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Balanced fertilizer application is important for sustaining the productivity of ramie since
the nutrient requirement of the crop is quite high due to its high biomass production. The
present experiment was conducted at Nagaon, Assam, India from 2007 to 2009 to study
the effect of varying levels of inorganic fertilizer nitrogen alone or in combination with
crop residue, i.e., ramie waste on fibre yield and nutrient uptake by ramie, soil fertility and
SOC concentration. The experimental data revealed that increasing the recommended dose
of nitrogen in ramie from 100 to 150%, i.e., from 30 to 45 kg/ha/cutting increased the
growth, fibre yield and nutrient uptake by the crop. Moreover at higher N dose (45 kg
ha/cutting), 50% substitution of inorganic nitrogen through ramie waste further increased
the growth, fibre productivity and nutrient uptake by the crop over inorganic nitrogen
addition and also improved the fertility status of the soil and it also reduced application of
fertilizer by 67-90 kg N/ha/year.

Introduction
Ramie (Boehmeria nivea L. Gaud) is a
perennial bast fibre crop belonging to
Urticaceae family which produces one of the
longest and strongest textile fibres of plant
origin. Due to its unique blending property
along with high tensile strength and resistance
to bacterial degradation, ramie fibre is
extensively used in textile sector. Globally
ramie is cultivated in 0.066 million ha area
with an annual production of 0.124 million

tons of which China alone produces 0.119
million tones fibre per year (http://faostat.fao.
org, 2013). In India, ramie is traditionally
grown in Assam and other north-eastern states
of the country but the production is
insufficient to meet the domestic demand, due
to poor acreage (Mitra et al., 2013) and the
country imports significant quantity of ramie
fibre, yarn and fabric every year.
Because of its high biomass production, ramie
removes significant amount of nutrients from
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soil. Higher fibre productivity of ramie with
increased level of N fertilization had been
reported by Maity et al., (2007) and Tatar et
al., (2010). Mandal et al., (1974) also reported
that 153, 18 and 78 kg N, P and K/ha were
removed from soil by ramie to produce one
tonne (1000 kg) of raw fibre under rainfed
condition in Assam. Thus the soil needs to be
adequately fertilized to get higher fibre yield
of the crop over a longer period of time.
The leaf and tender top portion of the stem
which contains high amount of nitrogen (1.9 3.5%) is usually removed before fibre
extraction and is not used commercially. This
green biomass (tender tops and leaves) after
proper decomposition, if applied to the soil
along with chemical fertilizers, can effectively
curtail the requirement of fertilizer nitrogen in
ramie cultivation and thus can reduce the
expenditure on fertilizer besides increasing
fibre yield and improving properties of the
soil. Thus, in this experiment, a part of the
fertilizer nitrogen was supplied to ramie
through organic source, i.e. ramie compost at
both recommended and enhanced N supply
levels, and the effect of this integrated
nitrogen management on growth, fibre
productivity and mineral nutrition of ramie
along with the changes in fertility status of soil
was studied in detail.
Materials and Methods
The experiment on ramie crop was conducted
at the research farm of Regional Agricultural
Research Station, Shillongani, Nagaon, Assam
from 2007 to 2009. The experimental field
was located at 26021’48”N latitude, and
92038’31”E longitude at an elevation of about
50.2 meter above the mean sea level. The soil
was well drained Aeric Haplaquept, sandy
clay loam in texture, having pH 5.43, organic
carbon 7.3 g/kg, available N 290.7 kg/ha,
available P 10.6 kg/ha and available K 116.7
kg/ha, respectively. The crop received 1910.2,

1543.2 and 1207.2 mm rainfall during 2007,
2008 and 2009, respectively as against the
normal annual rainfall of 1829.7 mm (average
of 39 years). The field experiment was
conducted in a randomized block design with
three replications. The treatments for this
study consisted of (i) T1: 100% recommended
dose of nitrogen (RDN) of which 50% N was
applied through ramie waste composted (RW);
(ii) T2: 100% RDN of which 25% N was
applied through RW; (iii) T3: 100% RDN in
inorganic form; (iv) T4: 150% RDN of which
50% N was applied through RW; (v) T5: 150%
RDN of which 25% N was applied through
RW; (vi) T6: 150% N in inorganic form and
(vii) T7: control (no externally applied
nitrogen). The recommended dose of fertilizer
for ramie is 30 kg N, 15 kg P2O5, 15 kg
K2O/ha, to be applied after each cutting (Mitra
et al., 2013). A uniform dose of 15 kg P2O5
and 15 kg K2O ha-1 was applied to all plots
after each cutting while nitrogen was applied
to the experimental plots as per treatment. The
ramie waste used in the experiment comprised
of green leaves and top succulent portion of
the stem removed before fibre extraction and
it contained 1.9 – 2.5 % N, 0.26 – 0.30 % P
and 1.3 – 2.0 % K after composting as
observed during the experimental period. The
rhizomes of ramie cultivar R-67-34 was
planted with an inter row spacing of 0.6 m and
intra row spacing of 0.3 m in May, 2007.
Sprouting was observed from 15 days after
planting and gap filling (need based) was done
subsequently within first week of June to
develop a uniform plant population of 55000
plants/ha. In the establishment year (2007),
three cuttings could be done while in
subsequent years four cuttings could be taken
at an interval of 45-55 days. The above ground
biomass (leaf, bark and wood portion of the
plant samples) were oven dried at 700 C for 48
hours to determine the respective dry matter
yields. The weight of oven dried leaf, bark and
wood of individual samples were added to
obtain total dry matter of the plant and was
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expressed in kg/ha. The raw fibre extracted
mechanically from defoliated canes were then
washed with clean water and sundried and the
yield was expressed in tonnes/ha. The plant
samples (leaf, wood and bark) were oven dried
at 70°C, processed and analyzed for total N, P
and K following standard procedures Kjeldahl
N
digestion-distillation,
spectrophotometer
based
phosphoammonium-molybdate, and flame photometry
methods,
respectively.
The
nutrient
concentration of wood, bark and leaves were
multiplied by their corresponding dry yields
and uptakes of various plant parts were
determined accordingly. Similarly, initial and
the post-harvest soil samples were collected at
the beginning and after the harvest of the final
cutting every year, dried, processed and
analyzed for oxidizable organic C by Walkley
and Black method; available N by alkaline
permanganate method; available P by Bray’s
method and available K by flame photometer
following standard procedures (Jackson 1967).
The data on dry matter, fibre yield and
chemical analysis of plant and soil samples
were analyzed using ANOVA as per the
procedure outlined by Gomez and Gomez
(1984). The significant difference among the
means of different treatments was analyzed by
Duncan’s Multiple-Range Test using SAS v
9.2.
Results and Discussion

observed in the later stage, i.e., in the 3rd
cutting only. In the first year, a decreasing
trend in biomass accumulation of ramie was
observed when part of the inorganic nitrogen
was substituted by ramie waste at both 100
and 150% N application level. From second
cutting of 2008 onwards, substitution of
inorganic nitrogen through ramie waste to the
tune of 25 – 50% recorded dry biomass of
ramie which was statistically at par to that
with inorganic nitrogen treatments (100 and
150%) in all the cuttings. The INM treatments
showed an increasing trend in biomass
accumulation compared to the inorganic
treatments both at 100 and 150% N
application level in all the cuttings in 2009.
Similar trend was observed in case of total
annual dry matter yield also (Table 1). The
increased plant height with more number of
stems in T4 and T5 treatments (data not
shown), particularly during the later phase of
growth, might have increased the biomass of
ramie crop compared to inorganic nitrogen
treatment. The higher biomass accumulation
in ramie in INM treatments compared to
inorganic treatments in the subsequent years
could be due to better decomposition of ramie
compost in course of time resulting into higher
nutrient availability to ramie plants when 25 to
50% of inorganic N was substituted with
ramie compost. Higher biomass accumulation
in ramie through integrated nutrient
management had been reported by Mitra et al.,
(2014) also.

Above ground biomass and fibre yield
The perusal of data on above ground biomass
of ramie revealed that almost all the nutrient
treatments recorded significantly higher
biomass and fibre yield of ramie over control
(Table 1). The treatments comprising of 150%
N either alone or in combination with ramie
waste (T4, T5 and T6) recorded more dry
biomass as compared to 100% N treatments
(T1, T2 and T3) in all the cuttings in 2008 and
2009, while in 2007, similar trend was

Increasing the recommended nitrogen level
from 100% to 150%, either in inorganic form
or as a combination of inorganic and organic,
significantly increased the fibre yield of ramie
except in the first two cuttings in 2007 (Table
2). Maximum fibre yield of the crop was
recorded in second cutting followed by the
third in all the years of experimentation. In the
establishment year (2007), maximum annual
fibre yield (1.32 tonnes/ha) was observed in T6
treatment (150% N as inorganic only) which
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was statistically at par with T5 treatment (1.20
tonnes/ha) when 25% of the inorganic N was
replaced by ramie waste. Almost similar trend
in fibre yield was also observed in the
individual cuttings in the first year. From the
second year onward, no significant variation
in fibre yield of ramie was observed in the
individual cuttings as well as in the total
annual yield of the crop, when inorganic
nitrogen was substituted by ramie waste to the
tune of 25 to 50% at both 100 and 150% N
application levels (Table 2). Rather, an
increasing trend in fibre yield was recorded
with the combined nitrogen treatments
compared to the inorganic nitrogen treatments
(100 and 150% RDN) with time. It was
evident from the results that during the initial
year, application of ramie compost did not
influence the increase in fibre yield of ramie
consistently at both the levels of nitrogen
application while in the subsequent years, use
of ramie compost as a substitution of
inorganic nitrogenous fertilizer increased the
fibre yield of the crop and also reduced the use
of chemical fertilizer. As stated earlier, the
increased availability of nutrients in INM
treated plots compared to inorganic plots (both
100 and 150% RDN) produced higher
biomass, which in turn positively influenced
the fibre yield of the crop. Increase in fibre
yield of ramie through integrated nutrient
management using ramie compost was
reported earlier (Maity et al., 2007; Mitra et
al., 2014).
Nutrient Uptake
The data on total annual uptake of N, P and K
by ramie are presented in table 3. All the
nutrient treatments recorded significantly
higher nutrient uptake by ramie over the
unfertilized control in all the years. During the
first year (2007), maximum N uptake (36.12
kg/ha) was recorded with T6 treatment (150%
inorganic nitrogen) though it was statistically
at par with T5 (150% N, 25% from ramie

waste) treatment. In 2008, it was observed that
at lower (100%) nitrogen application level, the
INM treatments with 25 to 50% substitution of
inorganic N by ramie compost (T1 and T2)
recorded significantly lesser nitrogen uptake
by the crop (66.85 – 72.02 kg/ha) as compared
to the sole inorganic N treatment (T3) (81.12
kg/ha) while at higher nitrogen level (150%
N), the INM treatments (T4 and T5) were
statistically at par with 150% inorganic N
treatment (T6) in this regard. In 2009, the N
uptake by the crop with INM treatments were
statistically at par to that with inorganic
nitrogen treatment at 100% nitrogen level
while at 150% N level, the INM treatment T4
(50% substitution of inorganic N) even
recorded significantly higher nitrogen uptake
(180.95 kg/ha) as compared to 150%
inorganic nitrogen treatment (166.66 kg/ha)
(Table 3).
The higher annual uptake of nitrogen in ramie
compost treatments in 2009 as compared to
2008 might be attributed to increased
microbial activity in the INM treated plots
over time which had favoured the
mineralization of organic nitrogen to inorganic
form and facilitated the uptake by the crop
(Mitra et al., 2006; Mitra et al., 2010). Almost
similar trends were observed in phosphorus
and potassium uptake by ramie. Substitution
of inorganic nitrogen by 25 to 50% through
ramie compost increased phosphorus and
potassium uptake by ramie over inorganic N
treatments particularly at 150% N level.
Maximum P uptake was recorded with T5
treatment in 2007 (15.75 kg/ha) and in 2008
(15.42 kg/ha) and with T4 treatment in 2009
(26.23 kg/ha) while maximum K uptake was
recorded with T4 treatment, in all the years of
experimentation (Table 3). The integration of
organic manure in fertilizer schedule might
have led to enhanced mineralization or had
increased root growth due to improved soil
physical conditions which in turn increased
the nutrient uptake by the crop.
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Table.1 Total above ground dry biomass of ramie as influenced by nutrient treatments
Treatments

Above ground dry biomass of ramie (kg/ha)
2007
st

nd

2008

2 cut

3 cut

total

1 cut

2 cut

3 cut

4 cut

total

1 cut

2 cut

3rd cut

4th cut

total

T1

1436.16d

1889.12c

1209.80d

4535.08d

1619.42d

2663.25b

1847.18b

1934.53b

8064.38b

2047.32b

3004.54d

2425.82b

2316.33b

9794.01b

T2

1705.66c

2247.03bc

1452.80d

5405.49c

1779.81d

2673.75b

1781.25b

1774.68c

8009.49b

1925.00b

2953.72d

2194.40b

2134.02b

9207.14b

T3

1934.90bc

2682.06b

1761.81c

6378.77b

2031.40c

2930.75b

1804.3b

1934.53b

8700.98b

1935.12b

2913.02d

2250.03b

2070.81b

9168.98b

T4

1705.66c

2985.46ab

2222.20b

6913.32b

2212.76bc

3388.51a

2122.11a

2165.22a

9888.6a

2762.76a

3506.36ab

3034.82a

2841.31a

12145.25a

T5

1871.54c

3133.42ab

2274.82b

7279.78b

2327.38b

3439.25a

2012.1ab

2076.44ab

9855.17a

2711.72a

3483.26bc

2916.60a

2780.61a

11892.19a

T6

2368.08

a

a

a

a

a

a

a

a

10477.51

a

c

a

11457.22a

T7

1100.05e

1508.57d

5815.79c

1408.42c

2554.23

1481.20d

8391.19

st

3989.67d

2633.22

nd

2009

1 cut

3468.88

rd

1280.84e

3539.25

rd

1696.00c

2122.11

th

1330.38c

2182.93

st

a

2622.62

nd

1247.62c

3300.12

1628.24e

2865.8

a

1585.6c

2668.68

1355.47c

5816.93c

NB: T1:100% N (50% N as RW); T2: 100% N (25% N as RW); T3: 100% N (no RW); T4: 150% N (50% as RW); T5: 150% N (25% as RW); T6: 150% N (no RW); T7:
Control; RW: ramie waste composted; different letters for a measurement indicate significant difference between the treatment means (P<0.05)

Table.2 Fibre yield of ramie as influenced by nutrient treatments
Treatment
s

Fibre yield (ton/ha)
2007
2008
2009
1stcut
2nd cut 3rd cut
Total 1st cut 2nd cut 3rd cut 4th cut Total
1st cut
2nd cut 3rd cut 4th cut
Total
d
b
cd
d
cd
b
bc
ab
b
b
b
bc
bc
0.16
0.44
0.22
0.82
0.34
0.46
0.42
0.30
1.51
0.35
0.54
0.45
0.39
T1
1.72b
bc
a
c
c
bc
b
cd
bc
b
b
bc
d
c
0.24
0.58
0.23
1.05
0.36
0.44
0.40
0.27
1.47
0.32
0.52
0.39
0.35
T2
1.58c
0.27b
0.56a
0.27bc
1.10bc
0.36bc
0.46b
0.37cd 0.26c
1.45b
0.33b
0.52bc
0.40cd
0.34c
T3
1.60bc
0.21c
0.44b
0.36ab
1.01c
0.45ab
0.60a
0.50a
0.32a
1.86a
0.45a
0.64a
0.53a
0.47a
T4
2.09a
bc
a
a
ab
a
a
ab
a
a
a
a
a
a
0.25
0.57
0.38
1.20
0.47
0.58
0.47
0.32
1.85
0.44
0.63
0.51
0.47
T5
2.05a
0.32a
0.61a
0.39a
1.32a
0.45ab
0.57a
0.50a
0.33a
1.85a
0.44a
0.61a
0.50ab 0.44ab
T6
1.98a
0.13d
0.34b
0.17d
0.64e
0.24d
0.35c
0.34d
0.20d
1.14c
0.20c
0.47c
0.36d
0.27d
T7
1.31d
NB: T1:100% N (50% N as RW); T2: 100% N (25% N as RW); T3: 100% N (no RW); T4: 150% N (50% as RW); T5: 150% N (25% as RW);
T6: 150% N (no RW); T7: Control; RW: ramie waste composted; different letters for a measurement indicate significant difference between
the treatment means (P<0.05)
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Table.3 Total annual uptake of N, P and K by ramie plants as influenced by nutrient treatments
Treatments

Total annual N uptake (kg/ha)

T1: 100% N (50% N as RW)
T2: 100% N (25% N as RW)
T3: 100% N (no RW)
T4: 150% N (50% as RW)
T5: 150% N (25% as RW)
T6: 150% N (no RW)
T7: Control

2007
23.78c
29.14b
28.64b
31.31b
34.59a
36.12a
19.63d

2008
66.85c
72.02c
81.12b
94.15a
94.22a
98.09a
36.28d

2009
141.09c
135.46c
134.02c
180.95a
177.15ab
166.66b
102.13d

Total annual P uptake
(kg/ha)
2007
2008
2009
d
c
8.16
12.17
19.96c
12.35bc
12.54c
19.10c
12.12c
12.17c
18.76c
12.91bc
14.24b
26.23a
15.75a
15.42a
24.82ab
13.69b
13.07c
23.42b
8.29d
7.92d
14.82d

Total annual K uptake (kg/ha)
2007
76.68c
105.41b
107.74ab
121.73a
118.73ab
113.32ab
76.77c

2008
243.63c
242.93c
239.22c
346.46a
322.85b
324.35b
171.70d

2009
251.15b
207.78c
188.31d
293.45a
240.62b
215.77c
166.98e

NB: RW: ramie waste composted; different letters for a measurement indicate significant difference between the treatment
means (P<0.05)
Table.4 Soil organic carbon and available nutrient status of experimental soil during the growth period of ramie

T1
T2
T3
T4
T5
T6
T7

Soil Organic Carbon (g/kg)

Available N in soil (kg/ha)

Available P in soil (kg/ha)

Available K in soil (kg/ha)

2007

2007

2007

2007

8.2cd
8.1d
7.8e
9.2a
8.4b
8.2cd
7.5f

2008
9.4a
9.2a
7.7b
9.3a
9.2a
7.7b
7.2c

2009
9.3a
9.3a
7.6b
9.4a
9.3a
7.7b
7.1c

297.7c
293.7d
290.3d
300.3bc
302.0ab
305.3a
283.0e

2008
307.9b
311.4b
302.9c
317.4a
296.6d
294.7d
270.5e

2009
306.8c
310.2b
300.9d
316.2a
297.7e
291.2f
269.3g

12.6b
13.3b
14.0ab
13.5b
14.0ab
15.3a
11.0c

2008
11.70b
12.00b
13.03a
13.07a
13.17a
13.17a
11.87b

2009
11.60b
11.80b
10.60c
12.80a
13.20a
11.60b
11.80b

122.7e
120.3f
130.7a
128.6b
124.7d
127.3c
118.0g

2008
121.1c
119.8c
127.2a
125.4b
124.3b
124.9b
117.2d

2009
123.0bc
118.9d
120.8cd
124.1a
123.6ab
122.7bcd
116.7e

NB: T1:100% N (50% N as RW); T2: 100% N (25% N as RW); T 3: 100% N (no RW); T 4: 150% N (50% as RW); T5: 150% N (25% as RW); T 6: 150% N (no
RW); T7: Control; RW: ramie waste composted; different letters for a measurement indicate significant difference between the treatment means (P<0.05)
At planting of ramie (May 2007) (initial value) soil organic C, available N, P and K in soil was 7.3 g/kg and 290.7, 10.6 and 116.7 kg/ha, respectively;
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Moreover, the higher K content in ramie
compost possibly had increased the availability
of potassium in soil and facilitated its uptake by
the crop. Similar increase in phosphorus and
potassium uptake due to integrated nutrient
management had also been reported in jute
(Mitra et al., 2010), roselle (Saha et al., 2008),
wheat (Mitra et al., 2006) and in jute-rice
cropping system (Singh et al., 2015). The
nutrient uptake by ramie was found to be more
at higher (150%) nitrogen supply level with
both inorganic and INM treatments in all the
years of experimentation.
Soil Fertility Status
Three years of ramie cultivation with different
nutrient management practices significantly
influenced the chemical parameters of the soil.
It is evident that soil organic carbon (SOC)
increased significantly due to various nutrient
management treatments in all the growth stages
of ramie as compared to unfertilized control.
The SOC in the experimental plots receiving
INM treatments improved significantly
compared to the plots receiving inorganic N
alone (Table 4). This may be due to higher
addition of C inputs (Singh and Dhar, 2011) in
INM treatments or may be due to their
stimulating effect on growth and activity of soil
microbes as reported by Kang et al., (2005).
The SOC in the control plots did not change
much compared to the initial value during the
experimental period. The experimental data
revealed that there was depletion in available
nitrogen in the control (unfertilized) plots in
comparison to its initial status possibly because
of mining of nutrients due to continuous
cropping of ramie without any fertilization over
the years. The INM treatments increased the
available nitrogen content in soil over sole
inorganic treatments at both levels of nitrogen
application in all the years except in 2007 when
the INM treatments could not increase soil
available N status over inorganic treatment
particularly at 150% N application level.
Maximum value of soil available N was
recorded when 50% of the inorganic nitrogen
was replaced though ramie waste at 150% N

application level (T4) during 2008 and 2009
(Table 4). The increase in available nitrogen in
the plots receiving INM treatments may be
attributed to the direct addition of nitrogen in
inorganic form along with its release through
mineralization of organic, i.e. ramie compost in
course of time. The results are in conformity
with the earlier research findings in jute
(Majumdar et al., 2014), roselle (Saha et al.,
2008) and jute – rice cropping system (Singh et
al., 2015). The available phosphorus content of
soil in the INM treated plots were statistically at
par with that of plots receiving inorganic
nitrogen at 150% N application level (Table 4).
Build up in available P with INM treatments
was ascribed to the release of organic acids
during decomposition of ramie compost which
in turn helped in solubilization and release of
native phosphorus by these acids. Further, the
organic matter added to soil forms a coating on
sesquioxides and makes them inactive and thus
reduces the P-fixation, which is a major
problem in soils in Assam, and ultimately helps
in increasing the available P in soil.
Increase in available P content in soil receiving
INM treatments had also been reported in other
fibre crops such as jute (Majumdar et al., 2014)
and sunnhemp (Maitra et al., 2008). Similarly,
substitution of inorganic nitrogen through ramie
compost also increased the soil available K over
sole inorganic treatment at 150% N level
though the increases were not always significant
(Table 4). Increase in available K due to
addition of ramie compost may be ascribed to
the reduction of K fixation and release of K due
to interaction of organic matter with clays,
besides the direct potassium addition to soil.
Increased availability of K in soil due to
incorporation of organics in fertilizer schedule
had been reported earlier in jute (Mitra et al.,
2010) and in jute – rice system (Singh et al.,
2015).
The present study clearly indicated that increase
in nitrogen dose of ramie from 30 to 45 kg
N/ha/cutting, significantly increased growth,
fibre yield and nutrient uptake by the crop.
After three years of experimentation, it was also
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evident from our study that at the higher (150%)
nitrogen application level, i.e. 45 kg
N/ha/cutting, substitution of inorganic N to the
tune of 50% through ramie compost (leaves and
tender twigs cut before extraction and
composted) further increased the growth, fibre
productivity and nutrient uptake by the crop
over sole inorganic nitrogen treatment and also
improved the fertility status of the soil.
Moreover, the inclusion of ramie compost
reduced the use of inorganic fertilizer nitrogen
in ramie by 22.5 kg N/ha/cutting or by 67-90 kg
N/ha/year. Thus the incorporation of ramie
compost in fertilizer schedule of ramie needs to
be promoted to attain higher and stable fibre
productivity of the crop, maintain the fertility
status of the soil and to reduce the consumption
of inorganic fertilizer nitrogen in ramie
cultivation.
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