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ABSTRACT
The	present	study	was	carried	out	to	determine	the	primary	productivity	of	the	Milak	River.	Estimation	of	primary	productivity	is	
essential	to	determine	the	ecosystem's	health.	Water	samples	from	the	selected	sites	were	collected	in	triplicate	in	the	�irst	week	of	
each	month	between	6.30	am	and	8:30	am	for	1	year,	between	February	2022	and	January	2023.	The	light	and	dark	bottles	
(Winkler's	titration)	method	was	used	to	determine	the	gross	primary	productivity,	Net	primary	productivity,	and	community	
respiration.	The	GPP	ranged	from	19.3	mg	C/m³/h–	57	mg	C/m³/h,	with	an	annual	mean	of	36.39±13.2.	The	highest	reading	(57	
mg	C/m³/h)	was	recorded	in	the	month	of	March,	while	the	lowest	reading	(19.3	mg	C/m³/h)	was	recorded	in	August.	The	NPP	
ranged	from	7.33	mg	C/m³/h	to	25.3	mg	C/m³/h,	with	an	annual	mean	of	15.46±5.96	mg	C/m³/h.	The	CR	ranged	from	12.0	mg	
C/m3/h	to	32.3	mg	C/m3/h	with	an	annual	mean	of	21.21±7.48.	The	ratio	of	NPP:	GPP	(0.49	mg	C/m3/h)	was	highest	in	October	
and	lowest	(0.38	mg	C/m3/h)	in	August.	The	ratio	of	GPP:	CR	(1.81	mg	C/m3/h)	was	highest	in	October	and	lowest	(1.61	mg	
C/m3/h)	in	August.	Whereas	the	%	respiration	was	highest	in	December	and	lowest	in	May.	

Citation:	Pukhrambam Rajesh Singh, Bendang Ao, Kahoshe Sumi, and Maibam Romeo Singh [2026]. Assessment of Primary Productivity of 
Milak River, Mokokchung, Nagaland, India.	Journal	of	Diversity	Studies.	DOI:		https://doi.org/10.51470/JOD.2026.5.2.01

Article	History:	Received	04	March	2026	|	Revised	28	March	2026	|	Accepted	04	April	2026	|	Available	Online	July	01,	2026

Copyright:	©	2026	by	the	author.	The	license	of	Journal	of	Diversity	Studies.	This	article	is	an	open	access	article	distributed	under	the	
terms	and	conditions	of	the	Creative	Commons	Attribution	(CC	BY)	license	(https://creativecommons.org/licenses/by/4.0/).

E-mail	Address:	prajesh@nagalanduniversity.ac.in

Corresponding	Author:	Pukhrambam	Rajesh	Singh

Keywords:	Milak	River,	Primary	productivity,	ecosystem	health,	Light	and	dark	bottles.

1 1 1 2
Pukhrambam	Rajesh	Singh* ,						Bendang	Ao ,						Kahoshe	Sumi ,						and	Maibam	Romeo	Singh

Introduction
Productivity is the rate of production of organic matter per unit 
time. Primary productivity (PP) is “the rate at which radiant 
energy is stored by the photosynthetic and chemosynthetic 
activity of producers” [1]. Estimation of PP is essential to 
determine the ecosystem's health. In an aquatic ecosystem like 
the Milak River (MR), the ecosystem health depends on the 
energy �low in the food chain, less environmental stress, water 
quality, carbon dynamics, nutrient cycle, and physicochemical 
properties of water. The PP is generally used to assess the 
energy available in an aquatic ecosystem [2]. Weather 
conditions in�luenced the photosynthesis of plants and the 
productivity of the aquatic ecosystem [3]. Primary producers 
such as Phytoplankton and aquatic plants play a primary role in 
trapping and converting the radiant energy into organic 
molecules through the process of photosynthesis, which is the 
most important biological phenomenon in nature. All the 
organisms on the globe depend on the primary producers, 
either directly or indirectly [4]. Therefore, the primary 
productivity of an ecosystem can be said to be a manifestation of 
its biological production and forms the basis of ecosystem 
functioning.
Production at each level can be further distinguished into gross	
production	and net	production. In an aquatic ecosystem, most of 
the organic matter is produced by phytoplankton and utilized by 
the consumer. 

The estimation of primary productivity is based on the 
relationship between oxygen evolution and carbon �ixation. For 
instance, primary productivity varies from stream to stream, 
which is due to increased oxygen-demanding pollutants, or 
photosynthetic-inhibiting pollutants, particularly more in the 
downstream region [5]. It is also known that four main 
processes in�luence O -CO  concentrations between sites in 2 2

�lowing waters – (a) release of O  into the water by aquatic plants 2

and phytoplankton as a result of photosynthetic activity (b) 
uptake of O  as a result of respiration other organisms along 2

with chemical oxidation (c) exchange of O  with the atmosphere 2

in a direction based on the saturation gradient and (d) in�lux of 
O  via surface drainage [6].2

Gross Primary productivity (GPP) is the total organic carbon 
obtained via photosynthesis in unit time [7]. Net Primary 
Productivity (NPP) is obtained by subtracting the amount 
utilized for autotrophic respiration [8], which re�lects the 
ef�iciency or intensity of carbon �ixation and is thus an indicator 
of productivity (9). NPP would have a positive value under 
optimal conditions, because production of organic matter via 
photosynthesis would be suf�iciently greater than other 
respiratory needs, while it would be nil or even negative under 
adverse/unfavorable conditions because photosynthetic gains 
cannot offset respiratory losses (10). Several workers have 
made immense contributions to the assessment of the PP of 
water bodies. 
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Some of the notable workers are Sharma & Giri,	 2018 (11). 
Kemp and Boynton, 2004 (12). Dutta, 2003 (13), Kumar, 2001 
(14). Bharti and Malik, 2005 (15). Harikrishnan and Azis, 2000 
(16), and Lawton and McNeill, 1972
(17).

Study	Area
Mokokchung district is located in the northwest of Nagaland and 
between 26.32 '19219.3293 N Latitude and 94.50'302 48.4663 
E Longitude. Milak, Dikhu, Tsurang, or Desai, Tsumok, and 
Menung are some of the notable rivers of Mokokchung. This 
river originates at the center of Mokokchung town and is joined 
by many small drainage systems after it starts its journey. The 
total length of this river is 67 km, and the catchment area is 

2approximately 845 Km  [18]. This river con�luences with the 
Brahmaputra River in Assam. Based on the topography, altitude, 
and accessibility, 3 sampling sites were selected for the present 
study: Site I (94° 30′ 56″ E, 26° 22′ 04″ N, 646 msl), S II (94° 29′ 
09″ E, 26° 26′ 45″ N, 362 msl), and S III (94° 33′ 17″ E, 26° 32′ 
233 msl) (Fig. 1). Site I, Site II, and Site III are located upstream, 
midstream, and downstream, respectively. Sampling sites were 
chosen based on accessibility, altitude, physical habitat, and a 
similar gap of 10-15 km between the sites.

Fig	1:	Study	area	map

Methodology
Water samples from the selected sites were collected in 
triplicate in the �irst week of each month between 6.30 am and 
8:30 am for 1 year, between February 2022 and January 2023. 
The light and dark bottles (Winkler's titration) method was 
used to determine the PP. The sample in the �irst bottle was used 
immediately to determine the initial level of DO content 
following Winkler's Volumetric method [19]. The second bottle 
(dark) was warped by black polythene to prevent light. The third 
bottle (light) was used to estimate the net primary productivity. 
The light and dark bottles were incubated under water in a well-
lit area to mimic the euphotic zone for a period of 24 hours, after 
which the DO content of each bottle was determined.

Gross	Primary	Productivity	(GPP)

Net	Primary	Productivity	(NPP)

Community	Respiration	(CR)

GPP, NPP, and CR were calculated using the following formulas

Where, LB = Light bottle DB = Dark bottle IB = Initial bottle
T = Time of incubation
PQ = Photosynthesis quotient = 1.25

Results	and	Discussion
The primary productivity of an aquatic body is the outcome of 
photosynthetic activity and thus a manifestation of its biological 
production. This makes energy available to the entire biological 
component of the system. Solar energy is converted to chemical 
energy by chlorophyll-bearing organisms [20]. The rate of this 
conversion is dependent on quite a few factors, like the 
hydrological cycle, water level, light intensity, photo period, 
wind velocity, etc. [21, 22]. Assessment of primary productivity 
is an essential part of ecological studies, showing the �ixation of 
carbon over a period.  This assessment requires an 
understanding of other aspects like the GPP, NPP, and CR, which 
basically depict how much energy is captured or harnessed and 
the  avai lable  energy  af ter  necessary  expenditure . 
Understanding these aspects is necessary for assessment of 
ecological health, and this can, in turn, provide the cue for 
designing comprehensive models on sustainable resource 
management.
The GPP of the Milak river ranged from 19.3 mg C/m³/h– 57 mg 
C/m³/h, with an annual mean of 36.39±13.2. The highest 
reading (57 mg C/m³/h) was recorded in the month of March, 
while the lowest reading (19.3 mg C/m³/h) was recorded in 
August. The NPP of the Milak River ranged from 7.33 mg C/m³/h 
– 25.3 mg C/m³/h, with an annual mean of 15.46±5.96 mg 
C/m³/h. The CR ranged from 12.0 mg C/m3/h to 32.3 mg 
C/m3/h with an annual mean of 21.21±7.48. The ratio of NPP: 
GPP (0.49 mg C/m3/h) was highest in October and lowest (0.38 

3mg C/m3/h) in August.  The ratio of NPP: GPP (0.49 mg C/m /h) 
3was highest in October and lowest (0.49 mg C/m /h) in August. 

3The ratio of GPP: CR (1.81 mg C/m /h) was highest in October 
3and lowest (1.61 mg C/m /h) in August. Whereas the % 

respiration was highest in December and lowest in May (Table 
1).
The highest monthly average of GPP, NPP, and CR (57, 25, 30.3 

3mg C/m /h) were recorded in March, while the lowest (19.3, 
37.33, and 12 mg C/m /h) were recorded in August. Similar 

results were reported by Patralekh and Patar 2016 [23] in 
Shivaganga pond in Jharkhand and Sharma and Giri 2018 in lotic 
and lentic water bodies of Himachal Pradesh, India [11]. Low 
nutrient due to high turbidity leads to low PP (24). Alkaline 
water is the primary factor for high productivity [25].
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Table	1:	Monthly	average	of	GPP,	NPP,	CR,	NPP/GPP,	GPP/CR,	and	R%	of	the	Milak	River	(mg	C/m3/h)

Among the sites, the highest GPP was recorded at site I (42.83 
mg C/m³/h), and the lowest was at Site III (31.83 mg C/m³/h). 
The highest NPP and CR were recorded in site I (15.58 and 25.83 
mg C/m³/h), and the lowest NPP was at Site II (13.75 mg 
C/m³/h), and the lowest CR was recorded at site III (17.83 mg 

3C/m /h) as seen in Table 2. It indicates that photosynthetic 
activity is higher at site I and comparatively lower at sites II and 
III. The reasons could be less disturbance, more plants in the 
upper region of the river. NPP values across the site are relatively 
similar. Site I still shows slightly higher, which means that more 
energy is available at site I. Comparatively less energy is 
available at Site II. Site I shows higher biological activities and 
more organic matter decomposition.

Fig	2:	Graphical	representation	of	monthly	average	GPP,	NPP,	and	CR

Table	2:	GPP,	NPP,	and	CR	of	Sites

S=Site

3Table	3:	Seasonal	variation	of	GPP,	NPP,	and	CR	(mg	C/m /h)	of	Milak	River	

Among the seasons, the highest average GPP of Milak River 
(50.66 mg C/m³/h) was recorded during the pre-monsoon and 
the lowest (23.66 mg C/m³/h) was during the monsoon season 
(Table 3). The highest average GPP during the premonsoon 
season indicates good autotrophic activity. The values were 
quite reduced in the monsoon season, and this could be 
attributed to increased cloud cover (which corresponds to 
increased temperature and humidity, but reduced sunlight), 
higher turbidity, and potential nutrient dilution from rainfall. 
Monthly comparisons further con�irm a similar trend with peak 
productivity in March and the lowest in August, respectively. 
This consistency suggests that the primary drivers of 
productivity are likely regional climatic patterns rather than 
localized disturbances.

NPP and CR. The highest averages NPP and CR (22.00 and 28.66 
mg C/m³/h) were recorded during pre-monsoon, and the 
lowest averages (9.66 and 14.66 mg C/m³/h) were recorded 
during the monsoon season (Table 3). NPP can be said to be the 
portion left after autotrophic respiration
[8] and re�lects the ef�iciency of carbon �ixation in an ecosystem 
[26]. This ef�iciency depends on a host of factors like climatic 
regimes and anthropogenic activities [27]. It is sensitive to 
climatic factors and human activities, and therefore, knowing 
spatio-temporal dynamics over periods of time is required to 
forecast future trends in ecosystem changes [28]. CR is highest 
in premonsoon and lowest in monsoon. This suggests that Site I 
may possess more favorable environmental characteristics, 
such as better light conditions or higher nutrient availability. 
Warmer temperatures and clear water during pre-monsoon 
months stimulate microbial and heterotrophic activity, 
e n h a n c i n g  re s p i ra t i o n  [ 2 9 ] .  B e s i d e s  t h i s ,  G re a te r 
photosynthesis due to warmer temperatures leads to more 
organic matter production, which microbes decompose and 
thereby raise CR. Decrease River current during the 
premonsoon season may concentrate nutrients and organic 
matter and provide a conducive environment for microbial 
activity [30]. In contrast, the lowest CR was recorded during the 
monsoon season, possibly due to dilution effects and reduced 
light penetration from increased turbidity. Spatially, Site I 
showed the highest CR in both rivers in March, suggesting that 
higher organic activity is taking place.

Conclusion
The present study on the Milak River shows clear spatial and 
seasonal variations in productivity, represented by GPP, NPP, 
and CR. The results indicate that the river exhibits the highest 
productivity during the pre-monsoon season, while the lowest 
productivity occurs during the monsoon season. More turbidity, 
cloud cover, and nutrient dilution during the monsoon period 
reduce light penetration and photosynthetic activity, resulting 
in lower productivity. Site I consistently recorded the highest 
values of GPP, NPP, and CR, indicating more favorable 
environmental conditions such as increased light availability, 
higher nutrient concentration, and lower disturbance. In 
contrast, Site II and Site III showed comparatively lower 
productivity levels. The higher productivity and respiration at 
Site I also suggest greater biological activity and organic matter 
decomposition in this region of the river. Seasonal trends 
further reveal that warmer temperatures and clearer water 
during the pre-monsoon season enhance photosynthesis and 
microbial respiration, thereby increasing ecosystem 
productivity. Overall, the study highlights that climatic factors, 
hyd ro l o g i c a l  c o n d i t i o n s ,  a n d  l o c a l  e nv i ro n m e n t a l 
characteristics strongly in�luence the productivity dynamics of 
the Milak River ecosystem. Understanding these patterns is 
important for assessing ecosystem health and managing 
riverine resources effectively.
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