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Chemical and Organic Fertilizers Application on Yield, Nutrient
Uptake and Nitrogen Use Efficiency of Chinese Cabbage (Brassica
pekinensis) in Different Soils

Soe Sandar Aung'”, Aung Kyaw Myint?, Toe Toe Maw’, Kyaw Kyaw Win*, Kyaw Ngwe’

Abstract

A questionnaire survey and a set of field experiments were conducted in Heho Horticulture Farm,
DOA, Kalaw Township, Southern Shan State to explore the farmer practices on Chinese cabbage pro-
duction, and to investigate the effect of different fertilizers on yield, nutrient uptake and nitrogen (N) use
efficiency of Chinese cabbage in peat soil and red soil during the winter season, 2016-2017. The experi-
mental design was randomized complete block design with four replications. The treatments were T1
(control), T2 (20 t cowdung manure (CM) ha™"), T3 (200 kg N ha™"), T4 (160 kg N ha™"), T5 (120 kg N
ha™), T6 (100 kgNha' +10tCMha™"), T7 (80 kgNha '+ 10t CMha™"), T8 (60 kgN ha™' + 10 t CM
ha™') and T9 (farmer practice, FP; 104 kg N ha '+ 11t CM ha™).

According to the survey results, all farmers used cowdung manures and compound fertilizers
(15:15:15) in Chinese cabbage production. Generally, 2.5 — 5 bags of 50 kg urea ha™' and 5 — 7.5 bags of
50 kg compound fertilizer ha ' were applied. In peat soil, T3 gave the highest yield but, the highest ap-
parent N recovery (ANR) was obtained from the lower N application rates (T4 and T5). FP gave lower
yield compared to T3 and T4. In red soil, the highest yield, nutrient uptake and ANR were observed
from T4. T6 might be suitable fertilizer application practice in red soil due to its high yielding capacity
and high Benefit-cost ratio (BCR). In respective treatments, yield (fresh weight), N uptake and ANR

were greater in red soil compared to peat soil.

Key words: Chinese cabbage, combined application, nutrient uptake, Apparent N
recovery (ANR), organic manure, peat soil, red soil

Introduction

Vegetable crops are important from economic
point of view as their maturity period from planting
to harvest is short (Patel 2010). In Myanmar, vege-
table sown areas reached 1,403,000 acres and har-
vested 1,399,000 acres in 2015-2016 (CSO 2016),
among them 195,025 acres were cultivated in Shan
State. Chinese cabbage (Brassica pekinensis) be-
longs to the family Cruciferae is an important leafy,
herbaceous vegetable crop (Rashid 1999). It is one
of the major cultivated crops and popular among the
local farmers in Shan State. It contains a valuable
source of calcium, crude fiber and vitamin C (Thapa
and Prasad 2011).

Different soil types, such as red earths and yel-
low earths, lateritic soils, degraded soils and peat

soils are found in Southern Shan State (Tin Maung
Aye 2001). Generally, Chinese cabbage is cultivat-
ed in peat soil and red soil which are mostly domi-
nant in Shan state. The peat land area in Myanmar is
122,800 ha (Lo and Parish 2013) while 28% of land
in Myanmar are ferralsols or red soil (MEIP 2016).
Nutrient management with proper fertilizer
rates and application practice is crucial to attain
larger production and quality yield for any crop
(Easmin et al. 2009). Nitrogen (N) has intense effect
on the number of folder leaves and adequate supply
is essential for vegetative growth, head formation
for progressively increasing the marketable yield for
Brassica (Obreza and Vavrina 1993). However, the
excessive application of chemical fertilizers causes
degradation of soil properties, high input cost and
may impose to environmental problem (Oguzar
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2007). Qui et al. (2013) stated that organic fertilizer
is gaining importance in agriculture and it can in-
crease crop yield and quality. Organic fertilizers
improve soil structure, moisture holding capacity,
diversity and activity of soil organisms (FAO 2005).

Zerihun and Haile (2017) indicated that the use
of organic fertilizers combined with inorganic
sources increased nutrient availability, optimized
the soil environment and improved crop productivi-
ty. The combined application of organic and chemi-
cal fertilizers can lead to increase in availability of
nutrients, high positive effect on microbial biomass,
sustainable crop yield and promote the environmen-
tal quality (Patra et al. 2000). Based on the above
background concept, this study was conducted 1) to
explore the farmer practices on Chinese cabbage
production in Heho, Kalaw Township in Southern
Shan State, and 2) to investigate the effect of differ-
ent fertilizers application on yield, nutrient uptake
and Apparent N recovery of Chinese cabbage in
different soils.

Materials and Methods

A questionnaire survey of Chinese cabbage
growers was carried out at three villages, namely
Innkhaung, Ywataw and Poneinn in Heho area,
Kalaw Township, on October, 2016. The sample
size was 36, such as 12 farmers from each village.
The collected data were cultural practices, applica-
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tion rate and kinds of fertilizer and manure and
problems of encountered by farmers in Chinese
cabbage cultivation. Based on the survey results,
Field experiments (peat soil and red soil) were con-
ducted in Heho Horti Farm, DOA, Kalaw Town-
ship, from December, 2016 to March, 2017. Prior to
the field experiments, physiochemical properties of
soils were analyzed and shown the results in table 1.
Field experiments were laid out in the Randomized
Complete Block (RCB) Design with four replica-
tions. Plant spacing was 20 cm x 30 cm, the plot
size was 2 m X 4 m with 1 m space between the
treatment plots and replicated plots, and total exper-
imental area was 690 m’. The treatments were T1
(control), T2 (20 t cowdung manure (CM) ha™"), T3
(200 kg N ha™"), T4 (160 kg N ha™"), T5 (120 kg N
ha™), T6 (100 kgNha' + 10t CM ha™"), T7 (80 kg
Nha'+10tCMha™'), T8 (60 kg Nha' + 10t CM
ha™') and T9 (Farmer Practice, FP, based on survey
result).
Cultural practices

Cow dung manure used in the experiments was
analyzed for chemical composition before experi-
ments. Well decomposed cowdung manure was
applied as basal before the transplanting. In all min-
eral N application treatments, half dose of N was
applied as basal and the remaining half was equally
split at 10 and 24 days after transplanting (DAT).
Similarly, compound fertilizer in FP was also ap-
plied half dose as basal and the remaining half into

Table 1. Physicochemical properties of experimental soils

Contents (Rating)

Characteristics - -
Peat soil Red soil
Sand (%) 83 69
Silt (%) 7 5
Clay (%) 10 26
Texture class Loamy Sand Sandy Clay Loam
pH 4.9 6.9
EC (dSm™) 0.22 0.14
CEC (meq 100 g ") 46.27 18.23
Organic carbon (%) 2.34 1.35
Total N (%) 0.09 0.06
Total P (%) 0.34 0.36
Total K (%) 0.36 0.63
Available N (mg kg™) 127 (very high) 78 (medium)
Available P (mg kg™") 5.4 (low) 3.6 (low)
Available K (mg kg™") 72 (low) 100 (Iow)
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two equally splits at 10 and 24 DAT. The seedlings
were watered early morning before transplanting to
the field. Healthy, 25-day-old seedlings were select-
ed to transplant. The insecticide application was
done twice in a week as a matter of routine work
from transplanting up to the end of head formation.
Watering was done by using a pump and hose
whenever it is necessary.

Dry matter, yield and nutrient uptake of Chinese
cabbage

The fresh weight and dry matter increments
were also recorded throughout the cultivation sea-
son at 40 DAT, 50 DAT, 60 DAT and harvest in
both experiments. Three plants in each unit plot
were selected at random and cut to determine fresh
weight immediately and dry weight was taken after
drying (5 days of air-dry followed by 2 days oven-
dry at 60°C). Yield of Chinese cabbage was taken
from each plot, by taking 12 plants from a selected
harvest area of 1.2 m x 0.6 m (0.72 m?). The sample
were gathered and measured for fresh weight imme-
diately.

Total N, P and K content of the harvest plant
samples were analyzed for nutrient content of Chi-
nese cabbage. Oven-dried plant samples from the
harvest sampling were taken, cut into small pieces
with scissors and ground to pass 2 mm sieves in a
grinder.

The plant samples were digested by using mod-
ified Kjeldahl Digestion method (H,SO4-H,O, Di-
gestion, Ohyama et al. 1991) to determine total N, P
and K. Total nitrogen was analyzed by using N dis-
tillation unit (VAP-450, Gerhardt, Germany), total
P, by using Ascorbic acid methods with a spectro-
photometer (Murphy and Riley 1962), and total K,
by using Atomic absorption spectrophotometer
(AAS). Available N was analyzed by 2 N KCI ex-
traction, available P, by 0.5 M NaHCO; extraction
and available K, by 1 N Ammonium acetate extrac-
tion.

Calculations

Nutrient uptake, apparent N recovery, agro-
nomic efficiency and benefit cost ratio were calcu-
lated by using the following formulas.

Nutrient content (%4)=Dry matter yield

100

Nutrient uptake (gplant 'l) (Roy 20077

N uptake Fertilizer -N uptake Corntrol
x
fertilizer N applied

Tield Fertilizer — TYield Control
Fertilizer N applied

(Craswell and Godwin 1984)

Apparent N recovery (%) = 100

Agronomic efficiency =

62
. - Total Gross RBeturn
t — costratio =
SHEHE T EOSEEES T Total Variable Cost
(Olson 2009)

Statistical analysis

All the collected data were analyzed using
ANOVA with Statistix 8 software. Means of differ-
ent treatments were separated by Least Significant
Difference (LSD) at 5 percent probability level.

Results and Discussion

Questionnaire Survey on Chinese cabbage pro-
duction

In this study, most of the respondents answered
that they have many reasons for selecting Chinese
cabbage crops. Regarding more than 50% of the
respondents, the main reasons of their selection of
Chinese cabbage are low input cost, easiness to
grow and other reasons such as short duration and
minimum crop failure (Figure 1). In this study area,
all respondents answered that there was no problem
accessibility with the availability and transportation
of fertilizers and they could effort to spend for crop
production in adequate amount (Figure 2). In addi-
tion, fertilizer indication is adopted by 61% re-
spondents but it is not by 39% respondents. Farmers
use cowdung manure, chemical fertilizers such as
urea and compound fertilizers (e.g. 15:15:15 of
N:P:K) in Chinese cabbage cultivation. One handful
of cowdung manure (about 100 g) per hole (at the
rate of 11 ton cowdung ha') was applied. The
amount of 50 kg bags compound fertilizer in Chi-
nese cabbage production are 5 — 7.5 bags of 50 kg
ha™! (44% respondents), 7.5 — 10 bags of 50 kg ha™"
(33% respondents). Very high amount as large as 10
— 12.5 bags of 50 kg ha™' (14% respondents) and
17.5 — 21.5 bags of 50 kg ha™' (3% respondents) on
the other hand, as low as 2.5 — 5 bags of 50 kg ha™
(6% respondents) were also observed (Figure 3
(A)).

The different rates of urea fertilizer were used
in Chinese cabbage cultivation in the study area.
Using very high amount of urea, such as 7.5 — 10
bags of 50 kg ha™' and 12.5 — 15 bags of 50 kg ha™
were observed (Figure 3(B)). But, 52% of total
respondent farmers used 2.5 — 5 bags of 50 kg urea
ha™'. Large amount, at the rate of 12.5 — 15 bags of
50 kg urea ha™' were also observed at 6% respond-
ent. Moeskops et al. (2010) reported that, in devel-
oping countries, the excessive fertilizer N rates were
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Figure 1. Reasons for selection of Chinese cab-
bage in Heho area
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common in vegetable gardens and fields to attain
high yield. However, the extremely large amounts
of fertilizer were not observed in this study.

Field Experiments

Fresh weight

Fresh weights of Chinese cabbage in all treat-
ments are drastically increased from 40 DAT until
harvest except T8 and then slightly decreased after
60 DAT (Figure 4 (A)). At harvest, the highest fresh
weight was recorded from T9 (0.91 kg plant ')
(farmer practice) followed by chemical only appli-
cation treatments, T4 (0.86 kg), T3 (0.84 kg) and T5
(0.85 kg) those were statically similar.

Similarly, fresh weights of Chinese cabbage in
all treatments gradually increased from 40 DAT to
harvest (Figure 4 (B)). Sampling at the harvest,
fresh weight ranged from 0.99 kg plant ' to 1.27 kg
plant™'. The maximum fresh weight was observed in
T4 (1.27) while the minimum in T1 (0.99) and T2
(0.1). The highest N application produced second
highest fresh weight at harvest. Boroujerdnia and
Ansari (2007) stated that increasing N fertilizer rate
from 120 kg N ha ' to 180 kg N ha ' increased fresh
weight of Chinese cabbage but, above 180 kg N
ha ' did not. Fresh weights of Chinese cabbage in
all treatments were higher in red soil compared to
peat soil and that could be due to the presence of
high water table which is one of the factor that limit
the root growth in peat soils.
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Dry weight

Dry weights of Chinese cabbage increased with
increasing days of transplanting from 40 DAT to
harvest throughout the season in peat soil (Figure 5
(A)). At harvest, the maximum dry weight was ob-
tained from T9 (35.94 g plant ') while the minimum
from T1 (21.17 g plant ") followed by T2 (25.77 g
plant ') and T4 (25.58 g plant'). Different from
fresh weight data, the high application of N fertiliz-
er (organic or chemical) might decrease dry weight
of Chinese cabbage. The similar results were report-
ed by Sultana (2007) who stated that dry matter
content of Chinese cabbage decreased by increasing
N rates.

Dry weights of Chinese cabbage in red soil
gradually increased from 40 DAT to harvest and
presented in Figure 5 (B). At harvest the dry
weights were not statically different, but the highest
dry weight recorded from T9 (FP) (52.6 g plant™")
followed by T3 (51.4 g plant ") while the lowest dry
weight recorded from T1 (40.3 g plant™"). As with
fresh weight data, dry weights of Chinese cabbage
were higher in red soil compared to peat soil.

Yield

Harvesting was done at 70 DAT in peat soil
while 65 DAT in red soil depend on their maturity.
The highest yield was obtained from T3 (13.63 kg
m ?) and the lowest yield was obtained T1 (4.06 kg
m ?) which was statistically similar with T2 (5.71
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Figure 4. Fresh weights of Chinese cabbage as affected by organic and chemical fertilizers in (A) peat
soil and (B) red soil during winter season, 2016-2017
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Figure 5. Dry weights of Chinese cabbage as affected by organic and chemical fertilizers in (A) peat soil
and (B) red soil during winter season, 2016-2017

kg m?) in peat soil (Table 2). High fresh weight
yield in T3 could be due to split application of N
fertilizer which could increase efficiency of N utili-
zation. Krezel and Kolota (2008) stated that crop
yield improved at 200 kg N ha™' by the changing N
application practice from single pre-vegetation to
split application (100+50+50).

The yields of Chinese cabbage in red soil were
higher than those in peat soil (Table 2). The highest
yield was obtained from T4 (160 kg N ha') fol-
lowed by T6 (17.05 kg m?) and T9 (17.03 kg m %)
(FP). The lowest yield was recorded from T1
(control). These results indicated that the high rates
of chemical N fertilizer or combined application of
organic and chemical fertilizer increased the yield
of Chinese cabbage. Easmin et al. (2009) indicated
that to attain considerable production and quality
yield, it is necessary to ensure the availability of
essential nutrient components, growth and yield of
cabbage were remarkably influenced by the applica-
tion of organic and inorganic nutrients.

Nutrient uptake

Applied chemical N fertilizers or combination
of organic and chemical fertilizers increased nutri-
ents uptakes of not only N but also P and K in Chi-
nese cabbage when those were compared to control
(no N application) (Table 3). The highest N uptake
was observed from T4 (0.94 g plant™) while the
lowest from T1 (0.25 g plant™"). Although the high-
est rate of N fertilizer was used in T3, the highest N
uptake was observed from the second highest rate of

N (T4). However, the amount of N uptake in T3 and
T4 were not statistically different in each other. N
uptake always increased with increasing N rates
(Riley and Vagen 2003). The highest P uptake was
observed from T4 (0.19 g plant ') which was stati-
cally identical with T5 (0.19 g plant "), T9 (0.19 g
plant ') and T3 (0.18). The lowest was obtained
from T1 (0.09 g plant "). The application of higher
dosages of NPK, might have led to better root de-
velopment, better nutrient transportation and water
uptake and deposition of nutrients and therefore, P
uptake by plant increased gradually with increasing
levels of inorganic fertilizers (Singh et al. 2013). K
uptake ranged from 1.48 g plant ' to 0.55 g plant .
The highest K uptake was observed from T5 (1.48 g
plant™) followed by T4 (1.30 g plant '), T3 (1.26 g
plant "), T6 (1.20 g plant ") and T9 (1.17 g plant ')
while the lowest from T1 (control). Among three
levels of N only application treatments, the lowest
N applied rate could give the highest K uptake.
Moreover, compared to chemical only applications,
combined treatments increased the optimum K up-
take. Eghball et al. (2002) reported that manure can
be used as K fertilizers because K availability from
manure is nearly 100%.

Nitrogen uptakes of Chinese cabbage among
treatments were highly significantly different but,
no significantly different among treatments for P
and K uptake in red soil (Table 3). The highest N
uptake was obtained from T9 (2.17 g plant™") fol-
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Table 2. Organic and chemical fertilizer application on yield (fresh weight), apparent N recovery
(ANR), agronomic efficiency (AE) and benefit-cost ratio (BCR) of Chinese cabbage in different
soils, 2016-2017

Apparent N recovery

Yield (kg m?) Agronomic efficiency  Benefit-cost ratio

Treat- (%)
ment . . . . . . . Red
Peat soil Red soil Peat soil Red soil Peat soil Red soil Peat soil soil
T1 4.06 ¢ 14.46 - - - ) 1.00 e
) 3.31
T2 571¢ 15.2 12d 24 ¢ 2.66d 2.15 123 ¢
) 3.07
T3 13.6a 16.35 34 be 45 be 427 cd 6.65
2.89a 327
T4 13.2 ab 17.53 52a 82 a 3.30cd 6.32
285a 3.56
T5 12.3 abc 16.44 38 ab 63 ab 11.18a 341 270 ab 339
T6 11.0 bed 17.05 20 cd 41 be 5.83 bed 1.09 229 bed 334
T7 10.2 cd 15.72 29 be 29 ¢ 6.56 bc 0.35
2.14cd 311
T8 9.44d 15.26 23 bed 41 be 8.57 ab 1.99 2.00d 304
T9 12.5 abc 17.03 25 bed 51 be 6.53 bc 5.45
2.52 abc 303
LSDy s 2.40 3.08 0.17 0.31 3.65 6.7
0.52 0.63
Pr>f EE ns e * B ns -
ns
CV % 16.09 13.12 40.14 44.39 40.62 132.99 16.40
’ 13.23

Table 3. Nutrient uptakes of Chinese cabbage by the application of organic and chemical fertilizers in
peat soil and red soil during winter season, 2016-2017

Peat soil Red soil
Treatment
N uptake P uptake K uptake N uptake P uptake K uptake
T1 0.25d 0.09 ¢ 0.55d 1.03 ¢ 0.24 1.78
T2 0.45cd 0.13 be 0.78 cd 1.44 be 0.24 1.72
T3 0.81 ab 0.18a 1.26 ab 1.77 ab 0.25 1.71
T4 0.94a 0.19a 1.30 ab 2.12a 0.26 1.97
T5 0.62 be 0.19a 148 a 1.67 ab 0.24 1.92
T6 0.59 be 0.16 ab 1.20 ab 1.72 ab 0.25 1.79
T7 0.69 be 0.16 ab 1.09 be 1.47 be 0.22 1.71
T8 0.56 c 0.17 ab 1.12b 1.58b 0.21 1.82
T9 0.80 ab 0.19a 1.17 ab 217 a 0.25 2.55
LSDy o5 0.2471 0.0468 0.3124 0.5147 0.0775 0.6845
Pr>f *% *% ok % ns ns
CV% 26.7 20 19.3 21.3 22.5 24.9
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lowed by T4 (2.12 g plant™"), T3 (1.77 g plant "), T6
(1.72 g plant™") and TS5 (1.67 g plant™") while the
lowest in T1 (1.03 g plant™"). Nitrogen uptakes in
red soils in all treatments were higher compared to
the treatments in peat soils. This might be due to
loss of N by de-nitrification in peat soil which has
high water table. Van Kessel et al. (2000) reported
that in aerobic soils, about 92% of urea in manure
was mineralized within 1 year. Manure N minerali-
zation depends on the N constituents in manure.
Apparent N recovery (ANR)

Apparent N recovery is one of the measures to
estimate N use efficiency of applied fertilizers. The
highest ANR was obtained from T4 (52%) followed
by T5 (38%) while the lowest ANR from T2 (12%)
in peat soil (Table 2). In this regards, the highest N
rate did not give the highest ANR however lower N
rates at 160 kg N ha' gave the highest ANR.
VanEerd (2005) found that ANR of cole crops de-
creased as fertilizer N input increased.

It is important to improve ANR of crop
plants because the economic costs of fertilization
and the potential environmental damage of exces-
sive fertilization have to be reduced in significant
amount (Good et al. 2004). The apparent N recover-
ies of Chinese cabbage in red soil were significantly
different among treatments (Table 2).

Agronomic efficiency (AE)

Agronomic efficiency of Chinese cabbage in
peat soil was highly significantly different among
treatments (Table 2). Among the treatments, TS (the
lowest N rate among chemical treatments) gave the
highest AE followed by T8 (the lowest N rate
among combined treatments) while the lowest from
T2. These results showed that the treatments in low-
est chemical fertilizer and combined application of
organic and chemical fertilizers gave higher AE.
Similar results were reported by Shahzad et al.
(2010) who stated that the used of increasing N fer-
tilizer rate decreased AE.

Agronomic efficiencies of Chinese cabbage
were not significantly different among treatments in
red soil (Table 2) but, highest AE in T3 while the
lowest in T7.

Benefit cost ratio (BCR)

There were highly significantly different among
treatments for BCR in peat soil (Table 2). The high-
est BCR was obtained from T3 (2.89) and T4 (2.85)
while the lowest from T1 (1.00) and T2 (1.23). This
result pointed out the higher rate of chemical ferti-
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lizer up to 200 kg N ha™" increased BCR. Sharma et
al. (2004) reported that increasing the levels of
NPK fertilizers significantly improved net return of
red cabbage (Brassica) and BCR of 5.17.

In agriculture, crops and cropping practice with
B:C higher than 1.5 is regarded as profitable (Raj
2011). According to his report, all treatments in red
soil and all treatments except T1 and T2 in peat soil
can be assumed to be profitable fertilizer rate and
practice due to their higher BCR value (Table 2).

Conclusion

In Heho area, farmers select Chinese cabbage
due to the following reasons: minimum failure of
crop, easiness to grow, short duration and low input
cost. Farmers used more compound fertilizers
(15:15:15) compared to straight fertilizers. General-
ly, all farmers in Heho area used combination of
organic (cowdung manure) and chemical fertilizers
in vegetable production. There were no constraints
in fertilizer use by farmer in Heho area for vegeta-
ble production. In peat soil, the highest N (200 kg N
ha™') gave the highest yield but, the highest appar-
ent N recovery (ANR) was obtained from the lower
N application rates (T4 and T5). Farmer practice
(T9) fertilizer application produced lower yield
compared to T3 and T4 in peat soil. In red soil, the
highest yield, nutrient uptake and ANR were ob-
served from T4 (160 kg N ha ') which was statisti-
cally similar to T6 (100 kg Nha' + 10t CM ha )
and T9 (FP). T6 might be suitable fertilizer applica-
tion practice in red soil due to its high yielding ca-
pacity and high BCR. In respective treatments,
yield, N uptake and ANR were greater in red soil
compared to peat soil and it might be due to poor
drainage of peat soil.
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