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A field study was conducted using Amaranthus to
assess the impact of increased temperature in poly-
house with three different treatments, viz. 100%
organic, 100% inorganic and 50% organic +50%
inorganic nutrition on growth, yield and carbon dioxide
(CO,) evolution compared to that of open natural
condition. Among the different treatments applied,
100% application of organic manure resulted in
maximum CQO, emission in both open (538 mg) and
polyhouse conditions (551 mg). The lowest value of
CO, evolution (266 mg) was observed with 100%
application of inorganic fertilizers under polyhouse
conditions. In all the three treatments, CO, evolution
almost reached a plateau and stabilized during the
last two observations. At the last interval, CO, evolu-
tion ranged from 4.00 to 6.80 mg in all the treatments.
However, cumulative CO, evolution showed that the
emission was higher under open natural conditions
(434 mg) compared to the polyhouse conditions
(398 mg) at elevated temperature. This indicated that
the microbial respiration was higher under natural
conditions. Ambient air temperature and soil tem-
perature were higher under polyhouse condition than
open natural condition. However, soil moisture was
higher under open condition than polyhouse condition
for most observations. It could be observed from the
experiment that Amaranthus production declined with
increase in temperature, and maximum yield was
obtained with 100% application of organic manure
under open condition. Under elevated temperature
condition in polyhouse, 50% application of inorganic
fertilizer + 50% application of organic manure (7%)
registered the maximum crop production. This sug-
gests that sufficient mitigation strategies need to be
adopted for sustaining crop production under chang-
ing climate scenario.

Keywords: Amaranthus, carbon dioxide emission, crop
productivity, soil temperature.

CHANGE in climate across the globe has emerged as one
of the most prominent environmental issues and is a long-
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term threat to the ecosystem. Global average temperature
rose by 0.8°C in the past 120 years, and is projected to be
higher by 3—7°C by the next century under the existing
practices'. Falling in line with the global trend, for India
also IPCC has predicted a scaling-up of temperature by
0.5-1.2°C by 2020, 0.88-3.16°C by 2050 and 1.56—
5.44°C by 2080 (ref. 1). For Kerala, the past 49 years
data showed an increase of 0.64°C, 0.23°C and 0.44°C
with respect to maximum, minimum and mean atmos-
pheric temperature’. Another season-wise study by the
Centre for Water Resources Development and Manage-
ment (CWRDM), Kozhikode, exhibited an increasing
trend of 0.60°C and 0.55°C during winter and summer re-
spectively, for the past 27 years**. The inferences from
these studies established the change in climate and its
variability. Even though these changes will exacerbate se-
rious issues in many sectors, agriculture is the foremost
and predominant one, as it is linked to the basic need of
future food security®. In most productive regions of the
world, crop yield/productivity has reached a plateau or is
even declining’; the likely impact of climate change on
crop production adds to this already complex problem.
The elevated levels of carbon dioxide (CO,), temperature,
difference in diurnal variation linked with the vulnerabili-
ties associated with rainfall/precipitation, such as drought
and flood will have a detrimental effect on the agriculture
sector.

Crop production in terms of biomass and productivity
is likely to reduce with elevated temperature, as increase
in temperature decreases the crop cycle, improves the rate
of respiration along with the reduced time for interception
of radiation®. Influence of extremely high temperature,
heat, frost and cold injury in wheat (Triticum aestivum
L.) has been reviewed recently’. The study showed that
heat and high temperature triggered a decrease in yield by
reducing the number of grains produced and also shorten-
ing the maturity phase, whereas low temperature (frost)
makes sterility in wheat and deformation of produced
grains resulting in reduction of wheat productivity’. A
worldwide assessment on yield of several crops for the
last 20 years (1981-2002) showed that every year, ap-
proximately US$ 5 billion is being lost because of the
negative impacts of increase in temperature on cereal
crops such as barley, maize and wheat™. These earlier
studies suggested that there exists a great challenge
because of the rise in temperature and extreme
climate events on future food security and sustainable
agriculture.

However, it is a challenging task to understand the
possible effect of increase in temperature on crop growth
and yield, since each crop and its species need specific
agro-climatic requirements that largely vary depending
on other management practices also. Warming tempera-
ture associated with climate change will affect plant
growth and development along with crop yield'’. In the
tropical region, apart from the reduction in crop yield,
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soil organic carbon (SOC) is rapidly being mineralized
due to changes in climatic conditions, such as high tem-
perature, aeration, moisture and increase in precipitation
events. Breakdown and mineralization of soil organic
matter (SOM) are largely governed by ecological climatic
factors apart from soil moisture and temperature; a
favourable condition will result in enhanced decomposi-
tion of SOM, and production and emission of CO, from
agricultural lands''. Atmospheric and soil temperatures
have a positive correlation with the emission of CO, from
cultivated agricultural soils and even in natural condi-
tions'?. Losses of CO, and methane will be more when
the soil temperature is increased, and this increase is due
to the accelerated activity of soil microbes in the rhizos-
phere area and roots of plants'’.

In humid tropical Kerala also a clear rising pattern was
seen with respect to atmospheric temperature, both mini-
mum and maximum™*. This will have an effect on soil
carbon dynamics, since several soil reactions or functions
are either directly or indirectly associated with tempera-
ture (because of its capability to retain water and
nutrients). The primary reason attributed for the increase
in temperature is due to the emission of CO, and other
greenhouse gases'!. At this stage, it is essential to under-
stand the mechanisms that induce the soil carbon stability
and C sequestration in any environment/ecosystem; this
will help us develop approaches/strategies to improve the
SOM.

Precision farming under polyhouse conditions is also
gaining importance in Kerala and C dynamics under such
a situation is seldom evaluated. Hence, with this back-
ground we studied the effects of elevated temperature on
growth and yield of Amaranthus and their influence CO,
evolution status under both open and polyhouse condi-
tions.

The study was conducted in the R&D field area of
Agricultural Water Management Division, CWRDM,
Kozhikode. Amaranthus is a popular leafy vegetable in
Kerala and pure seeds were purchased from the Agricul-
tural Research Station (ARS), Kerala Agricultural
University (KAU), Thrissur. Agronomic practices from
land preparation to harvest were carried out according to
the package of practices (POP)-recommendation of KAU.
FAO-CROPWAT software was used for water require-
ment and scheduling of irrigation using drip irrigation
method.

Nutrient management practice treatment comprises of
(1) 100% application of organic manure (77); (ii) 100%
application of inorganic fertilizers (7>) and (iii) 50%
application of inorganic fertilizers + 50% application of
organic manure (73), these were tested under open and
polyhouse conditions. Recommended dose of fertilizers
by KAU are 100:50:50 kg of N, P and K. These
nutrients were applied to the individual treatments based
on the nutrient content present in the organic manure and
inorganic fertilizers.
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Several designs of field chambers were used to assess
the influence of elevated temperature on crop biometry
(phenology) and yield of plants. To simulate the poly-
house conditions, 1sq. m closed chamber polyhouses
were constructed and used for the study. Elevated tem-
perature is possible under these polyhouses, because they
trap heat from sunlight in the daytime and hold this in-
creased temperature during night, since they are covered
with poly-sheets. UV-stabilized polythene sheets and GI
wires were used for the construction of closed poly-
houses. The polyhouse chambers were used to cover the
crops and these are easily movable structures. On an
average, air temperature difference inside and outside the
polyhouse was about 2.0-6.0°C.

Soil temperature, atmospheric temperature and humi-
dity were measured using standard instruments in both
open and polyhouse conditions. Soil moisture was also
monitored using continuous soil moisture probe (ITC Ltd,
Australia). Crop biometric data on the number of leaves,
plant height (cm), shoot and root weight (units) were
recorded at 10 days interval after planting and at final
harvest. Raw data were processed for mean values from
the replications and used for statistical analysis by IN
STAT software V. 3.36 for different tests.

Using the standard method of alkali trap, CO, emission
from soil was calculated". In this method alkali solution
(NaOH/KOH) was used to trap the emitted CO, by
adding barium chloride (BaCl,) in excess and the evolved
CO, is precipitated as BaCO;. Briefly, known concentra-
tion of NaOH solution was kept in an open jar on the sur-
face soil, and the intended area of target was covered
with another jar which was closed from the top. The same
was replicated for the control; however, in control area,
the alkali-incubated jar did not have any direct interaction
with the soil because it was sealed. Figure 1 shows a
schematic diagram of the experiment. The alkali solutions
used to trap the emitted CO, were back-titrated to quan-
tify the amount of NaOH that has not reacted with CO, in
both the control, i.e. no direct contact with the soil, and
those remaining in contact with the soil. The amount of
CO, emitted from the soil during contact with alkali was

///
/

= -
B ;///////Q{Tf?%f/f%

/

["/y/,//,////,
L prasic sorTiE PLASTIC BOTTLE
Treatment
Control
Figure 1. Schematic diagram of CO; evolution experiment carried out

in control and treatment.
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calculated using eq. (1) below. CO, evolution study was
done at periodical intervals of 1, 2, 4, 8, 10, 15 and 30
days.

Milligrams of CO, = (B — V)NE, (D

where B is the titration value of control; V the titre value
of sample; N the normality of HCL and E is the equiva-
lent weight of CO,.

The experimental field soil belongs to laterite type and
is known as Kunnamangalam soil series. The soil falls
under the category of Mixed; Isohyperthermic, Typic
Kanhaplustults according to USDA taxonomy. The tex-
ture of the soil is sandy loam having 62%, 20% and 18%
of sand, silt and clay respectively. Chemically the surface
soils fall under extremely acidic category (pH of 4.05),
are high in organic carbon (2.38%), and medium in plant
available nitrogen, phosphorus and potassium with the
values of 288.8, 19.0 and 182 kg ha™' respectively. The
soil has 153 mgkg' calcium 150 mg kg ' magnesium
and 1.93 mgkg ' boron. The average values of these
nutrients showed that the experimental plot is more or
less uniform in initial soil fertility conditions, even
though they are heterogeneous. However, the soil showed
significant differences between depths with subsurface
soils (15-30 cm and 30-45 cm) showing declining values
for most of the available nutrients. With respect to other
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Figure 2. Maximum and minimum temperature and rainfall observed
during the experiment.
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Figure 3. Average CO; evolution (mg) for different treatments under
open and polyhouse conditions.
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physical properties, bulk density (BD) of surface soil
sample showed a value of 0.95 and subsurface soil had a
value of 1.07 g/lem®. As reported earlier, BD usually
increases with soil depth as subsurface layers have
reduced organic matter, aggregation and root entrance in
contrast with surface layers and accordingly, contain less
pore space. Subsurface layers are also subject to the com-
pacting weight of the surface soil above them. Less pore
space in the subsurface is additionally evident from the
results'®"®, Figure 2 shows the meteorological parameters
recorded during the experimental period. The recorded
mean maximum and minimum temperatures during the
experimental period were 30.6°C and 22.5°C respec-
tively.

Figure 3 shows average CO, evolution (mg) from the
Amaranthus plot for different nutrient management prac-
tices in open and polyhouse conditions at definite fre-
quency intervals of 1, 2, 4, 6, 8, 10 and 15 days. The
results show that CO, evolution is highest at one-day in-
terval than the others, irrespective of the treatments. 7}
(100% organic) and 7, (100% inorganic) treatments re-
corded the maximum value of CO, evolution (mg) under
open conditions, whereas 753 (50% organic + 50% inor-
ganic) recorded the peak value of CO, evolution under
polyhouse condition at one-day interval. Under polyhouse
conditions, CO, evolution declined sharply in for one-
and two-day intervals, which is not observed in open
conditions. This may be because elevated temperature up
to 6°C could have caused sudden shock to the microbial
population and deleterious effect on the microbial activi-
ties, and hence decomposition and release of CO, might
have been hampered. However, after two days the mi-
crobes might have adapted to the conditions and decom-
position might have increased; even then CO, evolution
was lesser in polyhouse conditions of elevated tempera-
ture than open condition. In all the three treatments after
10 and 15 days interval, CO, evolution almost reached a
plateau and stabilized. At the last interval, CO, evolution
had values of less than 10.0 mg in all the treatments. The
values ranged from 4.00 to 6.80 mg of CO,.

This indicates that the applied nutrients might have
been mineralized and CO, evolution may have reached
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Figure 4. Total CO, evolution (mg) for different treatments under
open and polyhouse conditions.
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stabilized values after 15 days (i.e. after 45th day of ini-
tiation of the experiment). This is in accordance with
findings from earlier studies which established a positive
correlation on CO; evolution by respiration of microbes
and soil temperature'®?’. Some studies have confirmed
that respiration from soil will stabilize with elevated tem-
perature at a particular level in natural ecosystems?'??.
The reasons discussed are probable changes in commu-
nity arrangement of these microbes, which have an influ-
ence on the whole microbial sensitivity to temperature®;
changes in availability of substrate linked with associated
differences in water and temperature of the soil**; reduc-
tion in quantity and quality of crop residues with respect
to time”, and alteration in relative quantity of labile pool
of carbon to that of SOC*. By considering all these
points, the reasons for adjustment of microbial respiration
from soil in this study to increased temperature could be
a mixture of many factors in each treatments. However,
this needs to be studied in detail to find the mechanisms
behind and explain in detail about the relationship be-
tween temperature and soil respiration.

Figure 4 shows cumulative CO, evolution from the
Amaranthus plot for different organic and inorganic
treatments in open and polyhouse conditions. The results
demonstrate that maximum CO, evolution (551 mg) was
observed with 100% application of organic manure under
polyhouse conditions. This was followed by the same
treatment under open cultivation conditions with a value
of 538 mg. The lowest value of CO, evolution (266 mg)
was observed with 100% application of inorganic fertiliz-
ers under polyhouse conditions. This is because under
100% application of organic manures, it was applied in
higher quantities in bulk and hence mineralization and
decomposition of SOM might have resulted in greater
CO, evolution'”*®. However, with respect to 100% appli-
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cation of inorganic fertilizers, the quantity applied was
less and hence the CO, evolution values were less. This is
because the readily available inorganic nutrients applied
in the root zone might have resulted in enhanced plant
uptake of nutrients'®"® and hence the readily available
nutrients for decomposition and mineralization of organic
matter might be less, resulting in lower CO, evolution
(mg) values. This is evident from the regression equa-
tions in Figure 5, where the R* values are higher under
100% organic (0.872) than the other two nutrient man-
agement practices.

Cumulative CO, evolution from the Amaranthus plot
showed that emission was higher under open natural con-
ditions (434 mg) compared to polyhouse conditions
(398 mg). This indicated that the microbial respiration
was higher under natural conditions and this confirms
that CO, evolution is affected by variation in structural
community of microbes; sensitivity of temperature by
microbes, difference in availability of substrates; altera-
tion in soil temperature and water content, changes in soil
properties, etc.”®*’. This confirmed the fact that in poly-
house because of the elevated temperature, microbial res-
piration might have hampered for the initial days and
recovered after the acclimations to the polyhouse condi-
tions, which might have resulted in less quantity of CO,
evolution under ployhouse conditions.

Figure 6 shows soil temperature from the experimental
plots under open cultivated and polyhouse conditions on
a daily basis during the experimental period. Soil tem-
perature for surface soil of 0—15 cm depth ranged be-
tween 25.2°C and 30.2°C for open cultivated conditions
and between 26.7°C and 31.2°C for polyhouse condi-
tions. In general, the polyhouse condition registered
higher soil temperature compared to the open cultivated
condition. The soil temperature might have increased

CURRENT SCIENCE, VOL. 114, NO. 6,25 MARCH 2018
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under polyhouse condition because of the high ambient air
temperature inside the polyhouse. Barnard and Leadley®
showed that the response of denitrification to temperature
was positive under laboratory conditions, whereas it was
opposite in the case of field and mesocosm experiments,
signifying an adaptation of microbes favouring denitrifi-
cation to temperature over time and natural field condi-
tions. This emphasizes the requirement for continuous
field studies on the influence of climate change and
weather variability on soil microbial population, which is
the basic prerequisite for nutrient cycling in soils. It
will help researchers assess whether acclimatization/
adaptation is really occurring in natural environment, and
if so, what are all the processes involved in such adapta-
tion.

From the present study, it can be inferred that increase
in temperature along with sufficient source of organic
manure as substrate increased the CO, evolution rate and
total cumulative evolution (Figures 4 and 5) under poly-
house conditions.

Figure 7 presents soil moisture from the experimental
plots measured using continuous soil moisture probe
under open cultivated and polyhouse conditions during
the experimental period. The results indicate that soil
moisture is higher under open condition compared to
polyhouse condition in most of the observations. Under
polyhouse condition on some days it has reduced drasti-
cally. This is in contrast with the general observation
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Figure 6. Soil temperature at depth of 15 cm under open and poly-

house conditions.
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that under polyhouse condition, soil moisture is high
compared to open condition. However, in this study,
since it is a small structure of 1 sq. m, the increase in
ambient air temperature inside the polyhouse and high
soil temperature might have increased evaporation loss,
thereby reducing soil moisture. All these factors might
have contributed to the low productivity under polyhouse
condition compared to open condition.

The biometric results showed non-significant im-
provement between the open and polyhouse conditions up
to the second observations with plant height and number
of leaves respectively. However, from the third to final
observation open condition performed better and it was
statistically significant compared to polyhouse condition
in both plant height and number of leaves respectively
(Table 1).

Table 2 presents results of root and shoot weight of
Amaranthus. Both mean root and shoot weights were
higher in the case of open cultivated plants and were sta-
tistically significant compared to polyhouse cultivated
plants. Mean shoot and leaf yield of Amaranthus was re-
duced by 20.4% under polyhouse conditions compared to
open conditions (Table 2). The temperature data revealed
that it was higher under polyhouse chamber, on some
days it went up to 6°C higher than the open condition.
Crop production with respect to the entire biomass and
productivity may likely be affected with increase in tem-
perature, since under elevated/increased temperature crop
length will be shortened, respiration will be enhanced and
radiation interception will decline ultimately resulting in
lower yield (Figure 8).

Increase in average temperature above the climatic
requirement of crops will have a definite impact and
reduction in crop yield/productivity and this has been
confirmed by earlier studies. A study from Punjab, India
using paddy showed that the rice grain yield would be
affected to the tune of 5.4%, 7.4% and 25.1% when the
increase in temperature is 1°C, 2°C and 3°C respectively,
keeping all other weather parameters stable™.

In the case of nutrient management practices, nutrients
supplied through 100% organic sources performed better

Figure 8. Photograph showing plant height variations of Amaranthus
under open and polyhouse conditions in the field.
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Table 1. Plant height and number of leaves of Amaranthus under open and polyhouse conditions
Plant height Number of leaves

Observations Open Polyhouse t stat Open Polyhouse t stat
First 5.8 4.8 NS 4.8 4.1 NS
Second 11.0 10.3 NS 8.3 7.2 NS
Third 323 28.5 S 32.7 18.0 S
Fourth 64.5 58.7 S 69.6 42.1 S
Fifth 95.9 81.8 S 81.9 62.0 S

NS, Nonsignificant; S, Significant.

Table 2.

Influence of nutrients and elevated temperature on Amaranthus — root and shoot weight

Root weight (g)

Shoot + leaves weight (g)

Treatment Open Polyhood Mean SEd Open Polyhood Mean SEd

T}, Organic — 100% 12.69 3.70 8.20 0.45 82.72 33.23 57.98 1.45

T», Inorganic — 100% 5.05 5.74 5.40 40.95 49.92 45.44 CD (P=0.05)
T3, 50% organic + 50% inorganic 5.43 8.41 6.92 CD (P=0.05) 37.58 50.78 44.18 3.06
Mean 7.72 5.95 6.84 53.75 44.64 49.20

SEd 0.36 1.21 SEd 1.56

CD (P=0.05) 0.82 CD (P=0.05) 3.24

in root and shoot weight; it was significant statistically
over the other two treatments. Earlier studies on leafy
vegetables also indicated that they prefer organic source
of nutrients or organic manure complimented with inor-
ganic fertilizers than the use of inorganic fertilizers
alone®™*'. However, T, and T5 showed statistically on par
values with respect to shoot weight and significant values
for root weight. These results conflict with the shoot and
leaf weight; the probable reason for this might be the dif-
ference in photosynthates partitioning between the different
plant parts. The root : shoot ratio showed that allocation
of biomass from root to shoot is more and hence better
quantity of shoots achieved in the study indicated that is
economically viable, since shoot is the economically
important part of Amaranthus.

In general, mean shoot and leaf yield was higher under
open condition than polyhouse condition and it was
statistically significant; however, the individual nutrient
management treatment showed different results between
open and polyhouse conditions. Except nutrients supplied
through 100% organic sources, the other two treatments
showed higher shoot and leaf weight for polyhouse con-
dition at increased temperature than open condition. This
indicated that under increased temperature, the readily
available nutrients supplied through inorganic fertilizers
under polyhouse condition might have contributed to
higher growth in shoot and leaf. This confirms the fact
that yield can be improved even under adverse climate
conditions, if the adaptation strategies with nutrient/water
management practices are followed.

A field experiment conducted with Amaranthus to
assess the impact of increased temperature in polyhouse
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with three different treatments, viz. 100% organic, 100%
inorganic and 50% organic + 50% inorganic nutrition
compared to that of open natural condition showed that
crop production declined with increase in temperature
under polyhouse conditions.

o  Maximum Amaranthus yield was obtained with 100%
application of organic manures (7;) under open condi-
tion.

e In polyhouse condition, maximum Amaranthus yield
was obtained with 50% application of inorganic fertil-
izers + 50% application of organic manures (73).

e Mean yield decline of 20.4% was noticed under
polyhouse conditions than the open condition. How-
ever, with inorganic fertilizer and 50% organic +
50% inorganic fertilizers, the recorded yield was
higher under polyhouse condition than open condi-
tions.

e The yield can be improved even under adverse climate
conditions, if adaptation strategies with nutrient
management practices are followed.

e Among the different treatments applied, 100% appli-
cation of organic manure resulted in maximum CO,
emission in both open (538 mg) and polyhouse
(551 mg) conditions.

e The lowest value of CO, evolution of 266 mg was
observed with 100% application of inorganic fertiliz-
ers under polyhouse condition.

Thus sufficient and proper mitigation strategies need to
be adopted for sustaining crop production under changing

climatic scenario.
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