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Abstract 

In Pakistan, different crops are grown on 23 million hectare of areas in which vegetable cultivation is only 3% of the 
total grown area. Due to increase in population, the demand for food especially vegetables is increasing while the area 
under cultivation of vegetables is not increasing. Sustainable mechanized farming of vegetables in Pakistan is achievable 
through precision agriculture. To keep ecological balance and ensure farming efficiency precise vegetable farming, 
based on usage of modern technological advancements, is inevitable. Vegetable mechanization technologies that are 
independent of ecological factors, gain higher crop quality and yields, within the permissible time limit are the outcome 
of sustainable precision farming. There has been a widespread increase globally in the use of technological 
advancements such as internet of things (IoT), artificial intelligence and Global positioning system. Transplanting is one 
of the most difficult, time consuming and laborious field operations in vegetable cultivation.  This study encompasses 
the latest advancements in the vegetable crop mechanization technologies which can be adopted by the local farming 
community to ensure eco-friendly sustainable farming.  The usage of GPS technology can ensure efficient application 
of planters, fertilizers and harvesters. In this study, the detail review of current status of transplanting in addition to 
recent advances in transplanters and their performance in actual field conditions are discussed. Modern vegetable 
transplanters combine, transplanting, fertilization, weed control through mulching and water application in a single 
tractor pass. This ensures less application of herbicide and weedicide with minimum tillage practices and efficient water 
application which results in ecologically suitable farming practices. The use of modern technologies will help the local 
farmers meet the demands of their crop specific needs. With increased output and more control over their crop production 
they can ensure a sustainable vegetable production to meet the growing domestic demand while keeping the low costs. 
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1. Introduction 

Vegetable production in Pakistan, 
 
Vegetable produces are very important due to their higher nutritional value, potential yield, profitable and suitability for 
even small land holding growers and better employment chances. Due to increase in population, the demand for food 
especially vegetables is increasing while the area under cultivation of vegetables is not increasing. The world particularly 
Asia, has to step up to increase food production in spite of land degradation and water scarcity. In Pakistan, total 
cultivated area of the country is 23 million ha, in which 55% is cultivated under food crops, 19% under high return cash 
crops and 6% under different pulses. Vegetables cultivated area in the country is about 0.53 million ha, which is only 
2.3% of the total cropped area[1]. Punjab claims larger area (51.67%) under vegetable and higher production then area 
followed by Sindh (26.17 %), Balochistan (11.30 %) and KPK (10.86 %) shown in Table 1. Vegetable potential yield 
is low as it faces several problems. The high labour requirement, small cultivated area, biotic and abiotic limiting factors 
reduce the yield of vegetable. Biotic difficulties including diseases, weeds, and insect pests and abiotic problems such 
as floods, low soil fertility and drought. Vegetable yield rely environmental conditions leading to marked seasonal 
variations [2]. More than 90 % of farmers are under the category of small, semi medium and medium according to land 
holding capacity. Growing vegetables have a lot of potential for the farmers but tillage, required nutrients, grow of 
nursery, transplant of nursery, irrigation, pesticide and harvesting etc. in control manner are the big problems for 
vegetable growers. Therefore, adaptation of mechanical transplanting along with all recent technologies required to up 
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lift the economic return of vegetable farmers of the area. It is an established truth that majority of the growers are not 
aware of use and application of modern/innovative technologies. Precision vegetable farming with mainly 
mechanization that has become a basic need of the time to cater unexpected weather hazards, field labour problems, 
timely plantation and harvesting etc. Farmers of vegetable growing areas will be guided regularly regarding effective 
and efficient use of modern technologies.  
 

Table 1 Total area and production of onion, chilies and tomatoes in Pakistan 

Year Onion 
(ha) 

Onion 
(tonnes) 

Chilies 
(ha) 

Chilies 
(tonnes) 

Tomatoes 
(ha) 

Tomatoes 
(tonnes) 

2013-14 133.9 1740.0 62.8 145.9 56.8 599.6 

2014-15 130.5 1671.0 62.5 139.7 60.9 566.0 

2015-16 135.9 1736.4 65.0 143.2 62.5 597.1 

2016-17 137.9 1833.2 63.6 142.7 61.0 572.9 

2017-18 150.0 2115.1 65.3 148.1 58.4 550.9 

2018-19 148.0 2076.0 47.4 126.9 55.3 561.3 

2019-20 148.2 2121.0 60.8 141.5 56.9 572.0 

2020-21 153.8 2099.6 45.7 103.7 59.8 553.6 

 
Modern technologies include mechanized transplanting with mulching, geographical information system (GIS), 
geographical positioning system (GPS), artificial intelligence (AI), sensor and robotics techniques, etc., are being 
applied for precision vegetable farming to enhance yield and vegetable quality [3]. Moreover, mechanical mulching has 
a significant effect in precision vegetable production to control environment. Utilization of these invented technologies 
to keep the aim of getting high yield is arranged timely results in modern technologies. Hence, Precision vegetable 
farming basic aims to increase the crop yield by monitoring it from sowing to harvesting. The modern, smart and 
prominent use of technologies to solve the  challenging [4]. The precision vegetable farming helps the farmers to conduct 
more regular tillage practice, to adjust input rate at sowing time, proper fertilizer application, irrigation based on soil 
texture/condition. Increased use of modern techniques helps to obtain higher yield rate per area. These benefits to farmers 
improve the living standard of farmer’s community. Precision technologies can help both smallholding and large scale 
farmers to reduce their input cost. Use of these technologies, agreements to enhance the yield of crop while reducing the 
input costs. The adoption of digital techniques in the agricultural sector includes the use of robots, GPS, AI, GIS with 
electronic devices, sensor technology and mechanisation, information and communication techniques. [5]. 

2. Technologies 

2.1. Mechanical Mulching Role in Precision Vegetable Forming 

Mulching layers of either organic or inorganic materials are mostly used by vegetable growers. The mechanical mulching 
used in vegetable production is shown in Fig. 1 (a) and (b). The material derived from animal and plants include in 
organic mulching. Organic mulching required proper management to cover the earth around plants. Organic mulching 
materials include animal manures and plant residue like hay, straw, peanut hulls, leaf mold, compost of wood and wood 
chips. These organic materials for mulching are not available in adequate quantities for commercial operations [6].  
Application of natural organic material is a labor intensive and need special equipment such as hay bale un-rollers and 
hay mulchers to execute operation. On the other hand, inorganic material is available in greatest volume to be use in 
mulching for vegetable production. In artificial materials, polyethylene layer is widely used for mulching as compared 
to paper material in vegetable production.  
For large commercial operations, mechanical transplanter with mulcher is used to transplant vegetable seedling 
through plastic layer [7]. Now a day, mechanical based mulching is widely used in vegetable production. Advantages 
of mulching include to maintain soil moisture, temperature, reduce soil compaction, improving yields, reduce 
herbicide application controlling weeds, protect the crop roots, nutrient leaching and enhancing quality of vegetables 
[2], [6], [8]. The color of mulching layer, light transmission and reflection rate affects the weed infestation and soil 
temperature. Polythene is available in several colors, but black has so far been the most used as mulch in agriculture, 
especially the areas having high temperature [9]. The rate of light reflection from black mulch surface affect the plant 
development and growth and behavior of visiting insects. The black color polythene of 5cm depth layer considerably 
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affects soil temperature higher up to 7℃ as compared to bare soil [10].  
 

 

Fig. 1. Mechanical mulching used in vegetable production 

2.2. Geographical Information System (GIS) 

The appropriate data of input resources, their prospective and limitations are essential for sustainable production. The 
advance enable checking, analysis and integration mechanism of remote sensing geographic information system (GIS) 
makes it a useable scientific tool in crop planning and land resource management. The use of GIS in agriculture is 
increasing day by day to create data base set-up and to attain at suitable solutions/strategies for sustainable vegetable 
production [11]. Farmers can formulate their data through using GIS control technique that will ensure the perfect use 
of inputs to increase their output/profits. Previous yields, pH level, soil structure, moisture retain ability, geographic 
surface and quantity of nutrients etc. will help in remote sensing preparation for real farming. Moreover, applying seed, 
nutrients, and insect control when they are needed might have input parameters to decrease input cost. Thus, it is essential 
for the farmers understand and apply this technology with experience and expertise to get benefit at farm level [12]. 
 

 

Fig. 2. Connected components to GIS in precision farming [13] 

The working parts of a GIS are data input, data management, spatial data manipulation, analysis and output shown in 
Fig. 2. GIS is the combination of hardware with some instruction feed in them according to required condition to take 
in data, process it, analyse, store and screened as an output for the user [3]. In a study Baniya et al., 1969 [11], used GIS 
for planning, suitability and management in mapping analysis of land. ArcView and ArcGIS has used as tool for the 
analysis of data through GIS. The mapping analysis approach typically used to predict land feasibility in linear form of 
combination. The main use of GIS is that it is easy to implement mapping algebra process and to understand the best 
making decision. GIS is also widely used in many circumstances like natural environmental mapping for significant 
land habitant/suitability for plant and animal [15]. 

2.3. Artificial Intelligence (AI) 

The optimization in agriculture is the main and emerging concern to feed the populated countries. There is not enough 
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capacity in traditional methods to meet the required feed. In advance Artificial Intelligence, fuzzy logic, convolutional 
neural networking (CNN), deep learning and artificial neural networking (ANN) etc. methods are implemented to assist 
the farmers in the selection of input [16]. Among all methods, ANN is human brain like neuron based complex and 
widely used tool. Neural network is the way of modelling, identification and simulation of nonlinear complex system. 
In this technology, the train model loaded with input statistical data and past experiences to resolve a specific problem. 
A way of working model to train the model, simulate for optimal value and decision procedure for input is shown in Fig 
3. Agriculture farmers face many problems on a daily basis and not able to run business smoothly. The main challenges 
like crop diseases infestations, pesticide control, weed management, lack of storage management, lack of irrigation and 
drainage facilities including from crop sowing to harvesting [16]. There are many systems and techniques are introduced 
in past year to solve the problems in agriculture at farm level. In these systems, Computers base technology start 
penetrating in agriculture to encounter these problems efficiently. Artificial intelligence has been using in every 
challenge to solve problem from database to the decision model. The processes based on AI have verified to be the most 
practical and dependable procedure [3]. 
 

 

Fig. 3. Flow chart to train the artificial intelligence (AI) [17] 

Artificial Intelligence and Machine learning has been utilizing in crop diseases, control in use of pesticide, weeds 
controlling, artificial application of water, drainage and storage management [18].  Maier and Dandy, 2000 [19] used 
artificial intelligence to predict and forecast water resources variables. Gliever and Slaughter, 2013 [20] used AI to 
detect, distinguish and eliminate weeds from the crops. In another study, a prediction model was developed using 
artificial intelligence to encounter climatic condition smoothly. The model is trained and feed with input three-year data 
(i.e. wind direction, temperature, cloud cover, rainfall, relative humidity). Then, the data is processed through AI and 
geometric algorithm and proceed to output in binary digit farm. This study also used back-propagation to predict optimal 
value of input was used as a neural network predictor [21]. In other similar study [22], artificial intelligence used to 
detect the nutrients level in crop grown area. 

2.4. Geographical Positioning System (GPS), Robotics, Sensor 

Along with use of precision technologies, GPS is superior, acceptable, reliable precision techniques with time, place, 
and direction. The information of exact position on map allow the farmers to seeding, monitoring, check of soil fertility 
and harvest at proper time. GPS receivers spot mounted on tools enable farmers to return to places those areas [3]. GPS 
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technology in precision vegetable farming have been utilized for farm land preparation, area map levelling, soil texture 
sampling, machine use guidance, techniques of harvest, optimum input rate and yield analysis. GPS also permits farmers 
to take decision during low brightness field problem, rainfall precipitation, particles wondering and fog [3]. Vegetable 
Gardeners also benefited through better application of soil nutrients, modifications and fertilizer application, financial 
threshold value for weed and pest control and to protect organic matters in soil for future use [20]. Sowing, grafting, 
seedlings, transplanting and other labourious operations are commonly controlled by robotics for vegetable cultivation 
at commercial level [23]. The control of vegetable production also maintains by sensors based on artificial algorithm.  
Sensor based developments towards scalability, robustness, and simplification the artificial algorithms is essential. For 
the development of sensor based technology, a wide and comprehensive set of training data with a widespread variety 
needed [24]. 
 

 

Fig. 4. Use of precision vegetable farming technologies to different features in vegetable production [3]. 

2.5. Environment sustainability in production of vegetable 

Modern techniques used in vegetable farming include various process (Mechanical mulching, geographic information 
system (GIS), artificial intelligence (AI), robotics and sensors). Social strategies also proposed to grow sustainable 
agricultural products with maintain the quality of environment. These modern techniques can be utilized in tillage, 
sowing, fertilizing, spraying, check maturity stage and harvesting. In modern techniques, zero-energy cool chamber 
(ZECC) is an environmental friendly storage option available for short term storage of vegetables at farm level [25].  
The pulping, paste and powdering and packing of vegetables is another sustainable option to store long term storage of 
vegetables. In this direction, tractor operated mechanical nursery transplanter with mulcher has efficient results in 
sustainable vegetable production [26]. In Pakistan, there are also some weaknesses in regarding precision vegetable 
farming. These advancements in agriculture require initial investment from farmers to monitor their sown crops. Thus, 
there is increase in input cost for short-term vegetable farming [27].  Another drawback to use advance techniques, lack 
of farmer’s experience and decision-making skills as regard to use various tools/components needed to outcome the 
undesired challenge. Beside these, even the minor miscalculation in equipment may lead quite costly for the farmers 
[13]. Moreover, environmental problems including soil, their impact and solution strategies is shown in Fig. 5. 

 

 Fig. 5. A frame work of study to improve vegetable production [28] 
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3. Conclusion 

The increase in adoption of modern technologies offer farmers a solution to increase their return in vegetable production. 
Deprived of implementation of the precision agriculture, it is impossible to meet the food material required. Hence, crop 
monitoring is the demand to reduce input cost and enhance the yield. Precision vegetable farming is adopted as a widely 
spreading in many developing nations. Tactical regulation as of the private and public departments is necessary to 
promote modern technologies towards its implementation. Different modern techniques have focused on both 
environmental, economic and other problems, exist in farmer society. The modern practices provide a new choice to 
farmers to use these systems to resolve agricultural issues at farm level. Queries remain about adoptable cost, efficiency 
and reliable for small farmers about modern techniques to use we today have. In developing countries like Pakistan, 
transplant of vegetable nursery through mechanical transplanter with plastic layer mulching is efficient to use then other 
costly advance techniques. Mulching technique has ability to serve the purpose by retaining moisture content, reducing 
soil evaporation rate, soil temperature controlling, decreasing the growth rate of weeds and improve bacterial actions. 
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