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ABSTRACT

Thefield experiment was conducted at Research Farm of | CAR-CRIJAF (22°452 N, 88°262 E and 9 mabove ML)
located at Barrack pore, West Bengal during the year 2006 to 2008. The experiment comprised of threeirrigation
treatments (irrigation water/cumul ative pan evaporationratio of 0.3, 0.6 and 0.9) in the main plotsand two planting
methods (ridge and furrow, and flat-bed) in sub-plots to determine the effects of irrigation frequency and planting
methods on fibre yield and water use efficiency (WUE) of ramie. Theramie crop receiving irrigation based on W/
CPE ratio of 0.6 recorded significantly higher leaf area index (LAI), fibre yield and WUE compared to other
irrigation frequencies in all the cuttings except during the monsoon period (coinciding with 3 and 4" cuttings).
Ridge and furrow planting recorded significantly higher LAI (10.2 — 22.2%), fibre yield (7.9 - 17.2%), and WUE
(25.0 —41.0%) of ramie over flat-bed planting throughout the crop growth period. Maximum crop coefficient (k)
val ue of ramie was recorded with 0.9 IW/CPE ratio both during pre-monsoon (0.63 - 0.94) and post-monsoon (0.88
- 0.96) periods. Smilarly, flat-bed planting method recorded 14.5 to 24.5% and 17% higher k_value of ramie over
ridge and furrow planting during pre-monsoon (0.57 — 0.95) and post-monsoon (0.69 — 0.88) periods, respectively.

Keywords: Crop coefficient (k ), flat-bed and ridge planting, irrigation, leaf areaindex, ramie, water-use efficiency

Ramie (Boehmeria nivea L. Gaud.), commonly
known as ‘China Grass', is a perennia bast fibre crop
belonging to Urticaceae family which produces one of
the longest and strongest textile fibres of plant origin.
Globally, ramie is cultivated in 0.052 million ha area
with an annual production of 0.102 million tonnes (t)
and productivity of 1.97 t ha?, respectively. Chinaisthe
major producer contributing to about 97per cent of the
world production of the fibre (http://faostat.fao.org.,
2016). The crop is also grown in Brazil, Indonesia,
Phillipines, Korea, Vietham, Japan and India. However,
the cultivation of thecropinIndiasofar, isrestricted in
afew pocket areas like of Assam, Arunachal Pradesh,
Manipur, Mizoram and Nagaland. Ramie fibre is
considered as a valuable textile fibre due to its various
special characteristics such asits ability to hold shape,
reduce wrinkling and introduces a silky luster to the
appearance of the fabric. The fibre obtained from the
bark of the plant isrich in alpha-cellulose (86.9%) and
contains very less amount of lignin (0.5%). Due to its
unique blending property along with high tensile strength
and resistance to bacterial degradation, ramie fibre is
extensively used in textile sector and India imports a
large quantity of ramiefibre, ramieyarn and ramiefabric
every year. A well-managed ramie crop can produce 55
—58t ha'of above- ground green biomassin 3-4 cuttings
in ayear under rainfed conditions (Mitra et al., 2014).
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The current trendsindicate an increasing gap between
the demand and supply of fresh water to the agricultural
cropsin the Indo Gangetic Plainswhich is affecting the
stability of the sector. In view of the limited water
resources of the country, proper scheduling of irrigation,
therefore, becomes very important for higher economic
yield as well as increased water use efficiency of the
crops. Maximum grain yield of pigeon peawasrecorded
with irrigation based on 0.8 IW/CPE ratio (Kumbhar et
al., 2015) while Singh et al. (2014) observed that
maximum seed yield of mustard wasrecorded in northern
India when irrigation was scheduled to the crop at 0.7
IW/CPE ratio. Ramie being perennial in nature, faces
water-deficit stress during pre-monsoon (March-May)
and post-monsoon (October — December) period, and
provision of irrigation during this period certainly
improves the growth and fibre yield of the crop (Mitra
et al., 2014).

Planting pattern also plays an important role in
improving grain yield and water-use efficiency (WUE)
of the crops. The grain yield as well as WUE of both
summer maize (ZeamaysL .) and winter wheat wasfound
to be significantly influenced by planting pattern in
northern India (Naresh et al., 2012). Similarly, furrow
planting significantly increased winter wheat grainyield
and WUE of winter wheat under water deficit conditions
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Fig. 1: Monthly distribution of rainfall and evaporation at Barrackpore, India
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Fig. 2: Leaf AreaIndex of ramie asinfluenced by irrigation and planting methods
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Fig. 3: Effect of irrigation and planting methods on mean crop coefficient (k ) value of ramie

in North China (Li et al., 2010). Ridge planting was
found to have significant influenceonfibreyield of ramie
in north-Bengal, India (Maity et al., 2007).

Thus, the primary objective of this study was to
determinetheeffect of irrigation frequency and planting
pattern on growth, fibreyield and water productivity of
ramie. The results of this study may help us in
recommending suitableirrigation schedule and efficient
planting pattern for ramiein the Indo-Gangetic plain of
West Bengal, India.

MATERIALSAND METHODS
Sudy area

The field experiment was conducted at Research
Farm of ICAR-CRIJAF (22045'N, 88026'E and 9 m
MSL) located at Barrack pore in North 24 Parganas
district of West Bengal during 2006 to 2008. The
experimental soil was Typic Ustocrept, sandy loam in
texture with 6.1 g kg* organic carbon and the values of
soil available N, P and K were 246.5, 35.5 and 190 kg
ha, respectively. The mean bulk density of the soil (0—
60 cm) ranged between 1.42 —1.44 Mg m=. Theclimate
of Barrack poreistropical with mean annual maximum
and minimum temperature of 41°C and 10°C,
respectively. The monsoon lastsfrom early Juneto mid-
September and the annual rainfall varies between 1250
—1600 mm. Theweather remainsdry during winter (mid-
Nov to mid-Feb) and humid during summer (March to

May).
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Experimental details and sampling

The experiment was conducted in asplit-plot design
keeping theirrigation treatments (I : irrigation based on
irrigation water/cumul ative pan evaporation (IW/CPE)
ratio of 0.3, 1. irrigation based on IW/CPE ratio of 0.6
and |;: irrigation based on IW/CPE ratio of 0.9) in the
main plots and planting methods (P,: ridge and furrow
and P;: flatbed) in sub-plots. The depth of irrigation (IW)
was 40 mm. During the years of cultivation, nitrogen,
phosphorus and potassium were added @ 30:6.6:12.5
kg ha’cut?. The ramie cultivar, Kanai (R-67-34) was
grown asthe experimental material. The ramierhizomes
were planted on 21% September 2005 and sprouting was
observed from 15 days after planting. Gap filling was
done subsequently in October month to develop uniform
plant population. The stunted and uneven growth of
ramie in the subsequent winter months due to low
temperature were removed by cutting the canes at the
base in end (stage back) of February 2006 to ensure
uniform growth of the subsequent crop. This operation
(stage back) was repeated in the month of February
during 2007 and 2008 al so. Thetreatmentswereimposed
from March 2006 and observationsweretaken theregfter.
A general irrigation was applied to al the plots after
“stage back” and subsequently irrigation and fertilizers
were applied to the crop as per treatments. The soil
samples were collected before and 24-48 hours after
irrigation from different soil depths (up to 0.90 m depth
at 0.15 minterval), oven dried at 105°C for 24 hr and
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the moisture content was determined thermo-
gravimetrically. During the study period, five cuttings
were made each year at an interval of 45-55 days
depending upon the physiological maturity of the crop
which was ascertained when 2/3 length of the canes
from the base became brown in colour. The fibre was
extracted mechanically using a 5 HP fibre extraction
machine (Raspador Decorticator), washed in clean water,
sun dried and fibre weight was expressed in t ha®. The
crop received 1389.6, 1751.2 and 1333.8 mm rainfall
during 2006, 2007 and 2008, respectively against the
normal annual rainfall of 1579 mm. The distribution of
rainfall and evaporation during the entire crop growth
period under study (2006-2008) had been presented
graphically infig. 1.

Methods of analysis

The consumptive water use (CU) by the crop was
calculated as per Dastane (1972) and effective rainfall
was calculated asper Dastane (1974). Theleaf areaindex
(LAT) was measured with LAI-2000 Plant Canopy
Imager (LI-COR). The measurements were taken from
five plants in each plot on clear sunny days between
10.00 and 11.30 hours IST. The data on growth
parameters, fibre yield and water use by ramie were
analyzed usng ANOVA as per Gomez and Gomez (1984)
and the significant difference among the treatment means
were analyzed by Duncan’s Multiple Range Test using
SASv 9.2 (SAS Ingtitute, Cary, NC).

RESULTSAND DISCUSSION
Leaf area index

The perusal of experimental data revealed that the
leaf areaindex of ramiewas significantly influenced by
irrigation and planting methods during its growth period
intheindividual yearsof experimentation and also when
the datawas pooled (Fig. 2). In thisexperiment IW/CPE
method had been chosen as the method for irrigation
scheduling to ramie. In IW/CPE approach, theirrigation
isscheduled on the basis of aspecific IW/CPE ratio and
the users need to cal culate the CPE value based on the
daily pan evaporation data collected from the nearby
meteorological observatory as the depth of irrigation
(IW) isdetermined experimentally for the given soil type
and crop chosen. Themethod issimple compared to other
methods of irrigation scheduling, requiring only pan
evaporation dataand isrelatively easy to betransferred
totheend users, i.e. farmers. The LAI of ramieincreased
progressively and reached maximum value (4.90—-5.43)
during 3" and 4" cuttings and declined thereafter in all
the irrigation treatments. The increase in irrigation
frequency significantly increased the LAl of the crop up
to 0.6 IW/CPE ratio (1,) only during 1%, 2™ and 5"
cuttingsin all theyearsof experimentations. Similar trend

J. Crop and Weed, 14(2)

was observed when the data was pooled (Fig. 2). The
higher LAI of ramie recorded in I, and I, irrigation
treatment plots compared to I, (0.3 IW/CPE ratio)
treatment in 1%, 2" and 5" cuttings may be attributed to
thefact that ramiecrop received 1-2 additional irrigations
inl, and I, treatments compared to I, treatment which
had led to better growth and leaf area development of
ramieintheformer treatments. During 3 and 4™ cuttings,
thevariationin LAl wasnot significantly influenced by
irrigation in al the years of experimentation possibly
dueto excessrainfall during the period which might have
nullified the effect of irrigation. The experimental results
corroborate the findings of Mitraet al. (2014) who also
reported the non-significant effect of irrigation on LAI
of ramie during this period. Planting of ramie in ridge
and furrow system had significantly increased the LAI
of the crop over flatbed planting during the entire growth
period in the individual years of experimentation and
also when the datawaspooled (Fig. 2). Thiswaspossibly
because of better in-situ conservation of moisture in
furrows during the dry period and also due to better
drainage of excesswater and proper aeration in the root
zone of ramie crop compared to flat-bed planting during
the wet period. Similar impact of ridge furrow planting
on growth of faba bean was reported by El-Sadek and
Salem (2015).

Fibreyield

The experimental data revealed that fibre yield of
ramie was significantly influenced by irrigation and
planting methods. The ramie crop, irrespective of the
irrigation and planting treatments, recorded maximum
fibreyield (5.09-5.54 g ha') during the 3 cutting during
all the three years of experimentation. It was observed
that during the first cutting, fibre yield of the crop
increased significantly up to the highest irrigation
frequency, i.e. 0.9 IW/CPE ratio (1), except in second
year when the increase was significant up to 0.6 W/
CPEratio (1) only. During the 2nd and 5th cuttings, the
yield increase was significant mostly up to |, irrigation
level only (table 1). No significant variation in yield of
ramie due to irrigation was observed during 3 and 5th
cuttings in al the years possibly because the effect of
irrigation was masked by the excessrainfall during this
period. The average annual fibre yield of the crop
increased significantly upto |, irrigation treatment only,
during all the years of experimentation and also when
the data was pooled (Table 2). The crop receiving
irrigation based on 0.6 IW/CPE ratio (I,) possibly
received favorable soil moisture condition, developed
better LAl which had finally led toincreased fibreyield
of the crop compared to other irrigation treatments. In
other experimental studies also, similar increase in
irrigation frequency had been found toincrease economic



yield in wheat (Mitra et al., 2006), jute (Mitra et al.,
2011) and frenchbean (Patel et al., 2010).

The ridge and furrow planting system recorded
significantly higher fibre yield of the crop over flatbed
planting during the entire growth period in theindividual
years of experimentation and also when the data was
pooled (Table 1). The pooled dataonyield revealed that
ridgeplanting, on an average, recorded 14 per cent higher
fibreyield of ramieover flat planting. Similar trend was
observed in annual fibre yield also (Table 2). Thiswas
possibly because of better in-situ conservation of
moisture in furrows leading to increased water
availahility in root zone of the crop during the dry period
and al so dueto better drainage of excesswater and proper
aeration intheroot zone of ramie crop in ridge planting
particularly during the wet period. The results are in
conformity with theearlier findingsof Zhang et al. (2007)
who al so reported that sowing of winter wheat on furrow
irrigated raise bed recorded 5.2 per cent higher grain
yield of the crop compared to flat planting method.

Water use

The consumptive water use by ramie increased
significantly with increase in irrigation frequency and
maximum water use by the crop was recorded in I,
irrigation treatment during the pre-monsoon, i.e. 1% and
2" cuttings as well as in the post monsoon period, i.e.
5% cutting, during all the three years and also when the
data were pooled (Table 3). Alike the fibre yield data,
no significant variation was observed in water use by
ramie under different irrigation treatmentsduring 3 and
4t cuttings, possibly due to excess rainfall during the
period. Similar trend was recorded in the annual
consumptivewater use by the crop (Table 3). It wasalso
observed that ramie crop receiving |, irrigation treatment
consumed 7.5 to 13.6 and 20.0 to 24.5 per cent more
moisture compared to |, and | irrigation treatments,
respectively. Thismight be dueto thefact theramiecrop
under |, irrigation treatment received one to two
irrigations more compared to I, and I, irrigation
treatments. Increased water consumption with higher
irrigation frequency was also observed in winter wheat
in China (Bian et al., 2016). Flatbed planting recorded
significantly higher consumptive water use of ramie
compared toridge and furrow planting system throughout
itsgrowth period except during the 3 cutting. Theramie
plants grown in flat beds consumed 13 — 14 per cent
more water compared to those under ridge and furrow
planting system (Table 3). Thelesser water consumption
by ramie crop grown in ridge and furrow system
compared to conventional flat planting system can be
attributed to reduced irrigation water requirement aswell
as controlled evaporation from top soil resulting from
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land surface modification. Similar resultswere observed
by Zhang et al. (2007) in winter wheat.

The water use efficiency (WUE) of ramie in each
individual cutting when pooled, reveal ed that the WUE
with I, irrigation treatment was statistically at par with
that of I, treatment while both the irrigation treatments
recorded significantly higher WUE over |, treatment
during 1%, 2" and 5™ cuttings, respectively (Table 4).
The mean WUE of ramie in a year (averaged over 5
cuttings) also showed similar trend in each experimental
year and also when the datawas pooled. On an average,
I, and |, irrigation treatments recorded 5.4 — 16 per cent
higher WUE over |, treatment possibly due to higher
fibre yield in I, and I, treatments compared to |,. The
results are in conformity with the findings of Mitra et
al. (2014). Ramie crop planted on ridges recorded
significantly higher WUE compared to flatbed planting
throughout the growth period in all the years of
experimentation and also when the data were pooled
(Table 4) and the average annual increase was found to
be25.1—41 per cent. Theincreased WUE of ramie under
ridge and furrow system may be attributed to the
favourable soil moisture conditions experienced by the
ramie crop raised in ridge and furrow system compared
to flatbed planting. Increased WUE with ridge planting
was also observed in maize-wheat cropping system
(Naresh et al., 2012).

The mean crop coefficient (k) value of ramie
increased progressively with increasing irrigation
frequency during both pre (1st and 2nd cuttings) and
post — monsoon (5th cutting) periods while during the
monsoon period coinciding with 3rd and 4th cuttings of
the crop, the k_ value of ramie did not show much
difference with varying irrigation levels (Fig 3). Thek_
value of ramieranged between 0.37t00.72,0.52t0 0.91
and 0.38 to 0.96 during 1%, 2™ and 5" cuttings of the
crop, respectively, with maximum value being recorded
with highest irrigation frequency, i.e. in |, irrigation
treatment. The higher irrigation frequency inll irrigation
treatment resulted into more availability of water both
inthetop soil aswell root zone of the crop compared to
I, and |, treatments which might have led to increased
evapotranspiration by ramie and finally higher kc value
of the crop during 1%, 2" and 3 cuttings, respectively.
The ramie crop planted on flat-beds, on an average,
recorded 14.5 - 24.5 and 17.1per cent higher k_value
over ridge planted crop during pre-monsoon (1% and 2™
cuttings) and post monsoon (5" cutting) periods,
respectively (Fig. 3). This was possibly due to more
wetting of soil as well as higher evaporation from the
soil surface under flat planting system compared to that
inridge and furrow planting system.
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It was observed in the present study that scheduling
irrigation to ramie, based on IW/CPE ratio of 0.6
recorded significantly higher LAl andfibreyield of ramie
over other irrigation treatments and also lead to 10.2 —
31.2 per cent savings in irrigation water and is thus,
recommended for the crop in Indo-Gangetic plains of
West Bengal. Ramie crop can be planted in ridge and
furrow systemin thisregion asthis planting method, on
an average, recorded 14 per cent higher fibreyield and
25-41 per cent higher water use efficiency of the crop.
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