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ABSTRACT
Two trials were conducted during 2012-2013 seasons at the Agricultural Experiments
Station, Ministry of Agriculture, North Gaza Strip, Palestine, to investigate the effect of bio,
organic and inorganic fertilization on growth and productivity of Potato (Solanum tuberosum L)
cultivar Spunta and Carrot (Daucus carota L.) cultivar Forto. Nine treatments were used for each
trial as the following: (T1) fertilization program recommended by Ministry of Agriculture Program
(MOAP) 20 N + 15 P2O5 + 30 K2O Kg donum-1 + 3m3 poultry manure [PM} for potato, and 17 N
+ 13 P2O5 + 23 K2O Kg Donum-1 + 3 m3 PM for carrot as a control, (T2) 75% MOAP +
biofertilizer, (T3) 50% MOAP + biofertilizer, (T4) 75% MOAP (25% NPK + 75% PM) +
biofertilizer, (T5) 50% MOAP (25% NPK + 75% PM) + biofertilizer, (T6) 100% PM +
biofertilizer, (T7) 75% MOAP (25% NPK + 75% compost) + biofertilizer, (T8) 50% MOAP (25%
NPK + 75% compost)+ biofertilizer, (T9) 100% compost + biofertilizer.
Potato results revealed that T6, T2 and T4 insignificantly had longer plant where T6
produced the significant highest number of stems, weight of plant and the insignificant heaviest
tuber, T6 and T7 showed the significant highest leaf nitrogen content and T7 had the significant
highest leaf phosphorus content. All treatments insignificantly decreased tuber diameter, yield,
number of tuber and leaf potassium content than control, where tuber length, tuber specific gravity,
dry matter, tuber starch, total protein, tuber grades and total leaf chlorophyll were not significantly
affected.
Carrot showed that T6, and T5 had longer plant where T6, T9 and T2 significantly
increased number of leaves. Treatments T6 and T9 produced the heavier plant, fresh weight (shoot
+ root), higher yield and heavier average weight of root, where root diameter, length, leaf
phosphors and leaf potassium content were high in T5 than control, Insignificantly changes were
observed among treatments in root diameter, root length, TSS, branched and cracked roots
percentage and total chlorophyll. Treatment T6 showed significant higher leaf nitrogen content and
insignificantly higher in total leaf chlorophyll content.
It could be recommended to apply T6 100% poultry manure + biofertilizer on potato and
T6 100% poultry manure + biofertilizer or T2 75% of MOAP + biofertilizer on carrot.

VI

اسم الباحث :ىيثم احمد صالح صالح

الدرجة :ماجستير في الزراعة

اسم المشرف :أ .د .اسماعيل عمي ابو زنادة

الكمية :كمية الزراعة والبيئة

عنوان الرسالة :تأثير التسميد الحيوي والعضوي والمعدني عمي محصولي البطاطس والجزر في قطاع غزة
تاريخ منح الدرجة 32 :فبراير 3122

قسم :االنتاج النباتي والوقاية

________________________________________________________________
ممخص عربي

أجريت تجربتان خالل موسمي  2013/2012في محطة التجارب الزراعية التابعة لو ازرة الزراعة الفمسطينية في قرية بيت
الىيا في شمال قطاع غزة ،فمسطين ،لدراسة تأثير التسميد الحيوي والعضوي والمعدني عمي النمو وانتاجية البطاطس صنف
سبونتا والجزر صنف فرونتو .احتوت الدراسة عمي تسع معامالت وىي (T1) :البرنامج الموصى بو من و ازرة الزراعة الشاىد

( 20كيموجرام نيتروجين  11 +كيموجرام سوبر فوسفات  30 +كيموجرام سمفات البوتاسيوم  3 +كوب زرق دواجن لمدونم
لمحصول البطاطس ولمجزر  11كيموجرام نيتروجين  13 +كيموجرام سوبر فوسفات  23 +كيموجرام سمفات البوتاسيوم 3 +
كوب زرق دواجن لمدونم %11 (T2) ،برنامج و ازرة الزراعة  +سماد حيوي %10 (T3) ،برنامج و ازرة الزراعة  +سماد حيوي،
) %11 (T4برنامج و ازرة الزراعة ]( %21سماد معدني  %11 + ) N + P2O5 + K2Oزرق دواجن[  +سماد حيوي(T5) ،
 %10برنامج وزارة الزراعة ]( %21سماد معدني  %11 + )N + P2O5 + K2Oزرق دواجن[  +سماد حيوي(T6) ،
 %100زرق دواجن  +سماد حيوي %11 (T7) ،برنامج و ازرة الزراعة ]( %21سماد معدني + )N + P2O5 + K2O
 %11كمبوست[  +سماد حيوي %10 (T8) ،برنامج و ازرة الزراعة ]( %21سماد معدني %11 + )N + P2O5 + K2O
كمبوست[  +سماد حيوي %100 (T9) ،كمبوست  +سماد حيوي.

اظيرت البطاطس في المعامالت T2،T6و T4زيادة غير معنوية في طول النبات ،وأدت  T6الي زيادة معنوية في عدد

االوراق ووزن النبات واألثقل غير معنوي في وزن الدرنة؛ والمعاممتان  T6و  T7اعطت زيادة معنوية عن الشاىد في محتوي
االوراق من النيتروجين ،و T7أظيرت أكبر زيادة معنوية في محتوي األوراق من الفوسفور ،وبشكل عام كل المعامالت أظيرت
نقصا غير معنويا في كل من قطر الدرنة والمحصول وعدد الدرنات ومحتوى االوراق من البوتاسيوم عن الشاىد ،بينما لم يكن
ىناك اي فروقات معنوي ة في طول الدرنة والوزن النوعي والوزن الجاف والنشا والبروتين في الدرنات ودرجات حجم الدرنات

ومحتوي األوراق من الكموروفيل.

أدت في تجربة الجزر المعاممتان  T5 ،T6إلى زيادة في طول النبات ،وسجمت  T2،T9،T6ازديادا معنويا في عدد
االوراق ووكانت المعاممتان  T6و  T9األثقل وزنا لممجموع الخضري الطازج واجمالي وزن النبات والمحصول واألثقل وزنا
لمجذر ،بينما كل من قطر الجزر وطولو ومحتوي االوراق من الفوسفور والبوتاسيوم كانت األعمى في  T5مقارنة بالشاىد .لم

يتضح اي تغيرات معنوية في قطر الجزر وطولو واجمالي محتوى االوراق من الكموروفيل ونسبة المادة الصمبة الذائبة الكمية
ونسبة الثمار المتشققة والمتفرعة .أظيرت المعاممة  T6زيادة معنوية في محتوى االوراق من النيتروجين وزيادة غير معنوية في
محتوى االوراق من الكموروفيل.
نوصى تحت ظروف مماثمة ليذه التجربة في محصول البطاطس استعمال  %100زرق دواجن  +سماد حيوي ،بينما في

الجزر  %100زرق دواجن  +سماد حيوي اولمجزر إضافة  %11من برنامج و ازرة الزراعة  +سماد حيوي.
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Chapter 1
INTRODUCTION
Potato (Solanum tuberosum L.) belongs to the family Solanaceae, is a popular
food and is known as a cheap source of energy, vitamin B, C and carbohydrates. The
tubers are boiled or steamed, baked, roasted, or used as chips (Powon et al., 2005). Spunta
is rated the first cultivar where the crop area in Gaza Strip reached 14,018 donums,
constituted 24.6% of the vegetables open-field cultivated area, produced 3.303 tons
donum-1 MoA (2013) where it’s the major growing crop in North Gaza Governorate. The
cultivated area in Beit Lahia village was 2,968 dunum MoA (2013).
Carrot (Daucus carota L.) belongs to the family umbelliferae and is an important
roots vegetable grown worldwide. It is used for soups, stows, curries and pies where the
grated roots are used as salad. Tender roots are used for making pickles. Carrot juice is
very popular and is the main source of carotene and as coloring buffer in food
preparation. Its leaves are also used in many countries as a source for extraction of leaf
proteins, fodder and the preparation of poultry feed. Carrot root is an excellent source of
carotene (1890 mg 100-1 g fresh weight) which is the the precursor of vitamin A and fiber
(Mog 2007). Several medicinal qualities are also attributed to carrot such as cooling effect
on the body, strengthening effect on the heart and brain, prevention of constipation and
possession of diuretic properties. The total cultivated area of carrot in Gaza strip is 1,098
dunum with an annual production of 2,346 tons (2.14 ton dunum-1). The major Carrot
growings are in North Gaza Governorates where the crop area in Beit Lahiya is 878
dunum (MoA 2013).
Gaza Strip is located in the eastern Mediterranean basin (31 Northern latitude, 34
longitudes). Its area is 365 Km2, and the cultivated area is about 57,926 dunum with
annual production 249,699 ton of vegetables (MoA 2013).
Vegetable crops production is affected by different factors that are related to the
crop itself and the surrounding environment. One of the most important factors is
fertilizers (Sarhan 2008 & Sarhan et al., 2011). The fertilizer technique use is an
important tool throughout the minimum and complete use of chemical and bio-fertilizers
(Sarhan et al., 2011). Although, the mineral fertilizers application is essential for plant
growth, development and yield productivity, This led to an environmental pollution i.e.
leaching a considerable amount of nitrogen in ground water especially NO3, and
increasing nitrate accumulation in plant organs (EL-Desuki et al., 2010 & Shaheen et al.,
1

2013). So subtition of mineral fertilizers by manures or combinations of bio, organic and
inorganic fertilization may led to preserve soil fertility (Sarhan et al., 2011). No single
source is capable to supply the required amount of plant nutrients, where the integrated
use of all sources of plant nutrients is a must to supply balanced nutrition to the crops
(Arora 2008).
This study aimed to clarify the effect of bio, organic and inorganic fertilization on
potato and carrot crops under Gaza Strip condition to replace chemical fertilizers by
biomanuring alternative.

2

Chapter 2
LITERATURE REVIEW
Introduction
Plant nutrients are essential for the production of crops and healthy food for the
world’s expanding population. Plant nutrients are therefore a vital component of
sustainable agriculture. Increased crop production largely relies on the type of fertilizers
used to supplement essential nutrients for plants. The nature and the characteristics of
nutrient release of chemical, organic and biofertilizers are different, and each type of
fertilizer has its advantages and disadvantages with regard to crop growth and soil fertility
(Chen 2006). Vermicompost (VC) acted as a good medium for growth and development
of microbes in the soil and made the nutrients available for plant uptake and increase the
yield in oriental pickling melon (Kale et al., 1987), opined that soil applied with VC (10 t
ha-1) not only increased the growth and yield of turmeric but also helped to keep soil
fertile and productive. The plant growth in vermiwash and VC may be due to the impact
of microbes in biofertilizers (Vadiraj et al., 1998), Organic matter through the application
of vermicopost increased the bioavailability of phosphorus in the soil effecting plant
growth in potato cropping system (Edward et al., 2000), Combination of biofertilizer,
chemical fertilizer, farm yard manure (FYM), organic manure and VC would be
conducive for greater nutrient uptake by the chilli crop and also would improve the soil
health and soil fertility status (Densilin et al., 2011). Results showed that, Bio-fertilizers
with chemical fertilizers may be useful to reduce environmental pollution (GhaderiDaneshmand et al., 2012). Integration of organic and inorganic nutrients should be
practiced. Where this will enhance nutrient uptake of sugarcane and conserve agroecosystem for sustainable crop production (Soomro et al., 2013).
The sound management of fertilization must attempt to ensure both an enhanced
and safeguarded environment; therefore, a balanced fertilization strategy that combines
the use of chemical, organic or biofertilizers must be developed and evaluated an
integrated nutrient management of organic manure in combination with NPK to promote
growth and yield of crops than sole NPK and organic manure. In an experiment to find
out the comparative evaluation of PM and NPK fertilizer on soil physical and chemical
properties, leaf nutrient concentration, growth and yield (Agbede et al., 2010). Nutrient
combination to support and sustain crop growth is very important due to the rising cost of
chemical fertilizers and the bulkiness and unavailability of organic manure.
3

Complementary use of organic manures and mineral fertilizers has been proven to be a
sound soil fertility management strategy in many countries of the world (Lombin et al.,
1991). Amujoyegbe et al., (2007) further observed that mixture of inorganic fertilizer and
PMsignificantly improved the plant height, dry matter and green yield of sorghum.
Densilin, et al., (2011) found appropriate combination of biofertilizer, chemical fertilizer;
FYM, organic manure and VC which would be conducive for greater nutrient uptake by
the crop and also would improve the soil health and soil fertility status in Chilli.

First experiment
2.1. Potato Experiment
2.1.1. Vegetative growth
Patil (1995) reported that application of VC at 4 t ha-1 along with 50% of
recommended dose fertilizers (RDF) recorded significantly increase in number of leaves
plant-1 of potato as compared to control.
Ranganathan and Raniperumal (1995) increased tomato plant growth, by
inculation with Azospirillum and coir pith as compared to NPK alone.
Sharma (1995) concluded that the increase in the levels of nitrogen application
showed an increase in plant height and number of branches plant-1 in tomato.
Kumaran et al., (1998) reported that plant height (75.75), number of branches
plant-

1

(12.23 cm) in tomato were best with combination of FYM at 15 t ha-1, 150, 100

and 50 kg ha-1 of N, P2O5 and K2O respectivily along with Azospirillum and
phosphobacteria.
Abdulla (1999) found that using Poultry manure (PM) at 20 m3 fed-1 + bio
(rizobacterin + phosphorin) in clay soil, showed no significant differences on plant fresh
weight compared to mineral N, P2O5 and K2O at 150, 75 and 96 kg fed-1 respectivily
where Bio-fertilizer application in combining with organic and inorganic fertilizers can
play an important role in improving foliage fresh weight and nutrients uptake efficiency.
El-Banna and Tolba (2000) revealed that inoculation potato plants with nitrobien
(a bio-fertilizer contains Azospirillum sp., Azopacter sp. and phosphate dissolving
bacteria, namely, Bacillus sp.) saved 25% of recommended N and P and gave
significantly higher values of plant height and number of branches as compared to plots
received the recommended N and P-dose (180 and 75 kg M P fed-1, respectively).

4

Nanthakumar and Veeraragavathatham (2000) indicated that combining organic
fertilizer (FYM, Azospirillum and phosphobacteria) with RDF of NPK favorably
influenced the growth parameters in prinjal cv. (solanum melongena L.).
Abou El-Hussein et al., (2002a) revealed that applying compost with PM and
biofertilizer that were added to the soil or inoculated with tuber, increased vegetative
growth expressed as plant height, number of leaves and stem of potato.
Anburani and Manivannan (2002) reported that FYM + PM at 12.5 t ha-1 each
along with 100% NPK + biofertilizers recorded the highest values for plant height
(108.90 cm), number of primary branches (11.66) and number of leaves (94.05) plant-1,
the FYM at 25 t ha-1 along with 100% NPK + biofertilizers (Azospirillum + phosphate
solubilizing bacteria [PSB]) recorded the highest values for number of secondary
branches (15.58) plant-1 in prinjal cv. Annamalai (solanum melongena L.).
Wange and Kale (2004) reported significant improvement in vegetative characters
such as plant height, number of leaves plant-1 in brinjal (solanum melongena L.) when
compared to the recommended rate of N-fertilizer, due to inoculation with mixture of
Azotobacter + Azospirillum plus application of 75 kg N ha-1.
Powon et al., 2005 showed that fertilizer application at a rate of 100 Kg P ha-1
resulted in the longest potato plants, compare with control in potato.
Anchal et al., (2008) reported that application of 50% RDF + VC at 5 t ha-1 for
tomato cultivation resulted in significantly taller plants, better branch formation.
Ahmed et al., (2009) conducted studies on response of potato (Solanum
tuberosum L.) cv. Valo to application both mineral and bio-potassium. The results
showed that increasing of potassium sulphate levels as mineral potassium fertilizer
increased the vegetative growth characters of potato plants, i.e., plant length, leaf number
plant-1 as well fresh weight of whole plant compared with untreated plants.
Othman et al., (2011) showed as well that bio-fertilizer significantly improved
potato plant length.
Jaipaul et al., (2011) found that chicken manure + biofertilizers resulted in
maximum plant height (70.73 cm) in potato.
Mandic et al., (2011) the results indicated that well rotten FYM induced the
highest increase in microbial counts, and potato stem height. Similar effect on all
microorganisms, except actinomycetes and fungi was seen with the use of K. planticola
SL09-based biofertilizer. The potato stem height obtained with the use of 300 kg ha-1
calcium ammonium nitrate (CAN 27% N) which was non-significantly higher than that of
5

200 kg ha-1 CAN treatment, with the count of the soil microorganisms tested been
significantly reduced.
Chumyani et al., (2012) noticed that maximum growth characters with 50% NPK
+ 50% FYM + biofertilizers on tomato.
Mahmoud and Hafez (2010) results showed that the vegetative growth parameters
(plant length, number of leaves and shoots), were significantly increased by increasing the
level of potassium application from 40, 80 up to 120 kg K2O fed-1.
Islam et al., (2013) studied the effect of integrated nutrient management for potato
(Solanum tuberosum) in grey terrace soil where the treatments were control (native
nutrient), 100% RDF, Farmer’s practice (FP), Cowdung (CD) 6 t ha-1+70% RDF, PM 3 t
ha-1+70% RDF, T6 CD 6 t h-1 + rest from RDF) and PM 3t ha-1+ rest from RDF. Plant
height was significantly influenced by the different treatments and the longest plant of
potato (56.4 cm in 2008-09 and 57.6 cm in 2009-10) was found in 100% RDF.
Dadashzadeh et al., (2013) results showed that the control treatment (no Nitroxin
bio-fertilizer) in comparison to the fertilizer treatments had lower plant height and
number of main stems plant-1.
Farag et al., (2013) showed that control treatment and inoculation of potato seed
tubers with different biofertilizer sources gave no significant effect on number of main
stem per hill, in the two fall seasons.
Ruth et. al., (2017) Insignificant effects of treatments were observed on growth in
the Ferralsol during the short-rain season.
Ramandeep et al., (2018) results showed that The highest plant height (60.94 cm)
in variety kufri jyoti was recorded in treatment T8 (80% dose of N, P, K + tuber soaked in
1% urea + biofertilizer) and found to be statistically significant over the other treatments.
And the same trend was found in variety kufri jyoti of potato.

2.1.2. Tuber properties
2.1.2.1. Physical properties
Patil (1995) stated that the application of RDF (100, 75 and 100 N, P2O5, and K2O
kg ha-1) + 50% recommended quantity of VC (2.5 t ha-1) combination on commercial
vegetables recorded significantly higher average of fruit weight over the absolute control,
RDF, FYM and VC alone but was on par with combined application of organic and
inorganic fertilizers in potato.
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Abou El-Hussein et al., (2002b) results indicated that using biofertilizer with half
or quarter of RDF caused increasing in specific gravity of potato tuber. Adding
biofertilizer alone increased dry matter content in potato tuber.
Islam and Jalaluddin (2004) indicated in sweet potato that the physical properties
improved by incorporation of organic manure having the better in (Cowdung, CD at 6 t h 1

+ rest from RDF and (CD at 6 t h-1+ 70% RDF).
Mahmoud and Hafez (2010) noticed that the tuber quality (weight, size, length,

diameter and gravity), were significantly increased by increasing the level of potassium
application from 40, 80 up to 120 kg K2O fed-1.
Jaipaul et al., (2011) evaluated the effect of different organic fertilizers with
biofertilizers on potato. Results showed that chicken manure + biofertilizers resulted in
highest yield of large sized tubers (40 %).
Abdel-Salam and Shams (2012) found that bio-fertilization of potato grown on the
clay soil increased tuber size.
Mirshekari et al., (2013) results revealed that seed inoculation with biofertilizers
Azotobacter, Super nitro plus, and Super nitro caused to reducing of tubers size 34.1%,
38.3% and 25.9%, respectively, when compared to the control.

2.1.2.2. Chemical properties
Abdul Khalak and Kumarasamy (1992) indicated that, higher fertilizer level of
150, 150 and 150 kg ha-1 N, P2O5, and K2O significantly increased dry matter
accumulation compared with other fertilizer levels in sandy loam soils of Bangalore.
Abdulla (1999) found, under clay soil conditions, that using of PM at 20 m3 fed-1
+ biofertilizer (rizobacterin + phosphorin) resulted in higher P% and K% in tubers 75
days after planting as compared to mineral NPK.
El-Banna and Tolba (2000) found that using Nitrobien (a biofertilizer containing
Azospirillium sp., Azotobacter sp., and phosphate dissolving bacteria, namely, Bacillus
sp.) in plots received 75% of recommended N and P (135 and 56.25 kg N and P, fed-1
respectively) significantly increased the concentration of N, P and K in potato tubers as
compared to plots received the recommended N and P-dose (180 and 75 kg N and P, fed-1
respectively) but without nitrobean inoculation.
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Abou El-Hussein et al., (2002a) indicated that using bio-fertilizer with half or
quarter of RDF caused increasing in specific gravity of potato tuber. Adding bio-fertilizer
alone increased dry matter content in potato tuber.
Awad (2002) indicated that using compost at a rate of 57 t ha−1 + rock phosphate
(28.0% P2O5) and feldspar (16.4% K2O) as natural sources of P and K at the rate of 321
and 700 kg ha−1, respectively + biogein + Bacillus megaterium as phosphate-dissolving
bacteria (PDB) + Bacillus circulans as silicate decomposing bacteria (SDB), in clay soil,
caused significantly lower values of N in tubers after 75 DOP than that of the control.
Arafa and El-Maghraby (2004) found that using a mixture of bio-fertilizers
(consisting of nitrogen fixation bacteria, a mixture of phosphate dissolving bacteria, and
spray liquid fertilizer containing 24% K and 5% N) in plots that received 240, 33.6 and
192 kg ha−1 of N, P2O5, and K2O, respectively, gave significantly higher concentrations of
N, P, K, Fe, Mg, and Zn in potato tubers as compared to plots that received the
recommended NPK rate (300, 50.5, and 240 kg ha−1 of N, P2O5 and K2O respectively) but
without bio-fertilization inoculation. The contradiction between the present results and
the previous ones, may be attributed to the variation in the effectiveness of the different
strains used in the different studies, the soil type and conditions, cultivar, and the amounts
of organic or mineral fertilizers used with the bio-fertilizers.
Felfeafel (2005) reported that increasing the rate of N, P2O5 and K2O up to 180,
60 and 96 kg fed-1 respectively recorded the best content of tuber dry matter, in both
seasons in portato.
Kanbi and Bhatnagar (2005) evaluated by field experiment the effect of organic
and inorganic fertilizers on dry matter of potato cv. Kufri Badshah. Results showed the
application of 25 t ha-1 organic manure along with 100% recommended quantity of
nitrogen in inorganic form or more than 50% of recommended quantity of nitrogen in
inorganic form and remaining parts of nitrogen in castor cake or PM increased the tuber
dry matter.
Powon et al., (2005) showed that Phosphorus and FYM had significant (p< 0.05)
effects on tuber dry weight, fertilizer application at a rate of 100 Kg P ha-1 resulted in the
tuber compare with control similarly.
Ahmed et al., (2009) expressed that tubers quality as specific gravity, starch%,
protein% and dry matter% showed positive responses to increasing mineral-K levels, and
the highest values with the highest level of mineral-k in potato.
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Hossein et al., (2009) reported that application of 50% FYM + 50% NPK along
with biofertilizer recorded the highest values of nitrogen in potato tubers under different
weed control treatments.
Mahmoud and Hafez (2010) results showed that the nutritive value of potato tuber
(N, P, K, protein and toal soluble solid [TSS]), were significantly increased by increasing
the level of potassium application from 40, 80 up to 120 kg K2O fed-1.
Jaipaul et al., (2011) evaluated the effect of different organic fertilizers with
biofertilizers where he found that chicken manure + biofertilizers resulted in maximum
dry matter (20.06%), specific gravity (1.06), protein (8.39%), and starch (10.76%) in
potato.
Othman et al., (2011) showed that bio-fertilizer significantly improved potato
tuber dry matter.
Dadashzadeh et al., (2013), results showed that the control treatment (no Nitroxin
biofertilizer) in comparison to of Nitroxin fertilizer treatments had lower dry matter%.
El Sayed et al., (2015) that using compost at 11.9 t ha−1 +50% of mineral fertilizer
+ biofertilizer significantly decreased tuber N content as compared with the control.
Meanwhile, no significant differences were recorded for N tuber content between control
and the other treatments. Compost at 11.9 t ha−1 +50% of mineral fertilizer + bio-fertilizer
reduced tuber content of nitrogen as compared with conventional fertilization.

2.1.3. Yield
Patil (1995) reported that application of VC (4 t ha-1) with 50% RDF increased
potato yield (34 t ha-1) as compared to control (14.2 t ha-1).
Mahendran et al., (1996) that application of 50% RDF (120, 240 and 120 kg N,
P2O5 and K2O ha-1) along with Azospirillum + phosphobacteria resulted in higher tuber
yield (25.87 t ha-1) in potato.
Thamizh and Nanjam (1998) stated that the combined application of
Azospirullum, Phosphor bacteria and vesicular arbuscular mycorrhizae (VAM) with 75%
of the recommended N, P2O5 and K2O (90, 90 and 90 kg ha-1) recorded higher yield
(14.96 t ha-1) which was 21% higher than uninoculated control (11.93 t ha-1) in potato.
Abdulla (1999) found that using PM at 20 m3 fed-1 + bio-fertilizer (rizobacterin +
phosphorin) in clay soil showed on significant differences on number of tubers plant-1 as
compared to mineral N, P2O5 and K2O at a rate of 150, 75 and 96 kg fed-1.
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El-Banna and Tolba (2000), who saved 25% in the mineral NP using Nitrobien (a
bio-fertilizer contains Azospirillum sp., Azotobactersp and phosphate dissolving bacteria,
namely, Bacillus sp.) as compared to plots received the recommended N and P-dose (180
and 75 kg N P, respectively fed-1) which increased tuber weight plant-1.
Abou Hussein et al., (2002c) results indicated that reducing mineral fertilizer to
half or quarter of recommended quantity with biofertilizer increased total potato yield
plant-1 and fed-1.
Indiresh et al., (2003) found that combined inoculation of both Azotobacter
chroococcum and Pseudomonas striata that showed a significant effect on increasing
number of tubers.
Islam and Jalaluddin (2004) that indicated yield of sweet potato was significantly
(p≤0.05) influenced by the integrated use of organic manure and chemical fertilizers and
the highest yield was achieved in PM 3 t ha-1 + rest nutrients from recommended quantity
of chemical fertilizers.
Feleafel (2005) Application of 75% of the recommended NPK level combined
with Halex-2 biofertilizer increased the productivity of potato tuber. The application of N,
P2O5 and K2O up to 135, 45 and 72 kg N, P2O5 and K2O fed-1 rate significantly increased
the percentages of large and medium tuber size grade (> 60 and 30-60 mm in diameter) in
both seasons.
Singh and Gupta (2005) reported that highest tuber yield and net return was
obtained with application of FYM 15 t ha-1 + Azotobacter + 100% recommended quantity
of nitrogen.
Powon et al., (2005) showed that Phosphorus and farmyard manure FYM had
significant (p< 0.05) effects on total tuber yield. At the two sites, the application of 100
kg P ha-1 + 20 kg FYM ha-1 resulted in the highest (p < 0.05) total tuber yield whereas the
control treatments and P applied at 50 kg ha-1, showed the lowest total tuber yield at both
sites. Thus the combination of organic fertilizers and low rates of inorganic fertilizers is a
promising low cost option in the production on of high yields of potatoes.
Kanbi and Bhatnagar (2005), evaluated by field experiment the effect of organic
and inorganic fertilizers on tuber yield of potato of potato cv. Kufri Badshah. Results
showed that the application of 25 t ha-1 organic manure along with 100% recommended
quantity of nitrogen in inorganic form or more than 50% of recommended quantity of
nitrogen in inorganic form and remaining parts of nitrogen in castor cake or PM increased
the tuber yield.
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Sood, (2007) observed higher potato tuber yield under integrated use of organic
FYM and inorganic source.
Muhammad et al., (2007) described that, the treatment of soil + manure +
biofertilizer was the best and showed significant increases in potato yield compared with
other treatments (soil + cow manure and soil + biofertilizers) especially in the second
season.
Abdullah (2008) revealed that overall productivity of potato (Solanum
tuberosum), spinach (Spinacia oleracea) and turnip (Brassica campestris) during the two
years of the trial was significantly greater in plots treated with VC at 6 t ha-1.
Anchal et al., (2008) reported that application of 50% RFD + VC at 5 t ha-1 for
tomato cultivation resulted in significant improvement in yield attributes like number of
fruit per plant and average fruit weight and also it resulted in highest fruit yield (20.75 t
ha-1) over 100% RDF (19.06 t ha-1).
Ahmed et al., (2009) reported that interaction between mineral and bio-K
fertilizers had a positive effect on the productivity of potato plants. The highest value of
yield was recorded with potato plants which received K as bio-K fertilizer at the level 3
L. fed-1 combined with potassium sulphate as mineral-K fertilizer at 90 kg K fed-1 in both
seasons.
Hossein et al., (2009) Results indicated that addition of fertilization necessity to
potato plants at 50% from organic source FYM and 50% from inorganic fertilizer (NPK)
along with biofertilizer which produced the greatest number of tubers per plant, tuber
weight and tuber yield with 6.3, 26.3 and 41.7% increases over the standard treatment
(100% NPK).
Mahmoud and Hafez (2010) results showed that potato yield was significantly
increased by increasing the level of potassium application from 40, 80 up to 120 kg K2O
fed-1.
Davod, et al., (2011) showed that the highest records regarding tuber diameter
were obtained in ½N + Nitroxin + 50 mg/L Nanosilver.
Taye (2011) found that the potato crop has got higher total yield (12.60 t ha-1) and
marketable yield (11.91 t ha-1) with the application of 100% RDF + 25 t. of FYM ha-1 and
was on par with the application of 75% N through RDF + 25% N through sheep manure
+25 t. of FYM ha-1 (11.97 t ha-1 and 10.96 t ha-1 total yield and marketable yield
respectively).
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Jaipaul et al., (2011) reported that numbers of tubers plant-1 were higher (7.96) in
the treatment comprising organics + inorganics + biofertilizer in comparison to rest of the
treatments. Among the organic treatments, chicken manure (7.5 t ha-1) + biofertilizer
treatment produced the highest number of tubers plant-1 followed by VC (10t ha-1) +
biofertilizer treatment; whereas farmyard manure (25 t ha-1) + biofertilizer treatment and
FYM (10 t ha-1) + chicken manure (2.5 t ha-1) + VC (2.5 t ha-1) + biofertilizer treatments
were found to be statistically at par.
Eid and El-Sayed (2012) evaluated Effect of organic and bio-fertilization on
potato productivity. The results indicated that no significant differences in tubers yield
plant-1 and ha-1 were detected between mineral fertilization and using 100% compost;
however, mineral fertilization significantly produced a high yield ha-1 than using 50%
compost + any biofertilizer treatment.
Kumar et al., (2012) indicated that seed treated with Azotobactor + PSB proved
better in tuber yield, compared to sole treated with Azotobactor or PSB. Also pooled
result revealed that integrated application of 50 % of recommended NPK through
inorganic and 50% RD of N through PM recorded significantly highest tuber yield closely
followed by 100% recommended NPK through inorganic, higher than control. Integrated
application of inorganic and organic fertilizers and seed treatment with Azotobactor +
PSB biofertilizers improved tuber yield, compared to other treatment combinations.
Islam et al., (2013) studied the effect of integrated nutrient management for potato
(Solanum tuberosum) in grey terrace soil the treatments were control (native nutrient),
100% RDF, Farmer’s practice (FP), Cowdung (CD) 6 t ha-1 +70% RDF, PM 3 t ha-1+70%
RDF; CD 6 t h-1 + rest from RDF and PM 3t ha-1+ rest from RDF, He found that the
highest yield in PM 3 t ha-1 + rest nutrients from RDF (25.2 t ha-1 and 26.5 t ha-1 in two
seasons), which was significantly higher than the other treatments.
Farag et al., (2013) reported that biofertilization treatments, Phosphorein biofertilizer
and control treatments gave the highest total yield of potato ha -1 in two seasons, where control
treatment and inoculation of potato seed tubers with different biofertilizersources gave no
significant effect on number of marketable tuber yield plot-1 in the two fall seasons.

Mirshekari and Alipour (2013) results showed that the stepwise regression
analysis verified that the tubers with diameter of greater than 40 mm and mean of tuber
weight plant-1 had a marked increasing effect on the seed yield of tuber potato. Seeds
inoculation with studied biofertilizers before sowing could be recommended for potato
farmers. Also, results revealed that number of tubers was 8.2 plant-1 in those seeds
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inoculated with Azotobacter and Super nitro, while non-inoculated seeds produced 7
tubers plant-1.
Dadashzadeh et al., (2013) observed that the control treatment (no Nitroxin biofertilizer) in comparison to of Nitroxin fertilizer treatments had lower number of tubers
plant-1 and the treatment with seed 20 L of Nitroxin fertilizer ha-1 in tuber weight plant-1
were in lower levels than 10 L ha-1 seed treatment.
Kumar et al., (2013) evaluated effect of integrated nutrient management on
yield of potato (Solanum tuberosum). Results indicated that application of 75%
N inorganic fertilizer

+

25%

N

(PM)

+

PSB

+

Azotobactor

resulted

the

highest yield attributes and total tuber yield.
Amara and Senoussi (2013) evaluated influence of organic manure on tuber
production of potato (Solanum tuberosum L var spunta) in a Sahara desert region. Results
showed that treatments with PM gave the highest yield of high significant difference
compared to other treatments.
Sayed et al., (2015) revealed that total yield obtained from plots treated with
compost at 23.8 t ha−1 alone or plus bio-fertilizer did not differ significantly from the
conventional control treatment.
Ruth et. al., (2017) Contrast analysis indicated that the inorganic fertilizer
treatments and the biofertilizers with or without N and K significantly increased yield as
compared to the control while the effect of NPK treatments on yield was significantly
greater compared to that of NK.
Ramandeep et al., (2018) results showed that the highest value of tubers weight
and the yield in potato variety kufri jyoti was recorded in treatment T9 (100% dose of N,
P2O5, K2O + tuber soaked in 1% urea, + Biofertilizer), and the same trend was reported in
potato variety kufri pukhraj.

2.1.4. Leaf chemicals content
Abou Hussein et al., (2002c) noticed that percentages of N, P, and K were
increased in potato leaves by reducing the mineral fertilizer of the recommended quantity
(300 kg rock phosphate and 150 kg N and 175 kg K2O) to half or quarter with bio
fertilizer.
Feleafel (2005) reported that at any NPK rate, inoculation potato tuber seeds with
Halex-2, generally, tended to increase N, P, and K contents of potato leaves. Fertilizing
potato plants with the highest NPK rate (180, 60 and 96 kg N, P2O5 and K2O fed-1) and
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inculcation with Halex-2 seemed to be the best treatment combination where it gave the
highest values of N, and P contents in potato leaves, while the plants inculcated with
Halex-2 and received 135, 45 and 72 kg N, P2O5 and K2O fed-1 rate gave the highest
values of K contents in potato leaves, in the two growing seasons.
Orhan et al., (2006) noticed that N and P contents of raspberry leaves treated with
two Bacillus strains significantly improved under organic growing conditions.
Güler (2009) evaluated the effects of nitrogen on yield and chlorophyll of potato
(Solanum tuberosum L.) where results indicated significant linear relationship between
leaf chl and N applied (R2=0.91).
EL-Desuki, (2010) who reported that N and K content was significantly increased
by increasing the applied compost rate of 100, 120 up to 140 kg N fed-1 and biofertilizers.
Bansal and Trehan (2011) noticed the a healthy crop of potato removes about 170230 kg K2O ha-1 indicating that potato needs of K are much higher than that of cereals.
The fertilizer use efficiency of K in potato ranges between 50-60 percent.
Jaipaul et al., (2011), reported that the organic fertilizers, chicken manure + biofertilizers resulted in the highest uptake of nutrients (82.1, 18.0 and 91.2 kg ha-1 N, P2O5
and K2O).
Abdel-Salam and Shams (2012) found that bio-fertilization on potato grown in the
clay soil increased total chlorophyll and macro nutrient uptake NPK in tubers and shoots.
El-Quesni et al., (2013) reported that the highest values of chlorophyll a, b content
of Jatropha curcas were obtained by application algae, microbien and compost.
Abou El-Magd et al., (2014) reported that plants treated with bio-nitrogen had
higher N content of leaves and heads of broccoli than the untreated (control).

Second experiment
2.2. Carrot experiment
2.2.1. Vegetative growth
Bassal et al., (2001) found that bio-mineral nitrogen fertilization inoculation with
Syrialin at the rate of 400 g fed-1 treatment had significant effects on sugar beet root and
foliage fresh weights.
Kamalakannan and Manivannan (2002) reported that numbers of leaves plant-1
occurred with the application of NPK in combination with the bacterium Azospirillum.
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Singh and Singh (2005) noted that, application of Azospirillum+ recommended
quantity of N, P2O5 and K2O i.e. 120, 60 and 60 kg ha-1 through chemical fertilizers

significantly increased plant height, number of leaves plant-1, gross weight of plant
(without root), average weight of curd and yield of cauliflower. The maximum net
income and cost benefits ratio was recorded in same treatment.
Asghar et al., (2006) evaluated response of radish to integrated use of nitrogen
fertilizer and recycled organic. Results showed that recycled organic waste (compost) was
enriched with an auxin precursor L-tryptohan 6 mg kg-1compost and this enriched
compost was tested alone and in combination with recommended nitrogen fertilizer 50
and 75%. Enriched compost + 50% recommended nitrogen fertilizer produced
significantly better results in almost all the parameters except number of leaves plant -1and
root length. Other parameters like leaf area, root girth, total biomass plant -1, and yield ha1

were increased by 82, 68, 132.9 and 167.6%, respectively compared to control. Results

revealed that enriched compost with 50% recommended nitrogen fertilizer gave almost
same results as the 100% N fertilizer alone, thus saving half of the Nitrogen.
Rani et al., (2006) reported that application of neem cake and castor cake in
combination with half the recommended quantity of NPK recorded maximum growth
characters in carrot.
Singh et al., (2007) found that, application of 1/2 NPK + green leaf manure 2.5 t
ha-1 + Azotobacter + PSB 5 kg ha-1 each resulted in significant improvement in plant
height (61.39 cm), length of leaves (45 cm), number of leaves plant-1 (12.08), fresh
weight of leave plant-1 (25.92 gm) in carrot.
Mog (2007) evaluated the influence of organics and biofertiizers on productivity
potential in carrot cultivar viz., Dharwad local in relation to morpho-physiopological
characters, Results showed that morphological parameter viz., plant height was
significantly higher due to application of RDF + Azospirillum (500g ha-1) compared to
other organic + biofertilizer treatments.
Mbatha (2008) evaluated effect of three different organic fertilizers (chicken,
kraal manure and compost) on the growth, yield and quality carrots cv. Kuroda. Carrot
plants that received chicken and kraal manure at rate 6.12 or 12.5 kg 10m2 and 12.5 or 25
kg 10m2 produced the most number of leaves while the tallest carrot plants were obtained
where 25 kg 10 m-2 chicken manure or 50 kg 10 m-2 compost was applied, at 8 WAP.
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Kamal et al., (2010) found that the integrated nutrient management treatments
significantly affected on growth of carrot. The tallest plants (63.05 cm), higher number of
leaves (16.0), length of leaves (43.52), and fresh weight of leaves (29.75 g) were reported
in plants treated with ½ RDF + ½ FYM + rhizosphere bacteria.
Sepat et al., (2012) in trans himalayan found that, application of 50% NPK +
FYM + Azotobacter gave values of plant height (79 cm), branches (7.5), which were at
par to the values obtained due to 100% NPK+ FYM + Azotobacter and significantly
higher over other treatments in tomato.
Vimera et al., (2012) in king chilli, found that maximum growth characters with
50% NPK + 50% FYM + biofertilizers.
Vithwel and Kanaujia (2013) studied the integrated nutrient management on
productivity of carrot whereas treatments consisted of control, FYM at 20 t ha-1, Pig
manure at 15 t ha-1, VC at 5 t ha-1, 100% recommended quantity of NPK (80, 40 and 40 kg
ha-1 N, P2O5 and K2O, 50% NPK + 50% FYM, 50% NPK + 50% Pig manure, 50% NPK
+ 50% VC, 50% NPK + 50% FYM + Biofertilizers, 50% NPK + 50% Pig manure +
Biofertilizers and 50% NPK + 50% VC + Biofertilizers all the treatments were effective
in increasing the plant growth over control. Application of 50% NPK + 50% FYM +
biofertilzers recorded maximum plant height (25.00 cm) and number of leaves (6.98).
Jeptoo et al., (2013) was investigated the effects of decomposed cattle bio-slurry
manure on carrot growth and performance. Results showed that application of bio-slurry
manure generally improved growth, yield and quality of carrots.
Ceronio and Coetzer (2014) showed that, chicken manure-treated plants produced
more leaves than compost and longer carrot leaves than kraal manure treated plants. They
reported that the organic fertilizer rate increased, leaf number and length.

2.2.2. Root properties
Favilli et al., (1993) found in India that inoculation seeds of sugar beet with
Azospirillum lipoferum+ 60 kg N ha-1 produced the highest root weight plant-1 compared
with fertilizing plants with 100 kg N ha-1 alone.
Sultan et al., (1999) in Egypt, concluded that inoculating seeds with Azotobacter
in and application of NPK fertilization at the rate of 60, 30 and 48 kg fed-1 N, P2O5 and
K2O respectivly. Significantly increased the root length and diameter, TSS % and root as
well as sugar yields fed-1.
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Abo EL-Goud (2000) stated that biofertilization treatments of fodder beet showed
marked increases in root fresh and dry weights, foliage fresh and dry weights.
Abu EL-Fotoh et al., (2000) indicated that using biofertilizers (Microbbin or
Phosphorin) and NPK chemical fertilizers at the rate of 30, 15 and 15 kg fed-1 of N, P2O5
and K2O induced obvious effect on the quality of sugar beet juice (alpha-amino nitrogen,
and sucrose percentage). They concluded that biofertilizers alone cannot be met the NPK
requirements for sugar beet crop.
Bassal et al., (2001) found that bio-mineral nitrogen fertilization inoculation with
Syrialin at the rate of 400 g fed-1) treatment had significant effects on sugar beet root and
foliage fresh weights, root length and diameter, root/top ratio, TSS %, and root.
Maareg and Badr (2001) in Egypt investigated the effect of some biofertilizers
(Rhizobacterin, Syrialin and Phosphorine) on sugar beet growth and yield. Syrialin
caused an increase in length, diameter and weight of roots, fresh weight of foliage, TSS
%, sucrose%, purity% and sugar yield fed-1.
Kandil et al., (2002c) stated that root fresh of sugar beet and dry weights, foliage
fresh and dry weights had a significant response due to biofertilization treatments. They
also showed that the highest measurements were achieved from treating seeds of sugar
beet with Rhizobacterin.
Kandil et al., (2002b) in Egypt, confirmed that biofertilization treatments brought
out significant effects on root fresh weights, length and diameter.
Ramadan et al., (2003) in Egypt, recorded that the interaction between
biofertilization treatments and mineral fertilizer levels had significant decreases in TSS%
(in the second season). The application of 100% of mineral fertilizers (75, 15 and 15 kg
fed-1 N, P2O5 and K2O respectivily) in the presence of biofertilization produced the
highest increase in root length and diameter.
Kamalakannan and Manivannan (2002) reported in radish (Raphanus sativus L.)
that the longest shoots; numbers of leaves plant-1, root length, root weight and shoot
weight occurred with the application of NPK in combination with the bacterium
Azospirillum.
Ghoname and Shafeek (2005) reported that applying organic manure (chikben
manure in high rate) combined with bio-N fertilizers (rhizbacteria as commercial product
called Microbin) and mineral- N fertilizers gave the best values of TSS%.
Mog (2007) found that yield components viz., diameter and length root and fresh
weight of carrot were significantly higher with application RDF + Azospirillum 500g ha-1.
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Singh et al., (2007) reported that, integrated application of ½ NPK + green leaf
manure 2.5 t ha-1 + Azotobacter + PSB 5 kg ha-1 each resulted significant improvement in
root length (16.37 cm), root diameter root (2.85 cm)
Mbatha (2008) reported that carrot plants fertilized with different organic
fertilizers and application rates did not significantly influence the fresh mass and root
length of carrots. Dry mass of carrots that received 25 kg 10 m-2 chicken manure, 50 kg
10 m-2 kraal manure or 25 kg 10 m-2 compost was significantly greater than plants that did
not receive any fertilizer. High organic fertilizer significantly increased shoulder
diameter . Chicken manure and compost significantly decreased TSS content of carrots.
The highest TSS content was obtained with 12.5 kg 10 m-2 chicken manure. An increase
in the organic fertilizer rate promoted the development of hairy carrots and carrots that
received compost was of a poorer quality than those that received chicken or kraal
manure.
Anchal et al., (2008) reported that root characteristics like root length, root spread
and root dry weight were significantly higher with 50% RDF + VC at 5 t ha-1.
Vithwel and Kanaujia (2013) reported that the application of 50 % NPK + 50 %
FYM + biofertilizers recorded the maximum values of all yield components such as root
length (18.88 cm), root diameter (4.14 cm) and root weight (90.37 g).
Ceronio and Coetzer (2014) showed that, chicken manure-treated carrot plants
produced more leaves than compost and longer leaves than those treated with kraal manure.
They reported that the organic fertilizer rate increased in root fresh mass and shoulder
diameter where the TSS of carrot treated with chiken Manure or compost were of lower
values than that of unmanured ones.
Mbatha et al., (2014) reported that, poorer quality roots were harvested from
compost application than chicken or kraal manure-treated plants. The organic manure rate
increased, leaf number, length, root fresh mass and shoulder diameter.

b.3. Yield
Kropisz (1992) observed that application of FYM (25 t ha-1) + NPK recorded
significantly higher yield compared to FYM alone and NPK in onion and carrot.
EL-Badry and EL-Bassel (1993) in Egypt, found that inoculation sugar beet with
Azospirillum caused a significant saving nitrogen fertilizer (about 25-40 %). They also
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reported that a significant increase in root yield (from 2.8 to 6.0 t fed-1) and sugar yield as
a result of inoculation by Azospirillum.
Sagiv et al., (1994) reported that highest yield was obtained in carrot when
organic manure, composted refuses and N fertilization applied in combination.
Abu EL-Fotoh et al., (2000) in Egypt, showed that the addition of biofertilizers
combined with NPK chemical fertilizers at the rate of 50 % of recommended quantity
produced higher root yield and quality characters compared with the other treatments.
Bassal et al., (2001) found that bio-mineral nitrogen fertilization inoculation with
Syrialin at the rate of 400 g fed-1 had significant effects on sugar beet yields fed-1.
Rani et al., (2006) reported that application of neem cake and castor cake in
combination with half the recommended quantity of NPK recorded maximum root yield
(25.860 t ha-1) in carrot.
Amujoyegbe et al., (2007) reported that organic and inorganic fertilizers applied
to the soil to supply plant with nutrients for crop growth and physiological processes,
which serve as important factor in yield development.
Singh et al., (2007) reported that, integrated application of ½ NPK + green leaf
manure 2.5 t ha-1 + Azotobacter + PSB 5 kg ha-1 each resulted in significant improvement
maximum yield (11.15 t ha-1).
Hailu et al., (2008) evaluated effect of combined application of organic-P and
inorganic-N fertilizers on yield of carrot. Results showed that pre-harvest application of
309 kg “orga” ha-1 combined with 274 kg urea ha-1 increased yield of carrot by 46%
compared to the control treatment. The values of yield components of carrot were also
increased in response to the increased rate of combined “orga” and urea fertilizer
application.
Sentiyangla et al., (2010) observed maximum yield in radish by combination of
NPK, FYM and biofrtilizers.
Agbede et al., (2010) reported that an integrated nutrient management of organic
manure in combination with NPK promotes growth and yield of yam crops than sole NPK
and organic manure.
Kamal et al., (2010) found that the integrated nutrient management treatments
significantly affected growth, yield and qualitative characters of carrot. Maximum root
yield (32.26 t ha-1) of carrot was for plants treated with ½ RDF + ½ FYM + rhizosphere
bacteria followed by RDF (29.5 t ha-1), while the least root yield (20.01 t ha-1) was for
controls.
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Atakora (2011) reported that the (5 t GM ha-1 + 150 kg N, P2O5 and K2O ha-1)
recorded the highest root yield followed by the 10 t CM ha-1 in first season but the highest
yield in second season was produced by grasscutter manure of 20t ha-1.
Islam et al., (2011) showed that, the 100% RDF treatment gave the highest radish
yield, however identical yield was obtained with cow dung CD 5 t ha-1 + reduced RDF
and household waste HW 5 t ha-1 + reduced RDF treatments. The maximum yield of stem
amaranth and Indian spinach was obtained with PMPM 2.5 t ha-1 + reduced RDF and HW
5 t ha-1 + reduced RDF treatments, respectively.
Subenthung et al., (2012) observed that maximum root yield (522.51 t ha-1) was
obtained in the combined application of 50% pig manure + 50% NPK in turnip.
Chumyani et al., (2012) and Vimera et al., (2012) also conducted an experiment
on integrated nutrient management. They found that 50% NPK + 50% FYM +
Biofertilizers recorded maximum yield in tomato and king chilli, respectively.
Vithwel and Kanaujia (2013) studied the integrated nutrient management on
productivity of carrot, Results showed that root yield ha-1 recorded the highest (30.88 t) in
the treatment combination of 50% NPK + 50% FYM + Biofertilizers which was
significantly superior over other organic manure and inorganic alone or combination
treatment except (50% NPK + 50% Pig manure + Biofertilizers).
Jeptoo et al., (2013) reported that of carrot roots from plant treated with 7.8 t ha-1
of decomposed bio-slurry manure were higher yield and quality of carrot by 12.7% in
first season and 13.2% in second season compared to the control. The study recommends
7.8 t ha-1 of bio-slurry manure for enhanced yield and quality of carrot.
Ceronio and Coetzer (2014) showed that poorer quality roots were harvested from
compost than chicken or kraal manure-treated plants. Root TSS and dry mass decreased
as organic fertilizer rate increased and roots were of a lower grade. Organic fertilizer can
be beneficial to carrot yield and quality within specific application levels.
Mbatha and Coetzer (2014) found that, Organic fertilizer can be beneficial
to carrot yield and quality within specific application levels.

b.4. Leaf chemical properties
Shanmugasundaram and Savithri (2004) noticed that application of nitrogen at
120 kg ha-1 with FYM (10 t ha-1) and MgSO4 (2% as foliar spray) recorded higher amount
of nitrogen content in foliage and root of carrot.
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Frempong et al., (2006) reported a significant difference between manured treated
plots than the control. There were significant differences between compost and other
manure plots (poultry and cow dung) at 60 DAP. Also, It was observed that inorganic
fertilizers produced more leaf chlorophyll content than cow dung and the control at 90
DAP in okra.
Mog (2007) reported that the various biochemical parameters (total chlorophyll
and NRA) and quality parameters (catrotene content) were recorded significantly higher
with the application of RDF + Azospirillum (500 g ha-1).
Mbatha (2008) reported that, carrot plants received chicken and kraal manure at
Rate 6.12 or 12.5 kg 10 m2 and 12.5 or 25 kg 10 m2 produced the most number of leaves .
Atakora (2011) indicated that the organic and inorganic fertilizers gave relatively
high chlorophyll content at 6 and 9 weeks after planting. All the amended plots showed
high increase in the chlorophyll content than the control in two seasons in Carrot.
Dadkhah (2012) showed that application of bio-fertilizers increased the amount of
P in plant tissues of Funnel (Foeniculum vulgare Miller.) compared to non-inoculated
plants.
Ranjini (2013) who showed that the combined application of Azospirillum and VC
enhanced the chlorophyll content of the Amaranthus tritsis plants.
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Chapter 3
MATERIALS AND METHODS
Two field trials were carried out on potato and carrot under the open field
conditions during winter-spring seasons of 2012 - 2013, at the Agricultural Research
Station of Ministry of Agriculture in Beit Lahya region, North Gaza Governorate, Gaza
Strip, Palestine.
The soil samples were randomly taken for chemical and physical analysis before
sowing as described by Chapman and Pratt (1961) and Jackson (1965) as reported in
(Table, 1). The same aforementioned chemical analysis procedures were carried out for
the well water of irrigation (Table 2). In addition, the chemical analysis of the used
organic manures is presented in (Table 3). The average of temperature for past 1996 2006 seasons of North Gaza Government and also the monthly average of rainfall in Beit
Lahya region during 2012 – 2013 are presented in (Table 4 & 5).

Soil preparation and application of PM, compost, NPK and biofertilizer:
Soils of two the experiments were plowed to 50 cm depth on February in both
seasons followed by Rotivation. Manure quantity of compost, poultry and NPK were
calculated depending on the recommended quantity of nitrogen (organic & inorganic
sources) by the Ministry of Agriculture program (MOAP). Organic manures (poultry and
compost) were applied during soil preparation, where the first quantity of mineral
fertilizers ammonium sulphate (21% N), super phosphate (25.6% P2O5) and (potassium
sulphate 48% K2O) were applied during soil preparing for potato and carrot sowing, The
remaining nitrogen and potassium quantities were side-decreased in three equal portions
after 30, 45, 60 days of planting (DOP). Bio-fertilizer was manually applied 4 times using
sprayer after 0, 20, 40, 60 DOP. The other horticultural practices for potato and carrot
crops production in the growing area were carried out according to the Ministry of
Agriculture recommendations.
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Table (1) Chemical properties of experimental soil
unit

ds/m

Cations

ms/cm

Anions

%

ppm

ppm

me/l

ppm

me/l

ppm

me/l

%

%

Season

E.C.

pH

TN

P

B

Na+

K+

Ca+2+Mg+2

NO3- – N

Cl-

M.O

CaCO3

SAR

2012

2.78

7.63

0.168

229.2

-

2.113

66.6

1.943

7.743

3.672

0.065

-

2.143

2013

0.856

6.5

-

61.5

-

17.478

21.96

-

-

1.7825

-

-

-

Table (2) Chemical composition of irrigation water
E.C.

1.2

pH

Nitrate

6

Aniones mq/L

34.325

Cations mq/L

CL-

Ca++

Mg++

K+

77.39

132

143.2

1.51

Tables (3) Chemical analysis of PM and compost
Season
2012

2013

Dry matter% Organic matter% Total Solid%

TN%

Compost

69

52.83

47.17

1.1

PM

49.81

51.19

48.81

2.1

Compost

66

54.31

44.79

1.3

PM

49

52.01

47.19

1.4
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Table (4) Average of air temperature and relative humidity during seasons 1996– 2006 in Gaza Strip
Date

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Average of temperature

13.4

13.8

15.4

18.4

20.6

23.5

25.6

26.1

25.1

22.9

18.9

15.2

Relative humidity (%)

67.0

67.9

69.0

67.6

72.3

74.3

75.6

74.4

71.1

68.9

65.2

67.0

Table (5) Average of monthly rainfall (mm) in Beit Lahya village for season 2012 – 2013
Governorate

Nov.

Dec.

Jan.

Feb.

March

April

May

Beit Lahya

73

112

129

11.5

0.0

2.0

1.0
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First experiment:
This trial included 9 treatments testing the effect of bio, organic and inorganic fertilizers
on potato growth and productivity as follows:
1- (T1): (20N + 15 P2O5 + 30 K2O Kg Donoum-1) + 3 m3 PM. MOAP.
2- (T2): 75% MOAP + bio-fertilizer.
3- (T3): 50% MOAP + bio-fertilizer.
4- (T4): 75% MOAP (25% NPK + 75% PM.) + bio-fertilizer.
5- (T5): 50% MOAP (25% NPK + 75% PM.) + bio-fertilizer.
6- (T6): 100% PM. + bio-fertilizer.
7- (T7): 75% MOAP (25% NPK + 75% compost) + bio-fertilizer.
8- (T8): 50% MOAP (25% NPK + 75% compost) + bio-fertilizer.
9- (T9): 100% compost + bio-fertilizer.
Potato plants (Solanum tuberosum L.) as Holland cut tubers cv. Sponta were manually
sown in February 28th, 2012 and February 9th, 2013 seasons at 12 cm depth and spaced at
0.25 X 0.7 m. The experiment layout was completely randomized block design with four
replicates where, the area of each replicate- plot was 9.1 m2 (3.25 m length and 2.8m width)
containing 52 plants. Drip irrigation system of 4 liters hour-1emitters were used and spaced at
0.3m. Plots were isolated by 0.5m distance and harvesting was carried out after 100 DOP in
both seasons.

1. Data Recorded:
1.1. Vegetative growth measurements:
A random sample of ten plants from each plot was devoted after 90 DOP to determine
the following properties:
1.1.1. Plant height (cm) was measured from the base of plant to the terminal growing point of
the plant.
1.1.2. Number of stems plant-1 was determined by counting number of main stems without
classifying into primary and secondary stems at the same dates above.
1.1.3. Plant fresh weight g plant-1 was recorded by weighing the above ground part of plant.

1.2. Tubers properties:
1.2.1. Tuber physical properties
At harvest time, a random sample of 20 plants was harvested and also a random
sample of 30 tubers were devoted for the following:
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1.2.1.1. Average of, tuber diameter and length (cm) were measured by caliper, tuber weight =
weight of tuber of 20 plant number-1 of tubers of 20 plants.
1.2.1.2. Specific Gravity was determined using a sample of >2Kg, according to the equation:
Specific Gravity = weight tuber in air/ (weight tuber in air – weight in water)
1.2.2. Tuber chemical properties
At harvest, the same aforementioned (30 tuber) random sample was washed several
times with tap water, followed by distilled water washing, then the sample was cut into pieces
to determine the followings:
1.2.2.1. Dry matter percentage was determined by drying fruits pieces at 70 C0 for 48 hours to

constant weight according to Al Sahaf, (1989).
1.2.2.2. Starch percentage was calculated according to equation described in AOAC (1975) as
the follows: Starch % =17.55 + 0.89 (dry matter% - 24.18)
1.2.2.3. Total Protein was determined by Micro kjeldahel apparatus according to AOAC
(1995).

1.3. Yield
1.3.1. Yield as tuber number and tubers weight kg plant-1 or t donum-1 were determined after
100 DOP.
1.3.2. Tubers were sorted into 3 grades >55, 55-45 or <35 mm as g plant-1 at harvesting.

1.4. Leaf chemical content:
A random sample of 20 leaves were collected from the 5th leaf from the plant top,
washed with tap and distilled water to determine total chlorophyll and NPK after 75 DOP:
1.4.1. Total chlorophyll content was determined as mg-1100 gfw (AOAC, 1975)
1.4.2. Macroelements contents were measured in samples oven-dried at 70 C0 for 48 hours till
a constant weight to determine the followings:
1.4.2.1. Nitrogen content was measured in the wet-digest by using micro kjeldahl method,
according to John (1970).
1.4.2.2. Phosphorus content was calorimetrically determined as described by Trough and
Mayer (1939).
1.4.2.3. Potassium content was measured by the flame photometer (AOAC, 1975).
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Second Experiment:
This trial included 9 treatments testing the effect of bio, organic and inorganic fertilizers
on carrot growth and productivity as follows:
1- (T1): (17 N + 13 P2O5 + 23 K2O Kg Dunum-1) + 3 m3 PM. MOAP.
2- (T2): 75% MOAP + bio-fertilizer.
3- (T3): 50% MOAP + bio-fertilizer.
4- (T4): 75% MOAP (25% NPK + 75% PM.) + bio-fertilizer.
5- (T5): 50% MOAP (25% NPK + 75% PM.) + bio-fertilizer.
6- (T6): 100% PM. (4.551 ton Dunum-1) + bio-fertilizer.
7- (T7): 75% MOAP (25% NPK + 75% compost) + bio-fertilizer.
8- (T8): 50% MOAP (25% NPK + 75% compost) + bio-fertilizer.
9- (T9): 100% compost (4.943 ton Dunum-1) + bio-fertilizer.
Carrot seeds (Daucus carota) cv. Froto were sown in February 30th, 2012 and February
15th, 2013 seasons respectively using a manual planter machine at 2-3 cm depth. Rows were
distant at 0.25m and plants were thinned at 7cm. The experiment layout was completely
randomized block design with three replicates where, replicate- plot was 3.75m2 (2.5m length
and 1.5m width) containing 6 rows and 219 plants. Drip irrigation system of 4 liters hour-1
driper was used and manual harvesting was done after 120 DOP in both seasons.

1. Data recorded
1.1. Vegetative growth measurements:
A random sample of 20 plants from each plot was taken after 90 DOP to determine
the following properties:
1.1.1. Plant height (cm) was measured from the base of plant to the top, Number of leaves
plant-1 was counted, at the same time. Plant fresh weight g plant-1 after pulling the plants and
the plant fresh weight (foliage + root) g plant-1 was also determined.

1.2. Roots properties:
At harvest time, a random sample of 50 plants from the three middle rows were
devoted for root properties where plants were separated into root system and shoot system
and root was weighted to determine the root physical and chemical properties and total yield.
1.2.1. Root physical properties
1.2.1.1. Average of root length and diameter were measured by caliper.
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1.2.2. Root chemical properties
1.2.2.1. Total soluble solids percentage were determined by blending 50 g of roots in 50 ml
distilled water, the extract was filtered and TSS was measured by using hand refractometer
(AOAC, 1975).

1.3. Yield
1.3.1. Total yield at harvest in the same date above was determined by weighing the roots of
the 50 plants where roots were sorted into branched, cracked or normal roots.

1.4. Leaf chemical content
1.4.1. Total chlorophyll content and NPK were determined in 3-6th leaf from the top as
aforementioned descriped in potato.

Statistical analysis
Data of the two trials were statistically analyzed using Costata program according to Steel
and Torrie, (1980). Duncan's multiply rang test was used to compare between averages where
means followed by the same alphabetical letters are not statistically different at P = 0.05.
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Chapter 4
RESULTS AND DISCUSSION

4.1. First experiments: Potato
4.1.1. Vegetative growth:
4.1.1.1. Plant Height
Data reported in Table (6) in average indicates that treatments showed insignificant
differences than control. In this concern, T6 (42.1), T2 39.8 and T4 (39.3), produced longer
plants than that of control T1 (38.6), where T6 had the significant longest plants (48.4) in first
season. In second season, T7 (30) and T8 (29.4) respectively, had significant shorter plants
than control (38.3). In addition, means of the two seasons showed longer plants in T6 (42.1)
than control while the opposite was true for T8 (31). On the contrary, T7 (30) in the second
season and T8 in the second season and mean of the two seasons (29.4 and 31) produced
significant shorter plants than control. It could be concluded that the highest increases in
plant height of potato plants were reported by bio-fertilizers treatments. This might be due to
the increases in the soil microbial flora happened by applying of bio-fertilizers treatments.
This microbioflora, was able to affect the solubility of low dissolvable inorganic acids. Also
some bacterial species have mineralization and solubilization potential for organic and
inorganic phosphorus, respectively (Hilda and Fraga, 2000 and Khiari and Parent, 2005). The
inoculation provided by microorganisms enhances an abundant population of active and
effective microorganisms to the root activity zone which increases plant ability to uptake
more nutrients Zaki et al (2012).
These results are in agreement with El-Banna and Tolba (2000) who reported that
inoculation potato plants with nitrobien (a bio-fertilizer contains Azospirillum sp., Azopacter
sp. and phosphate dissolving bacteria, namely, Bacillus sp.) saved 25% of recommended N
and P and gave significantly higher values of plant height as compared to plots received the
recommended N and P-dose (180 and 75 kg fed-1, respectively). Moreover, Abou Hussein et
al., (2002b) noticed that applying compost with PM and bio-fertilizer that were added to the
soil or inoculated with tuber, increased vegetative growth expressed as a plant height, leaves
and stem fresh weight of potato plant. In Addition, Othman et al., (2011) showed as well that
bio-fertilizer significantly improved potato plant length. Jaipaul et al., (2011) found that
chicken manure + bio-fertilizers resulted in maximum plant height (70.73 cm) in potato.
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Moreover Islam et al., (2013) studied the effect of integrated nutrient management for potato
where the treatments were control (native nutrient), 100% RDF, Farmer’s practice, Cowdung
6 t ha-1 +70% RDF, PM 3 t ha-1 +70% RDF, Cowdung 6 t h-1 + rest from RDF) and PM 3t ha-1
+ rest from RDF. Plant height was significantly influenced by the different treatments and the
longest plant height of potato (56.4 cm in 2008-09 and 57.6 cm in 2009-10) was found in
100% RDF.

4.1.1.2. Number of stems
Data presented in Table (6) indicates that the most treatments induced in significant
changes than control (T1) where T6 and T4 had significant more number of leaves (4.1, 3.6)
in first season, No significant changes were noticed in the second season, In this case, in
general mean of the two seasons showed higher number of stems than control, where T6 (2.8)
had the highest number. In addition, T8 (1.9) produce insignificant lower shoots number than
other treatments or control. The quick and readily availability of major nutrients like N, P and
K and organic manure to plants at earlier stages of plant growth (Patil 2014), where also it
might be associated with increased in uptake of nitrogen, phosphorus and potassium. The
application of PMalong with bio- fertilizers and NPK fertilizer which resulted in better
number of stems. Also it might be due to the increases in the soil microbial flora which
happened by applying bio-fertilizers in treatments of trial which able to affect the solubility
of low dissolvable inorganic acids (Zaki et al., 2012).
The obtained results are found support in the work of Patil (1995) who reported that
application of VC at 4 t ha-1 along with 50% RDF significantly increased number of leaves of
potato as compared to control. El-Banna and Tolba (2000) who reported that inoculation
potato plants grown with nitrobien (a bio-fertilizer contains Azospirillum sp., Azopacter sp.
and phosphate dissolving bacteria, namely, Bacillus sp.) saved 25% of recommended N, P
and gave significantly higher values of branches as compared to plots received the
recommended N and P-dose (180 and 75 kg fed-1, respectively), Abou El Hussein et al.,
(2002b) that applying compost with PM and bio-fertilizer that were added to the soil or
inoculated with tuber, increased vegetative growth expressed as number of leaves of potato,
and Dadashzadeh et al., (2013) showed that the control treatment (no Nitroxin bio-fertilizer)
in comparison to the fertilizer treatments had lower plant height and number of main stems
plant-1. On the other hand Farag et al., (2013) showed that control treatment and inoculation
of potato seed tubers with different bio-fertilizer sources gave no significant effect on number
of main stem hill-1, in the two fall seasons.
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4.1.1.3. Plant fresh weight
The results pertaining plant fresh weight are presentes in Table (6). Data shows that
treatments T6 (346 g), T4 (300 g), T2 (256 g) and T9 (237 g), produced high plant fresh
weight than control T1 (218 g) where T6 had the significant highest value (346 g) in first
season. In second season, T7 (188 g) and T8 (185 g) recorded insignificant lower plant fresh
weight than other treatments and control T1 (266 g). In this issue, means of the two seasons
showed significant heavier plants in T6 (301 g) than control. Treatment T4 (255 g) came to
the second rank where the opposed was true for treatment T8 (165 g). The inoculation
provided by microorganisms (bio-fertilizers) enhances an abundant population of active and
effective microorganisms to the root activity zone which increases plant ability to uptake
more nutrients as described in Mehrvarz and Chaichi (2008).
The obtained results were in harmony with Ahmed et al., (2009) who conducted that
studies on response of potato (Solanum tuberosum L.) cv. Valo to application of both mineral
and bio-potassium, On the other hand Awad (2002) indicated that using compost (city
garbage) at 24 t fed-1 + rock phosphate (28.0% P2O5) as a natural sources of P at the rate of
143 kg fed-1 fledspar (16.4% K2O), as a natural resources of K, at the rate of 292 kg fed-1 +
Biogein + Bacillus megaterium as PDB + Bacillus circulans as SDB caused no significant
effect plant on fresh weight compared to the RFD of mineral fertilizer (NPK) at the rate of
180 kg N fed-1, 75 kg P2O5 fed-1 and 96 K2O kg fed-1 (Control). In this regard, Abdulla (1999)
found that using PM at 20 m3 fed-1 + bio (rizobacterin + phosphorin), showed no significant
differences on plant fresh weight compared to mineral NPK at 150, 75 and 96 kg fed-1 Biofertilizer application in combining with organic and inorganic fertilizers can play an
important role in improving foliage fresh weight and nutrients uptake efficiency. These
results are supported by the report of Sharma (1995) in tomato, Wange and Kale (2004) in
brinjal, Awad, (2002), Abou El-Hussein et al., (2002b) and Shams et al., (2013) in potato.
The improvment in vegetative growth by using of bio, organic (PM, compost) and
inorganic fertilizers combination may be ascribed to amount increase of nutrients such as
NPK in plants, leading to increase formation of plant metabolites that helped to build the
plant tissue. Application organic PM improved the soil aeration, increased water holding
capacity of the soil and stimulated the activity of microorganisms that made the nutrient
elements readily available in the soil for crops besides containing NPK in significant
amounts. In the other hand the effect of organic manure on the plant height, main stem
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number and plant height weight could be related to the role of NPK presented in organic
manure (Table 4) in building plant tissues which is reflected on vegetative growth and play
vital role in photosynthesis, carbohydrate transport, protein formation, control of ionic
balance, regulation of plant stomata functions, water use and activation of plant enzymes and
other processes (El-Ghamry, 2011).
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Table (6) Effect of bio, organic and inorganic fertilization on potato vegetative growth.
Treatments

Plant height (cm)
1st Season

2nd Season

T1

39 bcd*

38.3 a*

T2

44.9 ab

T3

Aver.

Number of stems
1st Season

2nd Season

39 bcd*

2.7 cd*

1.6 a*

34.8 abc

44.9 ab

3.5 abc

37.3 cd

32.5 abc

37.3 cd

T4

45.5 ab

33 abc

T5

39.8 bc

T6

Aver.

Plant fresh weight (g)

Aver.

1st Season

2nd Season

2.1 bc

218 cd*

266 a*

242 bc

1.6 a

2.5 ab

256 bc

229 a

243 bc

2.8 bcd

1.7 a

2.3 ab

201 cd

225 a

213 bcd

45.5 ab

3.6 ab

1.5 a

2.5 ab

300 ab

211 a

255 ab

34 abc

39.8 bc

3.3 abc

1.7 a

2.5 ab

222 c

229 a

225 bc

48.4 a

35.8 ab

48.4 a

4.1 a

1.5 a

2.8 a

346 a

256 a

301 a

T7

38.4 bcd

30 bc

38.4 bcd

2.8 bcd

1.5 a

2.1 bc

189 cd

188 a

187 cd

T8

32.5 d

29.4 c

32.5 d

2.2 d

1.6 a

1.9 c

145 d

185 a

165 d

T9

42.9 abc

33.5 abc

42.9 abc

3.2 bc

1.7 a

2.4 ab

237 bc

216 a

227 bc

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.1.2. Tubers measurements:
4.1.2.1. Tuber physical properties
4.1.2.2.

Tuber diameter and length

Results pertaining to tuber diameter and length are presented in Table (7) and (10). As
concern the treatments T9 (58.8 mm) produced insignificant higher tuber diameter than
control T1 in first season, while in second season, T5 (58.4 mm) has the smallest diameter
significantly. However, all other treatments in the second season showed significant lower
values than control T1. In this concern, Mean of two seasons showed that with the exception
of T7 (56.3 mm) and T8 (56.8 mm). all treatments produced insignificant decreases where the
two aforesaid treatments produced the significant lowest values.
Concerning tuber length, the trend showed non-significant differences between
treatments and control in both seasons. The highest insignificant values of tuber length was
observed in T4 (119.2 mm), T5 (113.7 mm) and T9 (110.2 mm) and the same trend was also
observed in means of the two seasons in T4 (117.1 mm), T5 (113.0 mm) and T9 (114.0 mm).
The enhancing application effect of bio, organic and inorganic fertilizers combination on
tuber quality diameter could be referred to the role of free living bacteria on N-fixation in the
soil and the role of PDB on increasing the available-P in the soil (Rai, 2006).
These results are in confirmative with Abdel-Salam and Shams (2012) who found that
bio-fertilization of potato grown in the clay soil increased tuber size. Moreover, Mirshekari et
al., (2013) who noticed that seed inoculation with bio-fertilizers Azotobacter, Super nitro
plus, and Super nitro caused to reducing of tubers size 34.1%, 38.3% and 25.9%,
respectively, when compared to the control. In addition, Islam and Jalaluddin (2014) noticed
in sweet potato that the physical properties improved by incorporation of organic manure
having the best properties due to treatments Cowdung, CD at 6 t h-1+ rest from RDF and CD
at 6 t h-1+ 70% RDF.

4.1.2.3.

Tuber Weight

The results pertaining to tuber weight (g plot-1) is presented in the Table (7) It is clear
that the average weight of tuber in general did not show significant differences between
treatments and control, In this respect, T6 (167.1 g), T4 (150.7 g) and T3 (149.8 g) in first
season and T6 (169.8 g) in the average of the two seasons produced insignificant higher tuber
weight than control. On the other hand T8 (146.4 g) and T7 (146.0 g) had the significant
lightest tubers than control where insignificant differences were noticed between other
treatments. Bio-fertilizers improves soil structure and activity of beneficial microorganisms,
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leading to desirable plants and water available macro and micro nutrients that the plant is
increased (Darzi et al., 2006). Increased plant growth, phosphorus solvent-treated bacteria
such as Pseudomonas, the ability of the bacteria transform inorganic phosphorus in the form
of inaccessible form to available to the plant, Siderophore production which makes iron
available to pathogens of plants should be removed and disposed and the ability of bacteria to
produce enzymes that make hormones regulate plant growth is related causes (Akhtar and
Siddiqui, 2009). Used alone or in combination with fertilizers resulted in Bacillus maximum
potato yield (Ekin et al., 2009).
These results are in agreement with Patil (1995) who found that application of RDF
(100, 75 and 100 N, P2O5 K2O kg ha-1) + 50% recommended quantity of VC (2.5 t ha-1)
combination on commercial vegetables recorded significant higher average fruit weight over
absolute control, RDF, FYM and VC alone but was on par with combined application of
organic and inorganic fertilizers in potato. (Davod, et al., 2011 and Eid and El-Sayed 2012).
4.1.2.3.1.

Specific gravity

The effect of bio, organic and inorganic fertilizers combination treatments on specific gravity
in 2012 and 2013 seasons are presented in Table (7). Data showed insignificant differences
on specific gravity by using different treatments in both seasons where the same also was true
for the average of the two seasons. In this concern, T7 and T5 (1.078 and 1.077 respectively)
in the second season and T5 (1.07) in the average of the two seasons could produce
insignificant higher tuber specific gravity. Integrated nutrients application of bio-fertilizers,
organic and inorganic fertilizers exhibited improvement in tubers measurements which could
be happened due to balanced C/N ratio, decomposition, mineralization, availability of native
and applied macro and micro-nutrients. All these factors might have accelerated the synthesis
of carbohydrates and its better translocation from sink to source that might have led to an
improvement in tubers measurements (Malik, et. al, 2011.).
These results were in harmony with those documented by Abou El Hussein et al.,
(2002b) who indicated that using bio-fertilizer with half or quarter of RDF increased specific
gravity of potato tuber. Adding bio-fertilizer alone increased dry matter content in potato
tuber and Jaipaul et al., (2011) who reported that the organic fertilizers, chicken manure +
bio-fertilizers resulted in maximum specific gravity (1.06).
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Table (7) Effect of bio, organic and inorganic fertilization on tuber physical properties
Tuber diameter

Tuber length

(mm)

(mm)

Treat.
st

1

nd

Aver.

2

Season

Season

T1

55.9 ab*

70.0 a*

T2

55.1 ab

T3

st

1

nd

Aver.

2

Season

Season

62.9 a

107.7 a*

116.0 a*

60.42 b

57.8 ab

109.9 a

56.10ab

60.86 b

58.5 ab

T4

54.29ab

60.9 b

T5

56.65ab

T6

Specific Gravity

Tuber weight (g)
st

1

nd

Aver.

2

Season

Season

111.9 a

144.6 ab

185.3 a

110.8 a

110.4 a

146.5 ab

109.7 a

114.7 a

112.2 a

57.6 ab

119.2 a

115.0 a

58.37 b

57.5 ab

113.7 a

55.74ab

59.73 b

57.7 ab

T7

51.81 b

60.79 b

T8

54.90ab

T9

58.76 a

(g/cm3)
st

1

nd

Aver.

2

Season

Season

164.9 a

1.065 a

1.064 a

1.065 a

174.2 ab

160.4 ab

1.058 a

1.07 a

1.064 a

149.8 ab

178.4 ab

164.1 ab

1.055 a

1.076 a

1.066 a

117.1 a

150.7 ab

177.3 ab

164.0 ab

1.051 a

1.076 a

1.064 a

112.4 a

113.0 a

143.6 ab

172.9 ab

158.3 ab

1.062 a

1.077 a

1.07 a

109.8 a

108.3 b

109.1 a

167.1 a

172.4 ab

169.8 a

1.052 a

1.070 a

1.061 a

56.3 b

103.8 a

110.6 a

107.2 a

134.4 b

158.4 b

146.4 b

1.050 a

1.078 a

1.064 a

58.71 b

56.8 b

109 a

110.8 a

109.9 a

128.2 b

163.8 ab

146.0 b

1.054 a

1.076 a

1.065 a

63.65ab

61.2 ab

110.2 a

117.8 a

114.0 a

135.2 b

168.4 ab

151.8 ab

1.066 a

1.061 a

1.064 a

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.1.2.4. Tuber chemical properties
4.1.2.4.1.

Dry matter percentage

The percentage of tuber dry matter in Table (8) indicated that the treatments had no
significant differences during the two seasons and the same was also true for the means of
two seasons than control. Treatment T9 (17.33) produced a slight insignificant increase than
control and other treatments in the first season only. Combining the mineral fertilizers with
the organic manures and bio-fertilizer could supply the plants with sufficient available
nutrients and reduce the leaching of the elements that led to increase of dry matter, On the
other hand this increase in dry matter % by integrated application of bio, organic (poultry
manure) may be attributed to enhanced nodulation, higher nitrogen fixation rate and general
improvement of root development (Erum & Bano, 2008).
These results agreed with those obtained by Jaipaul et al., (2011) who reported that
application of organic fertilizers, chicken manure + bio-fertilizers recorded maximum dry
matter. Moreover, Othman, et al., (2011) showed that bio-fertilizer significantly improved
potato tuber dry matter. Similar findings were reported by Felfeafel, (2005) that increasing
the rate of NPK up to 180, 60 and 96 kg N, P2O5 and K2O fed-1 recorded the best content of
tuber dry matter, in both seasons. Similar findings were reported by EL-Kramany et al.,
(2009), Ahmed et al., (2009), Ahmed et al., (2011) and Dadashzadeh et al., (2013) on potato.
4.1.2.4.2.

Starch percentage

The starch% is presented in Table (8). There was insignificant difference among the
treatments in both season.

However, using T1 (MOAP) as a control recorded the

insignificant highest starch%. This result was in parallel with results recorded on dry
weight% where a positive correlation is existed between them. The increase in starch content
may be due to increase supply of nutrients in general and potassium in particular. Potassium
plays an important role in the activation of starch synthetase, and also helps in translocation
of starch from leaves to tubers (Sud et al., 1992; Shambhavi & Sharma, 2008).
These results were in contrary with Jaipaul et al., (2011) who reported that using
organic fertilizers, chicken manure + bio-fertilizers resulted in maximum starch (10.76 %) in
potato.
4.1.2.4.3.

Total Protein%

In general, total protein Table (8) was insignificantly affected by the different
treatments than control. A slight insignificant decreases were observed in treatments than
control while the significant lowest protein content was recorded in T9 (6.86) than control. In
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addition, insignificant differences were noticed between T9 and other fertilization treatments
while significant difference were observed between T9 (5.48) (6.86) and T2 (7.59) (8.27) in
the first season and their average of the two season respectively. The increase in protein
content due to the application of chemical (NPK) and organic fertilizers may be attributed to
direct supply of nitrogen (Shambhavi & Sharma, 2008).
This trend of results was in good agreement with El Sayed et al., (2015) who stated
that using compost at 11.9 t ha−1 +50% of mineral fertilizer + biofertilizer significantly
decreased tuber N content as compared with the control. Meanwhile, no significant
differences were recorded for N tuber content between control and the other treatments.
Compost at 11.9 t ha−1 +50% of mineral fertilizer + bio-fertilizer reduced tuber content of
nitrogen as compared with conventional fertilization. A previous study indicated that using
compost at a rate of 57 t ha−1 + rock phosphate (28.0% P2O5) and feldspar (16.4% K2O) as
natural sources of P and K at the rate of 321 and 700 kg ha−1, respectively + biogein +
Bacillus megaterium as PDB + Bacillus circulans as SDB, in clay soil, caused significantly
lower values of N in tubers after 75 days of planting than that of the control (Awad, 2002). In
contrast Arafa and El-Maghraby (2004) found that using a mixture of bio-fertilizers
(consisting of N fixation bacteria, a mixture of PDB, and spray liquid fertilizer containing
24% K and 5% N) in plots that received 240 + 33.6 +192 kg ha−1 of N, P, and K,
respectively, gave significant higher concentrations of N, P, K, Fe, Mg, and Zn in potato
tubers as compared to plots that received the recommended NPK rate (300, 50.5, and 240 kg
ha−1 of N, P2O5 and K2O respectively) but without bio-fertilization inoculation. The
contradiction between the present results and the previous ones may be attributed to the
variation in the effectiveness of the different strains used in the different studies, the soil type
and conditions, cultivar, and the amounts of organic or mineral fertilizers used with the biofertilizers.
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Table (8) Effect of bio, organic and inorganic fertilization on tuber chemical properties
Treatments

Dry matter%
1st Season

2nd Season

T1

16.96 a

20.39 a

T2

15.57 a

T3

Aver.

Starch%
1st Season

2nd Season

18.68 a

11.12 a

14.18 a

18.83 a

17.19 a

9.87 a

14.86 a

19.34 a

17.10 a

T4

14.06 a

20.21 a

T5

16.43 a

T6

Aver.

Total protein%

Aver.

1st Season

2nd Season

11.12 a

6.70 ab

9.09 a

6.70 ab

12.78 a

9.87 a

7.59 a

8.95 a

7.59 a

9.25 a

13.24 a

9.25 a

7.14 ab

8.06 a

7.14 ab

17.13 a

8.53 a

14.01 a

8.53 a

6.65 abc

8.78 a

6.65 abc

18.28 a

17.35 a

10.64 a

12.29 a

10.64 a

5.93 bc

8.79 a

5.93 bc

14.36 a

20.37 a

17.37 a

8.80 a

14.16 a

8.80 a

6.05 bc

8.26 a

6.05 bc

T7

13.89 a

19.30 a

16.59 a

8.38 a

13.21 a

8.38 a

6.29 bc

7.84 a

6.29 bc

T8

14.64 a

19.98 a

17.31 a

9.05 a

13.81 a

9.05 a

6.30 bc

7.98 a

6.30 bc

T9

17.33 a

19.50 a

18.42 a

11.45 a

13.39 a

11.45 a

5.47 c

8.24 a

5.47 c

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.1.3. Yield
4.1.3.1. Tubers Yield
Results presented in Table (9) revealed that the different treatments show a general
trend of yield decrease than control in both seasons and the same trend was detected in the
average of the two seasons. In this issue, T7 (2.36), T8 (2.54) and T9 (2.61) had the
significant lowest yield in both seasons and the same trend was also true for their average.
Treatments T2 (2.94) and T3 (2.74) obtained significant lower values than control in the
average of the two seasons only. Integration of farmyard manure and inorganic sources
exhibited an increase in yield and yield related attribution of capsicum. This could be
happened due to balanced C/N ratio, decomposition, mineralization, availability of native and
applied macro and micro-nutrients. All these might have accelerated the synthesis of
carbohydrates and its better translocation from sink to source that might have led to an
improvement in yield and yield related attributes (Malik, et al,. 2011). Feleafel, (2005)
reported that the enhancing effect of applying NPK to a particular level on tuber yield
characters could be explained on the basis that, NPK fertilization encourage the vegetative
growth to go forward and probably accelerated the photosynthetic rate, so number of tubers
and tuber weight, were increased.
The aforementioned results are in harmony with those found by Feleafel, (2005) that
application of 75% of the recommended NPK level combined with Halex-2 biofertilizer
increased the productivity of potato tuber. Sood, (2007) obtained higher potato tuber yield
under integrated use of organic FYM and inorganic source and Taye, (2011) found that the
potato crop had higher total yield (12.60 t ha-1) and marketable yield (11.91 t ha-1) with the
application of 100% RDF + 25 t of FYM ha-1 and was on par with the application of 75% N
through RDF + 25% N through sheep manure +25 t. of FYM ha-1 (11.97 t ha-1 and 10.96 t ha1

total yield and marketable yield respectively). Nevertheless, Sayed et al., (2015) stated that

total yield obtained from plots treated with compost at 23.8 t ha−1 alone or plus biofertilizer
did not differ significantly than control.

4.1.3.2. Number of tuber plant-1
Data in Table (9) reveal that number of tubers plant-1 showed a general trend of
decrease in both seasons and the average of the two experiments. Treatment T3 in the first
season (3.75) and the average of the two seasons (4.12), as well as T7 (4.06), T8 (4.24) and
T9 (4.25) in the average of the two experiments resulted in significant lower number than
control. However, the aforesaid treatments were insignificantly lower than the other
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fertilization treatments. This increase in weight of potato tuber g plant-1 could be attributed to
the quick and readily availability of major nutrients like NPK to plants at earlier stages of
plant growth. While, organic manures recorded significantly lower values for growth
parameters because of slower release of nutrients to the plants (Patil, 2014).
In this respect, Kumar et al., (2001) reported that maximum number of tubers (8.89)
plant-1 were obtained with 75% N and P + treatment of tubers with Bacillus and Farag et, al,
(2013) revealed that control treatment and inoculation of potato seed tubers with different
biofertilizer sources gave no significant effect on number of marketable tuber yield per plot in
the two fall seasons. On the other hand Hammad, (1998) and Abdel-Ati, (1998) obtained
significant higher values of number of tubers plant-1, with saving 25% in the nitrogen
fertilization owing to using Azospirillum + arbuscularmy corrhizal fungi as compared to plots
received the recommended N-dose (80 kg fed-1). Moreover Abdulla, (1999) found that using
PMat 20 m3 fed-1 + biofertilizer (rizobacterin + phosphorin) showed on significant
differences on number of tubers plant-1 as compared to mineral NPK at a rate of 150, 75 and
96 kg fed-1of N, P2O5 and K2O Similar results were noted in India by Indiresh et al., (2003)
who found that combined inoculation of both Azotobacter chroococcum and Pseudomonas
striata showed a significant effect on increasing number of tubers. In this respect, Jaipaul et
al., (2011) reported that numbers of tubers plant-1 were higher (7.96) in the treatment
comprising organics + inorganics + biofertilizer in comparison to rest of the treatments.
Among the organic treatments, chicken manure (7.5 t ha-1) + biofertilizer produced the
highest number of tubers plant-1 followed by VC (10t ha-1) + biofertilizer; whereas FYM (25
t-1 ha) + biofertilizer and FYM (10 t ha-1) + chicken manure (2.5 t ha-1) + VC (2.5 t ha-1) +
biofertilizer were found to be statistically at par.

4.1.3.3. Tuber grad
Table (10) show a general trend of insignificant effect with Tuber grade >55. While
T7 and T8 produced higher significant decrease in this grade than control in both seasons
(255.4 and 237.1), (611.2 and 647.4) and their average (433.3 and 442.3) respectively. Also
control T1 (164.4) treatment produced the insignificant highest production of grade 55-45mm
in both season (199.2), (129.5), where T9 (112.2) came to the lowest value in the average of
both seasons. The same aforementioned trend was reported in grade <35mm where T2, T3,
T6 and T7 had the lowest yield of this grade in the first season and average of the two
experiments. This could be happened due to balanced C/N ratio, decomposition,
mineralization, availability of native and applied macro and micro-nutrients. All these might
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be accelerate the synthesis of carbohydrates and its better translocation from sink to source
that might have led to an improvement in tubers measurements and yield related attributes as
was mentioned in soil fertility basics by (Malik, et al., 2011).
Results were in harmony with El-Banna and Tolba (2000) who saved 25% of the
mineral NP by using Nitrobien (Azospirillum sp., Azotobactersp and PDB, namely, Bacillus
sp.) as compared to plots received the recommended N P-dose (180 and 75 kg N, P2O5,
respectively fed-1) which increased tuber weight plant-1. Feleafel, (2005) illustrated that
application of N, P2O5 and K2O up to 135, 45 and 72 kg NPK fed-1 significantly increased the
percentages of large and medium tuber size grade ( > 60 and 30-60mm) in both seasons.
Davod, et al., (2011) showed that the highest records of tuber diameter were obtained in ½ N
+ Nitroxin + 50mg L-1 Nanosilver.
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Table (9) Effect of bio, organic and inorganic fertilization on yield of potato
Tuber Yield
Number of tuber plant-1
Treatments
Aver.
st
nd
st
nd
1 Season

2

Season

1 Season

2

Aver.

Season

T1

3.154 a

4.017 a

3.585 a

5.59 a

5.41 a

5.50 a

T2

2.420 abc

3.466 abc

2.944 bcde

4.12 ab

4.96 a

4.54 ab

T3

2.138 abc

3.344 abc

2.741 bcde

3.57 b

4.67 a

4.12 b

T4

2.828 abc

3.600 abc

3.214 abc

4.75 ab

5.05 a

4.89 ab

T5

2.545 abc

3.478 abc

3.012 abcd

4.41 ab

5.03 a

4.72 ab

T6

2.868 ab

3.712 ab

3.291 ab

4.25 ab

5.37 a

4.81 ab

T7

1.752 c

2.967 c

2.360 e

3.31 ab

4.81 a

4.06 b

T8

1.872 bc

3.156 bc

2.54 de

3.66 ab

4.82 a

4.24 b

T9

2.134 abc

3.093 bc

2.614 cde

3.92 ab

4.59 a

4.25 b

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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Table (10) Effect of bio, organic and inorganic fertilization on weight of tubers grade (g)
Treatments

Grade >55mm
1st Season

2nd Season

T1

518.0 a

788.7 a

T2

413.9 ab

T3

Aver.

55-45mm
1st Season

2nd Season

653.4 a

199.2 a

129.5 a

744.9 a

579.4 ab

151.8 a

380.9 ab

722.9 a

515.9 ab

T4

476.8 a

756.7 a

T5

436.8 ab

T6

Aver.

Grade <35mm

Aver.

1st Season

2nd Season

164.4 a

71.2 a

35.0 a

53.1 a

98.5 a

125.2 ab

39.4 b

29.2 a

34.3 b

119.0 a

88.5 a

103.8 b

34.7 b

24.8 a

29.7 b

551.9 ab

175.5 a

110.9 a

143.2 ab

54.9 ab

32.6 a

43.7 ab

733.7 a

585.2 ab

149.7 a

102.1 a

125.9 ab

49.9 ab

33.8 a

41.9 ab

543.5 a

774.6 a

659.1 a

136.1 a

122.2 a

129.2 ab

37.4 b

34.5 a

35.9 b

T7

255.5 b

611.2 a

433.4 c

144.2 a

104.4 a

124.3 ab

38.5 b

26.4 a

32.5 b

T8

237.2 b

647.5 a

442.3 c

186.6 a

110.4 a

148.5 ab

44.3 ab

31.2 a

37.8 ab

T9

355.9 ab

648.3 a

502.2 bc

125.8 a

98.6 a

112.2 b

51.8 ab

26.9 a

39.4 ab

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.1.4. Leaf chemical properties
4.1.4.1. Total chlorophyll content
The effect of bio, organic and inorganic fertilizers combinations on total chlorophyll
content is illustrated in Table (11). The different treatments did not show significant
differences than control in both seasons and the same trend was also true for the average of
the two seasons. In this concern, T2 (54.1) has the highest total chlorophyll than control and
the other treatments. Using bio, organic and inorganic fertilizers combination, an
improvement in the total chlorophyll content in leaf has revealed. This result from the
increased uptake of NPK and symbiotic activity of nitrogen – fixation, which helped in
getting higher nitrogen required for plant growth and development. This is due to the positive
correlation between chlorophyll content and N application. (Guler 2009).
The reported results were in agreement with Abdel-Salam and Shams (2012) who
found that bio-fertilization on potato grown in the clay soil increased total chlorophyll.
Similar results were confirmed by Ramakrishnan and Selvakumar (2012). Moreover, ElQuesni et al., (2013) reported that the highest values of chlorophyll a, b content of Jatropha
curcas were obtained by application algae, microbien and compost.

4.1.4.2. Macronutrients
4.1.4.2.1. Nitrogen%
Leaf nitrogen content is reported in Table (11). Results reveal that T7 (4.07%), T8
(4.22%) and T4 (3.81%) resulted in a higher nitrogen content than control in the first season.
In the second season, T6 (4.64%) showed the highest significant value than control and the
other treatments of fertilization. Average of the two seasons was significantly the highest for
T6 (4.13%) and T7 (4.06%) respectively. Some bacteria have a role to fix nitrogen such as
Azotobacter, Azospirillum spp., are able to fixes atmospheric nitrogen in loose association
with plant roots and provide the host plant by about 30-50% of nitrogen requirements (Dalla
et al., 2004). The promoting effects of Halex-2 biofertilizer could be attributed to the role of
non-symbiotic N2 fixing bacteria on the availability of nutrients and modification of root
growth morphology resulting in more efficient absorption of available nutrients (Jagnow et
al.,, 1991), Moreover Wu et al., (2004) found that microbial inoculums not only had
increased the nutritional assimilation of plant (total N, P2O5 and K2O), but also improved soil
properties, such as organic matter content and total N in the soil.
The reported results are in agreement with EL-Desuki (2010) who reported that N %
content was significantly increased by increasing the applied compost rate of 100, 120 up to
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140 kg N fed-1 and bio-fertilizers. Jaipaul, et al., (2011), reported that the organic fertilizers,
chicken manure + bio-fertilizers resulted in the highest uptake of nutrients (N, P2O5 and K2O
82.1, 18.0 and 91.2 kg ha-1). Also, Abou El-Magd et al., (2014) who reported that plants
treated with bio-nitrogen had higher N content of leaves and heads of broccoli than the
untreated (control).
4.1.4.2.2. Phosphorus%
The data on phosphorus content in potato leaf as affected by bio, organic and
inorganic fertilizers combination is shown in Table (11). Results of the two seasons in
general, did not show higher significant phosphorus contents than control. In this concern, T7
(0.883%) had higher content than control and other fertilization treatments in first season and
T7 had the same trend in the average of two seasons (0.818%). In addition, T2 (0.379%) and
T4 (0.645%) resulted in the lowest significant content where this decrease was significantly
for T2. This could be attributed to the positive effect of phosphorus on root growth, which
leads to more absorption of nutrients (Marschner, 1986). The PSB Bacillus megaterium and
potassium solubilizing bacteria (KSB) Bacillus mucilaginosus, increased the availability of P
in soil, enhanced P uptake, and promoted growth of eggplant (Han et al.,, 2005).
Results reported on leaf P conceded with the work of Abdel-Salam and Shams (2012)
who found that bio-fertilization of potato grown on the clay soil increased macro nutrient
uptake P in tubers and shoots.
4.1.4.2.3. Potassium%
Leaf potassium content Table (11) showed a general trend of significant decrease in
the first season only. In addition, the trend of the average of the two seasons was similar to
the first one where T8 (4.72%) came to the lowest significant K content. The promoting
effects of Halex-2 biofertilizer could be attributed to the role of non-symbiotic N2 fixing
bacteria on the availability of nutrients and modification of root growth morphology resulting
in more efficient absorption of available nutrients (Jagnow et al., 1991).
The reported results were in agreement with Orhan et al., (2006) who noticed that N
and P contents of raspberry leaves treated with two Bacillus strains significantly improved
under organic growing conditions, EL-Desuki (2010) reported that content of K were
significantly increased by increasing the applied compost rate of 100, 120 up to 140 kg N fed 1

and bio-fertilizers and Abdel-Salam and Shams (2012) showed that bio-fertilization of

potato grown on the clay soil increased macro nutrient uptake (N, P2O5 and K2O) in tubers
and shoots, Feleafel, (2005) reported that at any N, P2O5 and K2O rate, inoculation potato
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tuber seeds with Halex-2, generally, tended to increase N, P2O5 and K2O contents of potato
leaves. Fertilizing potato plants with the highest N, P2O5 and K2O rate (180, 60 and 96 kg N,
P2O5 and K2O fed-1) and inculcation with Halex-2 seemed to be the best treatment
combination as it gave the highest values of N, and P contents in potato leaves, while the
plants which inculcated with Halex-2 and received 135, 45 and 72 kg N, P2O5 and K2O fed-1
rate gave the highest values of K contents in potato leaves, in the two growing seasons. These
results were, generally, in accordance with those reported by Awad, (2002).
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Table (11) Effect of bio, organic and inorganic fertilization on Leaf chemical properties of potato plant
Chl. content
Treat.

(mg 100g-1 fw)
st

1

nd

N%
Aver.

2

Season

Season

T1

45.9 a

50.2 a

T2

50.6 a

T3

st

1

P%
nd

Aver.

2

Season

Season

48.1 a

3.50 cd

4.24 ab

57.6 a

54.1 a

3.34 d

45.1 a

45.6 a

45.4 a

T4

47.3 a

52.4 a

T5

41.9 a

T6

st

1

K%
nd

Aver.

2

Season

Season

3.87 ab

0.82 ab

0.768 a

4.06 ab

3.70 ab

0.379 c

3.64 cd

4.03 ab

3.83 ab

49.9 a

3.81 bc

4.04 ab

50.7 a

46.3 a

3.75 bc

46.7 a

48.8 a

47.8 a

T7

48.7 a

52.8 a

T8

39.5 a

T9

45.0 a

st

1

nd

Aver.

2

Season

Season

0.793 ab

6.39 a

5.40 ab

5.90 a

0.668 a

0.525 d

5.45 bc

5.83 ab

5.37 abc

0.855 ab

0.529 a

0.693 bc

5.84 b

5.61 a

5.72 ab

3.93 ab

0.645 b

0.719 a

0.683 bc

5.72 b

5.03 ab

5.38 abc

4.15 ab

3.95 ab

0.81 ab

0.753 a

0.768 abc

5.12 cd

5.55a

5.33 a

3.63 cd

4.64 a

4.13 a

0.81 ab

0.639 a

0.745 abc

5.51 bc

5.46 ab

5.49 abc

50.8 a

4.22 a

3.90 ab

4.06 a

0.883 a

0.750 a

0.818 a

5.71 b

4.90 ab

5.30 abc

47.3 a

43.4 a

4.07 ab

3.72 b

3.89 ab

0.79 ab

0.563 a

0.677 bc

5.24 cd

4.22 b

4.73 c

52.5 a

48.8 a

3.33 d

3.87 ab

3.60 b

0.767 ab

0.552 a

0.658 c

4.90 d

4.88 ab

4.89 bc

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.2.

Second experiment: Carrot

4.2.1. Vegetative growth
4.2.1.1. Plant height
Data presented in Table (12) reveal that all treatments had insignificant longer plants
than control (T1) (35.748). In addition, T6 (39.929) and T5 (39.654) produced the longest
plants during the two seasons and the average of the two experiments. The result clearly
indicated in the beneficial use of integrated nutrients management (bio, organic and inorganic
fertilizers combinations) on plant height. This could be happened due to the idea that soil
bacteria can improve plant growth by producing plant hormones which are involved in apical
dominance, cell division and cell enlargement and shoot and root growth (Kamal et al.,
2010).
The obtained results are in agreement with the work of Mog (2007) who noticed that
the plant height was significantly higher due to application of RDF + Azospirillum (500g ha1

) compared to other treatments. In addition Sentiyangla et al., (2010) reported that plant

height of radish was significant increase when applied integrated chemical fertilizers, organic
manures and bio-fertilizers combination (50% NPK + 50% FYM + bio-fertilizers). Also
Kamal et al., (2010) founded that the integrated nutrient management significantly affected
growth of carrot. Moreover, Vithwel and Kanaujia (2013) found that integrated application of
50% NPK + 50% FYM + bio-fertilizers recorded maximum plant height (25.00 cm).

4.2.1.2. Number of leaves plant-1
Data pertaining to number of leaves plant-1 as influenced by application of bio,
inorganic and organic fertilizers are presented in Table (13), there were no significant
differences during the two seasons, treatments T6, T9 and T2 came to the highest numbers of
leaves.
These results are in confirmative with Kamalakannan and Manivannan (2002), Wange
and Kale (2004), Kamal et al., (2010) and Mondal et al., (2013). Whereas, Kamalakannan
and Manivannan (2002) reported that numbers of leaves plant-1 occurred with the application
of N, P2O5 and K2O in combination with the bacterium Azospirillum. In addition, Singh and
Singh (2005) cleared that, application of Azospirillum + recommended quantity of N, P2O5
and K2O i.e. 120:60:60 kg ha-1 through chemical fertilizers significantly increased number of
leaves plant-1. Moreover, Sentiyangla et al., (2010) reported significant increase in number of
leaves in radish when applied as an integrated application of chemical fertilizers, organic
manures and bio-fertilizers combination (50% N, P2O5 and K2O + 50% FYM + bio49

fertilizers).

While, Kamal et al., (2010) found that integrated nutrient management

treatments significantly affected growth of carrot. The higher numbers of leaves noticed
under ½ RDF + ½ FYM + rhizosphere bacteria followed by RDF with values of 13.86, 41.80,
28.33 respectively for each value.

4.2.1.3. Plant fresh weight
Results reported in Table (12) show that insignificant differences were noticed among
treatments. Treatment T6 produced the heaviest plants in the second season as well as the
average of the two experiments. These results are in confirmative with Singh and Singh
(2005) who showed that, application of Azospirillum + recommended quantity of N, P2O5 and
K2O i.e. 120, 60 and 60 kg ha-1 significantly increased gross weight of plant (without root) in
sugar beet. Bassal et al., (2001), Maareg and Badr (2001) and Kandil et al., (2002 c) came to
similar results.

4.2.1.4. Plant fresh weight (foliage + root)
Fresh weight of carrot is recorded in Table (12). Insignificant differences were
reported among treatments. Treatment T6 had the heaviest plant fresh weight during the two
seasons and their average while T3 had the insignificant lightest plants during the two
experiments and their average. Insignificant improvement in vegetative growth due to
integrated nutrients application by using bio, organic and inorganic combinations, may be
attributed to giving better chance for multiplication of microbes. This is resulting in soil
enrichment which provides sustainable amounts of nitrogen and phosphorus, FYM provides
organic matter and macro- and micronutrients with increase water in holding capacity and
aeration for better root formation (Kamal et al., 2010). These results are in full accordance
with those reported by Kamalakannan and Manivannan (2002) who revealed that, longest
shoots; numbers of leaves plant-1 occurred with the application of N, P2O5 and K2O in
combination with the bacterium Azospirillum, in radish. Moreover, Singh and Singh (2005)
who showed that application of Azospirillum + recommended quantity of N, P2O5 and K2O
i.e. 120, 60 and 60 kg ha-1 through chemical fertilizers significantly increased gross weight of
plant (without root) in sugar beet. Sentiyangla et al., (2010) reported significant increase in
plant height and number of leaves in radish when applied integrated application of inorganic,
organic and bio fertilizer (50% N, P2O5 and K2O + 50% FYM + bio-fertilizers). Kamal et al.,
(2010) found that the integrated nutrient management significantly affected growth of carrot.
Also higher numbers of leaves, fresh weight of leaves noticed under ½ RDF + ½ FYM +
rhizosphere bacteria. In addition Subenthung et al., (2012) reported that combined
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application of 50% Pig manure + 50% N, P2O5 and K2O recorded maximum plant height and
number of leaves in turnip.
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Table (12) Effect of bio, organic and inorganic fertilization on carrot vegetative growth
Number of

Plant height (cm)
Treat.

1st

2nd

Season

Season

T1

25.16 b

46.33 a

T2

32.65 ab

T3

Aver.

leaves
1st

2nd

Season

Season

35.75 a

10.59 a

18.23 a

41.72 b

37.18 a

10.00 a

32.5 ab

44.71 ab

38.60 a

T4

32.80 ab

40.8 b

T5

35.75 a

T6

Plant fresh
Aver.

weight (g)
1st

2nd

Season

Season

14.41 a

26.10 a

35.92 ab

22.28 a

16.42 a

24.42 a

9.67 a

16.58 a

13.13 a

36.80 a

10.97 a

18.93 a

43.55 ab

39.65 a

10.69 a

35.73 a

44.12 ab

39.93 a

T7

34.28 ab

44.03 ab

T8

32.73 ab

T9

34.69 ab

Plant fresh weight
Aver.

(g) (Foliage + root)

Aver.

1st

2nd

Season

Season

31.01 ab

69.84 ab

121.16 ab

95.5 bc

34 ab

29.21 ab

63.88 ab

117.08 ab

90.48 bc

22.03 a

26.17 b

24.10 b

57.09 b

101.98 b

79.54 c

14.95 a

24.80 a

28.58 b

26.69 b

64.64 ab

132.61 a

98.63 ab

17.77 a

14.23 a

28.29 a

32.67 ab

30.48 ab

82.01 ab

114.53 ab

98.27 ab

11.22 a

22.25 a

16.74 a

28.03 a

46.58 a

37.31 a

89.47 a

136.86 a

113.17 a

39.16 a

10.15 a

15.08 a

12.62 a

20.91 a

29.42 b

25.17 b

55.06 b

111.88 ab

83.47 bc

44.09 ab

38.41 a

10.89 a

14.38 a

12.64 a

23.14 a

27.58 b

25.36 b

65.21 ab

103.93 b

84.57 bc

42.76 ab

38.73 a

11.08 a

21.52 a

16.29 a

26.41 a

33.75 ab

30.07 ab

75.94 ab

122.06 ab

99.00 ab

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.2.2. Roots characteristics
4.2.2.1. Roots physical properties
4.2.2.1.1. Roots diameter
The effect of bio, organic and inorganic fertilizers combinations on root diameter is
presented in Table (13). Results reveal that root diameter showed insignificant changes
among treatments in both seasons and the same trend was also true for the average of the two
seasons. In this respect, T5 produced the highest diameter value in the two experiments (3.16)
(4.536) as well as their average (3.848).
These results are in confirmative with Vithwel and Kanaujia (2013) who found that
application of 50 % NPK + 50 % FYM + bio-fertilizers recorded maximum values of all
yield attributing characters such as root diameter (4.14 cm). This result indicates positive
effects of integrating NPK with manures as well as bio-fertilizers. Integrated application of
bio, organic manure and inorganic fertilizer increased the availability of NPK and also
improved the fertility status of soil and productivity due to which yield attributing characters
might have increased (Vithwel and Kanaujia 2013).
4.2.2.1.2. Roots length
Table (13) shows that the different values of root length were insignificantly different
among treatments in both seasons and their averages. In this concern, T5 in first season
(13.035), T4 (14.778), T2 (14.555) and T6 (14.15) in the second one produced the longest
roots. The longest root average of the two experiments was in favor of T5. Such superiority in
growth characters by treating seeds by biofertlizer inoculation may be attributed to N2fixation which reduce the soil pH especially in the rhizosphere, thereby increase the
availability of most essential macro- and micro-nutrients Kandil et al (2004).
Similar results were reported by Kamalakannan and Manivannan (2002) who noticed
that, root length occurred with the application of NPK in combination with the bacterium. In
addition Vithwel and Kanaujia (2013) found that, application of 50 % NPK + 50 % FYM +
bio-fertilizers recorded maximum values of all yield attributing characters such as root length
(18.88 cm) in carrot. This result indicates positive effects of integrating NPK with manures as
well as bio-fertilizers. Also these results are in confirmative with Kandil et al., (2002 c) in
sugar beet.
4.2.2.1.3. Average weight of plant root
Data in Table (13) illustrated insignificant changes in the average of root weight in
both seasons and the same trend was also true for the average of the two experiments.
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Treatments T9 (75.749) and T6 (72.412) respectively in the first season and T4 (99.946) and
T6 (91.447) in the second experiment had the heaviest roots. However, T6 (81.929) and T9
(80.573) respectively produced the heaviest roots as an average at the two seasons. This
improve and increase in root fresh weight in consequence of applying bio, organic and
inorganic fertilizers combination treatments may be due to its role in nitrogen fixation via
free living bacteria which reduce the soil pH which led to increase the availability of most
essential macro and micro-nutrients as well as excretion some growth substances such as IAA
and GA3 which stimulating establishment and vegetative growth, hence increasing root and
foliage fresh weight Kandil et al., (2002a), Ramadan et al., (2003) and Badawi et al., (2004).
Several investigators confirmed this conclusion (Favilli et al.,, 1993 and Kandil et al.,
2002 c). Moreover, Vithwel and Kanaujia (2013) came to same results, who reporting that
application of 50 % NPK + 50 % FYM + bio-fertilizers recorded maximum values of root
weight (90.37 g plant-1).
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Table (13) Effect of bio, organic and inorganic fertilization on roots physical properties
Treatments

Root diameter (cm)
1st Season

2nd Season

T1

2.945 ab

3.656 a

T2

3.024 ab

T3

Aver.

Root length (cm)
1st Season

2nd Season

3.301 a

12.075 a

13.475 a

3.515 a

3.269 a

12.792 a

2.915 ab

3.274 a

3.095 a

T4

3.046 ab

3.692 a

T5

3.16 a

T6

Aver.

Weight of root (g)

Aver.

1st Season

2nd Season

12.775 a

55.04 a

84.66 abc

69.85 ab

14.555 a

13.674 a

57.25 a

84.5 abc

70.88 ab

12.135 a

13.978 a

13.057 a

52.27 a

73.07 c

62.67 b

3.369 a

11.512 a

14.778 a

13.145 a

53.17 a

99.95 a

76.56 ab

4.536 a

3.848 a

13.035 a

13.922 a

13.479 a

57.85 a

83.03 abc

70.44 ab

2.949 ab

3.408 a

3.179 a

12.199 a

14.15 a

13.175 a

72.41 a

91.45 ab

81.93 a

T7

2.803 b

3.524 a

3.164 a

10.733 a

13.588 a

12.161 a

44.77 a

85.47 abc

65.12 b

T8

2.957 ab

3.383 a

3.17 a

12.919 a

13.412 a

13.166 a

56.79 a

76.43 bc

66.60 b

T9

3.153 a

3.418 a

3.286 a

11.779 a

13.292 a

12.536 a

75.75 a

85.39 abc

80.57 a

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.2.2.2. Root chemical properties
4.2.2.2.1. Total soluble solids percentage (TSS %)
Root tissues contents of TSS are presented in Table (14). It is evident that total
soluble was not affected significantly in both seasons and their average. On the other hand the
different treatment showed a trend of lower TSS than control in the two experiments and their
average. The maximum TSS was recorded in the beetroot tubers treated with combined
inoculation

of

Azotobacter

chroococcum,

Glucanobacter

diazotrophicus,

Bacillus

megaterium and Trichoderma harzianum with 75% N, P2O5 and full quantity K2O (16.03
Brix) and minimum TSS was recorded in the tubers of plants treated only with recommended
FYM (10.00 Brix). This reduction of TSS in carrots may be caused by the increase of
Nitrogen, Phosphorus and potassium in soil which have negative effect on plant sugars
(Hochmuth et al.,, 1998), Highest total soluble solids (12.30 Brix) were recorded in FYM
treated plant. Application of FYM in combination with biofertilizers showed remarkable
effect in fruit quality than the fruits applied with VC (Sarma et al., 2015).
Results obtained by Sultan et al., (1999), Bassal et al., (2001) and Maareg and Badr
(2001). in harmony with results Ghoname and Shafeek (2005) who reported that applying
organic manure (chicken manure in high rate) combined with bio-N fertilizers (rhizbacteria as
commercial product called Microbin) and mineral- N fertilizers gave the best values of
TSS%.
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Table (14) Effect of bio, organic and inorganic fertilization on total soluble
solids% of carrot root
TSS%

Treatments

Averages of

1st season

2nd season

the two seasons

T1

5.515 a

3.033 a

4.274 a

75% MOAP + bio-fertilizer

T2

4.249 bc

2.476 a

3.363 ab

50% MOAP + bio-fertilizer

T3

3.555 c

2.652 a

3.104 b

T4

4.547 abc

2.806 a

3.677 ab

T5

5.472 a

2.677 a

4.075 ab

T6

4.919 ab

2.687 a

3.803 ab

T7

4.38 bc

2.483 a

3.432 ab

T8

4.279 bc

2.522 a

3.401 ab

T9

4.161 bc

3.179 a

3.67 ab

17 N + 13 P2O5 + 23 K2O Kg Dunum-1
+ 3 m3 poultry manure (MOAP)
control

75% MOAP (25% NPK + 75%
poultry manure) + bio-fertilizer
50% MOAP (25% NPK + 75%
poultry manure) + bio-fertilizer
100% poultry manure + bio-fertilizer
75% MOAP (25% NPK + 75%
compost) + bio-fertilizer
50% MOAP (25% NPK + 75%
compost) + bio-fertilizer
100% compost + bio-fertilizer

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s
multiple range test.
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4.2.3. Roots Yield
4.2.3.1. Total yield
Data on carrot total yield (ton dunum-1) as influenced by integrated application of bio,
organic and inorganic fertilizers treatments are presented in Table (15) No significant
changes were reported among treatments. In this concern, T9 (2.472) and T6 (2.364) in the
first season and T4 (3.264) and T6 (2.986) in the second experiment showed the highest yield
as to/donum. In addition, T6 (2.675), T9 (2.63) and T4 (2.5) came to highest yield as an
average of the two seasons. Integrated application of bio, organic manure and inorganic
fertilizer increased the availability of NPK and also improved the fertility status of soil and
productivity due to which yield attributing characters might have increased (Vithwel &
Kanaujia 2013). Carrot was improved due to application of rhizosphere bacteria in
combination with FYM which gave better chance for multiplication of microbes resulting in
soil enrichment provides sustainable amounts of nitrogen and phosphorus. FYM provides
organic matter and macro- and micronutrients which increase water holding capacity and
aeration for better root formation (Kamal, 2010).
The reported results were in agreement with Favilli et al., (1993), Cakmakci et al.,
(2001), Kandil et al., (2002 c) and Ramadan et al., (2003) in sugar beet, Ahmed et al., (2012)
and Sentiyangla et al.,, (2010) in radish, Similarly results finding in harmony with Vithwel
and Kanaujia (2013) found that integrated application of 50% NPK + 50% FYM + Biofertilizers was optimum for getting maximum productivity of carrot without reducing fertility
status of soil. Therefore, 50% NPK + 50% FYM + Bio-fertilizers increased the yield and
yield attributing characters of carrot compared to control. Moreover Sentiyangla et al.,,
(2010) who found that use of combination NPK, FYM and bio-fertilizers gave the maximum
yield on radish.

4.2.3.2. Branched roots%
Results of carrot branched roots percentage are presented in Table (15). There were
no significant differences among the different treatments at 2012 and 2013 seasons. In this
concern T6 in both seasons (23.895) (22.871), T4 (24) in the second experiment and T9
(22.8880 in the first season produced higher insignificant number of branched roots than the
other treatment. However, T6 (23.383) followed by T4 (22.4870 respectively came to the
highest over age of the two seasons.
Chezhiyan et al., (2003) indicated that application of PMwith Azospirillum (2 kg/ha)
and phosphobacter (2 kg ha-1) helps in obtaining higher number of branches root plant-1. Also
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it was indicated the maximum percentage of branched roots was observed in 200 kg N ha-1
which was supported by the findings of Orphanos and Krentos (1988) and Habibun (2007)
who reported that the branched, cracked root were significantly increased with the increase of
NPKS at certain levels in Carrot.

4.2.3.3. Cracked roots %
Cracked roots% data is present in Table (15). There were no significant differences
among the different treatments in both seasons and the same was also true for their average.
In this respect, T8 followed by T2 resulted in higher insignificant percentage of cracked roots
than the other treatments in the two seasons. The same trend was observed in their average of
the two seasons (8.974 and 8.641). On the other hand T3 and T4 came to the insignificant
lowest average (4.58 and 4.636).
The percentage of cracked root and rotten roots showed increasing trend with the
increasing levels of N ha-1. Bose and Som (1990). Mehedi et al., (2012) the lowest branched
root (5.63%), cracked root (6.72 %) and rotten root (3.13%) were obtained from the treatment
combination of 150 kg N ha-1 and 15 t cowdung ha-1.
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Table (15) Effect of bio, organic and inorganic fertilization on branched and cracked roots% of carrot
Treatments

Total Yield
1st Season

2nd Season

T1

1.797 a

2.764 ab

T2

1.869 a

T3

Aver.

Branched Root%
1st Season

2nd Season

2.280 abc

18.027 a

21.401 a

2.759 ab

2.314 abc

8.627 a

1.706 a

2.386 b

2.046 c

T4

1.736 a

3.264 a

T5

1.888 a

T6

Aver.

Cracked Root%

Aver.

1st Season

2nd Season

19.714 a

6.721 a

4.721 a

5.721 a

14.667 a

11.647 a

9.281 a

8.00 a

8.641 a

11.571 a

12.549 a

12.06 a

5.190 a

3.974 a

4.582 a

2.500 abc

20.974 a

24 a

22.487 a

5.257 a

4.014 a

4.636 a

2.711 ab

2.300 abc

20.760 a

21.333 a

21.047 a

7.26 a

4.667 a

5.964 a

2.364 a

2.986 ab

2.675 a

23.895 a

22.871 a

23.383 a

6.640 a

8.676 a

7.658 a

T7

1.461 a

2.791 ab

2.126 c

18.75 a

21.333 a

20.042 a

7.283 a

6.667 a

6.975 a

T8

1.853 a

2.496 ab

2.174 bc

19.752 a

18 a

18.876 a

11.948 a

6.00 a

8.974 a

T9

2.472 a

2.789 ab

2.630 ab

22.888 a

15.028 a

18.958 a

7.846 a

5.682 a

6.764 a

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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4.2.4. Leaf chemical content
4.2.4.1. Total chlorophyll content
The effect of bio, organic and inorganic fertilizers combination on total chlorophyll
content is presented in Table (16). Data indicated no significant differences among the
different treatments in 2012, 2013 and their averages in both seasons, the total chlorophyll
showed higher insignificant values in T6 in the second season (204.9) and its average of the
two seasons (183.2). On the other hand T9 in both seasons (143.7 and 164.6) and its average
in the two experiments came to the insignificant lowest values (154.15). Higher chlorophyll
could be attributed to the beneficial effect of inoculants which helped the plants to get more
nitrogen as a component of chlorophyll molecule. The delayed leaf senescence has also been
attributed to higher total chlorophyll content. Higher chlorophyll content has an advantage in
increasing crop growth and yield and the same has been reported in several crops (Kalpana
2000 and Khan et al., 2012).
The reported results were in agreement with Ranjini (2013) who showed that the
combined application of Azospirillum and VC enhanced the chlorophyll content of the
Amaranthus tritsis plants.

4.2.4.2. Macronutrients
4.2.4.2.1. Nitrogen percentage
The effect of bio, organic and inorganic fertilizers combination on carrot leaf nitrogen
content is present in Table (16). Results showed a general trend of increase in the leaves of
the different treatments than control in both seasons and their average. T6 showed significant
higher nitrogen content than control in the first season only (2.736) where this treatment also
were insignificantly higher than the other treatments in the first season, The same trend was
noticed for T6 which showed insignificant higher nitrogen in the second season (2.485) and
the average of the two experiments (2.611) than other treatments or control. This might be
due to increased microbial activities in the root zone which decomposed organic manures and
also fixed unavailable form of mineral nutrients into available forms in soil thereby
substantiated crop requirements and improved organic carbon level and stabilized soil pH
(Vithwel & Kanaujia 2013). Also it could be concluded that some bacteria have a role to fix
N (non-symbiosis) such as Azotobacter, Azospirillum spp., are able to fixes atmospheric N in
loose association with plant roots and provide the host plant by about 30-50% of nitrogen
requirements (Dalla et al., 2004).
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These results are supported by the findings of Sharma, (1995) in tomato, Wange and
Kale (2004) in brinjal, Ghoname and Shafeek (2005) in sweet pepper and Mohamed and
Gomaa, (2005) in faba bean growth.

4.2.4.2.2. Phosphorus percentage
Data of phosphorus content is presented in Table (16). Results indicated that there
were no significant differences among the different treatments in 2012, 2013 seasons and
their average. In this concern, the different treatments showed a general higher phosphorus
content than control. In addition, T5 resulted insignificant highest phosphorus content in both
seasons (0.772, 0.648) respectively, where the same trend was also true for its average of the
two seasons (0.710). This could be due to the positive effect of phosphorus on root growth,
which leads to more absorption of nutrients (Marschner, 1986).
The obtained results were in support with the work of Ghoname and Shafeek (2005)
reported that applying organic manure (chicken manure in high rate) combined with bio-N
fertilizers (rhizbacteria as commercial product called Microbin) and mineral- N fertilizers
gave the best values of P contents in sweet pepper fruits. Dadkhah (2012) showed that
application of bio-fertilizers increased the amount of P in plant tissues of Funnel (Foeniculum
vulgare Miller.) compared to non-inoculated plants.

4.2.4.2.3. Potassium percentage
Potassium content in Table (16) is reported No significant diffferences where noticed
among the different treatments and control in both seasons and their average. Where T6 and
T8 produced highest potassium content in first season (3.239 and 3.305) and second one
(3.674 and 3.777). The promoting effects of Halex-2 biofertilizer could be attributed to the
role of non-symbiotic N2 fixing bacteria on the availability of nutrients and modification of
root growth morphology resulting

in more efficient absorption of available nutrients

(Jagnow et al., 1991).
The obtained results were in support with the work of Ghoname and Shafeek (2005)
who reported that applying organic manure (CM in high rate) combined with bio-N fertilizers
(rhizbacteria as commercial product called Microbin) and mineral- N fertilizers gave the best
values of K contents of sweet pepper fruits.
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Table (16) Effect of bio, organic and inorganic fertilization on leaf chemical content of carrot
Chl. content
Treat.

(mg 100g-1 fw)
st

1

nd

N%
Aver.

2

Season

Season

T1

166.5 a

189.1 ab

T2

164.8 a

T3

st

1

P%
nd

Aver.

2

Season

Season

177.8 a

1.981 b

2.158 a

172.6 ab

168.7 a

2.297 ab

158.4 a

188.1 ab

173.25 a

T4

157.5 a

181.4 ab

T5

158.1 a

T6

st

1

K%
nd

Aver.

2

Season

Season

2.070 ab

0.717 a

0.491 a

2.089 ab

2.193 ab

0.478 a

2.286 ab

1.947 ab

2.117 ab

169.45 a

2.424 ab

2.337 b

187.1 ab

172.6 a

2.563 ab

161.5 a

204.9 a

183.2 a

T7

145.9 a

189.1 ab

T8

144.4 a

T9

143.7 a

st

1

nd

Aver.

2

Season

Season

0.604 a

2.751 a

2.972 a

2.862 a

0.581 a

0.530 a

2.169 a

2.248 a

2.209 a

0.811 a

0.514 a

0.663 a

2.762 a

3.059 a

2.911 a

2.381 b

0.727 a

0.488 a

0.608 a

2.245 a

2.484 a

2.365 a

2.084 ab

2.324 ab

0.772 a

0.648 a

0.710 a

2.624 a

2.915 a

2.770 a

2.736 a

2.485 a

2.611 a

0.723 a

0.514 a

0.619 a

3.239 a

3.674 a

3.457 a

167.5 a

2.686 a

2.351 a

2.519 ab

0.671 a

0.44 a

0.556 a

3.157 a

3.588 a

3.373 a

191.6 ab

168.0 a

2.785 a

2.103 ab

2.444 ab

0.681 a

0.559 a

0.620 a

3.305 a

3.777 a

3.541 a

164.6 b

154.15 a

2.492 ab

2.12 ab

2.306 ab

0.755 a

0.545 a

0.650 a

3.070 a

3.280 a

3.175 a

Means followed by same letter(s), in each column do not significantly differ, at P=0.05 according to Duncan’s multiple range test.
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Chapter 5
SUMMARY AND CONCLUSION
Two separated trials were carried out in the open fields for two seasons during winterspring of 2012-2013 at Biet Lahiya Experimental Station, Ministry of Agriculture, Gaza,
Palestine on Potato Sponta cv. and carrot Forto cv.,The soil was sandy soil where drip
irrigation system 4L h-1 were used for the two experiments.

5.1.

First experiment: Potato
Potato was grown in two seasons Feb. 28, 2012 and Feb. 9, 2013. The experiment lay

out was CRBD with 4 replications where each one contained 4 rows, plants spaced at 25 x
70cm and each plot had 52 plants, Nine treatments including the fertilization program of
Ministry of Agriculture (MOAP) as a control were used to evaluate the bio, organic and
inorganic fertilizers on potato growth and productivity as follows:
1. (T1): (20 N + 15 P2O5 + 30 K2O Kg Dunum-1) + 3 m3 poultry manure MOAP.
2. (T2): 75% MOAP + bio-fertilizer.
3. (T3): 50% MOAP + bio-fertilizer.
4. (T4): 75% MOAP (25% NPK + 75% poultry manure) + bio-fertilizer.
5. (T5): 50% MOAP (25% NPK + 75% poultry manure) + bio-fertilizer.
6. (T6): 100% poultry manure + bio-fertilizer.
7. (T7): 75% MOAP (25% NPK + 75% compost) + bio-fertilizer.
8. (T8): 50% MOAP (25% NPK + 75% compost) + bio-fertilizer.
9. (T9): 100% compost + bio-fertilizer.

5.1.1. Vegetative growth:
5.1.1.1. Treatments showed insignificant longer plants than control. T6, T2 and T4 produced
longer plants than that of control T1.
5.1.1.2. Number of stems plant-1 of most induced insignificant differences than control while
T6 and T4 had the significant highest of stems in the first season only.
5.1.1.3. Average of the two seasons showed significant heavier plants in T6 than control.
Where T4 came to the second rank the opposed was true for treatment T8.
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5.1.2. Tuber properties:
5.1.2.1. Physical properties:
5.1.2.1.1. All treatments produced insignificant decreases in tuber diameter where T7 and T8
produced the significant lowest values. Concerning to tuber length generally, the highest
insignificant tuber length was observed in T4, T5 and T9 and the same trend was also
observed in averages of the two seasons.
5.1.2.1.2. Average of tuber weight in general did not show significant differences between
treatments and control.
5.1. 2.1.3. No significant differences were reported among the treatments in both seasons and
the same trend was noticed in their average of the two seasons in specific gravity.
5.1.2.2. Chemical properties:
5.1.2.2.1. Dry matter % had no significant differences among treatments during the two
seasons or their average than control.
5.1.2.2.1. There was insignificant differences among the treatments during both seasons
however, control (MOAP) recorded the insignificant highest of starch%.
5.1.2.2.2. In general, total protein was not significantly by the different treatments.

5.1.3. Yield:
5.1.3.1. Total yield showed a general trend of yield insignificant decrease in the different
treatments than control in both seasons and the same trend in average of the two seasons T7,
T8 and T9 decreased significantly.
5.1.3.2. Number of tubers plant-1 showed a general trend of decrease in both seasons and the
average of the two experiments in treatments than control.
5.1.3.3. Tuber grades >55 in different treatments showed a general trend of insignificant
effect while T7 and T8 produced higher significant decrease than control in both seasons and
their average. Also control treatment produced the insignificant highest production of grade
55-45mm in both season where T9 came to the lowest value in the average of both seasons.
The same aforementioned trend was reported in grade <35mm where T2, T3, T6 and T7 had
the lowest yield of this grade in the first season and average of the two experiments.

5.1.4. Leaf chemical properties:
5.1.4.1. Total chlorophyll in different treatments did not show significant differences than
control in both seasons and their averages.
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5.1.4.2. Macronutrients content:
5.1.4.2.1. Leaf nitrogen content increased in T7, T8 and T4 than control in the first season.
Where in the second season, T6 could show higher significant content than control or the
other treatments. Average of the two seasons was significantly increased in T6 and T7.
5.1.4.2.2. Phosphorus content in general, did not show higher significant phosphorus contents
than control, where T7 had higher content than control and other treatments in first season
and their average of two seasons. T2 and T4 resulted in lower significant content where this
decrease was significantly for T2.
5.1.4.2.3. Leaf potassium content showed a general trend of significant decrease in the first
season only and the same trend in average of the two seasons where T8 came to the lowest
significant K content.

5.2.

Second Experiment: Carrot
Carrot was sown in two seasons Feb. 30, 2012 and Feb. 15, 2013. The experiment layout

was CRBD with 3 replications. Each plot contained 6 rows with 219 plants spaced at 7 x
25cm. Nine treatments including the fertilization program of Ministry of Agriculture
(MOAP) as a control were used to evaluate the bio, organic and inorganic fertilizers on carrot
growth and productivity as follows:
1- (T1): (17 N + 13 P2O5 + 23 K2O Kg Dunum-1) + 3 m3 poultry manure MOAP.
2- (T2): 75% MOAP + bio-fertilizer.
3- (T3): 50% MOAP + bio-fertilizer.
4- (T4): 75% MOAP (25% NPK + 75% poultry manure) + bio-fertilizer.
5- (T5): 50% MOAP (25% NPK + 75% poultry manure) + bio-fertilizer.
6- (T6): 100% poultry manure + bio-fertilizer.
7- (T7): 75% MOAP (25% NPK + 75% compost) + bio-fertilizer.
8- (T8): 50% MOAP (25% NPK + 75% compost) + bio-fertilizer.
9- (T9): 100% compost + bio-fertilizer.

5.2.1. Vegetative growth:
5.2.1.1. All treatments had insignificant longer plants than control, where T5 and T6
produced the longest plants during the both seasons and the average of the two experiments.
5.2.1.2. No significant noticed among treatments where T6, T9 and T2 came to the highest
leaves numbers.
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5.2.1.3. Plant fresh weight showed insignificant differences among treatments where
treatment T6 produced the heaviest plants in the second season and the average of the two
experiments.
b.1.4. Fresh weight of carrot (shoot + root) reported insignificant differences among
treatments. T6 had the heaviest fresh weight during the two seasons and their average while
the opposite was true for T3.

5.2.2 Root properties:
5.2.2.1. The physical properties:
5.2.2.1.1. Root Diameter showed insignificant changes among treatments where T5 produced
the widthest roots in the both seasons.
5.2.2.1.2. Root length was insignificantly different among treatments where T5 in first season
and average of the two experiments, T4, T2 and T6 in the second one had the longest roots.
5.2.2.1.3. Average weight of root reported insignificant changes where T9 and T6 in the first
season and T4 and T6 in the second one had the heaviest roots, Treatment T6 and T9
produced the heaviest average of the two seasons.

5.2.2.2. The Chemical properties:
5.2.2.1. Root contents of TSS was not affected significantly in both seasons where the

different treatments showed a trend of lower TSS than control.

5.2.3. Yield
5.2.3.1. The Carrot yield as root weigh dunum-1 not significantly changes where, T9 and T6
in the first season and T4 and T6 in the second one showed the highest yield. Treatments T6,
T9 and T4 came to highest yield as an average of the two seasons.
5.2.3.2. Branched and cracked root% were not significantly effected in both seasons by the
treatments.

5.2.4. Leaf chemical properties:
5.2.4.1. Total chlorophyll was not significantly effected where T6 showed higher value in
second season and its average of the two seasons, Treatments T9 in both seasons and thier
average came to lowest values.
5.2.4.2. Macronutrients
5.2.4.2.1. A general trend of increase in nitrogen% for the different treatments than control in
both seasons and their average. Treatment T6 showed significant higher N content than
control in first season only and insignificantly higher than other treatments in both seasons
and their average.
67

5.2.4.2.2. Phosphorus content had no significant differences among the different treatments in
both seasons where they showed a general higher content than control. T5 resulted the
insignificant highest P content in both seasons and their average.
5.2.4.2.3. No significant changes were observed among the different treatments and control
where T6 and T8 produced highest potassium content in both seasons.
In conclusion, the environment friendly, biofertilizers are good tools to improve the
growth and productivity of potato and carrot and reduce the rate of applied chemical
fertilizers.
It could be recommended to apply 100% poultry manure + biofertilizer on potato
where applications of 100% poultry manure + biofertilizer or 75% of MOAP + biofertilizer
respectively came to the same trend in carrot.
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