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Abstract:  

A field experiment was set up during the winter seasons of 2011-2014 and 

2012-2013 to  compare recommended  chemical fertilizer(RCF) and three 

sources of  composted manure on yield quantity and quality of cabbage 

(Brassica oleracea var. capitata, Copenhagen market cultivar ) and spinach 

(Spinacea oleracea ,  local cultivar ). Treatments included recommended 

chemical fertilizer(RCF) (T1) , sheep manure and cow manure at levels of 

5,10 and 15% v/v of soil size (T2,T3, T4,T5,T6 and T7 respectively ), and 

chicken manure at levels of 4,8 and (12%v/v of soil size (T8,T9,T10 

respectively) in addition to non-fertilized plantsT0.Organic manures were 

soil incorporated ten days before cabbage transplanting or spinach seed 

sowing , while RCF was consisted of 400 kg.ha
-1

 of Diammonium phosphate 

(DAP)+ 60kg.ha
-1

  of urea for each crop , DAP was applied side dressing 

two weeks after  transplanting of cabbage or when seed germination was 

accomplished of spinach . Urea applied one month after DAP application 

.Treatments were arranged in Randomized Complete Block Design (RCBD) 

with three replicates . Results could be summarized as follows: 

chicken manure at 12% v/v level (T0) produced the greatest cabbage head 

weight in both seasons (926.4, 1981.5g, respectively). Highest total yield in 
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the first season was obtained from T10 (38.60 tonha
-1

), while in the second 

season T9 produced the highest yield (76.65 ton.ha
-1

). Both chemically and 

organically fertilized plant had high content of NO3as compared to non- 

fertilized plants, but the level is still below of the harmful level to human 

health. The highest content of vitamin C was noticed in T7 and T8(43.93 and 

42.95 mg.100g
-1

 FWT) in first season, while in second season the highest 

content of vitamin C found in T10 treatment (39.74mg.100
-1

gFWT). The 

highest  oxalic acid content was found in T5 and T6 in the two seasons which 

represent cow manure treatments. The highest spinach yield was obtained 

from high levels of organic manure treatment regardless of the source, where 

the highest inT9 (2.94 and 3.04 kg.m
-2

) as compared to RCE treatment(T1) 

(1.11and 1.53 kg.m
-2

) for the two seasons, respectively. Nitrates content of 

spinach leaves was found tobe the highest inT6 in the first season and RCF 

and T5 in the second season. Vitamin C content was the highest inT9 in first 

season and T3 in second season. Oxalic acid showed no clear trend where in 

first season, the highest inT3 while in second season the highest was in T9. 

Key words: Manure, cabbage(Brassica oleracea var. capitata, spinach 

Spinacea oleracea L.  
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Introduction:  

Cabbage ( Brassica oleracea var. 

capitata L.) is among the most 

important dietary vegetables  

consumed  in Iraq owing  to their 

availability in  local markets , 

cheapness and consumer 

preference, and can be used as 

fresh (salad) ,cooked vegetable 

and preparation of processed 

products. According to FAO (19) 

cabbage occupied 2,359,103 

hectare (ha) produced 68,584,199 

ton globally,while in Iraq the land 

area is 1,356 ha and produced 

18334 ton in 2011. 

Spinach (Spinacia oleracea L.) is 

one of the most important 

vegetable crops grown for its 

leaves,and belong to the family 

Amaranthaceae . It is an annual 

plant  that grows quickly and has 

the ability to survive winter 

temperature in temperate regions 

(6).It is very versatile since it is 

commonly used as salad, acooked 

vegetable , or as a component of 

many other cooked meat and 

vegetable dishes .The area 

occupied by spinach in the world 

is about 867,728 ha and total yield 

20,980,488 ton ,whereas , in Iraq 

the total area is 1,321 ha with 

totalyield of 11,177 ton in 

2011(19) . 

Care about the growing conditions 

of crops has often been taken into 

consideration by customers now 

days. This is probably because of 

some health problems arising 

from the consumption of the 

unhealthy food crops grown under 

intensive farming  conditions such 

as excessive pesticides or 

chemical fertilizers. Therefore , 

growing food crops organically 

has gained popularity around the 

world (15). Organic farming is a 

production system  which avoids 

or largely excludes the use of 

synthetically produced fertilizers, 

pesticides , growth regulators and 

livestock feed additives relying 

instead of crop rotations, crop 

residues, animal manures , 

legumes , green manures and 

aspects of  biological pest  control 

to maintain soil productivity and 

tilth, to supply plant nutrients and 

to control insects , weeds and 

other pests (25) . Additionally , 
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organically grown crops are 

believed to be healthier and to 

contain more minerals and 

vitamins than that of the 

conventional counterpart (33; 34). 

The aim of current study was to 

evaluate the effect of three sources 

of animal manures at different 

levels on yield quantity and 

quality of two leafy vegetables 

(Cabbage and Spinach) under 

organic and conventional 

agriculture in Sulaimani  

provenance, north of Iraq. 

Materials and Methods 

A field experiment was conducted 

for two successive winter seasons 

of 2011-2012 and 2012-2013 at 

Bakrajo research field , 

Horticulture Department ,Faculty 

of Agricultural Sciences , 

University of Sulaimani 

,Kurdistan region ,Iraq .Soil 

samples (0-30cm) were analyzed 

and some of physical  and 

chemical properties shown in 

Table (1). Soil was plowed twice 

across each other and farrows 

were at length of 4m and 0.8m 

apart where three farrows in each 

experimental plot giving 9.6 m
2
 

area (this is for cabbage ). For 

spinach , after soil have been 

plowed , a plots of 4m
2
 (1x4) were 

prepared to represent experimental 

unit. Cabbage(Copenhagen 

marketcultivar ) seeds were sown 

on 1
st
  August, 2011 and 25

th
, 

July, 2012 while spinach (local 

cultivar)seeds were sown on 5
th

 

October, 2011 and 1
st
 October, 

2012 . Cabbage transplants at 

4true leaves stage were pricked 

out 55 days after seed sowing in 

both seasons . Organic manure 

was collected from local sources 

on 15
th

 may for both seasons 

composted for four months and 

every 2 weeks were mixed up for 

the uniformity of the moister and 

ventilation .Ten days before 

transplants of cabbage or spinach 

seed sowing were incorporated to 

the soil according to treatment 

levels .Table( 2) shows the 

chemical analysis of each manure 

. Randomized Complete Block 

Design (R.C.B.D) was adopted in 

both experiments for each crop 

.The block consisted of eleven 

experimental units and treatments 
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were randomly arranged . 

Treatments included control 

(without fertilizer, T0),  

recommended aschemicalfertilizer 

for each crop(RCF),(T1) according 

to Matlobet al.,(26),400kg.ha
-1

 of 

Diammonum phosphate + 60kg 

urea .ha
-1

 ).Sheep manure at 5,10 

and 15% (T2,T3,T4),cow manure at 

5,10 and 15% (T5,T6,T7), and 

chicken manure at 4,8 and 12% of 

soil volume (T8,T9,T10). 

Experiments were concluded 180 

and 160 days after transplanting 

for  the two seasons for cabbage 

,while for spinach , final mowing 

was 120 and 110 days after seed 

sowing for the two seasons, 

receptively.   

Results and Discussion  

1 – Cabbage  

Head weight was significantly 

affected by organic fertilizers 

where the greatest head weight 

was observed in T10  in both 

seasons (926.4 and 1981.5 g, 

respectively ) while the lowest 

was found in T0  (1492.1g) in the 

second season (Table3).No heads 

were formed inT0 and T1 in the 

first season, probably because of 

the very cold weathers during 

December, January and February 

and lower availability of nutrients 

(particularly N) during the season 

).Citak and Sonmez (17) found 

apositive relationship between 

chicken manure and cabbage yield 

and no head could form if there is 

N shortage. On the other hand , 

results showed that organically 

fertilized plants formed heads , 

which might be attributed to 

successive decomposition of 

organic material and release a 

beneficial organic matters (humus, 

humic acid and fulvic acid ) (22) . 

Humus complexes affected soil 

physical properties and the dark 

color absorb heat energy from the 

sun , thereby improving soil 

temperature for plant root growth 

and microbial activity (9). 

Chickenfertilizer at 8% (T9 ) was 

not significantly differ from T10  in 

head weight in both seasons which 

mean that this treatment could be 

use economically than T10.The 

highest head weight produced by 

chicken fertilizer could be due to 
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the high N content and lower C:N 

ratio (Table2). The mean head 

weight produced in this study was 

higher than that reported in other 

studies and this partly attributed to 

varietal response to favorable  

environments (21). 

Results presented in (Table3) 

showed significant differences in 

head diameter due to the source of 

organic fertilizer. The greatest 

diameter found in T10 (13.5cm) in 

the first season ,while in second 

season there were no significant 

differences in head 

diameter,however,  the heads in T0 

were lose although the diameter is 

similar to other treatments . 

Similar results of the positive 

effect of chicken manure on 

cabbage head diameter was 

reported ( 17) . 

Table (4) shows that organic 

fertilizers affected the total yield 

in both seasons significantly. In 

the first season the highest yield 

(38.60 ton.ha
-1

)was obtained 

fromT10 (12% chicken manure ) 

while in second season the highest 

yield (75.32 ton.ha
-1

) was 

obtained fromT9 (8% chicken 

manure), whereas the lowest yield 

formed in  T2 in the first season 

(5% sheep manure ) and T0  (not 

fertilized plants) in second season 

(13.08 and 47.83ton.ha
-1

, 

respectively ). The highest 

cabbage yield obtained from 

organic  fertilizers might be 

attributed to that manures provide 

as source of all necessary macro 

and micronutrient in available 

form in addition to the improving 

of physical and biological 

properties of the soil (13,1). The 

highest production of cabbage 

found in treatments received 8 and 

12% of chicken manure and this 

may be due to the slow release of 

nutrients during growth stages in 

particular head formation stage in 

addition to higher nitrogen content 

and optimum C:N ratio (Table:2), 

while inorganic fertilizers provide 

nutrients to the growing plants at 

early stages (5). The highest 

concentration of N and P in 

chicken manure and the lowest 

C/N ratio may increase the rate of 

decomposition of manure that 

leading to higher vegetative 
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growth and yield (29).Mbatha (27) 

similarly found that chicken 

manure produced better yield and 

quality of cabbage heads. Results 

showed in Table(5) indicates that 

in first season, the highest leaf 

contents of NO3 in folded leaves( 

head) was noticed from T9 , with 

(770.80mg.kg
-1

) followed by 

treatment T8 with (756.30 mg.kg
-

1
) while, the lowest was obtained 

from T3 with (469.07mg.kg
-1

). In 

second season the highest NO3  

content  found in plants of T2  

treatment (sheep manure at 5%) 

with (763.20 mg.kg
-1

) which is 

statically not significantly 

different with the most of other 

organic or chemical fertilized 

plants. These results may indicate 

that both chemical and organic 

fertilizers may increase NO3 in 

plants, however, increased NO3  in 

organic manure treated plants may 

be due to the higher release of 

NH4- N to the soil where great 

amount of it biologically oxidized 

to NO3 and taken up by plants (4). 

Higher amount of nitrogen 

chemical fertilizer increase protein 

production and  the excess is 

accumulated as nitrate and stored 

in green leafy part of the plant 

(14). Nitrate accumulation in 

leaves increase due to the 

application of chemical fertilizer. 

Nitrogen amount could also be 

attributed to the increased rate of 

nitrogen absorption than 

assimilation within the plant. 

Howladar,et al.(20) also found 

that bio-nitrogen fertilizer resulted 

in production of broccoli plant 

with lower content of NO3 for 

human healthy nutrition the  than 

chemical fertilizer.  

Vitamin C of cabbage head was 

significantly affected by fertilizer 

treatment, in first season. T7 and 

T8 had the highest content (43.93 

and 42.95mg.100g
-1

 FWT 

respectively) while the lowest in 

T3  (35.47mg 100g
-1

 FWT) 

(Table6). In second season, the 

highest content of vitamin C was 

found in T10  (12%chicken manure 

), while the lowest was in T1 

(35.41mg.100g
-1

FWT). These 

results may be due to the fact that 

increased growth and higher 

accumulation of carbohydrates in 

organically grown cabbage 
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induced the synthesis of ascorbic 

acid (vitamin C)(34). Many 

researchers found similar positive 

effect of organic fertilizers on the 

amount of  vitamin C in cabbage 

(14, 17;23).  

Regarding oxalic acid,Table(7) 

illustrate that in first season the 

highest content of cabbage head 

oxalic acid found in T5 

(701.77mg.100g
-1

FWT). In 

second season,T6 andT5 had the 

highest content of oxalic acid 

(747.54 and 714.42mg.l00g
-1

 

FWT, respectively). Increased 

oxalic acid concentration by using 

organic fertilizers may be 

attributed to high rate of ca uptake 

that released from the manure 

decomposition as counterpart to 

preventCa toxicity (2).  

2- Spinach : 

Data in Table(8) showed that 

organic fertilization increased the 

number of leaves per plant during 

both seasons. In first season, 

chicken manure at 8% (T9) had 

the highest number of leaves 

(11.20 leaf .plant
-1

)whereas, the 

lowest leaf number in was found 

in T0 plants (7.13leaf.plant
-1 

). In 

second season,T10 produced the 

highest number of leaves 

(15.04leaf.plant
-1

), while (T0 ) had 

the lowest leaf number 

(10.03leaf.plant
-1

). The high 

number of leaves produced by 

chicken fertilizer application 

could be due to the high content of 

N and P which play a vital role in 

cell division and elongation (10).  

Leaf area data presented in 

Table(8) shows that T10 had the 

greatest leaf area in both seasons 

(1609.56 and 1456.85 cm
2
. Plant

-

1
,respectively ), while the lowest 

was in (T0 ) (181.44 cm
2
.plant

-1
 ) 

in first season, and T1and T0 in 

second season (513.15 and 561.22 

cm
2
 .plant

-1
, respectively ). 

Greater leaf area in spinach is one 

of the important quality traits , so 

increased leaf area economically 

effective. Increased spinach leaf 

area of chickenfertilizer at high 

rates (T9 and T10)may be due to 

high availability of N,P and K in 

this fertilizer (Table,2),in addition 

to the improved soil physical, 

chemical and biological 

character(2). Application of 
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organic fertilizer may affect plant 

growth as a source of growth 

promoters, auxins , vitamins and 

amino acid which positively affect 

vegetative growth (28). Data in 

Table(9) reveal that application of 

organic fertilizers regardless the 

source, produced higher yield 

when used at higher levels (T3 , 

T4,T6 ,T7 ,T9andT10) as compared 

to T1 . However, the highest yield 

(2.94 and 3.04 kg .m
-2

) obtained 

from in both seasons. Minimum 

yield was found in control 

treatment (T0) in first season 

(0.30kg.m
-2

) andT2 in the second 

season (1.35kg.m
-2

). This could be 

due to the fact that application of 

manure improves soil properties 

activity , water holding capacity , 

plant growth and yield 

(1;8;13;11). Ouda and 

Mahaden(30) refered that organic 

manure increased broccoli yield 

due to increased soil organic 

matter content , rate of 

decomposition, generation of CO2 

, and improving soil structure 

conditions,these encouraging 

better root and whole plant 

growth. 

Plant high yield of chicken 

fertilizer application may be due 

to high content of N,P and K 

(Table ,2). Similar results were 

reported by Xu et al ., (35) when 

leafy vegetables yield was greater 

than  that of synthetic fertilizer. 

Sajiraniet al., (32) also found 

greater spinach yield with organic 

fertilizer application. 

 Nitrates accumulation in spinach 

leaves is significantly affected by 

fertilizer source (Table, 9). In first 

season the highest nitrate content 

was (927.04mg.kg
-1 

ondry weight 

basis ,Dwt ) in T6 while, the 

lowest was(574.25mgkg
-1 

DWT) 

in T10)(Table 10). In second 

season the highest content of 

nitrates (1152.16mgkg
-1

 DWT) 

was recorded in T1 and T5 

whereas, the Lowest 

(622.59mg.kg-
1
DWT) in T10 . The 

lowest leaf content of NO3 of high 

level of organic fertilizer 

application (T10 ) may be related 

to the higher soil biological 

activity, larger leaf area that 

permits higher demands and faster 

conversion process of nitrates to 

amino acids and proteins , and 
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gradual conversion of organic 

nitrogen of the fertilizer to the 

nitrates from that allows a 

synchronized manure with plant 

nutrients demands. Chemical 

fertilizer on the other hands, 

dissolve faster resulting in the 

highest level of nitrates taken up 

by plant beyond the ability of 

spinach plant to reduce it and 

assimilate proteins , accumulate as 

nitrates. Ramachandran et al.,(31) 

found similar results with lower 

nitrates in spinach plants grown 

organically. okhet al .,(24) also 

reported that spinach grown under 

organic system had lower nitrates 

than that grown conventionally. 

 Table(11) reveal thatT9 had the 

highest content of vitamin C 

(41.42 mg.100g 
-1

FWT) in first 

season. However in second 

season, T3 had the highest vitamin 

C content which have no 

significant differences with T7 ,T9 

andT10 (36.08, 35.25 , 34.91 and 

34.30 mg. 100g
-1

 FWT, 

respectively ). The lowest vitamin 

C  content found in T0  in both 

seasons (24.09 and 26.30 mg.100g 

FWT, respectively ). Higher 

vitamin C content of organically 

grown spinach may support the C 

/ N balance theory of an  increase 

growth and biomass production in 

RCF grown plants because of high 

nitrogen availability that may 

have a diluting  effect on the 

concentration of ascorbic acid 

(24).Similar results were obtained 

by Citak and Sonmez (15) where  

vitamin C of organically grown 

spinach was higher than that  

grown conventionally.  

Table(12) revealed that the 

highest oxalic acid in first season ( 

1379.18 mg 100g
-1

FWT) was 

recorded fromT3 while the lowest 

(1037.55 mg .100FWT) was 

resulted T9. However , in second 

season the highest oxalic acid 

(1505.71 mg .100g FWT) was 

obtained  from T9  while the 

lowest ( 1095.23mg. 100g
-1

 FWT) 

was recorded in T0. Oxalates 

production increased with higher 

concentration of nitrates to limit 

soluble organic anions contents 

produced during NO3  reduction 

(18). Xu et al ., (35) reported that 

oxalate accumulated in some  
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Table 1:  Some physical and chemical properties of the experiment soil during 

thetwo seasons of 2012 and 2013 . 

 

Soil properties 
First season 2011-

2012 

Second season 

2012-2013 

Sand (g.kg
-1

) 48.9 48.6 

Silt (g.kg
-1

) 449.4 450 

Clay (g.kg
-1

) 501.7 501.4 

Soil texture Silty Clay Silty Clay 

E.C (dSm
-1

) 0.33 0.4 

Ph 7.11 7.51 

O.M (g.kg
-1

) 20.8 29.5 

CaCO3 (g.kg
-1

) 245 251 

Available Phosphate (mg.Kg
-1

) soil 6.8 6.12 

Total N (ppm) 0.1 0.12 

K
+
(meq.l

-1
) 0.25 0.21 

Na
+
(meq.l

-1
) 0.9 1.0 

Ca
2+

 (meq.l
-1

) 2.75 2.21 

Mg
2+

  (meq.l
-1

) 1.98 1.7 

CO3
2- 

(meq.l
-1

) 0.00 0.00 

HCO3
2- 

(meq.l
-1

) 8.59 8.11 

Cl
-  

( meq.l
-1

) 2.86 2.72 
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Table 2: The chemical analysis of the composted manure used in 

this experiment. 

Variables Unit 

Sheep manure Cow manure Chicken manure 

2012 2013 2012 2013 2012 2013 

Organic carbon 
(g.Kg

-

1
) 

330 309 270 339 367 362 

Total N 
(g.Kg

-

1
) 

23 21 21.2 22.5 30.2 30.5 

C:N ratio  14.34 14.71 12.73 15.06 12.15 12.27 

Total 

phosphorus 

(g.Kg
-

1
) 

10.1 8.5 10.6 8.3 9.7 10.6 

Total potassium 
(g.Kg

-

1
) 

15.5 19.1 19.9 16.1 19.7 23.8 

 

vegetable crops as a result of 

nitrate nutrition. 

 In  this investigation, results 

showed that  organically fertilized 

spinach plants had higher vitamin 

C content (table 11) and higher 

oxalic acid (T9 insecond season) 

as compared to RCF  treated 

plants. These results in agreement 

with the conclusion of okhet al., 

(24) that apositive correlation was 

found between ascorbic acid 

(vitamin C) and oxalate content in 

spinach plants. 

It could be concluded from this 

experiment that cabbage and 

spinach yield quantity and quality 

could be increased by manure 

application regardless the source . 

Soil analysis performed at 

Agriculture Research Center in 

Bakrajo 
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Table 3: Effect of fertilizer treatments on head weight and head diameter in 

2012 and 2013. 

†
 Heads were not formed in T0 and T1 infirst season 

††
Means with the same letters are not different significantly at L.S.D. test 

(P≤   0.05). 

Treatments 

Head weight (g) Head diameter (cm) 

2012 2013 2012 2013 

T0 (Control) -
†
 1492.11  - 19.12  

T1Chemical 

fertilizer  
- 1748.93  - 19.24  

T2  Sheep 5% 323.66 
††

 1971.47  8.55  19.67  

 T3  Sheep  10% 438.56  1713.29  9.53  18.48  

 T4  Sheep  15% 415.83  1745.00  9.38  19.36  

T5 Cow 5% 411.19  1576.56  9.35  18.16  

T6 Cow 10% 331.20  1581.01  9.53  18.79  

T7 Cow 15% 507.88  1548.53  10.23  18.00  

T8chicken 4% 711.35  1810.19  11.52  18.94  

T9 chicken  8% 787.02  1896.60  11.91  19.99  

T10 chicken  12% 926.37  1981.45  13.48  18.82  

LSD0.05 167.12 434.54 1.40 N.S. 
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Table 4:  Effect of fertilizer treatments on cabbage total yield in 2012 

and 2013. 

†
 Heads were not formed in T0 and T1 infirst season 

††
 Means with the same letters are not different significantly at L.S.D. test 

(P≤   0.05). 

Treatments 

Total yield (ton ha
-1

) 

2012 2013 

T0 (Control) -
†
 47. 83 

T1 Chemical fertilizer - 63.40 

T2  Sheep 5% 13.08 
††

 64.47 

T3  Sheep  10% 16.76 64.05 

T4  Sheep  15% 17.33 70.77 

T5 Cow 5% 14.04 59.07 

T6 Cow 10% 13.80 62.08 

T7 Cow 15% 20.45 62.67 

T8Chicken 4% 28.79 68.77 

T9Chicken  8% 32.79 76.65 

T10Chicken  12% 38.60 75.32 

LSD0.05 6.10 11.56 
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Table 5: Effect of fertilizer treatments on cabbage nitrate content of 

folded leaves in 2012 and 2013 season. 

†
Heads were not formed in T0 and T1 infirst season. 

††
Means with the same letters are not different significantly at L.S.D. test 

(P≤  0.05). 

Treatments 

Nitrate (mg.kg
-1

) 

2012 2013 

T0 (Control) - 
†
 294.13 

T1 Chemical fertilizer - 714.70 

T2  Sheep 5% 523.10 
††

 763.20 

T3  Sheep  10% 469.07 761.20 

T4  Sheep  15% 571.67 754.77 

T5 Cow 5% 644.97 662.77 

T6 Cow 10% 560.70 671.07 

T7 Cow 15% 644.87 647.17 

T8 Chicken 4% 756.30 669.77 

T9 Chicken 8% 770.80 666.63 

T10 Chicken 12% 524.33 715.03 

LSD0.05 79.11 96.66 
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Table 6: Effect of fertilizer treatments on cabbage vitamin C content in 

2012 and 2013 

†
 Heads were not formed in T0 and T1 infirst season. 

††
Means with the same letters are not different significantly at  L.S.D.  test  

 

Treatments 

Vitamin C 

(mg.100g
-1

Fwt) 

2012 2013 

T0 (Control) - 
†
 36.13 

T1 Chemical fertilizer - 35.41 

T2  Sheep 5% 40.07
††

 39.25 

T3  Sheep  10% 35.47 35.86 

T4  Sheep  15% 38.28 36.47 

T5 Cow 5% 41.51 37.91 

T6 Cow 10% 38.14 36.08 

T7 Cow 15% 42.95 38.41 

T8 Chicken 4% 43.93 37.30 

T9 Chicken 8% 39.19 38.86 

T10 Chicken 12% 40.39 39.74 

LSD0.05 7.04 3.70 
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Table (7): Effect of fertilizer treatments on cabbage oxalic acid content in 2012 

and2013. 

†
Heads were not formed in T0 and T1 infirst season. 

††
Means with the same letters are not different significantly at L.S.D.  test 

(P≤ 0.05). 

 

Treatments 

Oxalic acid 

(mg.100g
-1

Fwt) 

2012 2013 

T0 (Control) -
†
 532.65 

T1Chemical fertilizer - 545.30 

T2 Sheep 5% 583.26 
††

 646.53 

T3  Sheep  10% 659.18 557.96 

T4  Sheep  15% 656.46 646.53 

T5 Cow 5% 701.77 714.42 

T6 Cow 10% 557.96 747.75 

T7 Cow 15% 595.92 625.85 

T8Chicken  4% 613.19 444.08 

T9Chicken  8% 621.22 709.79 

T10Chicken  12% 583.26 646.53 

LSD0.05 99.54 150.85 
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Table 8: Effect of fertilizer treatments on spinach leaf number and leaf area in 

2012 and 2013. 

†
Means with the same letters are not different significantly at L.S.D. test (P≤   

0.05). 

Treatments 

Leaf number. plant-1 

Leaf area 

(cm2.plant-1) 

2012 2013 2012 2013 

T0 (Control) 7.13 
†
 10.03  181.44  561.22  

T1 Chemical 

fertilizer  
7.34  10.35  907.00  513.15  

T2  Sheep 5% 9.69  10.28  609.98  595.46  

 T3  Sheep  10% 10.04  11.60  549.81  778.06  

 T4  Sheep  15% 10.66  13.23  844.77  974.24  

T5 Cow 5% 9.37  11.77  592.68  731.58  

T6 Cow 10% 9.33  12.90  1260.01  916.04   

T7 Cow 15% 9.50  13.25  666.61  908.45  

T8 Chicken 4% 9.43  10.99  993.05  1043.28  

T9 Chicken 8% 11.20  12.71  1106.05  1211.26  

T10 Chicken 12% 10.43  15.04  1609.56  1456.85  

LSD 0.05 1.16 1.82 537.87 289.54 
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Table 9: Effect of fertilizer treatments on spinach yield in 2012 and 2013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

†
Means with the same letters are not different significantly at L.S.D. test (P≤   

0.05). 

 

Treatments 

Total yield (kg.m
-2

) 

2012 2013 

T0 (Control) 0.30 
†
 1.46  

T1 Chemical 

fertilizer  
1.11  1.53  

T2  Sheep 5% 1.31  1.35  

 T3  Sheep  10% 1.53  1.67  

 T4  Sheep  15% 2.10  2.19  

T5 Cow 5% 1.96  2.00  

T6 Cow 10% 1.88  3.00  

T7 Cow 15% 1.85  2.75  

T8Chicken 4% 1.75 1.69  

T9Chicken 8% 2.94  3.04  

T10Chicken 12% 2.51  2.61  

LSD0.05 0.39 0.64 
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Table 10: Effect of fertilizer treatments on spinach nitrate content in 

2012 and 2013. 

†
Means with the same letters are not different significantly at  L.S.D.  test 

(P≤ 0.05). 

 

Treatments 

Nitrate (mg.kg
-1

Dwt) 

2012 2013 

T0 (Control) 692.81 
†
 911.15 

T 1Chemical fertilizer 809.37 1152.16 

T2  Sheep 5% 852.77 1029.22 

T3  Sheep  10% 638.12 1085.50 

T4  Sheep  15% 907.47 1069.10 

T5 Cow 5% 748.18 1152.16 

T6 Cow 10% 927.04 894.75 

T7 Cow 15% 638.12 902.95 

T8Chicken 4% 835.32 981.66 

T9Chicken 8% 844.49 788.73 

T10Chicken 12% 574.25 622.59 

LSD0.05 203.47 201.70 
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Table 11: Effect of fertilizer treatments on Spinach vitamin C content in 

2012 and 2013. 

†
Means with the same letters are not different significantly at  L.S.D.  test 

(P≤ 0.05). 

 

Treatments 

Vitamin C (mg.100g
-1

Fwt) 

2012 2013 

T0 (Control) 24.09
  †

 26.30 

T1 Chemical fertilizer 30.61 32.63 

T2  Sheep 5% 25.84 34.13 

T3  Sheep  10% 33.32 36.08 

T4  Sheep  15% 35.42 30.30 

T5 Cow 5% 35.42 34.24 

T6 Cow 10% 31.56 27.75 

T7 Cow 15% 32.72 35.25 

T8Chickeny 4% 39.91 32.08 

T9Chicken 8% 41.42 34.91 

T10Chicken 12% 39.70 34.30 

LSD0.05 8.15 6.07 
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Table 12: Effect of fertilizer treatments on oxalic acid content of 

spinach in 2012 and 2013. 

†
Means with the same letters are not different significantly at L.S.D.  test 

(P≤ 0.05). 

  

Treatments 

Oxalic acid 

(mg.100g
-1

Fwt) 

2012 2013 

T0 (Control) 1202.04 
†
 1095.23 

T1Chemical fertilizer 1341.22 1366.52 

T2 Sheep 5% 1379.18 1139.99 

T3  Sheep  10% 1353.87 1290.61 

T4  Sheep  15% 1303.26 1275.78 

T5 Cow 5% 1303.26 1377.00 

T6 Cow 10% 1417.14 1204.48 

T7 Cow 15% 1277.95 1252.65 

T8Chicken 4% 1290.61 1456.32 

T9Chicken 8% 1037.55 1505.71 

T10Chicken 12% 1075.51 1351.69 

LSD0.05 259.44 212.82 
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انًصادر ٔانًطخٕٚاث انًخخهفت نلأضًذة انعضٕٚت فٙ انصفاث انكًٛت ٔانُٕعٛت نحاصم  دٔر

 انهٓاَت ٔانطباَغ

 فاضم حطٍٛ انصحاف     خَٕجت كًال حٕفٛك *

 لطى انبطخُت ُْٔذضت انحذائك     لطى انبطخُت ُْٔذضت انحذائك

 كهٛت انسراعت       كهٛت انعهٕو انسراعٛت

 ردضخاٌ / جًٕٓرٚت انعراق               جايعت انكٕفت / جًٕٓرٚت انعراقجايعت انطهًٛاَٛت/ الهٛى ك

Fadhilh.alsahaf@uokufa.edu.iq 

 المستخلص :

نًمارَذذذذذت  ضذذذذذافت انطذذذذذًاد  2013-2012ٔ  2012-2011َفذذذذذرث حجرلذذذذذت حمهٛذذذذذت نهًٕضذذذذذى ان ذذذذذخٕ٘  

يذذذذث  م ذذذذت يصذذذذادر يذذذذٍ ا ضذذذذًذة انعضذذذذٕٚت ( 26لبذذذذم ي هذذذذٕ) ٔ خذذذذرٌٔ لذذذذّ يذذذذٍ  انكًٛٛذذذذأ٘ انًٕصذذذذٗ

(, صذذذذُب كٕلُٓذذذذذاجٍ Brassica oleracea var.capitataانًخًذذذذرة فذذذذٙ كًٛذذذذذت َٕٔعٛذذذذت انهٓاَذذذذت  

( انصذذذذُب انًحهذذذذٙ. حضذذذذًُج انًعذذذذايمث انطذذذذًاد انًٕصذذذذٗ لذذذذّ .Spinacea oleracea Lٔانطذذذذباَغ  

RCF))(T1 ) حجى/حجذذذذى( حًلذذذذم انًعذذذذايمث  15 10ٔ, 5 لًطذذذذخٕٚاث ٔا لمذذذذار ا غُذذذذاو , ضذذذذًاد  %

T7,T6,T5, T4 ,T3,T2 ٗيلهذذذ  %  حجى/حجى(12 ٔ 8, 4لًطذذذخٕٚاث  انذذذذٔاجٍ انخرحٛذذذ  , ٔضذذذًاد عهذذذ

8T10,T9,T  ضذذذذافت  نذذذذٗ يعايهذذذذت انًمارَذذذذت T0 حٛذذذذ  نذذذذى حضذذذذب خٚذذذذت خضذذذذًذة . خه ذذذذج يصذذذذادر ا ضذذذذًذة

خٔ زراعذذذت لذذذرٔر انطذذذباَغ لع ذذذرة خٚذذذاو فذذذٙ حذذذٍٛ خٌ انطذذذًاد  انعضذذذٕٚت حطذذذ  انًعذذذايمث لبذذذم  ذذذخم انهٓاَذذذت

كغى.ْكخذذذار 400(  ذذذًم RCFانكًٛٛذذذأ٘ انًٕصذذذٗ لذذذّ  
-1

  انفٕضذذذفاث  ُائٛذذذت ا يَٕٛذذذٕو(   DAPيذذذٍ انذذذ  

كغى.ْكخذذار 60+ 
-1

خضذذذفم خذذظ انُباحذذذاث فذذذٙ خُذذذذق   DAPيذذذٍ انٕٛرٚذذذا نكذذم يحصذذذٕل . خضذذذٛب ضذذذًاد انذذ   

 َبذذاث انطذذباَغ . خضذذٛفج انٕٛرٚذذا لعذذذ يذذرٔر  ذذٓر يذذٍ  ضذذافت انذذ   لعذذذ خضذذبٕعٍٛ يذذٍ  ذذخم انهٓاَذذت خٔ حكايذذم

DAP  ٔلذذذُفص ان رٚمذذذت . ٔزعذذذج انًعذذذايمث حطذذذ  حصذذذًٛى انم اعذذذاث انكايهذذذت انًع ذذذاةRCBD   للم ذذذت

 يكرراث . ًٔٚكٍ  ٚجاز انُخائج كاٜحٙ :

فذذذٙ كذذذم انًٕضذذذًٍٛ  (  َخجذذذج خكبذذذر ٔزٌ نهذذذرلٔش فذذذٙ انهٓاَذذذتT10%  12ضذذذًاد انذذذذٔاجٍ انًخًذذذر لًطذذذخٕٖ 

 T10غذذذذى (عهذذذذٗ انخرحٛذذذذ  . خعهذذذذٗ  َخاجٛذذذذت فذذذذٙ انًٕضذذذذى ا ٔل كاَذذذذج عُذذذذذ انًعايهذذذذت  1981.5ٔ  926.4 

طٍ.ْكخذذذذذار 38.60 
-1

طٍ.ْكخذذذذذار T9  76.65( لًُٛذذذذذا فذذذذذٙ انًٕضذذذذذى انلذذذذذاَٙ كاَذذذذذج عُذذذذذذ انًعايهذذذذذت 
-1

 . )

NO3يحخذذذٕٖ انذذذرلٔش يذذذٍ انُخذذذراث  
-

ضذذذًذة انكًٛٛأٚذذذت خٔ ( كذذذاٌ يرحفذذذث فذذذٙ انُباحذذذاث انًطذذذًذة ضذذذٕا  لا 

خعهذذٗ انًطذذخٕٖ انًذذف ر فذذٙ صذذحت ا َطذذاٌ .انعضذذٕٚت يمارَذذت لُباحذذاث انمٛذذاش نكذذٍ انًحخذذٕٖ نذذى ٚصذذم  نذذٗ 

mailto:Fadhilh.alsahaf@uokufa.edu.iq
mailto:Fadhilh.alsahaf@uokufa.edu.iq


 

 

 

1027   127  – 132  : ) 2 (  2   Kufa Journal  For Agricultural  Sciences  

967 
 
 

غذذذى 100يهغذذذى. T7ٔ T8 43.93  ,42.95ٔجذذذذ فذذذٙ انهٓاَذذذت انًطذذذًذة لانًعذذذايهخٍٛ  Cيطذذذخٕٖ يذذذٍ فٛخذذذايٍٛ 
-

1
فذذذٙ انًٕضذذذًٍٛ عهذذذٗ 5T6,T5,Tٔزٌ طذذذر٘( . خعهذذذٗ حركٛذذذس نحذذذايو ا ٔكسانٛذذذلا ٔجذذذذ فذذذٙ انًعذذذايمث  

 انخرحٛ  ٔانخٙ حًلم يعايمث ضًاد ا لمار .

خعهذذذٗ حاصذذذم يذذذٍ انطذذذباَغ َذذذخج يذذذٍ انًعذذذايمث لا ضذذذًذة انعضذذذٕٚت ٔلذذذ عهٗ انًطذذذخٕٚاث لغذذذو انُ ذذذر عذذذٍ  

كغذذذذذى.و 3.04ٔ  2.94نهًٕضذذذذذًٍٛ  T9 انًصذذذذذذر ٔخعمْذذذذذا فذذذذذٙ انًعايهذذذذذت  
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( يمارَذذذذذت لًعايهذذذذذت انطذذذذذًاد 

كغذذذذذذى.و RCF  )T1 ) 1.11  ٔ1.53 انكًٛٛذذذذذذأ٘ 
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( نهًٕضذذذذذذًٍٛ عهذذذذذذٗ انخرحٛذذذذذذ  . خعهذذذذذذٗ يحخذذذذذذٕٖ يذذذذذذٍ 

فذذذٙ انًٕضذذذى انلذذذاَٙ . خعهذذذٗ  T1  ٔT5 فذذذٙ انًٕضذذذى ا ٔل ٔ T6انُخذذذراث فذذذٙ انطذذذباَغ ٔجذذذذث فذذذٙ انًعايهذذذت 

فذذذٙ انًٕضذذذى انلذذذاَٙ . نذذذى ٚ ٓذذذر  T3فذذذٙ انًٕضذذذى ا ٔل ٔ  T9ٔجذذذذ فذذذٙ انًعايهذذذت  Cيحخذذذٕٖ يذذذٍ فٛخذذذايٍٛ 

 T9فذذٙ انًٕضذذى ا ٔل فذذٙ حذذٍٛ كذذاٌ فذذٙ  T3يعذذٍٛ حٛذذ  خعهذذٗ حركٛذذس  ٓذذر فذذٙ حذذايو ا ٔكسانٛذذلا  حجذذاِ 

 ى انلاَٙ .فٙ انًٕض

 كهًاث يفخاحٛت : خضًذة عضٕٚت يخًرة , نٓاَت , ضباَغ 

 

 

 

 

 

 

 

 

 

 * جس  يٍ خطرٔحت دكخٕراِ نهباح  ا ٔل .


