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Influence of Organic and Chemical Fertilization on Fruit Yield and Quality
of Plastic-House Grown Strawberry
Atif Yasseen Mahadeen*
ABSTRACT
A plastic-house experiment was carried out during fall season 2004/2005 at the Agricultural Research Station,
Mu’tah University, Al-Karak, Jordan, to study the effect of organic and chemical fertilizers on fruit yield and
quality of strawberry. Treatments consisted of two levels of organic fertilizer (0 and 40 ton/ha) and four levels of
chemical fertilizer (0, 20, 60 and 100 kg/ha). Strawberry yield was significantly increased by adding organic
and/or chemical fertilizer relative to 0 and 20 kg/ha of chemical fertilizer. Fruit number was significantly
decreased; average fruit weight and vitamin C content were increased, but TSS % was not affected by adding
organic fertilizer. Fresh and dry weights of shoot were significantly increased with organic fertilizer. Leaf- N
content was significantly increased with adding organic fertilizer, whereas leaf-P tended to be slightly increased
and leaf contents of K, Cu, Mn and Zn were not affected. Organic fertilizer increased soil electrical conductivity
(EC) and organic matter content, while soil pH was not affected.
Keywords: Fragaria xananassa Duch., Strawberry, Organic farming, Chemical fertilizer, Poultry manure.

INTRODUCTION

their crops (Bengt and Martensoon, 2003; Nilsson,

Strawberry (Fragaria xananassa Duch.) is a

1979). The soils of Jordan are characterized by low

perennial, cool-season crop, which is popular as a fresh

contents of organic matter due to the prevailing dry

fruit. Strawberry is grown in Jordan both during spring

conditions. Therefore, addition of organic manure

and fall seasons in a protected culture. There is a trend to

becomes essential to increase organic matter content of

increase its cultivation by farmers due to high demand

soil, since it maintains crop nutritional requirements as

by consumers and consequently high profit.

well as other factors that enhance crop growth and

One of the most important problems in arid and

minimize

ground

water

pollution.

According

to

semiarid regions is soil conditions as low fertility, poor

Albrigats and Howard (1981), the application of 36

physical, chemical and biological properties (Campbell

ton/ha of poultry manure gave the highest strawberry

and Beckett, 1988). In conventional farming, farmers

yield compared with 0, 9 and 18 ton/ha. In Jordan valley,

apply chemical fertilizers to increase productivity of

Suwwan and Hattar (1987) reported that poultry manure
is considered potentially of great value for increasing
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tomato yield on calcareous soils.
Recently, the alternative practice of chemical fertilizers
is organic fertilizers to overcome the pervious problems
(Wong et al., 1999). Furthermore, organic fertilizers
become a necessity in intensive agricultural systems all
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over the world where chemicals are intensively used (Tuzel

MATERIALS AND METHODS

et al., 2003). Nevertheless, they are essential as a constant

A plastic-house experiment was carried out on a sandy

source of energy for microorganisms (Tejada et al., 2006;

clay loam soil during fall season 2004/2005 at Agricultural

Radwan et al., 1993), continual release of available

Research Station, Mu’tah University, Al-Karak, Jordan.

nutrients (Abdelrazzag, 2002; Julia et al., 1993; Marynard,

Some physical and chemical characteristics of the soil are

1994; Radwan et al., 1993; Campbell and Beckett, 1988)

shown in Table (1). Fertilizer treatments consisted of

and to improve soil physical properties (Nilsson, 1979).

organic fertilizers (poultry manure) at two levels of 0 and

In recent times, both in Jordan and abroad,

40 ton/ha and N:P:K-chemical fertilizer (Green leaf 20-20-

consumers are demanding higher quality and safer food

20+trace elements) at four levels of 0, 20, 60 and 100

and highly interested in organic products. In addition,

kg/ha. Some chemical compositions of poultry manure are

strawberry in Jordan is considered a promising vegetable

presented in Table (1). Experimental treatments were

that could be developed in Jordan for local and export

arranged in split-plot in a randomized complete block

purposes. This study aims to investigate the effects of

design with 3 replicates. Main plots were assigned to

organic and chemical fertilizers on strawberry growth,

organic fertilizer and sub-plots were assigned to chemical

yield and quality.

fertilizer.

Table (1): Some physical and chemical characteristics of the soil and poultry manure at the beginning of the experiment.
Characteristic

Soil

Poultry manure

Texture

Sand clay loam

nd*

7.8

5.8

EC (dS m )

1.28

2.41

CaCO3 (%)

32

nd

Organic matter (%)

1.63

22.4

Total N (%)

0.06

12.45

pH
-1

-1

NaHCO3-P (mg kg )

18

nd

-1

nd

1205

-1

nd

305

Total Fe (mg kg )
Total Zn (mg kg )
-1

Total Mn (mg kg )

nd

346

-1

8.1

nd

-1

Available Zn (mg kg )

2.3

nd

-1

8.5

nd

Available Fe (mg kg )
Available Mn (mg kg )
*not determined.

The soil was prepared for planting by plowing,

depth of about 0.15 m two weeks before transplantation

disking and leveling. Manual raised-beds with 0.6 m

and saturated with irrigation water to reach field

width and 0.2 m height were prepared. Organic fertilizer

capacity. Drip irrigation system was used and covered

was incorporated into the soil of the respective plots to a

with black plastic mulch.
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treatments in the same replicate as well as between

plants were cut down to soil surface in order to

replicates was 1.0 m. Each experimental unit consists of

determine shoot fresh weight and were dried to a

two 3 m-raised beds. Beds have two rows of plants with

constant weight at 75°C to determine the dry weight.

one drip line running between them. Strawberry (ferscka

Representative soil sample from the upper 30 cm

cv.) transplants were planted on both sides of beds of a

depth was taken from experimental location before

plastic-house (50x9m) on November 1, 2004 into the

treatments' application. Also, soil samples were taken

2

prepared beds. Each sub-plot (3.6 m ) contained 28

from all plots at the end of the experiment for chemical

plants. The distance between raised-bed centers was 1

analysis. Samples were dried, mixed thoroughly,

m. Plants within a row were 0.4 m apart. Chemical

pulverized in mortar and passed through a 2mm sieve.

fertilizer (Green leaf 20-20-20+trace elements) was

Samples were prepared for pH, electric conductivity

added monthly by using drip irrigation system. The first

(EC) (1:2.5 w/w) and organic matter (%) determination

dose was added 3 weeks after plantation then continued

according to Chapman and Pratt (1961).

to late March. Irrigation commenced at the time of

MSTAT-C statistical package was used to analyze

planting and continued throughout the growing season

the data obtained from this experiment. Duncan’s

(twice weekly).

Multiple Range Test (DMRT) was used to determine the

Fruits were harvested at mature red stage (from

mean separations of separated means. The level of

February 20 to April 20, 2005), counted and weighed.

significance was calculated with an error probability of

Vitamin C content (mg/100g) were determined using 2,

0.05 (Lentner and Bishop, 1993).

6-Dichloroindophenol

titrimetric

methods

(AOAC,

1995) and total soluble solids (TSS %) were determined

RESULTS AND DISCUSSION
Table (2) shows the effect of adding organic and

using electrical ABBE-refractometer.
Leaf area per plant was measured using leaf area

chemical fertilizers on strawberry yield and its

meter Li3100 (Li-cor Inc. Lincoln, Nebraska, USA) by

components. In general, application of NPK-fertilizer in

taking three plants from each treatment. At the same

combination with organic fertilizer tended to increase

time, fully expanded leaf samples were collected for

fruit yield in comparison with the application of each of

mineral analysis. Leaves were washed by distilled water

them alone. The highest strawberry yield (27.62 ton/ha)

to remove dust deposited on the surface. Samples were

was obtained by the application of 40 tons of organic

oven-dried at 75°C until constant weight and ground

fertilizer with 60 kg NPK-fertilizer/ha; while the lowest

using a mechanical grinder. The samples were stored in

strawberry yield (21.76 ton/ha) was obtained in

airtight plastic containers for chemical analysis. Total

untreated plot. Addition of 0 and 20 kg/ha NPK fertilizer

nitrogen was determined by digesting 0.5 gm of dry

without organic fertilizer produced significantly lower

samples with 68% H2SO4 in Kjeldahl digestion unit till

strawberry

samples were colorless, and titrated with 0.1N of H2SO4

combinations. It was clearly evident that all treatments

(Tandon, 1995). Phosphorus and potassium were

that

determined using flame photometer. Micronutrients (Fe,

strawberry yield when compared with untreated plots

Mn, Zn) were measured by atomic absorption technique

with organic fertilizer, which indicated the importance

(Tandon, 1995). At the end of the growing season, three

of organic fertilizer. The slight increase in the yield of
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fertilizer

al. (2006), higher crop yield due to organic fertilizer

application might be due to the increase in organic

could be attributed to favorable changes in soil condition

matter (Turemis, 2002), improvement of soil structure

which might result in loose soil and enable better root

(Togun and Akanbi, 2003) and stimulating effect of the

growth. Moreover, positive influence of organic

organic manure that supplies plants with nutrient

fertilizer might be due to slow and steady availability of

requirement for higher yield (Togun and Akanbi, 2003;

nutrients throughout the growing season from organic

Abdelrazzag, 2002; Al-Nasire, 2002; El-Mansi et al.,

fertilizer (Amanullah et al., 2006; Tejada et al., 2006;

1999; Wong et al., 1999; Radwan et al., 1993) following

Maftoun et al., 2004).

strawberry

that

resulted

from

organic

organic manure application. According to Amanullah et
Table (2): Effects of organic and chemical fertilizers on yield, fruit number and average fruit weight of plastichouse grown strawberry.
Organic

Chemical

fertilizer

fertilizer level

level (ton/ha)

(kg/ha)

0

40

Fruit

Average

number/

fruit wt.

plant

(gm/fruit)

0.280 b

20.5 cde

13.65 b

Fruit yield

Fruit yield

(ton/ha)

(kg/plant)

*

0

21. 76 b

20

22.12 b

0.284 b

22.1 b

12.84 b

60

25.36 a

0.326 a

22.4 b

14.54 b

100

25.64 a

0.330 a

23.2 a

14.20 b

0

27.48 a

0.353 a

21.0 c

16.82 a

20

27.58 a

0.355 a

20.9cd

17.00 a

60

27.62 a

0.355 a

20.2 de

17.57 a

100

26.94 a

0.346 a

19.9 e

17.38 a

*

Values within each interaction having different letters are significantly different at 0.05 level of probability according to DMRT.

Number of fruits per strawberry plant was significantly

organic fertilizer application is attributed mainly to the

affected by different treatment combinations (Table 2).

increase in average fruit weight rather than fruits' number.

Number of fruits per plant was significantly decreased by

Increasing NPK-fertilizer level significantly increased

adding organic fertilizer (40 ton/ha) even with combination

fruits' number when organic fertilizer was not applied. But,

of chemical fertilizer. On the other hand, average fruit

when organic fertilizer (40 ton/ha) was added, each

weight was significantly increased with addition of organic

increase in chemical fertilizer levels reduced fruits' number

fertilizer with or without chemical fertilizer (Table 2). The

per plant. These results agreed with the findings of

percent increase in average fruit weight due to organic

Sonsteby et al., (2004) who reported that application of

fertilizer application was about 24% higher when compared

chemical fertilizers with different levels of nitrogen (40, 80

with the application of NPK-fertilizer alone. Generally, the

and 120 kg N/ha) had no additional significant effects on

increase in strawberry yield per plant and per ha due to

strawberry yield when applied with organic fertilizer.

-170-

Jordan Journal of Agricultural Sciences, Volume 5, No.2, 2009

Vitamin C content of strawberry fruit showed a

According to Nilsson (1979), the increase of vitamin C

significant increase with application of organic fertilizer

content in organic grown vegetables might be due to the

when compared with untreated plots with organic

improvement of soil structure and water holding

fertilizer (Table 3). Application of 40 tons of organic

capacity. Organic and chemical fertilizers application

fertilizer per ha with or without chemical fertilizer

had no effect on total soluble solids (Table 3). The

increased vitamin C content of strawberry fruit about

obtained data of TSS% are in agreement with those

two times when compared with untreated plots with

obtained on tomato fruit by Tuzel et al. (2003). Sturm et

organic fertilizer. On the other hand, different levels of

al. (2003) reported that TSS% is a function of several

chemical fertilizer regardless of organic fertilizer had no

factors of which total sugars and organic acids constitute

significant effect on vitamin C content of strawberry

the major part. However, Leskinen et al. (2002) reported

fruit. The present results agreed with the findings of

that organic grown strawberry had more sugar than

Wang and Lin (2002) and Danny et al. (2003) on

conventional grown ones.

strawberry and Nilsson (1979) on cabbage and leek.
Table (3): Effect of organic and chemical fertilizers on vitamin C and total soluble solid contents of
plastic-house grown strawberry fruit.
Organic fertilizer level

Chemical fertilizer

Vitamin C

(ton/ha)

level (kg/ha)

(mg/100ml)

0

33.47 c*

11.41 a

20

34.37 c

11.41 a

60

34.50 c

11.59 a

100

34.47 c

11.87 a

0

57.40 b

11.45 a

20

60.93 ab

11.52 a

60

61.17 a

11.89 a

100

61.80 a

11.93 a

0

40

TSS (%)

*

Values within each column having different letters are significantly different at 0.05 level of probability according to DMRT..

Fresh and dry weights of shoot were significantly

resulted in largest leaf area (Table 4). These results are in

increased with the addition of organic fertilizer compared

harmony with those obtained on strawberry (Wang and

with no addition of organic fertilizer (Table 4). Regardless

Lin, 2002), on tomato, pepper and strawberry (Norman et

of chemical fertilizer, adding organic fertilizer produced

al., 2003) and on onion (Abdelrazzag, 2002). It might be

about 160% shoots fresh weight compared with untreated

due to the fact that fertilizers provide plants with different

plots with organic fertilizer. With regard to leaf area, the

nutrients and cause an improvement of soil water holding

addition of the high levels of chemical fertilizer (60 or

capacity as a result of organic fertilizer application, as

100 kg/ha) combined with 40 ton/ha of organic fertilizer

mentioned earlier by Nilsson (1979).
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Table (4): Effect of organic and chemical fertilizers on leaf area, shoot fresh and dry weights of plastic-house
grown strawberry plants.
Organic fertilizer
level (ton/ha)

Chemical

Leaf area

fertilizer level

(cm2/plant)

(kg/ha)

*

Shoots fresh

Shoots dry

weight

weight

(gm/plant)

(gm/plant)

0

12.98 c

133 b

30.23 c

20

13.33 bc

130 b

29.59 c

60

15.53 b

129 b

29.66 bc

100

13.95 bc

138 b

31.53 c

0

15.14 bc

211 a

51.74 a

20

13.56 bc

212 a

51.45 ab

60

18.18 a

214 a

51.96 ab

100

18.57 a

209 a

51.27 a

0

40

*

Values within each column having different letters are significantly different at 0.05 level of probability according to DMRT.

was

leaf nutrient concentration in plant amended with poultry

significantly affected only by the application of organic

manure to the increase in quantity and activity of soil

fertilizer (Table 5). The highest leaf-N content (3.02 %)

microorganisms which in turn resulted in a considerable

occurred with the application of 40 ton/ha of organic

accumulation of N in plant leaves. Also, Goyal et al.

fertilizer without addition of chemical fertilizer. The

(1993)

present results agreed with those obtained by Preusch et

amendments to soil increases enzymatic activities

al. (2004) who reported that leaf-N was greater in

because the added material may contain intra- and

strawberry plants grown in a silty soil which was

extracellular enzymes and may also stimulate microbial

amended with composted and fresh poultry litter than

activity in the soil. Other studies showed lower nitrogen

synthetic fertilizer, but there were no differences in leaf-

content in organic crops, such as a study conducted by

N in plants grown in clay and sandy soils. Moreover,

Herencia et al. (2007) on bean, pepper and tomato. In

Maftoun et al. (2004) indicated that the concentration of

another

N in the spinach plant increased significantly with

et al. (2007) on corn, no differences were found between

increasing the level of poultry manure. Tejada et al.

organic and inorganic fertilization in term of nitrogen

(2006) and Garcia et al. (1997) attributed this increase in

content in leaves.

Nitrogen

content

of

strawberry

leaves
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Table (5): Effect of organic and chemical fertilizers on macro and micro-nutrient contents of plastic-house
grown strawberry plants.
Organic

Chemical

fertilizer

fertilizer level

level (ton/ha)

(kg/ha)

0

40

Leaf micronutrients

Leaf macronutrients (%DW**)
N

P

(mg kg-1DW)

K

Fe

Mn

Zn

0

1.90 b*

0.31 a

1.74 a

180 a

170 c

44.0 b

20

1.75 b

0.32 a

1.72 a

168 a

204 ab

51.9 a

60

1.77 b

0.32 a

1.73 a

172 a

182 bc

52.4 a

100

1.85 b

0.32 a

1.78 a

172 a

212 a

52.1 a

0

3.02 a

0.33 a

1.75 a

169 a

177 bc

50.6 a

20

2.90 a

0.33 a

1.73 a

166 a

181 bc

50.6 a

60

2.72 a

0.32 a

1.76 a

168 a

200 ab

50.2 a

100

2.88 a

0.32 a

1.77 a

172 a

204 ab

50.3 a

*

Values within each column having different letters are significantly different at 0.05 level of probability according to DMRT.

**

DW: Dry weight.

In general, leaf-P content was not significantly

tomato. According to Daugaard (2001), strawberry leaf

affected by different fertilizer treatments (Table 5).

content of most nutrients such as N, P, K and Ca had

Preusch et al. (2004) indicated that leaf-P in strawberry

annual as well as seasonal variations and a cultivar-

plants treated with composted and fresh poultry litter

specific property.

was higher than synthetic fertilizer, but the effect mainly

The data presented in Table (6) reveal that organic

depends on soil type. Leaves contents of K, Fe, Mn and

and chemical fertilizers and their interactions had no

Zn were not significantly affected by adding organic and

significant effects on soil pH, but the pH trend seems to

chemical fertilizers. Such observations were previously

be toward lower values for organic plots compared with

reported by Preusch et al. (2004) on strawberry, Roe et

chemical fertilizer. Similar results for soil pH were

al. (1997) on pepper and cucumber, Wong et al. (1999)

obtained by Herencia et al. (2007), Julia et al. (1993),

on chinensis cabbage and Radwan et al. (1993) on

Mahendra et al. (1988) and Zane and Basil (1980).
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Table (6): Effect of organic and chemical fertilizers on soil pH, EC and organic matter content at the end of
growing season.
Organic
fertilizer
level (ton/ha)

Chemical
fertilizer level

pH

EC (dS/m)

(kg/ha)

0

40

Organic
matter (%)

0

7.5 a *

1.28 b

2.08 b

20

7.5 a

1.35 b

2.10 b

60

7.7 a

1.33 b

2.12 b

100

7.8 a

1.32 b

2.08 b

0

7.4 a

1.36 b

2.61 a

20

7.5 a

1.46 a

2.62 a

60

7.4 a

1.52 a

2.52 a

100

7.3 a

1.45 a

2.60 a

*

Values within each column having different letters are significantly different at 0.05 level of probability according to DMRT.

Soil electrical conductivity (EC) was affected by

chemical fertilizers alone had no effects. These results are

fertilization treatments at the end of the experiment.

in harmony with those obtained by Herencia et al. (2007);

Application of organic manure had significantly increased

Mahendra et al. (1988) and Saber and Abdallah (1987)

soil EC when compared to chemical fertilizer treated plots

who reported that soil organic matter content was

except when no chemical fertilizer was added. Similar

considerably greater in organic plots compared with those

findings were obtained by Lithourgidis et al. (2007), Julia

receiving mineral fertilizer.

et al. (1993) as well as Zane and Basil (1980). However,

In conclusion, strawberry plants can be grown better

in all cases, the EC values were lower than the critical

in soil amended with poultry manure as a fertilizer but

-1

limit (4 dS ) for most crop growth (Lithourgidis et al.

application rate and availability of all minerals should be

2007). According to Wong et al. (1999), the possible

considered. Strawberry plants grown in soil amended

explanation for increasing EC could be due to the large

with poultry manure showed a vigorous vegetative

HCOـ ـ3

ions contained in the

growth (leaf area, fresh and dry weights), high yield and

organic fertilizer. Application of 40 ton/ha of organic

large fruit weight compared with chemical fertilizer.

fertilizer with or without chemical fertilizer significantly

Further studies are needed to determine optimal rates to

increased organic matter percentage in the soil, but

be used for proper growth and production of strawberry.

quantities of soluble salts and

-174-

Jordan Journal of Agricultural Sciences, Volume 5, No.2, 2009

in organic production. J. Plant Nutr., 24 (9): 1337-1346.
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ﻋﺎﻁﻑ ﻴﺎﺴﻴﻥ ﻤﺤﺎﺩﻴﻥ*

ﻤﻠﺨـﺹ
ﺃﺠﺭﻴﺕ ﺘﺠﺭﺒﺔ ﻓﻲ ﺍﻟﺒﻴﺕ ﺍﻟﺒﻼﺴﺘﻴﻜﻲ ﺨﻼل ﺨﺭﻴﻑ  2005/2004ﻓﻲ ﻤﺤﻁﺔ ﺍﻟﺒﺤﻭﺙ ﺍﻟﺯﺭﺍﻋﻴﺔ/ﺠﺎﻤﻌﺔ ﻤﺅﺘﺔ ﻟﺩﺭﺍﺴﺔ
ﺘﺄﺜﻴﺭ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ )ﻤﺨﻠﻔﺎﺕ ﺍﻟﺩﻭﺍﺠﻥ( ﻭﺍﻟﺴﻤﺎﺩ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻋﻠﻰ ﺤﺎﺼل ﻭﻨﻭﻋﻴﺔ ﺍﻟﻔﺭﺍﻭﻟﺔ .ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ
ﺒﻤﺴﺘﻭﻴﻴﻥ )ﺼﻔﺭ ﻭ  40ﻁﻥ/ﻫﻜﺘﺎﺭ( ،ﺒﻴﻨﻤﺎ ﺍﺴﺘﺨﺩﻡ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻜﻴﻤﺎﻭﻱ ﺒﺄﺭﺒﻌﺔ ﻤﺴﺘﻭﻴﺎﺕ )ﺼﻔﺭ100 ،60 ،20 ،
ﻜﻐﻡ/ﻫﻜﺘﺎﺭ( .ﺩﻟﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻋﻠﻰ ﺃﻥ ﺇﻀﺎﻓﺔ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ ﻭ/ﺃﻭ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﺃﺩﺕ ﺇﻟﻰ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺤﺎﺼل
ﺍﻟﻔﺭﺍﻭﻟﺔ ﻤﻘﺎﺭﻨﺔ ﺒﻤﻌﺩﻻﺕ ﺼﻔﺭ ﻭ  20ﻜﻎ ﻤﻥ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ .ﻭﻗﺩ ﺍﻨﺨﻔﺽ ﻋﺩﺩ ﺜﻤﺎﺭ ﺍﻟﻔﺭﺍﻭﻟﺔ ﻤﻌﻨﻭﻴﺎ ﻭﺍﺯﺩﺍﺩ ﻤﻌﺩل
ﻭﺯﻥ ﺍﻟﺜﻤﺭﺓ ﻭﻤﺤﺘﻭﻯ ﺍﻟﺜﻤﺎﺭ ﻤﻥ ﻓﻴﺘﺎﻤﻴﻥ  Cﺒﻴﻨﻤﺎ ﻟﻡ ﺘﺘﺄﺜﺭ ﻨﺴﺒﺔ ﺍﻟﻤﻭﺍﺩ ﺍﻟﺼﻠﺒﺔ ﺍﻟﺫﺍﺌﺒﺔ ﻨﺘﻴﺠﺔ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ.
ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻭﺯﻥ ﺍﻟﻁﺭﻱ ﻭﺍﻟﺠﺎﻑ ﻟﻠﻤﺠﻤﻭﻉ ﺍﻟﺨﻀﺭﻱ ﻓﻘﺩ ﺍﺯﺩﺍﺩ ﺯﻴﺎﺩﺓ ﻜﺒﻴﺭﺓ ﻨﺘﻴﺠﺔ ﺇﻀﺎﻓﺔ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ .ﺍﺯﺩﺍﺩ
ﻤﺤﺘﻭﻯ ﺃﻭﺭﺍﻕ ﺍﻟﻔﺭﺍﻭﻟﺔ ﻤﻥ ﺍﻟﻨﻴﺘﺭﻭﺠﻴﻥ ﻤﻌﻨﻭﻴﺎ ﻨﺘﻴﺠﺔ ﺇﻀﺎﻓﺔ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ ،ﻭﻟﻡ ﻴﺘﺄﺜﺭ ﻤﺤﺘﻭﻯ ﺍﻷﻭﺭﺍﻕ ﻤﻥ
ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻭﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﺼﻐﺭﻯ ) .(Fe, Mn, Znﻜﻤﺎ ﺍﺭﺘﻔﻊ ﻤﺤﺘﻭﻯ ﺍﻟﺘﺭﺒﺔ ﻤﻥ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻌﻀﻭﻴﺔ ﻭﺍﺭﺘﻔﻌﺕ ﺍﻟﻤﻭﺼﻠﻴﺔ
ﺍﻟﻜﻬﺭﺒﺎﺌﻴﺔ ) (ECﺒﺈﻀﺎﻓﺔ ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ ﻭ ﻟﻡ ﺘﺘﺄﺜﺭ ﺩﺭﺠﺔ ﺤﻤﻭﻀﺔ ﺍﻟﺘﺭﺒﺔ ) (pHﻤﻌﻨﻭﻴﺎ ﻨﺘﻴﺠﺔ ﻟﻜﺎﻓﺔ ﺍﻟﻤﻌﺎﻤﻼﺕ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻟﻔﺭﺍﻭﻟﺔ ،ﺍﻟﺯﺭﺍﻋﺔ ﺍﻟﻌﻀﻭﻴﺔ ،ﺍﻟﺴﻤﺎﺩ ﺍﻟﻌﻀﻭﻱ ،ﺍﻟﺴﻤﺎﺩ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ.

____________________________________________
*ﻜﻠﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ ،ﻗﺴﻡ ﺍﻹﻨﺘﺎﺝ ﺍﻟﻨﺒﺎﺘﻲ ،ﺠﺎﻤﻌﺔ ﻤﺅﺘﺔ ،ﺍﻟﻜﺭﻙ ،ﺍﻷﺭﺩﻥ.
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