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Abstract.

Estimation of Net Primary Production (NPP) is crucial for the supply of food/wood. Precise
estimates of NPP are important for sustainable development. We used Light Use Efficiency (LUE) model
to appraise various growth-related processes e.g., photosynthesis, respiration and transpiration, in the rice
plant. The study site received 1213 actual sunshine hours in comparison to total possible sunshine hours
which were 1595 during the complete Rice Growth Period (RGP). Water stress was estimated throughout
the RGP which resulted in surplus of water in early growth stages (W=53) and deficiency in the final
ripening stage with W=0.14. Careful results indicate that about 5128 kg/ha of wet biomass was generated
during the complete RGP. We applied a harvest index of 0.50 to estimate the dry biomass that was 2564
kg/ha which is about (2.82 ton/ha). These estimates seem to be in exaggeration according to real time
field estimates collected by Crop Reporting Service (CRS) department which were (1.83 ton/ha). To
manage this exaggeration, we applied the Soil Suitability Constant (ho) which resulted as 1.99 ton/ha in
suitable zone, 1.21 ton/ha in less suitable, 1.76 ton/ha in moderately suitable and 0.73 ton/ha in not
suitable zones. The average yield was estimated as 1.62 ton/ha. According to CRS depatrtment, the rice
area in the study site was reported as 107000 ha and the net rice production was estimated as 1,73,340 tons
in the study site. The LUE model is reliable to estimate NPP of rice crop which is useful for decision
makers to determine the contribution of rice in Gross Domestic Product (GDP) at regional scales in term
of surplus or shortfall.

Keywords: Net Primary Production; Rice Growth Period; Light Use Efficiency; Water stress and
Photosynthesis.

February 2019 | Vol 1 |Issue 1 Page | 1




OPEN ACCESS . . .
International Journal of Agriculture and Sustainable Development

Introduction.

About half of world’s population consume rice (Oryza Stiva) as a staple food [1].
Almost 90% of rice production is obtained from Asian countries [2]. The regional contribution
in rice production is as follows; China (approx. 211.3 Million Tons (MT)), India (16.95 MT),
Indonesia (74.5 MT) Bangladesh (53. MT) Vietnam (44.2 MT), Thailand (34.5 MT), Myanmar
(30.4 MT) Philippines (19.7 MT), Brazil (11.4 MT), Japan (10.4 MT) and Pakistan (11.3 MT)
[3]. About 488.6 MT was the global rice production in 2018, in which 439.7 MT rice was
obtained from Asian Countries. The annual rice productions seem to be insufficient in
comparison to demands of increasing population [4]. Speedy growth in population, especially
in low income countries [5], and the regional climate change [6,7] have put high pressure on
farmers to enhance per hector yield. Large variations in atmospheric composition are recorded
over Asia [8] due to addition of a big amount of pollutants and toxic agent in our environment.
These pollutants have trapped heat and caused abnormality in climatic events e.g.., we receive
rainfall normally in ripening period of rice crop [9] which cause a decline to the final
productivity [10]. Precise estimates of Net Primary Production (NPP) have become a challenge
for agronomists and economists to assess the exact amount of rice available for export in case
of surplus or to import in case of shortfall [5]. Various controlling factors influence the NPP
that include soil type, soil pH, soil electric conductivity, climate, topography and the
anthropogenic activities. Respiration [11]] and photosynthesis [12] are the key processes which
are largely dependent on availability of sunlight. Various researchers have analyzed the impact
of sunlight on food or wood generation in diverse ecosystems [10,13,14]. The detailed
description of productivity is dependent upon these analyses.

The NPP estimates are crucial to differentiate between various biomasses. Carbon
Sequestration and carbon emission can be understood well on sufficient knowledge of NPP
[15,16]. Carbon dioxide is stored in plant’s body that support the growth of short-lived and
long-lived tissues. The amount of CO, removal from atmosphere can be examined by
estimation of NPP [17]. The ecological disturbances can be examined by evaluation of
variations in NPP estimates at global scales, [18,19,20]. Many researches indicate a variety of
factors effecting the NPP [20,21], such as temperature, humidity, pressure and the rainfall
[22,23]. It is difficult to estimate NPP at regional scales due to diversity in climatic events
therefore, the estimated results are calibrated with actual ground validated observations to map
temporal changes in agroindustry [24].

Miami model was initially recognized for NPP estimates which was based on statistical
techniques. In Miami model, a correlation is developed between the productions with
temperature and precipitation levels. [5]. The drawback of this model was the ignhorance of
other climatic factors which are essential for crop production [25]. The remote sensing datasets
have contributed effectively for estimation of NPP at both regional and global scales. A large
variety of models, based on remote Sensing, is available now for estimation of NPP in diverse
ecosystems [26,27,28,29]. Carranieg Ames Stanford Approach (CASA) model is one of these
models which is based on Light Use Efficiency (LUE). CASA model incorporates most of
climatic factors that play a vital role in growth and development of rice crop. CASA model
has been implemented by many researchers to evaluate the NPP in Australia, North America,
South America, Eurasia and Africa [26,18,30,31]. CASA model was implemented in China that

February 2019 | Vol 1 |Issue 1 Page | 2




OPEN ACCESS . . .
International Journal of Agriculture and Sustainable Development

presented a clear picture of enhanced Agri-industry of China and its’s impacts on climate
change globally [18,32,33]. There were many limitations recorded in CASA model e.g., the
value of LUE in fixed as 0.389gc/M for all type of vegetative species that resulted in vatiation
in actual and estimated NPP results [34].

Another limitation in CASA model, was the ignorance of soil nutrients [28] e.g. Raza
S.M.H.2018 introduced a soil suitability constant (ha) in CASA model for precise estimates of
NPP. Various researchers have observed exaggerations in NPP estimates due to ignoring the
diversity of soil nutrients [35,36,37,38,39,40]. There are basic three type of NPP models
process model, LUE model and the climatic model.

The climatic model creates a correlation between NPP and climatology of the region.
This model ignores the type of vegetation therefore, large variations are observed while
evaluating the actual estimates.

The process model is a complex model which is based on phenology of rice crop that
consider the photosynthesis, respiration and dry matter partition [36]. The wvariable
environmental conditions halt in evaluation of Photosynthesis and respiration during the
complete growth petiod of a patticular crop that leads to over/under estimates of NPP.

The LUE model is widely used model due to its simple flow from data collection to
the final estimates. The LUE model is preferred due to its flexibility and its joint venture with
remotely sensed data. This model describes that a portion of solar energy is used in respiration
process and the remaining is fixed as net productions [41]. The solar energy is transported to
plant organs and finally emitted into the environment by various channels [28]. A dynamic
behavior of ecosystem can be determined by creating a balance between incoming and
outgoing solar radiations [42]. The physiologic and climatic aspects of vegetation are
incorporated by this model therefore, this model is considered more accurate for NPP
estimates.

The main objectives of this research were to estimate the NPP of rice crop by
incorporation of ecological parameters. It also aims at describing the water stress, light used,
photosynthesis, respiration and transpiration of individual day during the complete rice growth

period.
Study site.

This research was conducted in District Nankana Sahib located in Punjab province in
Pakistan. The spatial extent of the study site is mapped in Figure 1. It is a plane area, where
slop factor does not affect the water distribution process. The study site is covered by
monsoon therefore, it receives surplus of rainfall during the monsoon season which some time
exceeds up to 500mm. Water provision to crop are executed through paved network of water
channels administered by Punjab Irrigation Department, (PID). The study site bears large
variations in temperature that remains between 1°C in winter to 45 °C in summer season.
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Figure 1. Study site.
Material and Methods.

We used LUE model to evaluate the NPP in the study site. This model is commonly
used to map the productivity at regional scales [43,44,45,46] by fixation of solar energy. LUE
model is important to diagnose the crop health conditions spatially. The plant characteristics
are indispensable [47] which show heterogeneity a various scale due to physiological
characteristics of plants. There are many factors influencing the light used by plants including
chlorophyll content, the plant growth stage, the intensity of light and the rate of respiration/
photosynthesis. At canopy level, the light used is affected by solar Zenith angle, canopy
structure, leaf area index and the inclination of leaf, [37,48].

The CASA model intakes the Normalized Difference Vegetation Index (NDVI) to the
fraction of light absorption by plants [28]. NDVI directly relates to estimate the fraction of
light absorption by plants [49].

The visible portion of solar energy having a wavelength range between (0.4- 0.7) um is available
for crop canopy during sunshine hours [50,51]. The NPP are calculated as a product of
Absorbed Photosynthetic Active Radiation (APAR) with LUE [28,41,52,53,54] as follows in
equation (1),

NPP= APAR * LUE (Kg/ha) (1)
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Where APAR is the actual fraction of radiation absorbed by crop canopy for photosynthesis.
The APAR can be estimated using the expression as below [55,38,50]

APAR= f X PAR (w/m?) ©)

The fraction f” in equation (2) represents the fraction of absorbed radiations by crop canopy
in comparison to available radiations that can be estimated using the expression as below [20]
in Equation 3.

f=-0.161+1.257 (NDVT) 3)

The physiological characteristics of plants are important to estimate the amount of light used
[57] by a crop canopy. The amount of water content available for various growth processes, is
important to consider to estimate. The light use efficiency can be estimated using the
expression below

LUE=¢ T1 TzW

Where ¢ represents the maximum conversion factor to estimate biomass in optimum climatic
conditions and a fixed value of 1.8 ¢ C. MJ" is considered for rice crop [39]. Ti and T>
represents the heat factors which have considerable impact at global scales and can be ignored
at local level estimations [28,47,39]. W is the water stress which describes the availability of
water content throughout the rice cultivation period. Raza. S.M.H 2018 estimated the averaged
amount of water content for district Nankana Sahib as 0.5838. A value greater than 0.5 is
considered surplus of water that remained available throughout the rice cultivation period. A
value w=0 represents an oven dry soil [26].

Result and Discussions

The availability of water content in the soil, indicates the water intakes by the rice crop. It is
actually a transition between wet and dry crop season. The dry season depends upon the ratio
of actual sun shine hours in comparison to total possible sun shine hours. This ratio remains
between 0 and 1, where a value near to zero, indicates full cloudy day and 1 represent a day
with sunshine. In a full sunny day, a rice plant consumes more amount of water in various
processes e.g., 1) The rice plant sucks more amount of water to maintain its body temperature
as compare to its surroundings in a sunny day and 2) all the processes that occur in the rice
plant body e.g., photosynthesis, respiration and transpiration, execute full fledge actions in a
sunny day that require more amount of water. Therefore, a cloud free day is considered with
water stress. We require the information of total number of sunshine hours in comparison to
total possible sunshine hours to estimate water stress that we collected from Punjab
Metrologic department and mapped the results in Figure 2 as below,
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Figure 2. (n/N) ratio throughout the rice growth petiod

This figure show that we had a total possible sunshine hour of 1595 but we could receive only
1213 hours due to cloud activity in the study site throughout the rice cultivation period.

The water stress is estimated throughout the rice growth season and mapped the results in the

Figure 3.

08 r
0.6

04

Water stress

02

0 1 1 1
20-Jun-18 15-Jul-18 9-Aug-18 3-Sep-18 28-Sep-18
Rice Growth Period

Figure 3. Water stress estimated throughout the RGP.

Figure 3 is partitioned between 0 and 1 on y-axis, where zero indicates oven dry soil and any
value greater than 0.5 represents the surplus of water available for rice crop. Figure 3. indicates
that W fluctuated between 0.53 and 0.14 in the study site. A value of 0.53 was obtained before
ripening stage of rice crop which represents the availability of sufficient amount of water from
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germination to milky dough stage of the rice crop and the deficiency of water in the final
ripening stage. Our results corroborate with the literature Raza. S.M.H. 2018 [5].

The light use efficiency determines the generation of glucose as a result of photosynthesis
process. Daily variations in light used by rice crop canopy are mapped in Figure 4. By
incorporation of W mapped in figure 3 as input parameter. Ti and T, were ignored while
estimating the LUE because both of the heat factors can be ignored at the local scale, however
the value of ¢ was substituted as ¢=1.8 ¢ C.MJ " and mapped the results in Figure 4.

1.4 -

O 1 1 1 1
20-Jun-18 15-Jul-18 9-Aug-18 3-Sep-18 28-Sep-18
Rice Growth Period

Figure 4. Light used by Rice Crop throughout the RGP

Figure 4 is showing that the rice crop canopy consumed most of light in the eatly
phase of growth and development that declined in the ripening stage. This decline determines
that less amount of light is required in the ripening stage. Careful estimates represent that the
rice crop used 94.4 ¢C/MJ throughout the RGP.

Estimation of Biomass

It is important to estimate ‘APAR’, ‘PAR’ and f* for computation of biomass in
Kg/ha. We obtained daily vatiations in NDVI to compute the value of ‘f throughout the rice
cultivation period. ‘€ actually represents the fraction of absorbed photosynthetic active
radiations in comparison to total available photosynthetic active radiations. The value of ‘€
varies between ‘0’ and ‘1”. Where ‘0’ represents that APAR is nil and no radiations were
absorbed by the rice canopy for photosynthesis, while a value of ‘* =1 represents that all the
photosynthesis active radiations were absorbed by rice crop canopy for growth and
development. Daily variations in ‘f” are mapped in the Figure 5.
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Figure 5. Ratio of APAR in comparison to PAR throughout the RGP.

Figure 5 is showing that the growth of rice crop is directly associated with the NDVI
regardless of weather conditions. As NDVI remained maximum before 30" of September, the
APAR was recorded maximum, ‘¥ suddenly declined as NDVI dropped after 30" of
September as shown in Figure 5.

We computed the variations in PAR and ‘f’ to estimate the variations in APAR and
mapped the results in Figure 6 as below,

120 ¢
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Rice Cultivation Period

Figure 6. Radiations absorbed by rice crop canopy for photosynthesis.

Figure 6 is showing that maximum glucose production was recorded up to

milky dough stage of rice crop that occurred before September 20 in the study site.
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Photosynthesis is dependent upon the availability of sunlight therefore; the Figure 6
corroborates with Figure 2. The availability of light, leads to speedy plant growth processes
e.g., photosynthesis, respiration and transpiration etc which are important to consider for
estimation of net primary productions.

Daily variations in APAR and the LUE were incorporated to estimate the biomass
generation throughout the rice growth period and plotted the results in Figure 7.

80 r
60
40

20

Biomass (Kg/ha)

O 1 1 1 1
20-Jun-18 15-Jul-18 9-Aug-18 3-Sep-18 28-Sep-18
Rice Growth Period

Figure 7. Biomass generation throughout the RGP.

Figure 2 and Figure 7 are in resemblance which shows that more biomass was
generated on the day where (n/N) was recorded near to ‘1’ i.e., in a sunny day. The dips and
peaks in Figure 7 are showing the variations in biomass generation throughout the cultivation
period. Figure 7 shows that maximum biomass was generated before ripening stage of the rice
crop and minimum in the ripening stage because ripening stage is the development stage where
final product gets mature and the soft/milky dough is hardened.

Careful results indicate that about 5128 kg/ha of wet biomass was generated. We
applied a harvest index of 0.50 according to Chen et al 2014 [58] to estimate the dry biomass
that was 2564 kg/ha which is about (2.82 ton/ha). These estimates seem to be in exaggeration
according to real time field estimates collected by Crop Reporting Service (CRS) department
which were (1.93 ton/ha), mentioned at website http://www.crs.agripunjab.gov.pk/

To manage this exaggeration, we applied the Soil Suitability Constant (ha) developed
by Raza. S.M.H.2018 [5]. This constant is useful for calibration of estimated values to the real
estimates. To, apply this constant we required the soil suitability map of the study site that was
prepared by Raza S.M.H.2018 [59] as shown in Figure 8.

February 2019 | Vol 1 |Issue 1 Page | 9




OPEN a ACCESS

International Journal of Agriculture and Sustainable Development

31°40'0"N

31°20'0"N

N

A

Land Suitability Map

MiLess Suitable (LSI_{ mNoderately Suitable (MS)
1 Highly Suitable (HS)mINot Suitable (NS)

1:550,000
0 510 20 30 40 Kilometers

73°20'0"E

73°40'0"E 74°0'0"E
Figure 8. Land suitability map of Nankana sahib.

Figure 8 is showing that a total 108840 hectors area was under observation in which 107000
ha were under rice cultivation. The land suitability distribution of the study site determines
that 48150 ha was suitable; 6420 ha was less suitable; 43870 ha was moderately suitable and
8560 ha was not suitable for rice cultivation. The application of (he) on these suitability zones
resulted as 1.99 ton/ha in suitable zone, 1.21 ton/ha in less suitable, 1.76 ton/ha in moderately

suitable and 0.73 ton/ha in not suitable zones. The average yield was estimated as 1.62 ton/ha

and the net rice production was estimated as 1,73,340 tons in the study site, which correspond
to the estimates of CRS department.

Conclusion
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CASA model is based on light use efficiency which is handy to apply in rice fields to
estimate net primary productions. CASA model incorporates all the ecological parameters
essential for growth and development of rice crop. Therefore, it is recommended that
government should establish the centers for awareness of local farmers to apply CASA model
to estimate the net rice production.
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