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Abstract

Ahmad, T., M. Amjad, Q. Iqbal, A. Nawaz and Z. Iqbal, 2014. Integrated nutrient management practices 
improve growth and yield of carrot. Bulg. J. Agric. Sci., 20: 1457-1465

Soil nutritional status and their availability to plant is an important abiotic factor influencing the vegetables productivity. 
Integration of farmyard manure (FYM), leaf manures (LF), poultry manure (PM) and chemical fertilizers have pronounced 
effect on carrot growth and yield. In this study, 14 treatment combinations of FYM, LF, PM and urea based on the total nitro-
gen requirement was tested for two carrot cultivars (T-29 and Oranza). The experiment was laid out in Randomized Complete 
Block Design (RCBD) with factorial arrangements and replicated thrice. Results indicated that T-29 was significantly better 
for all the growth and yield attributes as well as nutrient uptake in leaves except root firmness and root to shoot ratio where 
Oranza showed its superiority. Among different fertilizer treatment combinations of FYM, LM, PM and urea, both carrot cul-
tivars performed better when half PM + half FYM was applied. Overall results revealed that combination of organic sources 
to meet nutritional requirements of carrot would be beneficial not only to improve carrot productivity but also reducing the 
rising input costs of inorganic fertilizers.
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Introduction

Carrot is one of the major vegetable crops grown through-
out the world (Vilela, 2004) and considered to be an impor-
tant economical vegetable as it has large yield per unit area 
(Hassan et al., 2005). The inclusion of carrots in human diet 
is highly appreciated due to high nutritional and positive 
impact on human health and immunity systems (Bressani, 
2000). This is cheaply available and is equally consumed by 
poor and rich people in Pakistan (Amjad et al., 2013). Soil is 
the basic pool of plant nutrients however; it does not contain 
adequate reserve to supply sufficient amounts of nutrient ele-
ments to meet the increasing requirements for higher produc-
tion. Proper use of mineral fertilizers and organic manures is 
of significant importance for obtaining high yield and quality 
produce. These also play role to prevent adverse effects on 
soil health and environment (Rani and Mallareddy, 2007). 

Excessive usage of inorganic fertilizers adversely affects 
soil health and environment. But indiscriminate application of 
inorganic fertilizer changes physical, chemical and biological 
properties of soil as well as reduces the fertility status of soil 
(Zakir et al., 2012). Manure is key factor in restoring the pro-
ductivity of degraded soils as it supplies multiple nutrients, 
decreasing soil pH and improves soil organic matter, which 
in turn improves the physical and microbial properties of the 
soil (Zingore et al., 2007). Well-decomposed manure enhanc-
es the vegetative growth, fresh root yield and quality of car-
rots (Jeptoo et al., 2013). The main sources of organic matter 
in Pakistan are; cattle dung, urine, litter, crop residues/waste 
like sugarcane trash, straw, poultry, sheep and goat dropping, 
waste from fruit and vegetables, press mud from sugar indus-
tries, rice husk and bran/dust from textile industries. These 
all can be used for up lifting and maintaining organic matter 
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to conserve soil fertility and physical condition to increase 
the fertilizer use efficiency (Khan et al., 2010).

Carrots have not been traditionally supplied with animal 
manures, such as poultry manure, applied before planting or 
as a side dressing. Nutrient content of poultry manures is the 
highest among all manures and provides appreciable quanti-
ties of all important plant nutrients (Sims and Wolf, 1994). It 
is relatively resistant to microbial degradation but essential 
for establishing and maintaining optimum soil physical con-
dition and plant growth. It is also very cheap and effective 
as a good source of N for sustainable crop production while 
inorganic fertilizer is no longer within the reach of poor-re-
source farmers due to its high cost (Rahman, 2004). Poultry 
manure contains higher nitrogen and phosphorus compared 
to other bulky organic manures and average nutrients con-
tents in poultry manure were N-3.03%, P-2.63% and K-1.4% 
(Guled et al., 2003). Research trials have indicated increased 
yield and advanced maturity using poultry manure as a pre-
planting treatment without increasing the percentage of root 
forming (Phillips et al., 2002). Use of poultry manure or other 
animal manure not only increases the soil inorganic N pool 
(Abbasi et al., 2007) but also increases the seasonal soil N 
mineralization available to the crops (Ma et al., 1999). Keep-
ing in view the importance of different nutrients for crop 
productivity, present study was designed to generate precise 
information for local farming community by assessing the 
efficacy of inorganic and organic fertilizers sources on carrot 
yield and quality.

Materials and Methods

Seeds of two commercially grown carrot cultivars Oran-
za (Nantes-type, F1 Hybrid, Orange) and T-29 (Open Polli-
nated, Red) were obtained from Agricopak (Pvt.) Limited, 
Gujranwala, Pakistan and Ayub Agriculture Research Insti-
tute, Faisalabad, Pakistan respectively. Direct seeding was 
done on ridges to establish crop. Experiment was laid out 
in Randomized Complete Block Design (RCBD) with fac-
torial arrangements and replicated three times. There were 
14 treatment combinations based on the total nitrogen re-
quirement of carrot viz., To (control), T1 (FYM) , T2  (PM), 
T3 (LM) , T4 (½ PM  + ½ FYM), T5 (½ PM + ½ LM); T6 ( ½ 
LM & PM + ½ FYM), T7 (Only chemical fertilizer please 
explain the rate), T8 ( ¼ FYM+ ¾ chemical fertilizer), T9 (¼ 
PM + ¾ chemical fertilizer), T10 (¼ LM + ¾ chemical fertil-
izer), T11 (¾ + ¼ chemical fertilizer), T12 (¾ PM + ¼ chemical 
fertilizer) and T13 (¾ LM + ¼ chemical fertilizer). The phys-
ic-chemical analysis of soil was before sowing the crop was 
given in Table 1. Nutrient sources used in the current study 
were farm yard manure (NPK: 0.29%:0.17%:0.35%), poul-

try manure (NPK: 1.63%:1.54%:0.85%), leaf manure (NPK: 
0.20%:0.12%:0.18%) and urea (NPK: 46%:0:%:0%).  

Data collection
Data on plant height, number of leaves plant-1, leaf area 

(cm2), root length, root diameter, harvest index, root firmness 
root: shoot ratio, flesh: pith ratio and juice recovery (%) were 
recorded from ten randomly selected plants at harvest. Leaf 
area was measured with the help of portable leaf area me-
ter (CI-202 CID Inc.). The root firmness was measured ac-
cording to the method outlined by Rashid et al. (2010) using 
a Hounsfield texture analyzer (Hounsfield Corp., UK). Root 
color was noted using visual scale for both the cultivars i.e. 
Pale red (1), Red (2) and Deep red (3) for T-29 and Pale Or-
ange (1), Orange (2) and Deep Orange (3) for Oranza. Harvest 
index was calculated by the following formula:

Harvest index = Root yield/Root yield + vegetative yield ×100

The initial weight of ten carrot roots was noted and juice 
was extracted from Juicer/Blender (Model: MJ-W176P; Pa-
nasonic, Japan). The weight of carrot pomace was noted and 
juice recovery percentage was calculated by the following 
formula:

Percent juice recovery (%) = Total weight of carrot root/ 
Total weight of carrot pomace × 100

Determination of leaf nutrient elements	
The cleaned young leaves were collected from each of the 

ten selected plants in a replication and dried in an oven for 48 
hours at 65°C, cooled with a drying agent (Silica Gel) for 1 
hour. Dried samples were ground to fine powder in an electric 
stainless steel grinder and stored in properly labelled airtight 
plastic bottles. Nitrogen (N) was determined as described 
by Chapman and Parker (1961). The digestion for estimation 
of P and K was done according to the method described by 
Yoshida et al. (1976). Potassium was determined by flame 
photometric while phosphorus by spectrophotometric meth-
od (Chapman and Parker 1961). 

Table 1
Soil characteristics of the experimental site 

Soil type Sandy loam
N, % 0.04%
P, ppm 10.96
K, ppm 220
OM, % 0.49
pH 8.3
EC, dSm-1 0.92
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Statistical analysis
Analysis of variance of the data from each attribute was 

computed using the statistical software Statistica®. The Least 
Significant Difference test (LSD) at 5% level of probability 
was used to test the differences among mean values (Steel et 
al., 1997).

Results

Morphological traits
Data regarding plant height depicted significant differ-

ences between two carrot cultivars and it was highest (42.81 
cm) in T-29 than Oranza (20.64 cm). Among different nu-
trient treatments, maximum (39.98 cm) plant height was re-
corded in T4, which was statistically at par with T10, T11 and 
T3. However, minimum plant height (22.42 cm) was record-
ed in T0 (Table 2). The interactive effect between cultivar 
× treatments was also significant for this trait (Figure 1A). 
The data pertaining to number of leaves illustrated signifi-
cant superiority of ‘T-29’ (7.87) than ‘Oranza’. Similarly all 
fertilizer treatments differ significantly with highest (8.67) 
number of leaves was recorded in T4 while minimum (4.67) 
number of leaves were observed in T0 (control) plants. Table 
2 revealed that T4 was statistically at par with T10 and T11 re-
spectively (Table 2). However, interaction between cultivar 
× treatments was observed non-significant (Table 2). Both 
carrot cultivars differed significantly for leaf area and it was 
greater (245.38 cm2) in ‘T-29’ than ‘Oranza. As for as the ef-
fect of different fertilizer treatments leaf area is concerned, 
it was highest (257.06 cm2) in T4 which was statistically at 
par with T5, T6, T7 and T8 respectively. However, minimum 
leaf area was recorded in T0 while interactive effect between 
cultivar × treatments was non-significant. Oranza depicted 
higher (71.23%) values of harvest index as compared to T-29 
(47.25%). Among different fertilizer treatments, T4 gave sig-
nificantly higher (67.99%) harvest index followed by T7, T6, 
T11 and T12 respectively while it was minimum (49.99%) in 
T0. The interaction between cultivar × treatments was non-
significant (Table 2).

Yield and yield components  
Both carrot cultivars showed significant differences for 

firmness and it was higher (2888.1 N) in Oranza than T-29 
(2726.2 N). Among different fertilizer treatments, it was 
greater (3179.30 N) in T4 followed by T10, which was statisti-
cally at par with T1, T5, and T6 respectively. However, mini-
mum (2263.30 N) value for firmness was observed in T0 
(Table 2). Interaction between cultivar × treatments was ob-
served significant (Figure 1 A).  Both cultivars showed sta-
tistically similar response for root color but fertilizer treat-

ments differ significantly for this trait as compared to control 
treatment (Table 2).

The cultivar T-29 exhibited significant superiority for 
root length and width over Oranza (20.49 cm & 29.63 mm). 
Similarly, both root length and width were highest (21 cm & 
30.38 cm) in T4 followed by T10 and T11 respectively while it 
was lowest in T0 (Table 2). The interaction between culti-
var × treatments was found significant (Fig. 1B). Significant 
differences in root fresh weight were observed for both car-
rot cultivars and it was highest (94.61 g plant-1) in T-29 than 
Oranza (62.68 g). All the fertilizer treatments also  differ sig-
nificantly for this reproductive trait and it was higher (128.18 
g plant-1) in T4 followed by T9, T6, T11, T10 and T3 while it was 
minimum (38.91 g plant-1) in T0. The interaction between cul-
tivar × treatments was significant (Figure 1C).

Flesh to pith ratio was significantly higher (1.63) in T-29 
than Oranza (1.53). All fertilizer treatments differ signifi-
cantly for flesh: pith ratio and it was highest (1.76) in T13 fol-
lowed by T7, T6, T4 and T2 respectively while it was minimum 
in T0 (Table 2). Interaction between cultivar × treatments for 
flesh: pith ratio was non-significant. Data pertaining to root: 
shoot ratio exhibited significant superiority of Oranza (2.62) 
over T-29. Similarly, among different combinations of fer-
tilizer treatments root: shoot ratio was significantly higher 
in T4 (2.31) while it was statistically at par with T9, T11, T7, 
T10, T12, T3, T6, T1 and T8 respectively. However lowest values 
(1.41) for flesh to pith ratio were recorded in T0 (Table 2). In-
teraction between cultivar × treatments was non-significant 
(Table 2).

Maximum juice recovery (37.99%) was observed in T-29 
than Oranza while T4 indicated the highest (46.53%) juice re-
covery among different treatments and it was statistically at 
par with T2, T3 and T9 respectively. However, minimum juice 
recovery (16.92%) was recorded in carrots grown in T0 plants 
(Table 2). Interaction between cultivar × treatments was sig-
nificant and both cultivars gave highest juice recovery in T4 
(Figure 1D).

Leaf nutrient contents
Data regarding leaf nitrogen, phosphorus and potash con-

tents indicated that their concentration was higher (2.39%, 
0.23% and 3.07%, respectively) in ‘T-29’ than Oranza’. All 
fertilizer treatments differed significantly than control and 
T4 showed its superiority for N, P and K uptake in carrot 
leaves. The highest leaf nitrogen was observed in T4 fol-
lowed by T2, T10, T11, T1 and T13 respectively. Similarly, T4 
gave higher (0.40%) values for phosphorus contents and it 
was statistically at par with T1, T9, T11, T8, T13 but differ sig-
nificantly with followed by T13, T7, T10 , T6 and control. The 
highest (3.14%) values were observed in T4, which was sta-
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(C) root length and (D) juice recovery; Vertical bars indicate standard error.  n= 3 replicates
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tistically at par with T3, T11, T2, T1, T7, T5, T13, T8 and T10 
followed by T9, T12 whereas minimum potash contents were 
observed in T0. Interaction between cultivar × treatments 
was observed significant for leaf N, P and K contents (Fig-
ures 1 and 2).

Discussion

Morphological parameters
Present results indicated that both cultivars and fertil-

izer treatments differed significantly for plant height, num-
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ber of leaves and leaf area with ‘T-29’ showed superiority 
over ‘Oranza’. All treatment combinations from different 
nutrient sources significantly increase plant height, num-
ber of leaves and leaf area than control in both carrot cul-
tivars. This could be attributed to the improvement in soil 
structure and enhanced nutrient and moisture availability 
and uptake that may have favoured plant growth due to ap-
plication of organic fertilizer. Leaf area fairly gives a good 
idea of photosynthetic capacity of the plant. Significant dif-
ferences were noticed with regard to leaf area among the 
treatments and cultivars. The treatment T4 showed signifi-
cantly higher leaf area which could be due to increased cell 
division and elongation resulting in increased leaf expan-
sion, more number of leaves due to beneficial influence of 
bio-fertilizers which release growth promoting substances 
and enhances the availability of nitrogen (Mog, 2007). Both 
T-29 and Oranza depicted higher root biomass under differ-
ent fertilizers treatments, which might be due to, increased 
translocation of assimilates from leaf to the economic part 
as reported elsewhere (Ali et al., 2003). 

Yield related parameters
Firmness in carrots is very important for the mainte-

nance of proper texture and it depends on the moisture con-
tents of the carrot roots. Greater the moisture contents in 
carrot roots, lesser will be the firmness. In present study, 
less firmness in T-29 could be due higher moisture contents 
as compared to Oranza. Root color of both carrot culti-
vars was better for all treatments than control, which in-
dicated that the carrots grown with different combination 
of manures accumulated more carotenoids than control, and 
showed more intense color. Amount of total carotenoids and 
the accumulation of specific pigments is the main determi-
nant of the visual color of carrot roots (Umiel and Gabel-
man, 1971). The amount of carotene and color of the root are 
determined genetically as well as growing conditions in the 
field. Generally, the carotene concentration correlates with 
an orange/red color and increases with light, fertilizer and 
age (Northolt et al., 2004).

Root length of carrot depends on the physical charac-
teristics of the soil. The highest root length in T4 might be 
due to the positive effects of FYM and PM on the physical 
characteristics of soil. Primarily, root diameter is a culti-
var characteristic as different cultivars have different shape 
and size of the root. Secondly, different types and amount 
of fertilizers have significant effect on plant growth and de-
velopment. In present study, difference in root size might 
be due to variation in genotype and fertilizer combinations. 
These findings are also in accordance as reported by Mog 
(2007) that different combinations of organic significantly 

affected root length and diameter and biofertilizers. The 
minimum size of carrot roots was witnessed in control than 
all other fertilizer treatments. In general, root fresh weight 
of both cultivars was greater for all fertilizer treatments as 
compared to control, which indicated that the carrots grown 
with different combination of fertilizers/manures accumu-
lated more nutrients than control, and showed better growth 
and yield. These results are supported by the findings of 
Mog (2007) and Dawuda et al., 2011) that fresh weight of 
root was influenced by organics and bio-fertilizers as com-
pared to control but in contradiction with Wudiri and Hen-
derson (1985) that under high nitrogen application the plant 
grew well but had low yield because the vegetative growth 
was favored over root growth. They observed decrease in 
root weight due to excess N- fertilizer application above the 
recommended rate, which could be associated with the en-
hanced vegetative growth of carrot rather than root develop-
ment due to high rate of N-fertilizer. 

Both carrot cultivars differ significantly for root to shoot 
ratio under different treatment combinations and it was high-
er in Oranz. Root: shoot ratio is used as an indicator of effi-
ciency of root production in relation to shoot growth. Grow-
ers sometimes relate greater shoot growth with greater root 
yields. Higher shoot growth with greater root: shoot ratios 
would point out more proficient root production, which is de-
sirable for carrots (Hochmuth et al., 2006). Carrot juice is 
gaining attractiveness due to its reasonably lower cost than 
other fruit juices and high nutritive value. Mainly, juice re-
covery depends on the moisture contents in carrot root and 
the type of machine being used for extraction of juice. As the 
dry matter contents are less in ‘T-29’ when compared with 
‘Oranza’, this might be the possible reason for higher juice 
recovery in ‘T-29’. Similarly, fertilizers provide essential nu-
trients to crop plants for better growth, yield and yield com-
ponents of carrot that ultimately leading towards the differ-
ence in juice recovery percentage. The highest juice content 
was obtained from the carrot plants treated with half PM and 
half FYM which might be due to better soil structure and 
easy movement of water and nutrients in response to organic 
fertilizer application. These results are in consistent with the 
findings of Hailu et al. (2008) that different fertilizer treat-
ments had significant effect on the juice recovery of carrot.  

Leaf nutrient contents
Overall results revealed that ‘T-29’ had higher concentra-

tions of N, P and K as compared to ‘Oranza’, which could 
be attributed to their genetic background as well as differ-
ent combinations of fertilizer, applied. Present results showed 
that nitrogen accumulation of carrot roots was significantly 
higher from organic fertilizer as compared to mineral ferti-
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lizers. Nitrogen (N) management in carrot production sys-
tems is critical for increasing efficiency of crop production, 
decreasing costs, and decreasing nitrate-leaching losses to 
groundwater. Nutritionally, N content of the plant is of great 
importance since it reflects directly the protein content (Jans-
son et al., 1985). Our results are in contradiction with the 
findings of Warman and Havard (1997); Phillips et al. (2002); 
Herencia et al. (2007) who reported higher N contents in car-
rot, bean, beet root, chard, pepper and tomato when fertilized 
with mineral fertilizer. The concentrations of P and K in car-
rot roots were in the range of 0.23% and 3.07%, respective-
ly as reported by Jansson (1985) and Reuter and Robinson 
(1997). Both P and K contents were maximum in organically 
cultivated carrots as compared to those grown under min-
eral fertilizers as reported by Evers (1989). Organic manures 
improve soil physical structure and water holding capacity, 
resulting in a more extensive root development and enhanced 
soil microbial activity affecting availability of micronutrient 
levels in soil to plants (Stevenson 1994 add new reference 
too). On the other hand, it might be assumed that lower yield 
after organic fertilizer application favours high accumula-
tions of minerals in carrots.

From these results it can be concluded that cultivar T-29 
performed better than Oranza for different productive and 
qualitative traits while among different treatment combina-
tion of FYM, LM, PM and urea, combination of half poultry 
manure + half FYM was the best one for better yield and 
quality of carrots.
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