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India

Abstract:

Land degradation, particularly through waterlogging and soil salinization, poses a significant threat to
agricultural productivity, especially in arid and semi-arid regions. This study examined the economic
impact of these issues on crop returns in Haryana, India, with a focus on Jhajjar district. The research
assessed input utilization, crop yields, and profitability for Bajra and Mustard crops on both normaland
degraded farms. Utilizing primary data from 60 farmers and employing tabular analysis and the Cobb-
Douglas production function, the study found that soil salinity and waterlogging lead to significant
reductions in crop productivity and profitability. For instance, Bajra yields on degraded farms resulted
in lower gross returns and net profits compared to normal farms, primarily due to increased costs in
field preparation and pest management. The Cobb-Douglas production function analysisfurther
revealed that whilefertilizers significantly enhanceyields on normal farms, their effect is negative on
degraded farms, likely due to over use of fertilizers. Mustard farming showed similartrends,
withproblematic  farms incurringhighervariablecostsandachievinglowerprofitability. The study
highlighted the urgent need for targeted policies to manage soil health and improve the economic
outcomes of farming in degraded lands.
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1. Introduction:

Land degradation is a major threat to our food and environmental security. The development
of waterlogging and soil salinization in irrigated areas of arid and semi-arid tracts is a global
phenomenon. Soil health related problems seriously undermine the productivity of one-third
of the world’s arable land. It has been estimated that the decline in yield is about 1.1 million
tons each year due to water logging and salinity in developed and developing countries
together (Brown and Young, 1990). Haryana is a water deficit state with respect to surfaceand
groundwater resources and the state being part of fertile Indo-Gangetic Plains, the agriculture
practice forms themajorland useoftheState. Thetotalcultivableareain theState is 3.8 million
hectare (86% of State area) of which 3.62 mha constitute the net cropped area. The northern
portion of the State is characterized by good agricultural area due to fertile alluvial soils,
marginal to good quality of groundwater, network of irrigation, canals, tube wells and
relatively better natural drainage.

Salt affected land, scrub land, waterlogged land, barren land and sandy area constitute the
main wasteland in the State. The majority of salt-affected lands are associated with
waterloggedareas. ThesearemainlyspreadoverthecentralandsouthernpartsoftheStatein



the districts of Karnal, Kaithal, Panipat, Sonipat, Jhajjar, Rohtak and Gurgaon. Absence of
natural drainage outlet and use of poor-quality groundwater for agricultural purpose render
highly fertile soils salt-affected. Barren lands are generally associated with Aravalli ranges in
thedistrictsofFaridabad, Gurgaon, Mahendragarhand Rewari.Majorscrublands arefoundin the
central part of Gurgaon district, southern parts of Mahendragarh district and in the northern
parts of Ambala district. Scrub lands also exist at few places around townships of Gurgaon,
Faridabad, Bhiwani, Hisar and Yamunanagar. In all these places, the land becomes barren
with scrub due to loss of soil fertility caused by waterlogging and poor quality of groundwater
(Planning commission, 2009).
The issues of population, environment and land resources have been drawing the attention of
the government for the last three decades because of the rapid growth of population,
urbanization and industrialization. Due to the constant rising process of all these aspects there
IS a great impact on the natural resources as well, particularly on land resources. Moreover,the
land resources are also facing innumerable problems i.e. soil erosion, salinity, alkalinity and
seepage. Therefore, there is a great need for the management of all natural resources in order
to satisfy the needs of an accelerating population and for the environmental sustainability of
the state.
A survey was conducted in the Jhajjar district of Haryana to determine the extent of land
degradation problems. Farmers with both normal and degraded soils were interviewed to
measure the impact of soil salinity and waterlogging on the productivity and profitability of
crop production, specifically Bajra and Mustard. The findings revealed that soil salinity and
waterloggingsignificantlyconstrainagriculturalproduction,leadingtodecreasedproductivity,
agricultural output, and income.
The primary goal of this research is to estimate the economic impact of land degradation atthe
field level. Other goals include:
I.  Assessing input utilization, crop yield, total production value, and net profit at the
fieldlevel.
1. Estimatingcropreturnsowingtodegradedlandduetosalinityandwaterlogging.

I11. Developingpolicysuggestion.

2. Scopeofstudy:

Soil degradation due to salinity and waterlogging cause decline in crop productivity,
profitabilityand the degradation of natural resource base. Hence, itisimperative thatresearch
isrequiredtoworkouttheimpactoncropreturnowingtodegradedlandandsuggest



strategiesfortheirremediestotheproblem.Thepresentstudywasconductedatthefarmlevel  using
primary data. The study will help in policy making with regard to problems of villages in

particular and region as a whole in general.

3. Materialand Methods:

The Haryana state was purposively selected. Further, district Jhajjar was selected on the basis
of degraded land data from published source of NBSS & LUP. A complete list of all the
villages in the selected district was prepared and two villages (Baghpur and Wazirpur) were
selected on the basis of problematic land due to salinity, water depletion or waterlogging for
the present study.

A complete list of all cultivating households was prepared for the sampled villages, using the
information provided by concerned village Patwari and Krishi Vigyan Kedra (KVK) and a
sample of 15 problematic farmers' and 15 non-problematic farmers' from each village were
selected. Therefore, a total sample size for the study was 60 farmers. The data related to crop
production were collected for the 2022-23 production year.

TabularAnalysis:

Tabular analysis was usedtoexaminethe costsand returns of Bajra andMustard crops grown on
normal and problematic farms with the help of simple percentages and averages.
Cobb-Douglasproductionfunction:

The Cobb-Douglas production function form was used to analyse the crops return owing to
degradedlandasitprovidesthebestfitandismostwidelyusedformofestimatedagricultural
production data because of its parsimony in parameters, ease of interpretation and
computational simplicity (Singh and Singh, 1995). Two production functions were estimated,
one for normal farms and the other for degraded farms.
TheformofCobb-Douglasproductionfunctionusedfordifferentcategoriesoffarmswas:  Yi1=
aX X o X U 1)

Y= X PLXP2 XE e, ©)

The equation (1) and (2) are non-linear as the derivatives of Y with respect to the
parameters are dependent on the parameter themselves. Ordinary Least Square (OLS) can be
applied to estimate the model after linearizing the equation by taking natural logarithm on
bothsides.Theequationswere transformedinlog-linear formand theanalysis wasperformed in
SPSS software:
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Where,

Y 1= output obtained on normal farms,

Y =outputobtainedondegradedfarms,

ai,a-are theintercept of normalanddegraded soils,

B1, P2, ...., Parepresents the regression coefficient or elasticity of production of factor inputs
AndXy,Xz,....,Xsaretheindependentvariablessuchasseedcost, fieldpreparationand sowing,
fertilizers, plant protection chemicals and irrigation.

Student’st-test:
Tocomparethemeanvaluesofavariablesbetweennormalfarmsandproblematicfarms, student’s t-

test was applied as under:-

—X1—X2
SE(x1—x2)

SE(X1-X2)=S /1/1+1/2

S= \/ D1%(1-1)+D22(>-1)

1+2—2
Where,
SE=standarderrorofmeandifference X1=
mean value in normal farms
Xp=meanvalueinproblematicfarms S
= common standard deviation
SD;= standard deviation in normal farms
SD,=standarddeviationinproblematicfarms
ni= number of observations in normal farms
n.=numberofobservation inproblematicfarms

4. ResultsandDiscussion:
BajraandMustardwasthemajorcroppingpatternsfollowedbyfarmersinJhajjar district of

Haryana.



The table 1 analyzing the costs and returns of Bajra farming in Jhajjar

Districtduring2022 compares thenormal andproblematicfarms, highlightingkey
differencesintheir economic performance. Normal farms incurred a total cost of X 58,596 per
hectare, slightly higher than the 50,872 on problematic farms, but they achieved better
returns due to more efficient production practices. However, when looking at variable costs
alone, both types of farms had comparable expenditures, with normal farms spending

332,847 per hectare and problematic farms spending X 31,942.

TablelCostsandreturns ofBajraduring2022inJhajjarDistrict

(ing perha)
. Normal Problematic Difference t-value
S.No. | Particulars
farms farms
A. Variablecost
1. FieldpreparationandSowing 6,610 8,109 1,499 8.19%
(11.28) (15.94)
2. Seeds 1,215 1,460 245 7.15*%
(2.07) (2.87)
3. Fertilizers 2,840 3,426 586 13.96*
(4.85) (6.73)
4, Irrigation 963 380 -583 -20.95*
(1.64) (0.75)
5. PlantProtection 4,080 4,469 389 6.87*
(6.96) (8.78)
6. Harvesting&Threshing 15,789 12,651 -3,138 -8.20*
(26.95) (24.87)
8. Interestonworkingcapital+ misc. 1,350 1,447 97 41.49
(2.30) (2.85)
9. 32,847 31,942
Sub-total -905 2.26*
ub-tota (56.06) (62.79)
B. . 25,749 18,929
Fixedcost -6,820 -18.74*
Ixeacos (43.94) (37.21)
C. 58,596 50,872
Totalcost(A+B -7,725 -15.74*
otalcost(A+B) (100.0) (100.0)
D. Grossreturn 65,400 51,413 -13,987 -20.76*
E. Returnsovervariablecost 32,553 19,471 -13,082 -21.70*
F. Net return 6,804 541 -6,262 -11.45*
G. B:Cratioovervariablecost 1.99 1.61
H. B:Cratioovertotalcost 1.12 1.01

Note:Figuresinparenthesisindicatesthepercentagetototal cost

* indicatessignificanceatlpercentlevel




As depicted from the table 1 normal farms recorded a gross return of % 65,400 per
hectare,significantlyhigherthantheX 51,413perhectareonproblematicfarms,withagapof
X13,987. This variation is largely due to the superior yields of both the main crop and by-
products on normal farms, which benefited from better farming practices, including more

efficient field preparation and sowing techniques.

Further, when considering returns over variable costs, normal farms earned X 32,553
per hectare, whereas problematic farms managed only X 19,471 per hectare, resulting in a
notable difference of X 13,082. This suggested that normal farms were more successful in
managing their variable expenses, likely due to better resource allocation and more effective

input usage, which enhanced their overall production efficiency.

Thenet return, which included bothvariable and fixed costs, were significantly higher
on Normal farms at X 6,804 per hectare compared to just X 541 per hectare on problematic
farms, reflecting a difference of X 6,262. The lower net returns on problematic farms can be
attributed to their higher expenditures on critical areas such as field preparation, sowing, and
plant protection, which were necessary to mitigate the challenges they faced, like suboptimal
soil quality or pest issues. Moreover, the Benefit-Cost (B:C) ratio also favored normal farms,
witha ratio 0f1.99 over variable costscompared tol.61for problematic farms, and 1.12 over
total costs versus 1.01. This indicated that normal farms were more efficient in generating
returns relative to their costs, underscoring the importance of effective cost control and

favorable conditions for achieving better financial outcomes in Bajra cultivation.

The table 2 provides insights into the cost-efficiency and profitability of mustard
farming in Jhajjar District during the 2022-23 season, comparing normal farms with
problematic farms. The total variable cost was slightly higher on problematic farms (X 32,796
per hectare) compared to normal farms (X31,730 per hectare). The most significant
components of variable costs on problematic farms included field preparation and sowing
(% 9,380 per hectare), fertilizers(X 4,940 perhectare), and plantprotection (X 4,869 per hectare).
These elevated costs suggested that farmers on problematic farms incur additional expenses to

manage issues such as poor soil quality or pest infestations.

The fixed costs, particularly the rental value of land, were significantly lower on
problematic farms (X 14,474 per hectare) than on normal farms (X 25,194 per hectare). This
reduction in fixed costs may be due to lower land values or rent in areas with degradation due

to salinityor poorsoilquality.Further,thegrossreturn onproblematicfarmswas X 60,942per



hectare, significantly lower than the 390,879 per hectare on normal farms, leading to a net
return of just X 8,838 per hectare on problematic farms, compared to X 28,893 per hectare on
normal farms. The B:C ratio also reflected this disparity, with a ratio of 1.86 on problematic
farms, indicating less favorable economic outcomes, compared to 2.86 on normal farms.
These figures underscored the economic challenges faced by farmers on problematic farms,
where higher variable costs and lower productivity significantly diminish profitability.

Table2CostsandreturnsofMustardduring2022-23inJhajjar District

(inX perha)
S No Particulars Normal Problematic Difference t-value
e farms farms
A Variablecost
1. FieldpreparationandSowing 8,336 9,380 1,044 8.77*
(13.45) (18.00)
2. Seeds 2,174 2,717 543 9.99*
(3.51) (5.21)
3. Fertilizers 3,433 4,940 1,507 5.99*
(5.54) (9.48)
4, Irrigation 1,136 618 -518 -14.25*
(1.83) (1.19)
5. PlantProtection 4,450 4,869 419 9.15*
(7.18) (9.34)
6. Harvesting&Threshing 10,880 8,754 -2,126 -4.00
(17.55) (16.80)
8. In_terestonworkingcapital+ 1,321 1518 196 27 66*
MISC. (2.13) (2.91)
9. Sub-total 31,730 32,796 1,065 3.88*
B. FixedCost 30,255 19,308 -10,947 -24.59*
C. 61,985 52,103
Totalcost(A+B -9,882 -25.95*
( ) (100.0) (100.0) '
D. Grossreturn 90,879 60,942 -29,937 -16.37*
E. Returnsovervariablecost 59,148 28,146 -31,002 -9.17*
F. Net return 28,893 8,838 -20,055 -4.25*
G. B:Cratioovervariablecost 2.86 1.86
H. B:Cratioovertotalcost 1.47 1.17

Note:Figuresinparenthesisindicatesthepercentagetototal cost
* indicatessignificanceat 1percentlevel

Table 3 presented the Cobb-Douglas production function estimates calculated using

SPSSsoftwareforBajracropsundernormalandproblematicfarmconditionsinJhajjar. The



analysisrevealedhowdifferentinputsaffected Bajrayieldsandreturnsundervaryingfarming

conditions.

Fertilizer use showed a significant positive coefficient of 0.27 for normal farms,
indicating that appropriate fertilizer application significantly enhanced Bajra yields. In
problematic farms, thefertilizer coefficient (-0.58) was significant at thel% level, suggesting
that fertilizer use negatively impacts yield, likely due to issues such as excessive fertilizer use
or high fertilizer prices.

Table 3: Cobb-Douglas production function estimates for Bajra crop under different conditions

in Jhajjar
(inX perhectare)
S.No. | Variables Parameter Normalfarm Problematic
farm
3.46* 4.93**
1. Constant InA (0.64) (1.83)
-0.01 -0.05
2. Seedcost
eedcos Pr (0.04) (0.48)
. . . -0.11 0.42
3. Fieldpreparationandsowing B2 (0.13) (0.35)
- 0.27* -0.58*
4, Fertilizers Bs (0.09) (0.18)
. . 0.03*** -0.02
5. Plantprotectionchemicals Ba (0.02) (0.08)
_ 0.17 -0.02
6. Irrigation Ps (0.09) (0.08)
No.of observations 60 60
R? 0.62 0.56
AdjustedR-square 0.38 0.31

Note:Figuresinparenthesesindicatesstandarderror
* indicatesignificanceatlpercentlevel
**indicatesignificanceat5per centlevel
***indicatesignificance at10percentlevel

Further, it was found that plant protection chemicals (0.03) was significant at the 10
per cent level for normal farms, indicating a slight positive impact on yields. For problematic
farms (-0.02), non-significant, suggesting that these chemicals did not significantly affected

yields, possibly due to inefficiencies in pest and disease management practices.

The coefficient of determinations (R?) indicated that, largest proportion of variation in

Bajraoutputwasexplainedbytheindependentvariablesincludedinthefunction. The




contribution of independent variables to the output was highest in normal soils (62 per cent)
followed by problematic soils (56 per cent).

The estimated Cobb-Douglas production functions for mustard crop in Jhajjar on
normal and problematic farm are depicted in table 4 which were calculated using SPSS
software. The coefficients of multiple determination for the problematic and normal farms
indicated that about 53 and 64 per cent variations in mustard output was explained by
variables included in the production functions.

Table 4: Cobb-Douglas production function estimates for Mustard crop under different
conditions in Jhajjar

(inX perhectare)

S.No. | Variables Parameter Normalfarm Problematic
farm
10.28* 13.05*
1. Constant InA
onstan n (1.90) (4.10)
-0.05 0.06
2. Seedcost B1 (0.23) (0.22)
. . . -1.73* -1.82
3. Fieldpreparationandsowing B2 (0.59) (1.19)
0.14 -0.45
4. Fertili
ertilizers Bs (0.18) (0.52)
. . 0.18*** -0.10
5. Plantprotectionchemicals Ba (0.09) (0.10)
_ 0.24%*** 0.01
6. I t
rrigation Bs (0.12) (0.24)
No.of observations 30 30
R? 0.64 0.43
AdjustedR-square 0.41 0.19

Note:Figuresinparenthesesindicatesstandarderror
* indicatesignificanceatlpercentlevel
**indicatesignificanceat5per centlevel
***indicatesignificance at10percentlevel

The regression coefficients of expenses on field preparation & sowing and plant
protection chemical & irrigation were found to be significant at 1 & 10 per cent level,
respectively on normal farms. Other variables like seed cost and fertilizers were statistically
non-significant. In case of problematic farms, all the input factors were found to be non-
significant.

5. Conclusion:




The study highlighted the economic disparities between normal and problematic farms in
Jhajjar district of Haryana. Normal farms consistently outperformed problematic farms in
terms of gross returns, net returns, and Benefit-Cost (B:C) ratios, reflecting better resource
allocation, efficient input use, and effective farming practices. The analysis of Cobb-Douglas
production functions further revealed that fertilizer application, field preparation, and
irrigation played significant roles in influencing crop yields, particularly on normal farms. In
contrast, problematic farms struggled with higher variable costs and lower productivity,
largely due to soil quality issues and inefficient input usage. To address these challenges, the
following policy suggestions are proposed:

1. Soil Health Management Programmes: Implement targeted soil improvement programs
to enhance the productivity of problematic farms, including soil testing services, organic
amendments, and better pest management practices.

2. Subsidized Fertilizer andSeed Distribution: Providesubsidies or financial assistance for
quality fertilizers and seeds, especially for farmers managing problematic lands, to reduce

input costs and improve yields.

3. CapacityBuildingandTraining:Offer trainingprogramsforfarmersonefficientfarming
practices, including optimal fertilizer use, pest control, and water management techniques
tailored to specific soil conditions.

4. Infrastructure Development: Invest in infrastructure that supports better irrigation
systems and drainage in areas prone to salinity or poor soil conditions, reducing the

dependency on high-cost inputs.

5. Risk Mitigation Schemes: Develop and promote crop insurance schemes that specifically
address the risks associated with problematic farms, ensuring that farmers are financially
protected against potential losses.
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