effect of biofertilizer on
nutrient uptake and solute accumulation in new tubers. In this connection,
Reinink et al. (1987) assumed that a higher percentage of dry weight was
associated with higher concentrations of organic solutes such as
carbohydrates, amiro acids and proteins. The present study shows that dry
matter accumulation in tubers was associated with high concentration of
carbohydrates.

30 -

Dry matter (%)
o

0/0 100/0 75/25 50/50 25175 0/100
CFIBF %

Fig. 1. Effect of chemical fertilizer (CF) and biofertilizer {EF) on dry
matter% of potato tubers.

Table 4. Effect of chemical and biofertilizers on yield and quality of

tubers
Treatmelng tuhllsz.rs va:lz;;' z Size grade size grade%
(CFIBF)% jplant | p'ant S M L S M L
Season (2002)
0/0 "E12¢ | 516e |264d[1.35¢c|1.15¢c!581a2i¢ 22 be
1060 1722 1322b|3.41b|4622a|389b 298¢ | 39a| 32a
75125 121521 1612a|3.20b [ 5.11a[4.84a|24cC al 3I7a
50/50 10.72al 1015c|4.16a[3.26b | 2.80 bl41b|32b| 27D
5175 812b | 986¢c |3.21b[316b| 1.75¢ 40b|40a| 20cd
0/100 6.15¢c | 745d [ 3.01c|2.06¢c 1.08c | 48b | 34b| 18d
Season (2003)
0/0 466c | 485¢e |2.44d | 1.27¢C 123c|49a|25¢c| 26b
100/0 1052a|1109b|3.17b | 3.95a | 3.48 bl 30c|37a| 332
75125 1222al1365a|3.21b| 467 a 462a|26c|37a| 352
50/50 11.13a|1125¢(3.38a1313b 266b|41b|32b] 27b
25175 7345 | 977c |3.11b[3.00b|1.44c 41b|42al 17c
/100 5045c| 718d | 2.88c|226¢c|1.11¢ 46b|36b| 18c

CF = chemical fertilizer, BF = biofertilizer.

g = gmall, M = medium, L = large size.

3 Values represent means of & measurements. Means followed by the same letter(s) within
a column are not significantly different using LSD (.05 comparisons.
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Chl (moly dwh)
o

0/0

CFIBF %

Fig. 2. Effect of chemical fertilizer (CF) and biofertilizer (BF) on total
chlorophyll of potato leaves.

3 Chemical analysis :

Calorophyll. At both seasons, total chlorophyll was increased significantly by
' treatment as compared with control plant (Fig. 2). The highest value
of wotal chlorophyll was recorded at 75/52 treatment followed by 50/50
s==tment, while the lowest content was measured at control (0/0) treatment.
~ The increased content of chlorophyll with the cytokinin in presence of
sicfertilizer inoculation may be due to increased endogenous plant tissues
{Hanafy, 2000). Cytokinin is known to increase chlorophyll synthesis and
gelzy senescence of plant organs (Taiz and Zeiger, 2002). In an early study,
Ghosh et al. (2000) found that cytokinin was found to increase chlorophyll
formation in plant leaves.
Elemental concentration. Data recorded in Table 5 show that N, P and K
eoncentrations in shoots and tubers were increased significantly by chemical
fedilization as compared with the control. Biofertilizer application with
chemical fertilizer enhanced the concentration of all elements. It is obvious
that the highest values were obtained by 75/25 treatment at which N, P and K
in shoots were increased by about 190, 260 and cu% more than control
wreatment, while the corresponding increases in tubers at the same treatment
were 125, 226 and 79%, respectively. Results of the second season followed
the same trend as that obtained at the first one. These results are in
agresment with those obtained by Lin et al. (1983) who reported that
fertilization with Azospirillum increasad elemental concentrations in Zea mayz
and Sorghum plant tissues. The increase in elemental concentration by the
application of biofertilizer with the chemical fertilizer could be attributed to the
enhancing effect of the biofertilizer on endogenous phytohormones witch play
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an important role in the formation of a big root system and hence, increase

the nutrient uptake and photosynthesis as well as carbohydrates

translocation (Sharief et al., 1998).

Table 5. Effect of chemical and bio fertilizers on the concentration of
nutrient elements (%) of potato leaves and tubers (every value is
a mean of 3 replicates).

Treatments | Leaves Tubers
(CFIBF)%' [ N% | P% | K% N% | P% | K%
Season (2002
0/0 1.06d° | 0.11d [0.86c| 064d | 0.09d | 065¢
100/0 268b | 0.32b [146a| 121b | 028ab | 1.09b
75/25 312a | 040a [165a| 145a | 032a | 1.28a
50/50 244bc | 0.31b |1.32a] 1.20b | 025b | 1.11b
25/75 211c | 0.28¢c {1.14b | 1.16bc | 020c | 1.05b
0/100 2.04c | 0.26c | 1.08b| 1.08c | 0.18c | 0.96b
Season (2003
0/0 1.01d | 0.09d | 0.66¢c| 0.44d | 0.09d | 067¢c
100/0 256b | 028b [1.12b] 1.11b | 024b | 1.05b
75125 3.08a | 038a [158a| 1.35a | 031a | 1.18a
50/50 2.24b | 029b | 122b| 110b | 026b | 1.14a
25/75 223¢ | 020c [ 1.16b]| 111b | 0.19¢ | 1.01b
0/100 1.98c | 0.18c [ 0.88c  078c | 0.17c | 0.92b

CF = chemical fertilizer, BF = biofertilizer.

* N = nitrogen, P = phosphorous, K = potassium.

*Values represent means of 3 measurements. Means followed by the same letter(s) within
a column are not significantly different using LSD o5, comparisons.

Total carbohydrates. Carbohydrate concentration was increased in a similar
way as dry matter accumulation (Fig. 3). As indicated in the figure, the
combined data of both seasons showed that, carbohydrates were increased
significantly by the presence of 25% Nitrobien with the chemical fertilizer. It is
obvious that 75/25 treatment was the best regarding the increasing
carbohydrates in tubers compared to the other treatments. The increase in
tuber carbohydrates under this treatment was about 25% more than control
tubers. The ability of the biofertilizer to increase carbohydrate concentration
in tubers may be attributed to its positive effect on photosynthesis and
photosynthetase translocation from shoots to the newly produced tubers. Al-
Moshileh and Motawei (2001) reported that increasing in vegetative growth
will result in high potato tuber weight. In a similar study, Hanafy et al. (2000)
found that Nitrobien biofertiizer caused a significant increment in total
carbohydrate concentration in treated-lettuce plants.
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on total carbohydrates of potato tubers

100
80
60

40 +

Carbohydrates

b poas
o/0 100/0 75/25 50/50 2575
CFIBF %

Fig. 3. Effect of chemical fertilizer (CF) and biofertilizer (BF) on total
carbohydrates of potato tubers.
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