
 

 

 

WATER REQUIREMENT OF SOLANACEOUS CROPS GROWN IN KASHMIR 
VALLEY BY FAO-56 PENMEN MONTEITH METHOD  

 

  

ABSTRACT 

Studies on water balance and irrigation at agricultural areas require accurate values of 

reference evapotranspiration. The values obtained can help farmers to determine the water 

requirement of these vegetable crops so that proper irrigation can be applied according to its 

growth stage and weather condition. The objective of this study was to calculate water 

requirements for four Solanaceous vegetable crops: Tomato, Potato, Chilli and Brinjal grown in 

temperate conditions of Kashmir Valley. Water requirements were calculated using the FAO-56 

Penman-Monteith Method. The total water requirement for tomato, potato, chilli and brinjal was 

found to beas 458 mm, 286 mm, 343 mm and 410 mm respectively. The maximum water was 

required by all crops during the mid-season stage comprising nearly 45-60% of the total water 

requirement of the crop. 
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INTRODUCTION 

The family Solanaceae includes potato, tomato, eggplant, capsicum and chillies. These 

comprise of some of the most popular vegetables grown and consumed in Kashmir Valley. A 

large quantity of water is used by these crops for their growth and development. Nearly 90% of 

the water absorbed by roots is transpired back to the atmosphere. This increases the water 

requirement of these crops (Grace and Williams, 2004). Hence adequate water management is 

essential for proper growth and yield of these crops. Water stress affects the crop yields 

especially if it occurs at the key stages of growth (Salter and Good, 1967). Insufficient water 

supply inhibits plant growth in terms of leaf area and plant height (Thompson and Chase; 1992 

and Abdrabbo et al.,2007).  



 

 

Crop water use is a function of evaporation (E) and transpiration (T) that fluctuates daily. 

Evapotranspiration (ET) is one of the most difficult components to be determined in the water 

balance as compared to the other components like precipitation or irrigation (Fisher et al., 2005; 

Xu and Singh, 2005).The crop evapotranspiration (ETc ) is defined as “the ET rate of crop under 

standard conditions where there is no stress by water quality constraints, pests, or inadequate soil 

fertility”  (Allen et al., 1998). Correct estimation of Etc and thus the crop water requirement is 

essential for determination of water availability, crop water balance and crop water requirements 

(Pereira et al., 1999). 

Crop water requirement is defined as the “depth of water required by plants to 

compensate the water loss via ET so that plants are able to grow optimally while soil water 

balance shows amount of soil water added, removed or stored in volume of soil during a time 

period” (Allen et al., 1998). ETc can help farmers in order to decide irrigation period and 

irrigation frequency to increase crop yields and profits while minimizing input costs, energy and 

environmental impacts. 

A number of models for the estimation of ET0 are available but the results are 

inconsistent with the values of ET0. This is due to the differences in modeling assumptions and 

input data requirements. Another reason for inconsistency is that the models are developed for 

specific regions (Lu et al., 2005).FAO-56 Penman-Monteith due to close approximation to 

lysimeter observations is consideredto be the best approach for estimating ET0 (Droogers and 

Allen, 2002; Popova et al.,2006). 

STUDY AREA AND DATA USED 

The state of Jammu and Kashmir falls politicallywithin the Indian union and is located in 

the north western extremity of the Himalayas between 32º10' and 37º10'N latitudes and 72º30' 

and 80°30'E longitudes. Covering a total area of about 2, 22,236 km2, the state is divided into 

threeprovinces (Figure 1) viz. Jammu (26293 km2), Ladakh (59146 km2) and Kashmir 

Valley(15948 km2), with each province differing markedly from one anotherin its climate, 

vegetation and culture. The altitude of the irrigated temperate region of Kashmir Valley 

rangesfrom 1524–2100 m amslAMSL.The weather data for the present study was obtained from 

Regional Meteorological Centre, Srinagar. The data set consisted of daily values of maximum 



 

 

temperature, minimum temperature, morning relative humidity, afternoon relative humidity, 

sunshine hours and wind speed for the period 1992-2017. 



 

 

 

Figure 1. Study Area  

METHODOLOGY 

The reference evapotranspiration and the crop water requirement of the solanaceous 

crops were estimated by means of FAO-56 Penman-Monteith Method (Allen et al, 1998) ( ). The 

FAO-56 Penman-Monteith Method has been established as a standard method for calculation of 

reference evapotranspiration (Jensenet al, 1990; Itenfisuet al, 2003; Lopez-Urreaet al, 2006). The 

method has also been verified to be more suitable for Indian conditions than FAO-24 Penman 

method (Kashyap and Panda, 2001). The irrigation water use efficiency can be enhanced by the 

application of FAO-56 PM Method and thus the distribution of water at different levels can be 

improved (Nandagiri and Kovoor, 2006). The method has been applied to determine the water 

requirement of a n number of crops grown in Kashmir valley like cereal crops, pulses apple and 

saffron (Ahmad et al., 2017a, 2017b, 2017c). 

FAO-56 Penman-Monteith Method 

The penman method was developed to calculate the evaporation from open water surfaces 
(Penman, 1948). The model was then modified by Monteith for its application to cropped 
surfaces as well (Monteith, 1965).The equation of modified Penman-Monteith method also 
known as FAO-56 Penman-Monteith method is given as: 
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Comment [A1]: By any software ? or in Excel ? 



 

 

 

CROP COEFFICIENT (Kc) 

Crop coefficients (Kc) are used with reference evapotranspiration (ET0) toestimate 

specific crop evapotranspiration rates (ETc) and are defined as the ratio of ETc to ET0. Crop 

coefficients vary with crop type, the growth stage of the crop,weather and irrigation method, and 

with some cultural practices. 

Crop coefficient is an important parameter for indirect estimation of crop 

evapotranspiration. It gives information on water requirement of crop and the impact of other 

parameters on it, for instance, biological characteristics of crops, level of crop yield, conditions 

of soil tillage etc. (Wright, 1982; Liu et al., 1998; Haiyanand Xiyun, 2006).The values of crop 

coefficients for the crops under study at different stages of growth were obtained from FAO. 

Crop Water Requirement 

The canopy properties and aerodynamic resistance of the crop results in difference 

between the reference evapotranspiration and crop water requirement. The water requirement of 

the crops is also different for different stages of growth. Crop Water Requirement is thus 

computed from reference evapotranspiration and crop coefficient as (Doorenbos and Pruitt, 

1977): 

ࢉࢀࡱ ൌ ࢉࡷ ൈ  ࢕ࢀࡱ

Where, 

Where,      

ET0	 = reference evapotranspiration [mm day-1], 

Rn	 =  net radiation at the crop surface [MJ m-2 day-1], 

G	 =  soil heat flux density [MJ m-2 day-1], 

Tmean	 = mean daily air temperature at 2 m height [°C], 

U2	 = wind speed at 2 m height [m s-1],  

es	 = saturation vapor pressure [kPa], 

ea	 = actual vapor pressure [kPa],    

es	‐	ea	 = saturation vapor pressure deficit [kPa], 

Δ	 = slope vapor pressure curve [kPa °C-1], 

γ	 = psychrometric constant [kPa °C-1]. 



 

 

 

Solanaceous Vegetables  

Tomato (Solanum lycopersicum L.)  

Tomato is the most important fruit vegetable grown throughout the world and ranking 

second in importance to potato in many countries. It is widely accepted as 'Protective Food' and 

is grown extensively in the state of Jammu and Kashmir. Tomato is a warm season crop and 

cannot withstand severe frosts. A warm sunny weather is most suited for its proper ripening, 

color development, quality and high yields. The optimum temperature for germination ranges 

from 18°C to 26°C. The irrigation should be so arranged that the soil remains moderately moist. 

Excessive irrigation induces the plant to vine and dropping off the blossoms. During summer 

season, irrigation at every 3 to 4 days interval is necessary, whereas for spring season crop 10 to 

15 days interval is sufficient. Subsequent irrigations are given according to need of the crop. 

Irrigation at flowering and fruiting stage is imperative for higher quality yields.  

Brinjal / Eggplant (Solanum melongena L.)  

Brinjal is the most common vegetable crop grown widely in India for its varied shape, 

size and colour of fruits. It is a popular vegetable due to its high productivity and wide 

adaptation. It is a warm season crop and requires a relatively long growing season with plenty of 

sunshine and moderate day temperature of 21°-27°C. Brinjal being moderately deep rooted crop 

needs irrigation at frequent intervals. During summer, irrigation is applied at 4-5 days interval 

and during cold weatherirrigation is appliedat 10-15 days interval. Furrow method of irrigation is 

the most common method.  

Chilli (Capsicum annuum L.)  

Chilli or hot pepper is a tropical vegetable crop commonly used throughout the world as a 

spice for its pungency and red ripe color of dried fruits. It is also cultivated for its green 

immature fruits. It performs well in warm humid tropical and subtropical regions. Optimum 

temperature for its successful cultivation is 20-33°C. Extreme temperature (below 15°C and 

above 35°C) significantly reduces the reproductive growth and pollen viability. Humidity favors 

ܿܶܧ  =  crop evapotranspiration/Crop water requirement (mm day-1),  

ܧ ܶ݋  =  reference evapotranspiration (mm day-1), 

ܿܭ  =  crop coefficient. 



 

 

vegetative growth but frost is injurious. Low temperature at fruit ripening stage is likely to delay 

the color development in fruits. It performs well in areas with annual rainfall ranging from 600 -

1200 mm spread over a period of 4- 5 months.  

Chilli needs judicious irrigation for proper growth and yield. Frequent and heavy 

irrigations induce lanky growth and cause flower shedding. Critical stages of irrigation are 

flowering, fruit setting and fruit development and after periodical harvests. During summer, 

irrigation is appliedat 4-5 days interval and during cold weatherirrigation is applied at 10-12 days 

interval. Furrow method is the most common method of irrigation.  

Potato (Solanum tuberosumL.)  

Potato is the fourth major food crops of the world after rice, wheat and maize. Being a 

major source of carbohydrates, it is often used as a substitute for cereals and is grown in almost 

every country. Potato is a cool season crop; however at low temperature vegetative growth is 

restricted and at freezing point irrecoverable frost injury occurs to the plant. Long days coupled 

with high temperature conditions promote vegetative growth without formation of tubers and 

short day with low temperature induce tuberization. Optimum temperature for good plant growth 

is 15-20°C. Most of the cultivars do not tuberize when the prevailing night temperature is above 

21 °C.  

Adequate irrigation is essential for proper growth and yield of potato. Stolon formation, 

tuber initiation and tuber development stages are the critical stages for irrigation. Irrigating the 

crop at an interval of 7-10 days after earthing up is essential. The level of irrigation water must 

not exceed 3/4th part of ridges. Total water requirement for the crop varies between 350-550 

mm.  

RESULTS AND DISCUSSION 

The total water requirement for the different crops of Solanaceous family under Kashmir 

valley conditions was determined using FAO-56 Penman-Monteith Method. The water 

requirement was low during initial stages of growth in all the crops. This is due to low canopy 

cover of the crop during this stage. With the advancement of vegetative stage and development 

of crop, the percent ground cover, leaf area and crop height increased resulting in increase in 

water requirement. The water requirement was maximum during the mid-season stage i.e., 



 

 

vegetative growth, flowering and fruiting period. This comprised nearly 40-60% of the total 

water requirement of the crops. The water requirement again depleted with the decrease in 

canopy cover during the late season stage.  In this stage, the leaves and roots begin to dry and 

finally the crops die. The relative water requirement during different stages is shown in Figure 2.  

The water requirement of the four crops namely tomato, potato, chilli and brinjal during 

different stages of growth is given in Table 1. 

Table 1 Crop water requirement of different crops of Solanaceae family in Kashmir Valley  

Tomato Brinjal Potato Chilli 
Initial  49 38 22 20 
Development  112 112 37 58 
Mid-Season 195 191 131 198 
Late-season 102 68 97 68 
Total 457 410 286 343 

The water requirement is represented graphically in Figure 3. The water requirement was 

lowest for the potato crop being 286 mm. while the highest water requirement was obtained for 

the tomato crop being 457 mm. the water requirement for brinjal and chilly was found to be 410 

and 340 mm respectively. 

   



 

 

   

   

 

 

Figure 2 Relative water requirement during different growth stages 

 

Figure 3 Water Requirement (mm) of different Solanaceous crops for different stages of growth. 
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CONCLUSION 

In the present study, the crop water requirement of four Solanaceous vegetable crops: Tomato, 

Potato, Chilli and Brinjal grown in temperate conditions of Kashmir Valley was determined 

based on crop coefficient (Kc) and reference evapotranspiration (ET0). Results showed that these 

crops requiredmoderate amount of water throughout their period of growth (286-457 mm). The 

maximum water requirement was during the vegetative growth stage for all the crops. Efficient 

irrigation practices,especially at critical stages of crop growth, are necessary to ensure good yield 

particularly in absence or failure of rainfall during the growing season. The data on potential 

evapotranspiration and the Crop Water Requirement is essential for determination of irrigation 

water requirements. This inturn is helpful for efficient schedulingof irrigation for harvesting 

maximum benefits. 

REFERENCES 

Abdrabbo, M. A. A., M. k. Hassanein and M. A. Medany. 2007. Effect of Irrigation Regime and 
Compost Level on Potato Production in Northern Delta, Egypt. Proceeding of the 7th 
African Potato Association Conference /Exhibition, Alexandria, Egypt.185-197. 

Ahmad, L., Parvaze, S. and Kanth, R.H., 2017a. Crop water requirement of major crops of 
Srinagar, Kashmir (J&K). J. Exp. Agr, 15(2), pp.1-9. 

Ahmad, L., Parvaze, S., Parvaze, S. and Kanth, R.H., 2017b. Reference evapotranspiration and 
crop water requirement of apple (Malus Pumila) in Kashmir Valley. Journal of 
Agrometeorology, 19(3), pp.262-264. 

Ahmad, L., Parvaze, S., Parvaze, S. and Kanth, R.H., 2017c. Crop water requirement of saffron 
(Crocus sativus) in Kashmir valley. Journal of Agrometeorology, 19(4), pp.380-381. 

Allen, R.G., Pereira, L.S., Raes, D. and Smith, M., 1998. Crop evapotranspiration-Guidelines for 
computing crop water requirements-FAO Irrigation and drainage paper 56. FAO, 
Rome, 300(9), p.D05109. 

Doorenbos J, Pruitt WO. Guidelines forpredicting crop water requirements. FAO,UN, Irrigation 
and Drainage. Paper No.24.(2nd Ed.) FAO, Rome; 1977. 

Droogers, P., Allen, R.G., 2002. Estimating reference evapotranspiration underinaccurate data 
conditions. Irrig. Drain. Syst. 16, 33–45. 

Fisher, J.B., DeBiase, T.A., Qi, Y., Xu, M., Goldstein, A.H., 2005. Evapotranspirationmodels 

compared on a Sierra Nevada forest ecosystem. Environ. Model. Softw.20, 783–796. 



 

 

Grace, J., Williams, M., 2004. Understanding and parameterizing the soil–water–atmosphere 

transfer through vegetation. In: Feddes et al. (Org.) Unsaturated-Zone Modeling: Progress, 

Challenges and Applications. Springer, Wageningen, Netherlands, 73–94.  

Haiyan, M. and Xiyun, J., 2006. Research progress of the crop water demand calculation. Water 
Sciences and Engineering Technology, 5, pp.5-7. 

Itenfisu, D., Elliott, R.L., Allen, R.G. and Walter, I.A., 2003. Comparison of reference 
evapotranspiration calculations as part of the ASCE standardization effort. Journal of 
Irrigation and Drainage Engineering, 129(6), pp.440-448. 

Jensen, M.E., Burman, R.D. and Allen, R.G., 1990. Evapotranspiration and irrigation water 
requirements. ASCE. 

Kashyap, P.S. and Panda, R.K., 2001. Evaluation of evapotranspiration estimation methods and 
development of crop-coefficients for potato crop in a sub-humid region. Agricultural water 
management, 50(1), pp.9-25. 

Liu, Y., Teixeira, J.L., Zhang, H.J. and Pereira, L.S., 1998. Model validation and crop 
coefficients for irrigation scheduling in the North China Plain. Agricultural Water 
Management, 36(3), pp.233-246. 

López-Urrea, R., de Santa Olalla, F.M., Fabeiro, C. and Moratalla, A., 2006. Testing 
evapotranspiration equations using lysimeter observations in a semiarid 
climate. Agricultural water management, 85(1), pp.15-26. 

Lu, J., Sun, G., McNulty, S.G., Amatya, D.M., 2005. A comparison of six 
potentialevapotranspiration methods for regional use in the southeatern United States.J. 
Am. Water Resour. Assoc. 41, 621–633. 

Monteith JL. 1965;Evaporation and environment.Rages, Inc., New York in GF Fogg, ed.The 
state and movement of water in livingorganisms. Academic Press. 205-234. 

Nandagiri, L. and Kovoor, G.M., 2006. Performance evaluation of reference evapotranspiration 
equations across a range of Indian climates. Journal of irrigation and drainage 
engineering, 132(3), pp.238-249. 

Penman HL. 1948. Natural evaporation fromopen water, bare soil and grass. InProceedings of 
the Royal Society ofLondon A: Mathematical, Physical andEngineering Sciences. The 
Royal Society,3(1032):120-145. 

Pereira, L.S., Perrier, A., Allen, R.G., Alves, I., 1999. Evapotranspiration: concepts andfuture 
trends. J. Irrig. Drain. Eng. 125, 45–51. 

Popova, Z., Kercheva, M., Pereira, L.S., 2006. Validation of the FAO methodology 
forcomputingETo with limited data: Application to south Bulgaria. Irrig. Drain.55, 201–
215. 



 

 

Salter, P.J. and J.E Good (1967): Crop response to water at different stage of growth. Common 

Wealth Agric. Bur.Farham Royal, Bucks England, 246. 

Thompson J.A. and D. L. Chase (1992): Effect of limited irrigation as growth and yield of a 

semidwarf wheat in southern New South Wales Australian J. of Exp. Agric., 32:725–730. 

Xu, C.-Y., Singh, V., 2005. Evaluation of three complementary 

relationshipevapotranspirationmodelsby water balance approach to estimate actualregional 

evapotranspiration in different climatic regions. J. Hydrol. 308,105–121 

 


