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The experiment was performed by following randomized complete block design in three replications at
Agricultural Research Station Swabi. The effect of humic acid application at the rate of 6, 12, 18 kg ha!
under ridge, line and broadcast sowing method were analyzed. It was found that humic acid growth and
yield attributes were significantly affected under various sowing conditions and different doses of humic
acid. Growth parameters such as leaves number (18.22), dry leaves weight (6.10 g), fresh fruit weight
(70.62 g), dry fruit weight (7.26 g) were significantly enhanced on 6 kg application of humic acid and by
ridge sowing method, while lower on broad cost method. In case of broadcast sowing and 12 kg ha* of
humic acid significantly increased fresh leaves weight by 38.15 g and leaf dry matter percentage by
85.85%. The fresh leaves weight observed lowest (28.62 g) weight when treated with 6 kg of humic acid
and seeds sown via broadcasting. The humic acid application of 18 kg ha' decreased fruit dry matter by
81.80 % by following broadcast method. The efficiency of humic acid application enhanced greatly in the
ridge sowing method. Humic acid application and sowing methods significantly affect all the vegetative
and growth parameters of Brassica rapa whereas broadcasting was least effective. It is concluded that
humic acid application in low to high doses significantly enhanced growth and yield components under
ridge sowing method.
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INTRODUCTION

Turnip (Brassica rapa) is a cultivated specie
belongs to Brassicaceae family. It is a root
vegetable usually grown in temperate global
climates. Brassica species are widely cultivated
for their use as feed crops but many plant parts
are using for the welfare of human beings i.e.,
different biological plants product is used for
management of diseases world widely. A plant
extracts and seed powders are used in cancer
treatments (Cochrane et al. 2008). Turnip extract
can also be used to reduce uric acid and extract
kidney stones. It can increase visual acuity and is
used to treat night blindness and enhances
memory (EI-Sherbeny et al. 2012). A natural
insecticide called Allardice is present in turnip peel
(Aisha et al. 2014).

Several studies reported that application of
organic fertilizer improved soil fertility, beneficial
microbial flora structure, reduced soil-borne
diseases, which are obstacle in productivity of
different crops. Humic acid is a kind of organic
matter accumulated by animals and plant
remaining parts through transformation and
decomposition of microorganisms with a series of
geochemistry processes. It affects soil fertility by
enhancing beneficial microbial  population,
improving the soil structure and increased cation
exchange capacity in soil and pH buffering. The
humic compound directly affects the cell wall,
cytoplasm and membrane. It also increased
photosynthesis, respiration rates, enhanced
protein synthesis in plants and plant hormone
activity (Nikbakht et al. 2008). Humic compounds
enhanced mineral absorption by stimulating
microbial activity (Mayhew, 2004). When sufficient
humus is present in the soil, the need for nitrogen,
phosphorus, and potassium fertilizers can be
reduced (Pettit, 2004). Humic is the main
component of organic matter and usually
accounts for 70% of total organic matter
(Sakellariadou, 2006). Humus stimulation is
directly related to increased intake of
macronutrients such as nitrogen, phosphorus, and
sulfur and micronutrients such as Fe, Zn, Cu, and
Mn (Celik et al. 2010). The use of different
chemicals in crop production is leading to
development of different biotic and abiotic
problems (Akram et al. 2018). Humic acid is
consistent with nature and humic acids no harm to
plants and the environment (Haghighi et al. 2011).
The humic acid overcomes the nutrients
deficiency by chelating different nutrients,
contains hormone ingredients which promote
growth, production and quality of plants (Prakash,

2018). Humic acids improved the physical,
chemical and biological properties of soil (Pant et
al. 2011). The application of humic acid reduce
soil borne diseases or increased crop immunity by
enhancing nutrient and mineral utilization in an
environment friendly manner (Chang, 2012). The
application of humic acid increased plants survival
rate under unfavorable condition and high yield
have been observed in many crops, including
Brassica (Aisha et al. 2014).

Although organic matter is the foundation of
the soil, it is a dynamic component of the soil that
affects many chemical, physical, and biological
properties that regulate soil productivity (Brown,
2000). However, each seeding method humic
acids its own advantages and disadvantages
under certain conditions, so research is needed to
determine whether different sowing method are
suitable for a particular location.

The purpose of this study was to use humic
acid in the productivity of turnip under different
sowing condition to balance nutrition, vegetative
and reproductive growth of the crop. The crop
rotation, farming techniques, green and animal
fertilizers are commonly used applications to
increase organic content in the soil to promote the
crop growth. Additionally, the use of organic
mineral fertilizers in agriculture humic acids also
increased in recent years (Mahdi, 2010). Several
reports determined that growth and productivity of
turnip under different sowing methods may be
different, such planting techniques and practices
must be developed to maintain optimal plant
populations, promote air circulation, light
penetration, regulate soil temperature and save
water to increase crop productivity. Therefore, this
comprehensive study aims to evaluate the effects
of humic acid and different sowing methods on
growth, fruit quality and yield of turnip.

MATERIALS AND METHODS

An experiment “Effect of different doses of humic
acid and sowing methods on growth and yield of
turnip (Brassica rapa L.)” was conducted at
Agricultural Research Station Swabi during Rabi
2016. The design used in the experiment was
randomized complete block design. There were
two factors i.e. Humic acid with 4 levels and
sowing methods with 3 levels. The humic acids
were used in different doses as 0, 6, 12, 18
kg/humic acid, which can be represented as HA:
(Okg/ha), HA:> (6Kg/ha), HAs (12Kg/ha), HA4
(18kg/ha) respectively. Different sowing methods
including Ridge sowing (M1) line sowing (M2) and
broadcast method (M3). The land was prepared
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by three dry ploughing, followed by clod crushing
and soil leveling for evenly distribution of the
water. The rotten farm manure mixed with the soil.
The recommended dose of diammonium
phosphate (DAP) is transplanted into the soll
before seedling transplantation. In October 2016,
the seeds of the purple top red globe were sown
by using After 15 days, thinning was performed
and plant to plant distance was 6 cm. The
irrigation was carried after 15 days interval. All
necessary cultural practices were used throughout
the growing season of the crop. The data were
recorded fresh fruit weight, fruit dry weight, fruit
dry matter percentage (%), fresh leaf weight, leaf
dry weight, leaf dry matter percentage (%) and
number of leaves

Statistical Analysis

Statistical analysis was performed on the
collected data, using the software Statistics 8.1
(Statistics, 2006) for analysis of variance
(ANOVA). All treatment means were compared by
using Fisher's Least Significant Difference (LSD)
test at the 5% level of probability.

RESULTS

Number of Leaves

The mean data regarding number of leaves is
presented in Table 1 showed that analysis of
variance of sowing method had a significant effect
but humic acid had non-significant effect on leaf
number of turnip. The interactions between
sowing methods and humic acid on leaf number
were also not significant. It is clear from the data
that the maximum number of leaves (17.56)
recorded in the turnip plants on ridge sowing, and
the least number of leaves (15.07) recorded in
plants by broadcast sowing method. The
interaction between broadcast sowing methods
and humic acid on the number of turnip leaves
was not significant. The high number of leaves
(18.22) was observed in plants, fertilized with 6 kg
hal of humic acid by following ridge sowing
method, but the minimum number of leaves
recorded in plants (14.14), received 0 kg ha
humic acid with seed broadcasting methods.

Leaves fresh weight

Leaf fresh weight data are listed in Table 2. It
can be clearly seen from the analysis of variance
that the effect of the sowing method is significant,
while humic acid had no significant effect on the
fresh weight of turnip leaves. The interaction
between sowing method and humic acid was also

not significant. The maximum average fresh leaf
weight (36.56 g) was recorded in turnip plants
sown by ridge method while the minimum average
fresh leaf weight (29.86 g) was observed sown by
broadcast method .The interaction of humic acid
and sowing method on fresh weight of turnip had
no significant effect. The maximum fresh leaves
weight (38.15 g) was observed in plants sown on
the ridges with humic acid fertilization of 12 kg ha-
1, but the minimum fresh leaves weight (28.62 g)
was observed on application of 6 kg hal humic
acid by following broadcast method.

Leaves Dry weight

The statistical analysis of the leaf dry weight
data is given in Table 3. The analysis of variance
showed that the sowing method have a significant
effect on leaves dry weight of turnip, while humic
acid had no significant effect on the dry weight of
fruits. The interaction between sowing method
and humic acid on dry weight of turnip leaves was
not significant. It is clear from result that the
highest dry leaf weight (5.99 g) was set with the
ridge sowing method, and the lowest dry weight
(4.42 g) of fruits in the plant sown by broadcast
method. The effects of sowing methods and
humic acid on the dry weight of turnip leaves were
not significant. The highest dry leaf weight (6.10
g) was observed on the ridge sowing crop plants
with 6 kg hal of humic acid application, while by
following broadcasting method minimum dry leaf
weight (3.76 g) recorded in the plants with
application of 0 kg ha-*of humic acid respectively.

Leaves dry matter (%)

The mean value of consistent leaf dry matter
is given in Table 4. The analysis of variance
showed that the sowing method had a significant
effect on the dry matter percentage of turnip crop
leaves, but the humic acid had no significant
effect on the leaf dry matter. The interactions
between sowing methods and humic acid on dry
matter percentage of leaves were not significant.

It is observed from the data that ridge planting
method recorded highest (85.12%) leaf dry matter
percentage of turnip while lowest (82.19 %)
through broadcast method. The interaction
between sowing method and humic acid on dry
matter percentage of leaves was not significant.

The highest percentage of leaf dry matter
(85.85 %) was observed in plants, with 12 kg ha*
of humic acid application by following ridge
sowing method respectively, but the lower
percentage of fruit dry matter recorded in plants
(81.80%) with 18 kg ha* humic acid application by
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following broadcast method respectively.

Table 1: Effect of humic acid and sowing methods on number of leaves of turnip

Humic acid Sowing methods
(kg humic acid™?) Ridge Line Broadcast Means
0 18.21 a 15.99 abcd 14,14 d 16.11
6 18.22 a 16.33 abcd 14.50 cd 16.37
12 17.12 ab 16.08 abcd 15.64 bcd 16.28
18 16.68 abc | 16.27 abcd | 15.94 abcd 16.30
Means 17.56 a 16.17 b 15.07 b

LSD value at 5% for sowing method =1.2662
LSD value at 5% for humic acid = 1.4620
LSD value at 5% for sowing method x humic acid = 2.5323

Table 2: Effect of humic acid and sowing methods on leaves fresh weight of turnip

Humic acid Sowing Methods Means
(kg humic acid™?) Ridge Line Broad Cost
0 34.41ab | 32.60 ab 29.36 b 32.12
6 3751a 32.70 ab 28.62 b 32.90
12 38.15a 33.54 ab 30.42 ab 34.10
18 36.16 ab | 33.33 ab 31.40 ab 33.50
Means 36.56 a 33.50 ab 29.86 b

LSD value at 5% for sowing method= 4.0675
LSD value at 5% for humic acid = 4.6968
LSD value at 5% for sowing method x humic acid = 8.1351

Table 3: Effect of humic acid and sowing methods on leaves dry weight of turnip

Humic acid Sowing methods

kg humic acid™?) i i Means

(kg Ridge Line Broadcast
0 6.10 a 4.88 bcde 4.58 cde 5.18
6 6.10 a 4.88 bcde 3.76 e 491
12 5.90 ab 4.34 cde 4.20 de 4.79
18 5.83ab | 5.22 abcd 5.27 abc 5.44

Means 5.99 a 483b 442b

LSD value at 5% for sowing method = 0.5965
LSD value at 5% for humic acid = 0.6888
LSD value at 5% for sowing method x humic acid = 1.1931

Table 4: Effect of humic acid and sowing methods on leaves dry matter (%) of turnip

Humic acid Sowing methods Means
(kg humic acid™) Ridge Line Broadcast
0 84.66 ab | 83.47 ab 83.58 ab 83.90
6 84.22 ab | 82.59 ab 80.61b 82.47
12 85.85a 85.20 a 82.78 ab 84.60
18 85.75 a 83.20 ab 81.80 ab 83.58
Means 85.12 a 83.60 ab 82.19b

LSD value at 5% for sowing method = 2.1091
LSD value at 5% for humic acid = 2.4354
LSD value at 5% for sowing method x humic acid = 4.2183
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Fruit Fresh weight

The mean data related to fresh fruit weight given
in Table 5. It showed that the sowing method had
a significant effect on the fresh weight of turnip
crop and the effect of humic acid on fresh fruit
weight was also found significant. The interaction
between sowing method and humic acid was not
significant. The mean table showed that the
highest fresh fruit weight recorded by ridge sowing
(66.199g), followed by the line sowing (63.59q),
and the fruit fresh weight (60.15g) was observed
in plants with broadcast sowing. The highest fresh
fruit weight (70.62g) was observed in plants, and
fertilized with 6 kg ha! of humic acid by following
ridges sowing method. However, under 0 kg ha*
of humic acid application, the smallest fresh fruits
(53.419) recorded per plant by following broadcast
method. Our results showed that the application of
humic acid significantly affects the fresh weight of
fruits. However, growth parameters were
increased by increasing the rate of humic acid.
Statistical analysis also showed that medium and
high levels of humic acid significantly improved all
growth characteristics as compared to low levels.
The widespread use of humic acid in plants is now
widely recognized.

Fruit Dry weight

Statistical analysis of the data on fruit dry weight
is given in Table 6. The analysis of variance
showed that the sowing method had no significant
effect on fruit dry weight of turnip crop, and the
effect of humic acid had also no significant effect

on fruit dry weight of turnip. The interaction
between sowing method and humic acid on dry
weight of radish fruit was not significant. The
maximum dry fruit weight (6.69 g) of turnip plants
was a record with the ridge planting method, but
the lowest dry fruit weight (5.92 g) was observed
in the plants sowed by broadcast method. The
interaction between sowing method and humic
acid on fruit dry weight of turnip was not
significant. The highest dry fruit weight (7.26 g)
was observed in the plants fertilized with 6 kg ha!
of humic acid on ridge sowing method, but the
minimum dry fruit weight (5.40 g) recorded in the
plants fertilized by 0 kg had-* humic acid and sown
by broadcast method.

Fruit dry matter (%)

The means consistent with fruit dry matter is
given in Table 7. The analysis of variance showed
that the sowing method had a significant effect on
the dry matter percentage of the fruit of the turnip
crop, but the humic acid had no significant effect
on the dry matter of the fruit. The interactions
between sowing methods and humic acid on dry
matter were not significant. It can be clearly seen
from the table that the highest percentage of dried
fruits (87.63%) in turnip plants humic acids set a
record by using ridge sowing, and the lowest dry
matter percentage (80.57%) of turnip fruits were
observed when line sowing method was practiced.
The interaction between sowing method and
humic acid on dry matter percentage of turnip fruit
was not significant.

Table 5: Effect of humic acid and sowing methods on fruit fresh weight of turnip

Humic acid Sowing method Means
(kg humic acid™?) Ridge Line Broadcast
0 58.13bcde 55.94 de 53.41e 55.83 b
6 70.62 a 65.31 abcd 56.41 de 64.11 a
12 70.15 a 66.52 abc 63.13 abcde | 66.60 a
18 65.86 abcd 66.59 ab 67.10 ab 66.52 a
Means 66.19 a 63.59 ab 60.15b

LSD value at 5% for sowing method = 5.0758 ,LSD value at 5% for humic acid = 5.8611
LSD value at 5% for sowing method x humic acid = 10.152
Table 6: Effect of humic acid and sowing methods on fruit dry weight of turnip

Humic acid Sowing methods Means
(kg humic acid?) | Ridge Line Broadcast
0 6.36 ab | 6.08 ab 5.40b 5.95
6 7.26 a 6.17 ab 5.40b 6.27
12 6.79ab | 6.43ab 6.15 ab 6.46
18 6.34ab | 6.76 ab 6.74 ab 6.61
Means 6.69 a 6.36 a 592 a

LSD value at 5% for sowing method = 0.8122 ,LSD value at 5% for humic acid = 0.9378
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LSD value at 5% for sowing method x humic acid = 1.6243.

Table 7: Effect of humic acid and sowing methods on fruit dry matter (%) of turnip

LSD value at 5% for sowing method = 3.8043,LSD value at 5% for humic acid = 4.3928

Humic acid Sowing Methods
: It - - Means
(kg humic acid™) Ridge Line Broadcast
0 88.50 ab 84.30 abc 80.57 bc 84.31
6 89.49 a 85.98abc 79.62 c 85.20
12 88.94 a 84.86 abc 81.28 bc 85.80
18 84.30 abc 82.78 abc 81.05 bc 82.62
Means 87.63 a 80.57 bc 80.63 b

LSD value at 5% for sowing method x humic acid = 7.6085

Table 8: Mean square values for various morphological parameters of Turnip regarding sowing

methods and humic acid application

Mean squares
Sowin Sowing dates
Traits Reps methodgs Humic acid X Error Ccv
Humic acid

Number of Leaves 0.8648 18.6098" 0.1068 1.9942 2.184 9.0
Leaves fresh weight 24.743 134.643" 6.027 3.172 18.815 13.08
Leaves dry weight 2.94691 7.96066" 0.7558 0.4948 0.496 13.85
Leaves dry matter (%) 12.0659 25.8351" 7.1055 1.7574 5.252 2.74
Fruit fresh weight 31.245 115.544" 233.270" 31.386 34.966 9.35
Fruit dry weight 1.96830 1.75650 0.72983 0.9684 0.869 14.74
Fruit dry matter (%) 97.379 147.275™ 1.6530 6.8310 17.327 4.90

* = Significant at 5% probability level; ** = Significant at 1% probability level

The highest percentage of fruit dry matter
(89.49%) was observed in plants, fertilized by 6 kg
ha! of humic acid on the ridges, but the lowest
percentage of fruit dry matter (79.62%) recorded
in plants fertilized with 6 kg of ha' humic acid by
following broadcast sowing method.

DISCUSSION

Humic acid tested in our study have shown a
greater effect on growth and yield characteristics
including fresh weight of fruit, dry weight of fruit,
fresh weight of leaves, dry weight of leaves, Dry
matter (%) and number of leaves, which is in
agreement with the results of Paksoy et al. (2010)
and Atiyeh et al. (2002).The different doses of
Humic acid increased growth and vyield attributes
(Karakurt et al. 2009).The medium and high levels
of humic acid application showed significant effect
on crop growth in the presence of different soil
condition as compared to low doses (Tahir et al.

2011). The higher number of leaves and weights
may be due to positive effect of humic acid on
chlorophyll amount indirectly. The adequate
amount of chlorophyll content increased the
photosynthetic activities which in turn, shift more
photo assimilations towards the high number of
fresh leaves and leaves weight (Meganid et al.
2015). The similar finding were recorded for humic
acid, reported by some scientists that application
of humic acid significantly enhanced the growth
and vyield parameters of Brassica rapa under
different sowing methods (Turkmen et al. 2004).
The prevalent use of humic acid in different crops
plants is now generally accepted. Similar findings
were reported for humic acid, which reveals that
humic acid mainly affect the yield components of
Brassica rapa (Albayrak and Camas, 2005). The
application of humic acid has an important
beneficial effect on yield and the growth of
mustard (David and Samuel, 2002). The similar
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results have been reported that humic acid
application increased the dry matter of mustard
(Rao et al. 2009). The significant effect was found
in most of crop species such as rice, wheat and
Brassica raya (Tahir et al. 2011).The humic acid
application showed it beneficial effect on weight of
fresh or dry fruits including dry matter percentage
as compared to control in different growing
condition and crop gained high grain filled
percentage by application of humic acid under
subsurface irrigation (Vanithumic acid and
Mohumic acidndass, 2014).The experiments
showed that only humic acid added to given water
increased the growth of roots up to 58%. Our
research results are also in lined with previous
work that the organic fertilizer KOMIX containing
humic acid significantly improves the production of
spring soybean crops (Shuixiu and Ruizhen,
2001). The humic acid alteration in soil enhanced
the water retention capacity and humic acid
addition to plants growing in the nutrient solution
promotes the root growth. This may be related to
species, growth methods and different doses of
humic acid application (Waqas et al. 2014). Our
results are also in conformity with previous
research that application of humic acid to soil
increased the number of spike in maize and wheat
as compared to control (Shumic acidrif et al.
2004).The maximum growth and yield parameters
in Brassica rapa gained by humic acid application
corroborates with previous findings (Khan et al.
2010). These authors recommended the use of
humic acid because of its beneficial effect on the
growth and vyield parameters in several crop
species like, wheat, aerobic rice, brassica raya,
groundnut, mustered and barley. Moreover, as
compared to the control, since humic acid was
applied on the same plot, the maximum growth
and yield per plant was obtained on different
seeding methods due to the application of humic
acid. The further results confirmed and reported
that humic acid alone enhanced grain yield over
the control (Shumic acidrif et al. 2004). Many
researchers recorded greater effects of humic
acid on growth and crop establishment (Tahir et
al. 2011). It also cleared from previous findings
that humic acid application improved the
absorption of many elements including N, P, K,
Mg, Ca, Fe, and Zn (Nikbakht et al. 2008), but
some reports reveals that humic acid may reduce
the uptake of some elements particularly in high
concentrations. In our study dry weight of fruit in
grams and percentage, fresh weight of leaves, dry
weight of leaves and Dry matter (%), number of
leaves or fresh leaves per plant significantly

affected by humic acid application by following
different sowing method.

Similar results have also been reported that
application of humic acid significantly increased
biological yield by up to 25% (Wagqgas et al. 2014).
It was observed that application of humic acid to
soil had a significant effect on total dry matter of
mung beans (Ashraf et al. 2005). In this study
growth and vyield parameters enhanced by
different application of humic acid concentration
under different soil condition. It might be due to
some macro and micro elements uptake (Paksoy
et al. 2010). Statistical analysis of the data
showed that, under different field conditions, all
agronomic traits have variability due to
interactions when used in combination with humic
acid. Results of the present study showed that
humic acid plays a positive role in the growth of
Brassica rapa, without negative impacts from
vegetative to reproductive growth period. Humic
acid is applied to plants at medium to high doses
of 6 to 18 kg ha, which enhanced plant growth
and yield parameters (Fahramand et al., 2014).
However, high levels of humic acid prevent or
reduced plant growth and vyield, respectively
(Khaled and Fawy, 2011).

CONCLUSION

In conclusion, the data presented in this paper
indicated that humic acid is a promising
compound for the growth of Brassica rapa in
different soil condition specially to benefit from
improving growth and vyield parameters. Further
studies may, however be required to determine
humic acid application rates for optimal response
of both nutrients uptake and postharvest life.
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