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ABSTRACT

Indian agriculture would suffer from elevated temperature and drought during the second part of this century, due to
climate change. Weeds respond quickly to stress and adapt to the environment faster than crops. In this context, an
experiment was carried out in growth chamber during 2015-16 with an objective to evaluate the effect of increase in air
temperature and variations in soil moisture on Cyperus rotundus L. (purple nutsedge). A complete randomized design
with 10 treatments and three replications was used for this pot culture experiment. The C. rotundus plants were grown for
three generations. The treatments comprised of three temperature levels, viz. daily ambient (control), ambient +2°C and
ambient +4°C increase over the ambient and two soil moisture levels, viz. soil moisture provision at 100 per cent of
evaporation (M) and 60 per cent of evaporation (Mg). The combination of treatment were imposed at all stages of
growth. C. rotundus had high acclimatization capacity and better growth under elevated temperature up to +4°C and
under sufficient moisture due to its C, pathway, which helped the weed to utilize the moisture and temperature more
efficiently even during stress and record higher growth. It is concluded that, at projected future temperature (up to +4°C),

C. rotundus may become more problematic, particularly during the rainy season.
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Intergovernmental Panel on Climate Change
(IPCC 2013) report indicated that, climate scenarios
predict an increase of annual mean temperatures by
1.5 — 4°C by the end of 21" century. If these forecasts
are realized, crops and cropping systems would likely
experience significant changes, and it is so for the
associated weeds. Because of climate change, plants
may be subjected to high temperatures and low soil
moisture during the growing season (Knapp et al.
2008). Recent studies had strongly suggested that
geographic range transformations (spread and
distribution) for agricultural weeds would be a highly
probable outcome from global climate change
(Fuhrer 2003, Naidu 2015). Globally, there is a
growing list of recent changes in species
distributions, abundances and life cycles that are
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likely to be due to climate change (Naidu et al. 2014).
Climate change will impose several challenges for
managing weeds.

Sedge weeds are distributed in all parts of the
world, especially in damp, wet, dry, and marshy
region of the tropical, temperate, and sub-tropical
regions of the globe. Cyperus rotundus L. (purple
nutsedge) is described as an aggressive competitor
because of its fast growth, dense, rhizomatous habit,
prolific reproduction, C, photosynthetic pathway and
allelopathic properties. C. rotundus is the most
problematic world’s worst weed present in 92
countries in 52 crops (Holm et al. 1977). It is a
perennial weed, mainly propagated by vegetative
means and also by seeds.

Weeds have more adaptability to stress
conditions than crops. Hence, it is important to
understand the adoptability of weeds under future
projected climate, particularly to elevated
temperature and moisture stress. With this back
ground, the present study was conducted to assess
effect of increased temperature and soil moisture
stress on  C. rotundus during three generations.

A growth-chamber experiment was carried out
at Agro Climate Research Centre, Tamil Nadu
Agricultural University, Coimbatore, during
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December 2015 — May 2016. Chamber 1 was setup to
maintaining 4°C higher than the ambient temperature
(+4°C) and the Chamber 2 was for 2°C higher than
the ambient temperature (+2°C). A logger
continuously recorded the weather at three minutes
interval in both inside and outside of growth chamber.

The latitude, longitude and altitude of the
experiment location are 11°N, 77°E and 426.7m
above MSL, respectively and Coimbatore comes
under the Western agro climate zone of Tamil Nadu.
Coimbatore is climatically categorized as Semi-Arid
Tropic (SAT) climate with an average annual rainfall
of 696 mm distributed in 47 rainy days. The long
period average annual mean maximum and minimum
temperatures are 31.7 and 21.3°C, respectively. The
normal annual mean relative humidity is 85 and 49
per cent during morning and evening, respectively.
The average mean bright sunshine is seven hour per
day and solar radiation is 311 cal/cm?/day

The study was conducted with 10 treatments and
three replications in Completely Randomized Design
(CRD). Each treatment was a combination of one
temperature and one soil moisture level. The
temperature levels were varied as ambient (control),
ambient + two degree (+2°C), ambient +four degree
(+4°C) increase over the ambient temperature. The
soil moisture levels were, supply of soil moisture
provision at 100 per cent (M) and 60 per cent of
evaporation (Mg) occurred previous day. The
treatment combinations were: ambient +2°C + Mg
(+2°C + M) for all the three generation, +2°C +
Mg for 1%t and 2™ generations, +4°C + Mg for 31
generation, +2°C + Mg for 1% generation and +4°C +
Moo for 2" and 3 generation, ambient +4°C + Mg
for all the three generation (+4°C + M), ambient +
Moo (0°C + M) for all the three generation, ambient
+2°C + Mg (+2°C + Meo) for all the three generation,
+2°C + Mg for 1%t and 2™ generations, +4°C + Mg, for
3¢ generation, +2°C + Mg, for 1% generation and
+4°C + M, for 2™ and 3" generation, ambient +4°C +
Meo (+4°C + Mgo)for all the three generation and
ambient + Mg (0°C + Mgo) for all the three generation.

Trial was conducted for three generations of
weed and the temperature and moisture levels were
varied generation to generation, as per treatment. The

tubers used in first trial was considered as first
generation, further their progeny tubers used in the
second trial were considered as second generation.
Finally the harvested tubers from second generation
were used for further experiment; which named as
third generation. Each of the generation period was
45 Days.

Irrigation with good water was done to the pots
based on pan evaporation reading as per the treatment
schedule. The loss of water through evaporation was
calculated every day and equal water was poured in
the pots for 100 percent moisture level. In 60 percent
moisture stress treatment, the quantity of water equal
to 60 percent of open pan evaporation was poured.
The water poured was calculated as detailed in Table
1.

Observations were recorded for plant height
(cm), number of leaves (number/plant), leaf area
(cm?), number of flowers, number of tubers and total
dry matter production (g) of Cyperus rotundus at 45
days after planting (DAP). The data was analyzed
using AGRESS statistical software and F test was
performed.

Effect on C. rotundus growth parameters

The plant height at 45 Day after planting (DAP)
was ranged from 26.6 to 37.6, 17.4 to 31.6 and 12.2
to 30.3 cm during 1%, 2" and 3™ generations,
respectively (Table 2). In general, there was a
decreasing trend in plant height from 1 generation to
3" generation. The height of C. rotundus was
significantly higher in T, (+4°C with M) followed
by T, (+4°C with M) during all three generations as
compared to all other treatments. The plant height
was significantly lower in control (Ts, +0°C with
M1oo), followed by T10 (+OOC with Meo).

The average number of leaves per plant at 45
DAP were ranged from 10.1 to 13.8, 9.7 to 12 and 8.3
to 12.7 during 1%, 2" and 3™ generations,
respectively. It was observed that the number of
leaves per plant was significantly higher in the
treatment number T, (+4°C with M) followed by T
(+4°C with Me), like that of plant height. Initially,
there was significantly lower number of leaves per
plant were observed in the treatment number T¢ and

Table 1. Water poured in the pots for irrigation requirement calculation

Diameter of pot : 25cm

Radius of pot 12.5cm =0.125m

Area of pot
Imm of water in 1square meter =1 litre
Hence, for Imm in 0.049sq m = 49ml

22/7 x0.125 x 0.125 sq m = 0.049 sq m

lcubic meter = 1000 litre

If pan evaporation reading is 5 then water required for 100 % level pots =5 x 49ml =245ml and for 60 % = 147 ml
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T; (+2°C with Meo) during the 1% generation. During
the 2" and 3 generations, lower number of leaves
per plant were observed in Ts which was on par with
Te, T7 and Tyo. In both the moisture level (M and
Mg), the treatments that received elevated
temperature of +4°C produced a greater number of
leaves per plant than +2°C and ambient conditions.

The mean leaf area per plant at 45 Day after
planting was ranged from 25.9 to 70.3 cm? 20.9 to
60.3 cm? and 10.9 to 58.3 cm? during 1%, 2" and 3"
generations, respectively. As that of plant height, the
leaf area was also shown decreasing trend from 1
generation to 3" generation. It was observed that, the
leaf area per plant was significantly higher in the
treatment number T, (+4°C with M) followed by T
(+4°C with Mye). The leaf area per plant was
significantly lower in control (Ts, +0°C with M),
followed by Ti (+0°C with M) in all three
generation.

The results of different treatments on growth
parameters of C. rotundus were positively influenced
by elevated temperature and negatively by soil
moisture stress. The elevated temperature of +4°C
and 100 per cent moisture produced significantly
more height, leaves and leaf area than all other
treatments. Ghannoum et al. (2000) and Sage and
Kubien (2003) reported that the C, species respond
positively to elevated higher temperature. Thus, C.
rotundus better performed better under elevated
temperature with enough soil moisture. The
physiological plasticity of weeds and their greater
intraspecific genetic variation compared with most
crops could provide weeds with a competitive
advantage in a changing environment. Controlling
weeds is likely to be more difficult and expensive
under climate change (Naidu 2015). C. rotundus
growth would be more during rainy season and
severely restricted during summer due to soil

moisture variation. Also, the availability of a resource
changes within the environment, it is more likely that
weeds will show a greater variations in growth and
reproductive response (Trumble 2013). Hence, the C.
rotundus grew better under elevated temperature
(Mandal et al. 2017a and b).

The mean value of total dry matter produced per
plant at 45 DAP were ranged from 0.456 to 1.104 g/
plant, 0.368 to 0.908 g/plant and 0.212 to 0.937 ¢/
plant during 1%, 2" and 3™ generations, respectively
(Table 3). In general, the total and partitioned dry
matter production by the C. rotundus was
significantly higher in T, (+4°C with M) during all
the generation. The dry matter production was
recorded significantly lower in Ty (+0°C with Meo)
during 1% generation then 2" generation onwards Ts
(+0°C with Mig) recorded significantly lower dry
matter production than all other treatments.

At 45 DAP, the mean value of C. rotundus
tubers per plant were ranged from 3.7 to 5.5, 3.7 to
6.6and 2.8 to 5.7 during 1%, 2" and 3" generations,
respectively (Table 3). In general, there was lesser
number of tuber production during 3™ generation.
Among the temperature levels, +4°C elevated
temperature treatments produced significantly more
number of tubers than ambient and +2°C
temperatures treatments. The elevated temperature of
+4°C and 100 per cent moisture (T,) resulted in
significantly higher tubers than all ambient and +2°C
treatments either with or without moisture stress.

In general, the moisture stressed treatments (Ts
to Ti) had produced more flower than the non-
stressed plants (Table 3). Among the temperature
treatments, the elevated temperature of +4°C
produced more flowers than the ambient and +2°C
treatments. The ambient temperature treatments
produced very small number of flowers compared to

Table 2. Effect of elevated temperature and soil moisture levels on plant height, number of leaves and leaf area of
Cyperus rotundus at 45 days after planting during three generations

Treatment Plant height (cm) No. of leaves leaf area (cm?)
No. 1 Gen 11 Gen 111 Gen 1Gen 1 Gen 1IGen 1Gen I1Gen IlIGen |Gen IlGen Il Gen
T1  +2°C+ Moo +2°C + M1oo +2°C + Moo  33.7 27.1 20.6 108 12.0 103 527 413 36.4
To  +2°C + Mo +2°C + M1oo +4°C + M1o  33.0 26.1 23.9 11.0 115 113 517 415 433
Tz  +2°C + Moo +4°C + Moo +4°C + Mioo 325 27.2 26.9 114 116 117 536 474 55.1
Tsa  +4°C + Moo +4°C + Moo +4°C + Mo  37.6 316 30.3 138 119 127 703 60.3 58.3
Ts 0°C + Moo 0°C+ Mo 0°C + Moo  28.2 21.6 12.2 11.2 9.7 8.3 28.4 209 10.9
Ts +2°C+ Mo +2°C+Meo +2°C+Mso 31.8 25.4 19.9 10.1 103 8.7 369 36.6 211
T7 +2°C+ Meo +2°C +Meo +4°C+Meo 31.1 26.7 24.3 102 100 100 38.0 356 347
Ts +2°C+ Mo +4°C+Meo +4°C+Mso 314 26.8 26.1 112 113 10.7 38.0 40.1 40.8
To +4°C + Mo +4°C + Mg +4°C+Meo  35.9 27.4 28.0 122 116 113 554 440 478
Tio  0°C + Meo 0°C + Meo 0°C + Meo 26.6 17.4 15.3 109 106 9.7 259 241 18.2
Mean 32.2 25.7 22.8 113 11.0 105 451 392 36.7
LSD (p=0.05) 23.1 2.5 2.6 11 1.1 1.2 45 3.8 2.1
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Table 3. Effect of elevated temperature and soil moisture levels on number of flowers, number of tubers and total dry
matter production of Cyperus rotundus at 45 DAP during three generations

Treatment No. of flowers No. of tubers Total Dry Matter production (g/plant)
No. 1 Gen Il Gen 111 Gen 1 Gen 11 Gen 111 Gen 1Gen Il Gen Il Gen 1 Gen Il Gen 111 Gen
T1  +2°C+ Mo +2°C+ Mo +2°C+ Mo 0.0 0.0 1.0 53 63 28 0.849 0.648 0.587
T2  +2°C+ Mo +2°C+ Mo +4°C+ Mo 0.0 0.0 1.0 53 62 38 0.840 0.650 0.700
T3  +2°C+ Mo +4°C+ Mo +4°C+ Mo 0.0 0.0 13 50 65 54 0.853 0.718 0.858
T4  +4°C+ Mo +4°C+ Mo +4°C+ Mo 0.0 0.0 1.7 55 66 57 1.104 0.908 0.937
Ts 0°C+Miwo 0°C+Mig 0°C+Mie 07 07 0.3 3.7 37 29 0.503 0.368 0.212
Te +2°C+Meo +2°C+Meo +2°C+Me 0.0 0.0 13 45 54 29 0.646 0.584 0.398
Tz +2°C+Meo +2°C+Meo +4°C+Meo 0.0 0.0 13 47 49 44 0.644 0.571 0.583
Ts +2°C+Meo +4°C+Meo +4°C+Me 0.0 0.0 1.7 47 55 47 0.629 0.605 0.650
To +4°C+Me +4°C+Meo +4°C+Me 0.0 0.0 2.3 53 63 54 0.865 0.657 0.751
Tio  0°C+ Meo 0°C + Meo 0°C+Ms 00 0.7 0.7 38 42 39 0.456 0.369 0.313
Mean 01 01 13 48 56 42 0.739 0.608 0.599
LSD (p=0.05) 06 06 05 0.117 0.090 0.075

elevated temperature treatments. The C. rotundus had
the advantage of being C, plant in tuber production
under elevated temperature.

Conclusion

C. rotundus had high acclimatization capacity
and produced more growth under elevated
temperature up to +4°C, with sufficient moisture. It is
concluded that in the future under elevated
temperature accompanied by adequate rain/moisture,
C. rotundus might become a greater problematic
weed and necessary management techniques that are
effective under changing climatic conditions need to
be evolved and implemented.
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