
Research onWorld Agricultural Economy | Volume 06 | Issue 03 | September 2025

Research onWorld Agricultural Economy

https://journals.nasspublishing.com/index.php/rwae

ARTICLE

Crop Diversiϐication and Nutrition Security: Extent, Linkage and
Determinants

Shefali Srivastava 1* , Sanjai Kumar Srivastava 2

1 Symbiosis Institute of International Business (SIIB), Symbiosis International (Deemed) University, G. No. 174/1, Hin‑
jawadi, Taluka – Mulshi, Dist. Pune – 411057, Maharashtra, India
2 Department of Agricultural Economics, College of Agriculture, G. B. Pant University of Agriculture and Technology,
Pantnagar‑263145, Uttarakhand, India

ABSTRACT
Since theGreenRevolution era, the cropping pattern in parts of northern India, which includes parts of Uttarak‑

hand, has been dominated by paddy andwheat. Crop diversiϐication is said to have a positive relationshipwith food
and nutritional security. It is essential to consider where such dominant cropping patterns or crop diversiϐication
have led us in terms of food and nutritional security. This study examines the extent of district‑level crop diversi‑
ϐication in Uttarakhand using the Simpson index of diversiϐication, as well as the extent of district‑level nutritional
security using the nutritional diversiϐication index, for the period 1990–2019. Average values of the crop diversiϐi‑
cation index and nutritional diversiϐication index for the periods 1990–99, 2000–09, and 2010–17 were calculated.
It was found that crop specialization has occurred in the plain districts of Uttarakhand, namely Udham Singh Nagar
and Haridwar, whereas in the remaining 11 hilly districts, crop diversiϐication has largely prevailed. The results of
nutritional diversiϐication were mixed in hilly districts. Only Champawat and Dehradun clearly showed nutrition
diversiϐication and nutritional specialization, respectively. In the two plain districts, nutritional diversiϐication was
observed over the ϐirst two decades, after which nutritional specialization was observed. The development of bio‑
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fortiϐied varieties and ensuring access to safe and nutritious food for all people are key ways to achieve food and
nutritional security through crop diversiϐication.
Keywords: Crop Diversiϐication; Nutrition Security; Food Security; Uttarakhand

1. Introduction
Agricultural diversiϐication, which includes crop di‑

versiϐication, is a signiϐicant way to realize higher farm
income, increased output growth, sustainability of natu‑
ral resources, employment generation, and poverty alle‑
viation. The experience from the Middle East, Southeast
Asia and North Africa supports that policymakers and
planners have been focusing on crop and agricultural
diversiϐication to promote the development of agricul‑
ture [1]. Many researchers support the notion that agri‑
cultural diversiϐication is a valuable instrument that can
be used to alleviate poverty, generate employment op‑
portunities, increase farm income, and conserve natural
resources [2–5].

Crop diversiϐication is seen as one of the most im‑
portant, cost‑effective, ecologically feasible, and ratio‑
nal ways of decreasing uncertainties in agriculture, in‑
cluding those among smallholder farmers [6]. It also
enhances resilience, is more stable agronomically, and
ensures greater temporal and spatial biodiversity in
farms [6,7]. The resilience is mainly due to the factors
such as lower weed and insect pressures, decreased de‑
pendence on nitrogen fertilizers (resulting from the in‑
clusion of leguminous crops), reduced erosion (mainly
due to the use of cover crops), and enhanced yield per
unit area and soil fertility [8]. Crop diversiϐication can
also improve resilience to climate [9] and lead to natural
resource conservation.

According to Paroda [10], during the Green Revolu‑
tion period, cereals, primarily paddy and wheat, were
themajor focus. It has been observed over the years that
the food basket has been diversifying. However, there is
yet a predominance of rice–wheat cropping systems, es‑
pecially in Haryana, Punjab and Uttar Pradesh (UP); win‑
ter maize in Bihar with very high yield (> 7.0 tons/ha);
groundnut in Gujarat; chickpea in south India (due to
the development of short duration varieties); sugarcane
in the north (owing to the mobilization of sugarcane by

transfer of both disease and drought tolerance from Sac‑
charum spontaneum); soybean in Madhya Pradesh and
its adjoining states; and pigeon pea in north‑western
states like Punjab, Haryana, Gujarat and Rajasthan (due
to earlymaturing varieties [approximately 120 days]). It
is an important question to answer: where have such
dominant cropping systems brought us in terms of food
and nutritional security?

Crop diversiϐication is a dynamic tool that can en‑
sure food security in a sustainable manner [11]. A posi‑
tive relationship exist between crop diversiϐication and
household food security status [12]. A crucial question
here is what the relationship could be between crop di‑
versiϐication and food and nutritional security at the dis‑
trict level, andwhat thedeterminants of this relationship
might be. Uttarakhand is a state that comprises of 13
districts, out of which 2 are plain districts, while 11 are
wholly hilly or amixof plains andhills. It is characterized
by poor agricultural development, primarily due to inad‑
equate irrigation facilities, small landholdings, a geopra‑
phy prone to soil erosion and landslides, and other prob‑
lems that have limited agriculture’s ability to generate a
substantial income for the state’s residents. In this back‑
drop, the aims to analyze the trends and the extent of
crop and nutritional diversiϐication at the district level
in Uttarakhand, along with identifying the relationship
between crop and nutritional diversiϐication and their
drivers. In this study, nutritional diversiϐication index
developed here has been considered indicative of nutri‑
tional security at macro level.

2. Materials and Methods

2.1. Study Area

Uttarakhand is located in Central Himalaya region,
covering an area of 53,483 km2 [13]. The region has var‑
ied climatic zones along the altitude gradient, ranging
from sub‑tropical in the lower altitudes of the southern
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area to alpine and arctic types in the high altitudes of
the extreme northern area. Agriculture is the main oc‑
cupation of the local people of Uttarakhand [14]. The net
sown area in Uttarakhand is 647,788 hectares [13]. The
land‑holding size in the state of Uttarakhand can be cat‑
egorised as marginal, as 74% of holdings are less than 1
ha, and 16% are small being between 1 and 2 ha [13]. The
small and scattered land holdings, coupled with rugged
terrain, pose challenges to the economic viability of tra‑
ditional agriculture in present times. In Kumaun Hills,
the average annual income of agriculture‑based farm
households is about Rs. 1.6 lakh. For labour income‑
based households, the average yearly income is Rs. 2.3
lakh, and for government service‑based households, it is
Rs. 6.2 lakh [15]. In the high hills, livelihood diversiϐica‑
tion is found to be the highest, followed by the mid hills
and the low hills in the Kumaun region [16].

The mainland of Uttarakhand is primarily sur‑
rounded by mountains. The hilly region spans 46,035
sq. km (86.07% of Uttarakhand’s total area). The plain
area spans over 7,448 sq. km (13.93%) of Uttarakhand’s
geographical area [13]. There are 2 divisions in Uttarak‑
hand: Garhwal and Kumaun. There are 7 districts in the
Garhwal division, namely Chamoli, Rudraprayag, Tehri,
Uttarkashi, Pauri, Dehradun, and Haridwar. There are 6
districts in the Kumaun division, namely Udham Singh
Nagar, Nainital, Pithoragarh, Champawat, Almora, and
Bageshwar. The cultural and socio‑economic aspects
of both these geographical areas are varied. There is
1 plain district (Udham Singh Nagar) in Kumaun and 1
plain district (Haridwar) in Garhwal. The rest of the dis‑
tricts are either hilly or a mix of hills and plains.

2.2. Data Sources and Methodology

The study is based on secondary data. It utilizes
district‑level panel data on area and production of var‑
ious crops, annual rainfall, cropping intensity, and gross
irrigated area data for Uttarakhand from 1990 to 2017.
This dataset, compiled by the International Crops Re‑
search Institute for the Semi‑Arid Tropics (ICRISAT) and
the Tata‑Cornell Institute (TCI), is known as the District
Level Database for India (DLD‑India) [17]. The study in‑
volves the estimation of crop diversiϐication index and
nutritional diversiϐication index, as well as the identiϐi‑

cation of the relationship between these two indices and
their determinants.
2.2.1. Crop Diversiϐication Index

To assess crop diversiϐication, the Simpson index of
diversiϐication was used as the Crop Diversiϐication In‑
dex (CDI). The Simpson Index is based on the proportion
of area under crops in a geographical region. It can be
computed efϐiciently and highly interpretable. The CDI
is given by the following Equation (1):

CDI = 1−
∑n

i
P2i (1)

where Pi is the proportion of area under ith crop in the
gross cropped area. CDI ranges from0 to 1. A value close
to 1 indicates high diversiϐication, and a value close to
0 indicates zero or no diversiϐication. The CDI was as‑
sessed for both food crops and non‑food crops in each
district of Uttarakhand state, India, for the period 1990–
91 to 2018–19. The food crops group included food‑
grains, sugarcane, fruits, and vegetables, while the non‑
food crop group comprised oilseeds and fodder crops.
The data was linearly interpolated to ϐill the data gaps.
2.2.2. Nutritional Diversiϐication Index

To assess nutritional diversiϐication, a Nutritional
Diversiϐication Index (NDI) was developed, which is in‑
dicative of the level of nutritional security ensured by
major crops (foodgrains, oilseeds, and sugarcane) that
are part of the dominant cropping patterns. Tradi‑
tionally, before the Green Revolution, agriculture was
more diversiϐied and sustainable [18]. Over the years, the
rice‑wheat cropping system has become predominant in
north India [10]. To measure the extent of nutritional se‑
curity ensured by these new cropping systems, NDI was
used. It measures the dispersion of nutrients obtained
from the production of the major crops and explains
whether output from these new cropping systems is bi‑
ased towards a particular nutrient. The NDI has been
developed on the lines of the Simpson index of diversiϐi‑
cation and is given by the following Equation (2):

NDI = 1−
n∑
i
p2i (2)

where pi is the proportion of ith nutrients (protein, fat,
minerals, ϐibre, or carbohydrate) to the total grams of
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nutrients obtained through the production of different
crops. TheNDI ranges from0 to 1. A value nearing 1 indi‑
cates high diversiϐication of nutrients, and a value near‑
ing 0 indicates specialization. To determine the quan‑
tity of individual nutrients, food composition tables pro‑
vided by Gopalan et al. [19] were used. For the conversion
of sugarcane into equivalent sugar, the average sugar re‑
covery rate of India was used. To average out individual
nutrient quantities for the category of ‘minor pulses’, the
meanof each nutrient ofminor pulses (horsegram, lentil,
and pea) grown in Uttarakhand was used.
2.2.3. Relationship between NDI and CDI

By using different curve equations, the relationship
between NDI (dependent variable) and CDI (indepen‑
dent variable) has been described. The following are the
different models:
Linear function: In the linearmodel, all parameters are
linear, i.e. homogenous of degree one. Mathematically
expression of linear Equation (3) is

NDIit = α+ βCDIit (3)

where α is a constant, and β is a parameter.
Logarithmic function: It shows a very rapid increase
followed by a slower one. Following is the mathematical
expression of the function in Equation (4):

NDIit = α+ β log(CDIit) (4)

where α is a constant, and β is a parameter.
Inverse function: This function shows a decreasing
curve. The Equation (5) of the inverse function is as fol‑
lows.

NDIit = α+ β/CDIit (5)

where α is a constant, and β is a parameter.
Quadratic function: When there is a trough or a peak in
the data, the quadratic function is useful. The Equation
(6) of a quadratic function is as follows:

NDIit = α+ βCDIit + γCDI2it (6)

where α is a constant, and β and γ are parameters.
Cubic function: When there are two peaks or two

troughs in the data, the cubic function is useful. Its Equa‑
tion (7) is as follows:

NDIit = α+ βCDIit + γCDI2it + δCDI3it (7)

where α is a constant, and β, γ, and δ are parameters.
Compound function: When it is known that there is a
rising curve or falling curve, the following Equation (8)
is used:

NDIit = αβCDIit (8)

where α is a constant, and β is a parameter.
S‑curve: It is used when exponential relation is ob‑
served. The Equation (9) of S – curve is as follows:

NDIit = Exp(α+ β/CDIit) (9)

where α is a constant, and β is the parameter.
Growth function: It is used when there is a direct expo‑
nential relationship. The Equations (10) and (11) are as
follows:

NDIit = Exp(α+ βCDIit) (10)

or

ln(NDIit) = α+ β(CDIit) (11)

where α is a constant, and β is the parameter.
Power function: It is the relationship observed when
the dependent variable is directly proportional to some
power of the independent variable [Equations (12) and
(13)]:

NDIit = αCDIβit (12)

or

lnNDIit = lnα+ β ln(CDIit) (13)

where α is a constant, and β is a parameter.
The strength of the above relationships is judged by

the signiϐicance of the regression, high R2 or adjusted R2

and high F‑ratio.

2.2.4. Panel Data Regression Model
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To assess the determinants of crop diversiϐication
and nutrient diversiϐication at the district level, the ϐixed
effect model (FEM) and random effect model (REM)
were used. The panel data set was balanced, i.e. the
dataset had an equal number of observations for each in‑
dividual (district). For the appropriate model selection
between FEM and REM, the Hausman speciϐication test
was performed to check the appropriateness of the re‑
gression for panel data modelling. The sample size had
364 observations. The regression equation was mod‑
elled to ϐind the association between CDI or NDI (de‑
pendent variable) and cropping intensity, gross irrigated
area and annual rainfall (independent variables).

The FEM has constant slopes. However, the inter‑
cepts differ by the cross‑sectional (districts) unit. For i
number of classes, i–1 number of dummy variables are
used to designate a particular district. It is ϐlexible in
accommodating heterogeneity (or individuality) among
districts (units), as each district can have its intercept
value. Thus, the intercept may vary by district, but it
does not vary over time. Unlike FEM, in a random effect
model (REM), it is assumed that the intercept is a ran‑
dom outcome variable. The random outcome is a func‑
tion of a mean value in which a random error is added.
Fixed Effect Model

To account for the individuality of each district
(cross‑sectional unit), the intercept is varied by using a
dummy variable for ϐixed effects. Fixed effect models for
panel data (intercept or individual) can be given by the
following Equation (14):

Yit = β1i + β2CIit + β3RAINit + β4GIAit + uit (14)

where i = 1, 2, 3,...,13 [cross section (districts)], t =
1,2,3,...........,30 [time period (years)], Y is CDI or NDI, CI
=Cropping intensity, RAIN=Annual rainfall; GIA =Gross
irrigated area, u =Stochastic error‑term.
Random Effect Model

In the random effect (REM) model, the assumption
is that the individual‑speciϐic coefϐicient β1i is ϐixed for
each time‑invariant individual. It is also assumed that
β1i is a random variable with a mean value of β1 (with‑
out i subscript here). It is expressed by the following
Equation (15):

β1i = β1 + εi (15)

where εi is a random error‑term with mean ‘0’ and vari‑
ance ‘σ2

εi ’. Thus, random effect model for panel data can
be expressed by the following Equation (16):

Yit = β1 + β2CIit + β3RAINit + β4GIAit +wit (16)

where, wit = εi + uit.
The composite error‑termwit has two components:

εi, representing the cross‑section or individual‑speciϐic
error component, and uit, representing the combined
time series and cross‑section error component.

3. Results

3.1. CDI and NDI

Table 1 presents the average CDI values for the pe‑
riods 1990–99, 2000–09, and 2010–19. It was found
that over the years, crop diversiϐication has increased
in the hilly districts of Chamoli, Almora, Champawat,
Nainital, Dehradun, Pauri Garhwal, Pithoragarh, Tehri
Garhwal, and Uttarkashi. In the plain districts of Udham
Singh Nagar and Haridwar, there has been a trend to‑
wards crop specialization. In Rudraprayag, the average
CDI increased over 2 decades, from 1990–99 and 2000–
09, after whichit stagnated.

Table 1. Average Crop Diversiϐication Index (CDI).
District 1990–99 2000–09 2010–19

Almora 0.629 0.714 0.740
Bageshwar 0.630 0.720 0.710
Chamoli 0.652 0.760 0.777
Champawat 0.778 0.783 0.803
Dehradun 0.805 0.818 0.822
Haridwar 0.777 0.731 0.708
Nainital 0.771 0.832 0.837
Pauri Garhwal 0.670 0.764 0.798
Pithoragarh 0.719 0.765 0.778
Rudraprayag 0.688 0.720 0.720
Tehri Garhwal 0.651 0.766 0.788
Udham Singh Nagar 0.720 0.686 0.632
Uttarkashi 0.714 0.790 0.814

Table 2 presents the average NDI values for the
periods 1990–99, 2000–09, and 2010–19. In Almora,
Bageshwar, and Uttarkashi, nutritional diversiϐication
showed slight specialization over the ϐirst 2 decades, af‑
ter which the NDI increased. In Haridwar, NDI showed
specialization over the ϐirst 2 decades, after which NDI
increased. In Chamoli, Pauri Garhwal, Pithoragarh,
and Uttarkashi, a specialization trend was observed
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in the second decade, followed by diversiϐication that
was slightly more pronounced than in the ϐirst decade.
Champawat clearly demonstrated diversiϐication in nu‑
tritional diversity, whereas Dehradun showed special‑
ization over the period. In Udham Singh Nagar dis‑
trict, there was slight diversiϐication towards the sec‑
ond decade, after which nutritional diversiϐication was
slightly less than the ϐirst decadewas observed. In Naini‑
tal and Rudraprayag, a notable increase in nutritional di‑
versiϐication was observed over the decades. In Tehri
Garhwal, the average NDI was remained over the ϐirst 2
decades, after which it showed slight diversiϐication.

The Gantt charts for CDI and NDI, plotted using
Tableau, are shown in Figure 1 for each district. The
trends do not show extremely high escalations or down‑
fall. The trends are showing only a slight rise or fall and
are more or less stable over the years. In Haridwar and
Udham Singh Nagar, which are plain districts, overall de‑
creasing trends in NDI and CDI were observed, indicat‑
ing specialization over the years. In contrast, in Pauri

Garhwal, Nainital, Tehri Garhwal, Pithoragarh, and Ut‑
tarkashi, clear overall increasing trends were observed,
indicating diversiϐication.

Table 2. Average Nutritional Diversiϐication Index (NDI).
District 1990–99 2000–09 2010–19

Almora 0.318 0.312 0.357
Bageshwar 0.316 0.312 0.356
Chamoli 0.314 0.311 0.357
Champawat 0.314 0.320 0.370
Dehradun 0.353 0.350 0.382
Haridwar 0.338 0.324 0.343
Nainital 0.324 0.325 0.363
Pauri Garhwal 0.323 0.318 0.365
Pithoragarh 0.325 0.321 0.369
Rudraprayag 0.306 0.310 0.352
Tehri Garhwal 0.325 0.325 0.371
Udham Singh Nagar 0.318 0.320 0.279
Uttarkashi 0.329 0.326 0.370

The ranks of NDI and CDI are shown in Figure 2.
The nutritional diversiϐication increased as crops diver‑
siϐied into millets. The NDI index indicated greater spe‑
cialization as the cropping system focused on rice and
wheat.

Figure 1. Gantt Chart Showing CDI and NDI.

3.2. Relationship between NDI and CDI

Modelswere ϐitted to ϐind the relationship between
NDI and CDI using Statistical Package for the Social Sci‑
ences (SPSS). Table 3 presents the results of different
ϐitted models that describe the relationship between

NDI (dependent variable) and CDI (independent vari‑
able). It can be observed from the table that all the pro‑
posedmodelswere found to be signiϐicant. However, the
best‑ϐitting model is the S‑model, as it has the highest
R2, followed by the highest F‑value. The best ϐitting S‑
relationship is shown in Figure 3.
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Figure 2. Ranks of NDI and CDI.
Note: CDI rank is shown in red. NDI rank is shown in blue.

Figure 3. NDI versus CDI.
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Table 3. Relationship Between NDI and CDI.
Equation R2 F‑Value p‑Value α β Γ Δ

Linear 0.064 26.716 0.000 0.204 0.182
Logarithmic 0.065 26.777 0.000 0.148 0.378
Inverse 0.064 26.710 0.000 ‑0.106 0.477

‑

Quadratic 0.065 13.353 0.000 0.112 0.399 ‑0.134
Cubic 0.065 13.354 0.000 0.134 0.304 5.328 ‑0.063
Compound 0.085 35.874 0.000 0.209 1.854
Power 0.086 36.295 0.000 0.378 0.449
S 0.086 36.572 0.000 ‑0.669 ‑0.323
Growth 0.085 35.874 0.000 ‑1.566 0.617

‑

3.3. Determinants of NDI

The identiϐication of the determinants of nutri‑
tional diversiϐication at the district levelwas done by em‑
ploying panel data regression models, viz. ϐixed effect
and random effect models (REM). To select the appro‑
priate model, the Hausman speciϐication test was per‑

formed. The Hausman speciϐication test results were ob‑
tained using h2o.ai and are presented in Table 4. The
Hausman test with the a p‑value < 0.05 led to the accep‑
tance of the null hypothesis and the conclusion that the
Fixed Effects Model is appropriate. Therefore, FEM was
applied to estimate the parameters of NDI over the pe‑
riod 1990–2019.

Table 4. Hausman Speciϐication Test Results for Regression for Nutritional Diversiϐication Index (NDI).
Statistic Value

Hausman Statistic 72.82
P‑value 1.11e‑15
Conclusion Alternate hypothesis is accepted. Fixed Effects Model is preferred.
Variable Fixed Effects Model Random Effects Model

Coefϐicient P‑value Coefϐicient P‑value

Annual Rainfall 0.000010 0.1719 0.000028 0.0001*
Gross Irrigated Area ‑0.000140 0.1782 ‑0.000157 0.0548
Cropping Intensity ‑0.001199 0.001853 0.0000*
*Statistically signiϐicant at p < 0.05

The results indicate that cropping intensity has
a statistically signiϐicant and negative impact on nutri‑
tional diversiϐication throughout the study period. The
effect of annual rainfall and gross irrigated area on the
nutritional diversiϐication index was not found to be sta‑
tistically signiϐicant.

3.4. Determinants of CDI
The determinants of crop diversiϐication at the dis‑

trict level were analyzed using FEM and REM. To obtain
the bestmodel, the Hausman speciϐication test was used.

The results of the Hausman speciϐication test, obtained
by employing h2o.ai, are presented inTable5. TheHaus‑
man test showed that the p‑value = 1.00 failed to reject
the null hypothesis. Hence, theREMwas found to be suit‑
able for estimating theparameters of CDI over theperiod
1990–2017.

The results show that gross irrigated area and crop‑
ping intensity have anegative and statistically signiϐicant
impact on crop diversiϐication throughout the study pe‑
riod. The effect of annual rainfall on the nutritional di‑
versiϐication index was not statistically signiϐicant.

Table 5. Hausman Speciϐication Test Results for the Regression of the Crop Diversiϐication Index (CDI).
Statistic Value

Hausman Statistic ‑86.55
P‑value 1.0000
Conclusion Fail to reject the null hypothesis. Random effects model is preferred.
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Table 5. Cont.
Variable Fixed Effects Model Random Effects Model

Coefϐicient P‑value Coefϐicient P‑value

Annual Rainfall ‑0.00000784 0.4565 0.00008068 0.0009*
Gross Irrigated Area ‑0.00031972 0.0000* 0.00009252 0.5335
Cropping Intensity ‑0.00422095 0.0000* ‑0.00025944 0.8460
*Statistically signiϐicant at p < 0.05

4. Discussion
This study examines the district‑level Crop Diver‑

siϐication Index (CDI) and Nutritional Diversiϐication In‑
dex (NDI) in Uttarakhand, their linkage, and determi‑
nants. The NDI is indicative of nutritional security en‑
sured at themacro level through dominant cropping sys‑
tems.

Average NDI values were not found to ϐluctuate sig‑
niϐicantly, varying between 0.3 and 0.4 only. It was found
through the average values of CDI that slight crop special‑
ization is occuring in the plain districts of Uttarakhand.
Both of the plain districts have industrial hubs facilitated
by the State Infrastructure and Industrial Development
Corporation of Uttarakhand Ltd. (SIIDCUL). Commodi‑
ties such as peas, paddy seeds, and sugarcane are being
supplied to companies or mills established in this area.
Since marketing facilities are available for these com‑
modities, farmers have shifted to cultivating these crops.
NDI demonstrated specialization and progressed along
CDI in these districts. However, the overall relationship
between NDI and CDI was found to be nearly S‑shaped,
indicating that NDI ϐirst decreased with an increase in
CDI as diversiϐication was increasing, but with further
diversiϐication, NDI increased. This suggests that in Ut‑
tarakhand, slight nutritional specialization occurred un‑
til a threshold value of CDI was reached, after which nu‑
tritional security was enhanced with an increase in crop
diversiϐication. This implies that until the attainment of
the threshold level, crop diversiϐication was occurring
in crops rich in a particular nutrient. Anuja et al. [20]
have reported an inverse relationship between crop di‑
versiϐication and undernutrition in India. This conϐirms
that nutrition security improves as long as there is crop
diversiϐication in the nutrient‑rich crops. The nutrient‑
rich crops, for instance, could be ϐinger millet, vis‑à‑vis
rice and wheat, owing to the fact that ϐinger millet has a

higher proportion of minerals.
The crop diversiϐication status is an indicator of

adaptation as a response to climate change, and mar‑
ket access facilities and specialized labour requirements
thatmaynot be fulϐilled to diversify the current cropping
system. For instance, in response to low rainfall caused
by climate change, farmers, especially small marginal
farmer, who are mostly dependent on rainfed farming,
may opt for cultivating other kharif crops that are not
water‑guzzling. In particular, the plain district of Ud‑
ham Singh Nagar had witnessed an increase in the culti‑
vation of the water‑guzzling summer paddy crop. While
large farmers can avail themselves of the facility of tube‑
wells, the smallholder farmers might ϐind the electricity
expenses unaffordable. Owing to this reason, small and
marginal farmers might switch to other crops or leave
part of their land fallow. On the other hand, resource‑
rich farmers usually adapt to climate change by bring‑
ing more area under irrigation and planting more crops,
thereby improving cropping intensity and crop diversi‑
ϐication. However, in the current study, gross irrigated
area and cropping intensity are found to have a negative
relation with CDI, which could be indicative of poor cli‑
mate change adaptation, crop failure, lowyields, lowpre‑
paredness to cope with climate change, low market ac‑
cess and scarcity of skilled labour. As CDI is negatively
related to cropping intensity, the same relationship is re‑
ϐlected in NDI as well, given that CDI and NDI are corre‑
lated.

Average values indicate that, most hilly districts,
crop and nutritional diversiϐication were observed.
However, there is still considerable scope for diversiϐi‑
cation, as only 4 percent of the total reported area the of
state is under horticulture. Regarding the status of agri‑
cultural technology, none of the hill districts have an av‑
erage consumption of chemical fertilizer above 10 kilo‑
grams per hectare. Around 74 percent cultivators in this
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region are marginal farmers, constituting about 36 per‑
cent of the total arable land. The average yield of differ‑
ent traditional crops grown in this region is 11.0 quin‑
tals per hectare for barley, 10.25 quintals per hectare for
wheat, 18.16 quintals per hectare for the mixed crop of
ϐinger millet and horse gram, 26.18 quintals per hectare
for the mixed crop of paddy, barnyard millet and fox‑
tail millet; total food grains to be at 18.84 quintals per
hectare and 18.46 quintals per hectare amaranth [21].
Pandey et al. [22] mention the introduction of medicinal
and aromatic crops with horticultural crops in the crop‑
ping system of Uttarakhand as the climate and topogra‑
phy of Uttarakhand are suitable for these crops. Another
possibleway todiversify the cropping system in the state
is through the promotion of the cultivation of traditional
organic crops like amaranth and buckwheat. The agro‑
climatic conditions of Uttarakhand are best suited for
ϐloriculture, but the poor transportation linkage is the
foremost hurdle as it requires advanced transport facili‑
ties and prompt delivery [21].

Market‑led extension and agronomic extension ser‑
vices should be providedwhile ensuring an optimal ratio
of extension workers per hundred farmers. Given that
women in Uttarakhand, perform extensive agricultural
functions, it is essential to ensure that a sufϐicient num‑
ber of women extension functionaries are employed in
the extension system due to the cultural and social rea‑
sons. To achieve crop diversiϐication, specialized labour
would be required who would be able to perform op‑
erations not only on rice and wheat crops but also on
several other crops, such as ϐinger millet, maize, and
legumes. Specialized training should be organized to
educate farm labourers in the cultivation of different
crops using modern technologies. With the availability
of skilled farm labour, the wage market might also reach
a balance, thereby making the production of diversiϐied
crops more proϐitable. In rural areas, custom hiring cen‑
tres have been established to offer farm machinery on
a rental basis. In the same fashion, hiring platforms to
match available skilled labour with the recruiting farm
owner can be developed to drive nutritional and crop di‑
versiϐication programs in the future.

On the other hand, market‑led extension enables
farmers to identify market opportunities and achieve

higher proϐits in a competitive environment. Extension
functionaries work closely with farmers and other mar‑
ket actors, such as input processors and suppliers. The
market‑led extension ensures that farmers have access
to the market and inputs.

Gross irrigated area and cropping intensity were
found to be the main determinants of CDI and NDI, and
both showed a negative relationship with CDI and NDI.
This is in contrast with Joshi et al. [23] and Kumar and
Gupta [24], who found that cropping intensity and annual
rainfall are the major determinants of CDI in India and
are positively related to CDI.

Ensuring access to nutritious food along with nu‑
tritional diversiϐication is essential. The development,
adoption, and consumption of biofortiϐied varieties of
different crops (e.g., golden rice), along with crop diver‑
siϐication, are the importantways of ensuring nutritional
security at themacro level. Speciϐically, purple, blue, and
black wheat are rich in anthocyanins. While the com‑
mon white wheat contains 5 ppm of anthocyanins per
100 g, the purple, blue, and black wheat contains 40, 80,
and 140 ppm of anthocyanins, respectively [25]. Biofor‑
tiϐied varieties of other foodgrain crops are also avail‑
able for commercial cultivation. Traditional maize, for
instance, contains a low amount of lysine and trypto‑
phan protein. Severalmaize hybrids rich in provitaminA
or rich in lysine, tryptophan, andprovitaminAhavebeen
released for commercial cultivation. Other instances in‑
clude zinc and iron‑rich biofortiϐied varieties of pearl
millet [26]. Millets are nutritionally superior to rice and
wheat, as they contain a high amount of dietary ϐibre,
protein, vitamins, and minerals [27]. There lies a high po‑
tential for agronomic biofortiϐication of ϐinger millet [28].

It is estimated that over half of the world’s pop‑
ulation suffers from micronutrient malnutrition, which
is one of the biggest threats to humanity. Historically,
modern plant breeding has focused more on achiev‑
ing high agronomic yields than nutritional quality, and
other attempts to address the issue havemostly involved
pharmacological supplements or industrial fortiϐication.
Women and preschool‑aged children are particularly
susceptible to micronutrient malnutrition, also known
as “hidden hunger,” which is mostly brought on by inade‑
quate dietary intake of micronutrients, particularly zinc
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and iron. Malnutrition, also known as hidden hunger,
can be prevented through biofortiϐication, a process that
enhances the bioavailable concentrations of critical ele‑
ments in edible parts of agricultural plants via genetic
selection or agronomic interventions [29].

Biofortiϐication is of speciϐic importance to the
state of Uttarakhand as it has low levels of food andnutri‑
tion security, as demonstrated by various food insecurity
indicators. For the period 2019–21, out of the thirteen
districts of Uttarakhand, 5 districts demonstrate public
health concern on the indicator of a number of anaemic
pregnant women, 7 districts on the indicator of a num‑
ber of underweight children (< 5 years), 11 districts on
a number of underweight women, 12 districts on a num‑
ber of anaemic children (< 5 years) and 13 on a number
of stunted children (< 5 years) [30].

Besides this, it is equally important to ensure
the sustainability of nutritional security by practic‑
ing climate‑resilient agriculture and growing region‑
speciϐic crops that can be grown sustainably. Th cultiva‑
tion of millets, which are climate‑resilient crops, should
be encouraged by incentivising farmers through ecosys‑
tem services [31]. Improved farm practices such as in‑
tegrated nutrient management and intercropping with
legumes can be used to generate economic value by of‑
fering ecosystem services [32]. This will incentivise farm‑
ers to diversify into various nutrient‑rich and climate‑
resilient crops that have the potential to ensure nutri‑
tional security through nutritional diversiϐication.

Thus, on the production side, the selection of bio‑
fortiϐied varieties, diversiϐication into nutrient‑rich and
climate‑resilient crops, and agronomic biofortiϐication
should be incentivised. Additionally, agronomic exten‑
sion services should be provided to farmers. On the
other hand, market access and market‑led extension
services, as well as monitoring for ecosystem services,
should be provided. These initiatives would help in en‑
suring food and nutritional security.

This research is based on district‑level data. Future
research could utilise farm‑household‑level data on crop
diversiϐication and farmers’ diets to investigate the rela‑
tionship between crop diversiϐication and food and nu‑
tritional security.

5. Conclusion
This study examined the extent of district‑level

crop diversiϐication and nutritional diversiϐication in Ut‑
tarakhand over the period 1990–2019, their relation‑
ship, and identiϐied their determinants. Crop diversiϐi‑
cation was examined using the Simpson index of diver‑
siϐication, whereas the nutritional diversiϐication index
was developed on the lines of the Simpson index. It
was found that crop specialization has been prevalent
in plain districts, whereas in hilly districts, crop diversi‑
ϐication has largely been the norm over the years. The
results of nutritional diversiϐication have been mixed.
The relationship between nutritional diversiϐication in‑
dex and crop diversiϐication index is S‑shaped, which im‑
plies that nutrition security improves as long as there is
cropdiversiϐication in the nutrient‑rich crops. The statis‑
tically signiϐicant determinant of both the crop diversiϐi‑
cation index and nutritional diversiϐication index is crop‑
ping intensity, showing a negative relation, which is in‑
dicative of poor climate change adaptation, crop failure,
low crop yields, and low preparedness to cope with cli‑
mate change: poor market access and paucity of skilled
labour required to cultivate different types of crops.

In the districts of Uttarakhand, especially in the
plain districts where crop specialization is increasing,
marketing and extension facilities should be provided
for crops other than paddy‑wheat dominant cropping
patterns, including other‑crops. Ensuring food and nu‑
tritional security through crop diversiϐication requires
actions that include the development of bio‑fortiϐied va‑
rieties, ensuring access of all people to safe and nu‑
tritious food, boosting eco‑friendly and region‑speciϐic
production, shifting to consumption patterns that are
sustainable, advancing equitable livelihoods and build‑
ing resilience that combats shocks, vulnerabilities and
stress. To achieve nutritional diversiϐication, cropping
systems should include biofortiϐied crops, such as pur‑
ple, blue, and black wheat, golden rice, and biofortiϐied
maize. Besides genetic biofortiϐication, agronomic bio‑
fortiϐication should also be encouraged, especially in the
case of millets. Additionally, agronomic and market‑led
extension services should be provided.
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