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Variability Study On The Length Of Growing Period (LGP) Using FAO Model For The Selected District Of Andhra Pradesh And Rajasthan
Balasubramanian, T.N., Nambi, A. and M. Ganesan*
Abstract

LGP was computed both for Mehabubnagar district of Andhra Pradesh and Udaipur district of Rajasthan based on the monthly rainfall and PET data obtained from IMD, Pune. The study period was from 1960 to 2000 for Mehbubnagar and from 1960 to 2003 for Udaipur. Yearwise length of growing period and normal length of growing period for the particular data set were computed separately for these two districts, by using the monthly rainfall data set and concerned monthly PET values. The statistical tool RMSE was also computed between normal length of growing period and yearwise length of growing period for the respective district. An attempt was also made to integrate the length of growing period study with effective rainfall. The results for Mehabubnagar of Andhra Pradesh show that the length of growing period was of four months from July to October, and this duration could be captured for recommending intercropping system, while it was three months period starting from July to September for Udaipur district of Rajasthan and thus permitting to recommend only sowing of ninety days short duration crops in order to reap potential yield under dry land condition. 
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Introduction

Assessing Length of Growing Period (LGP) on practical basis is very important, especially for dry lands, since this period supplies the required soil moisture to the crops raised. It is evidently proved from the past research that the potential yield of a crop was directly proportional to the crop’s evapo-transpitation to the Potential Evapo-Transpiration (PET) demand of that region. 

In one of the studies (Das 1995), the duration of the crop-growing period for Madhya Pradesh was determined based on rainfall data recorded from 1901 to 1970 in respect of 160 weather stations. The assumption made was that, the ratio of weekly assured rainfall to weakly potential evapotranspiration should be at least 0.3 and this was considered as the beginning of growing season. Similarly, at the end of the rainy season, the available soil moisture must be adequate to maintain an actual evapo-traspiration to PET ratio of 0.3/more and this was assumed to be the end of the growing season. The study indicated that growing season was shortest in the Northern part of MP and longest in the Central part of the State. 

In another study, which was conducted to compute LGP for rain fed condition using moisture adequacy index for the Cooch Behar district of West Bengal, India, weekly rainfall data from 1967 to 1992 and PET values were used. The average LGP for sandy loam soil was 287 days starting from 16th April to 28th January, which could be effectively utilized for double cropping having aus [rice]/jute followed by pulses/oilseeds in upland and triple cropping having aus (cv. Parijat) followed by aman [rice] (cv. IET 4094) and rapeseed (cv. B 9) in medium land for increasing crop production under rain fed condition (Khan and Saha, 1996).
Sanbagavalli et al., (2001) made a study to determine the LGP for Coimbatore, Tamil Nadu, India, using FAO model. Rainfall data from IMD were collected for 52 standard weeks for 80 years (1905-85) and mean striked out for each week. Thirty and fifty per cent initial probable weekly rainfall were computed from the mean weekly data collected for each standard week. LGP refers to the number of weeks when 30 per cent probable rainfall exceeds 50 per cent PET and falls below 50 per cent PET + stored soil moisture support period. The LGP was from 38th standard weeks to 50th standard week, if weekly mean rainfall were taken, while it was 38th week to 50th standard week for 30 per cent probable rainfall and 40th week to 46th standard week for 50 per cent probable rainfall. With respect to 30 per cent probable weekly rainfall analysis, a growing period of 12 weeks was recorded. If 50 per cent probable weekly rainfall was taken, the LGP would be around six weeks, which did not reflect the ground reality. Hence, it is suggested to use 30 per cent probable weekly rainfall for computing LGP. The computed LGP for 30 per cent probable rainfall was similar to the result obtained from mean rainfall and PET. Crops like sorghum (cultivar Co 25 and Co 26), maize (cultivar,CoH 1 and CoH 2) and sunflower (cultivar, Co 1 and Co 2) were suggested.  
The water balance method of Thornthwaite and Mather (1955) was used by Abhijit Saha and Khan (2001) to determine the LGP for soils with different water holding capacity (sandy, sandy loam, loam, clay loam and clay soil) in respect of Malta, West Bengal, India. Data on daily rainfall for the period from 1901 to 1987, PET and available soil water holding capacity data were used.  LGP was determined through the Moisture Adequacy Index (MAI), which is the ratio of stimulated Actual Evapo-Transpiration (AET) and PET. The first week, when MAI reaches a value of 0.5 and the last week when MAI value decreased to 0.33 were considered as the start and end of a crop-growing season, respectively. The total LGP varied from 168 days in sandy soil to 263 days in clay soil, with an increase of 10-12 per cent in LGP in sandy and clay soils over their coarser soil types. Depending on LGP values, crops like upland rice, transplanted rice, jute, black gram and green gram were recommended for the pre-kharif/kharif season, while mustard, pea, gram, lentil and linseed were recommended for the rabi season.
Climatic water balance for three agro climatic zones in Indian Punjab was assessed using weather parameters such as rainfall, temperature, elevation, net radiation, wind effect, relative humidity and vapor pressure. Statistical analyses indicated that annual, as well as seasonal water deficit was maximum at Bathinda, while it was minimum at Ballowal Saunkhari. Such analysis was helpful in working out the length of crop growing period, which can be used for contingent crop planning and crop diversification for judicial use of limiting water resources (Kingra et al., 2004).
Considering the usefulness of the studies made in the past as cited else where in this paper and also the semi-aridness nature of both Rajasthan and Andhra Pradesh, an attempt was made to fix the LGP especially for use under dry land farming. 
Materials and Methods

Mehabubnagar district for Andhra Pradesh and Udaipur district for Rajasthan were selected for the study purpose. Monthly rainfall data from 1960 to 2000 (41 years) for Mehabubnagar district of Andhra Pradesh and monthly rainfall data for 44 years (1960 – 2003) for Udaipur district of Rajasthan were obtained from IMD, Pune. Monthly PET data were also obtained from IMD, Pune for the study district. For finding out the LGP, FAO water balance model as prescribed by Higgins and Kassam, (1981) was used. In this method mean monthly rainfall and 50 per cent PET values were plotted for twelve months of a year. Whenever, the monthly rainfall did cross the 50 per cent value of PET in a concerned month, that month was taken as starting period of the LGP. Similarly, when the mean monthly rainfall got down from the monthly 50 per cent PET value, that month was taken as termination of the LGP. In addition, the stored soil moisture after the termination of the LGP was also taken into account to compute LGP. With respect to the two study districts, the LGP was computed individually for all the years of study and a normal value also computed, based on the mean rainfall arrived.  Root Mean Square Error (RMSE) was computed for the values of LGP for each district between normal and yearly LGP values obtained. Effective rainfall was computed based on the Gupta et al. (1972) model and used for arriving cropping system design for the particular monsoon season of the two districts of study.

Results and Discussion

The results on computed LGP for Mehabubnagar and Udaipur and their comparison are presented in Tables from 1 to 3. The perusal of data presented in Table 1 revealed that for Mehabubnagar, the actual LGP found varied from 4 to 7 months across the study period from 1960 to 2000 with the mean value of 5.44 months of LGP. While the computed mean LGP for the mean rainfall obtained for the study period had six months of LGP. The attempt to find out RMSE between normal LGP and actual LGP of different years revealed a RMSE value of 0.88. Thus it is interpreted that a five-month LGP could be considered for Mehabubnagar of Andhra Pradesh State from July to October. This conclusion is drawn based on the data presented in Table 4 wherein there was deficit of rainfall to PET up to 60 per cent during June while the deficit was 12, 9, 10 and 58 per cent respectively for July, August, September and October. Though the deficit was 58 per cent during October, since the crop would be under maturity stage for the proposed July sowing there might not be any stress impact on the crop’s productivity. Thus, the study pointed out that intercropping system, by integrating one-long duration crop of 120 days and one short duration crop could be recommended to this district. First week of July rather than that of June can be considered for sowing. Sanbagavalli et al, (2001) also recommended crops based on LGP analysis for Coimbatore, Tamil Nadu, India.

With respect to Udaipur, the actual LGP found varying from two to six months between the years of study from 1960 to 2003, with the mean value of 4.09, while the computed mean LGP for the mean rainfall obtained for the study period had four months of LGP. The attempt to find out RMSE between normal length of growing period and actual length of growing period of different years revealed a RMSE value of 0.92. Thus it is interpreted that a three-month LGP from July to September could be considered for Udaipur of Rajasthan State for cropping. This conclusion is drawn, based on the data furnished in Table 4, wherein, there was deficit of rainfall to PET up to 13 per cent during July, while the deficit was 11 and 44 per cent respectively for August and September. Inclusion of October month within the LGP would be a problem for this location, since the deficit was up to 92 per cent. On contrary to the recommendation given under cropping system for Mehabubnagar for Andhra Pradesh, at Udaipur a short duration crop of 90 days could be recommended with the sowing week to be fixed on the first week of July. Crop suggestions were given based on the study by Jain et al (2003) for Gujarat agro ecological zones based on the LGP study.  

The RMSE values computed both for Mehabubnagar and Udaipur districts are presented in Table 3. Interestingly, it is observed that as compared to Udaipur district of Rajasthan, Mehabubnagar of Andhra Pradesh had lesser statistical error, indicating the usefulness of LGP studied across years. 
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Table 1. Computed LGP: Mehabubnagar (Months)
	Year
	Normal**
	LGP (Yearly actual)***
	Deviation (D)
	D2
	D2/n

	1960
	6
	6
	0
	0
	0

	1961
	6
	6
	0
	0
	0

	1962
	6
	7
	-1
	1
	0.02

	1963
	6
	6
	0
	0
	0

	1964
	6
	6
	0
	0
	0

	1965
	6
	5
	1
	1
	0.02

	1966
	6
	5
	1
	1
	0.02

	1967
	6
	5
	1
	1
	0.02

	1968
	6
	6
	0
	0
	0

	1969
	6
	5
	1
	1
	0.02

	1970
	6
	6
	0
	0
	0

	1971
	6
	6
	0
	0
	0

	1972
	6
	5
	1
	1
	0.02

	1973
	6
	4
	2
	4
	0.09

	1974
	6
	5
	1
	1
	0.02

	1975
	6
	5
	1
	1
	0.02

	1976
	6
	5
	1
	1
	0.02

	1977
	6
	6
	0
	0
	0

	1978
	6
	5
	1
	1
	0.02

	1979
	6
	8
	-2
	4
	0.09

	1980
	6
	5
	1
	1
	0.02

	1981
	6
	6
	0
	0
	0

	1982
	6
	6
	0
	0
	0

	1983
	6
	5
	1
	1
	0.02

	1984
	6
	6
	0
	0
	0

	1985
	6
	5
	1
	1
	0.02

	1986
	6
	5
	1
	1
	0.02

	1987
	6
	7
	-1
	1
	0.02

	1988
	6
	5
	1
	1
	0.02

	1989
	6
	5
	1
	1
	0.02

	1990
	6
	5
	1
	1
	0.02

	1991
	6
	5
	1
	1
	0.02

	1992
	6
	5
	1
	1
	0.02

	1993
	6
	5
	1
	1
	0.02

	1994
	6
	5
	1
	1
	0.02

	1995
	6
	5
	1
	1
	0.02

	1996
	6
	6
	0
	0
	0

	1997
	6
	4
	2
	4
	0.09

	1998
	6
	5
	1
	1
	0.02

	1999
	6
	5
	1
	1
	0.02

	2000
	6
	6
	0
	0
	0

	Mean
	6
	5.44
	-
	-
	0.77(SUM)

	
	0.88(RMSE)


Table 2. Computed LGP: Udaipur (Months)
	Year
	Normal**
	LGP (Yearly actual)***
	Deviation (D)
	D2
	D2/n


	1960
	4
	4
	0
	0
	0

	1961
	4
	4
	0
	0
	0

	1962
	4
	4
	0
	0
	0

	1963
	4
	6
	-2
	4
	0.09

	1964
	4
	5
	-1
	1
	0.02

	1965
	4
	3
	1
	1
	0.02

	1966
	4
	4
	0
	0
	0

	1967
	4
	5
	-1
	1
	0.02

	1968
	4
	3
	1
	1
	0.02

	1969
	4
	4
	0
	0
	0

	1970
	4
	5
	-1
	1
	0.02

	1971
	4
	4
	0
	0
	0

	1972
	4
	3
	1
	1
	0.02

	1973
	4
	3
	1
	1
	0.02

	1974
	4
	5
	-1
	1
	0.02

	1975
	4
	6
	-2
	4
	0.09

	1976
	4
	6
	-2
	4
	0.09

	1977
	4
	5
	-1
	1
	0.02

	1978
	4
	4
	0
	0
	0

	1979
	4
	4
	0
	0
	0

	1980
	4
	4
	0
	0
	0

	1981
	4
	4
	0
	0
	0

	1982
	4
	3
	1
	1
	0.02

	1983
	4
	4
	0
	0
	0

	1984
	4
	4
	0
	0
	0

	1985
	4
	5
	-1
	1
	0.02

	1986
	4
	3
	-1
	1
	0.02

	1987
	4
	2
	-2
	4
	0.09

	1988
	4
	4
	0
	0
	0

	1989
	4
	4
	0
	0
	0

	1990
	4
	5
	-1
	1
	0.02

	1991
	4
	4
	0
	0
	0

	1992
	4
	5
	-1
	1
	0.02

	1993
	4
	4
	0
	0
	0

	1994
	4
	5
	-1
	1
	0.02

	1995
	4
	3
	1
	1
	0.02

	1996
	4
	5
	-1
	1
	0.02

	1997
	4
	4
	0
	0
	0

	1998
	4
	4
	0
	0
	0

	1999
	4
	5
	-1
	1
	0.02

	2000
	4
	3
	1
	1
	0.02

	2001
	4
	4
	0
	0
	0

	2002
	4
	2
	2
	4
	0.09

	2003
	4
	3
	1
	1
	0.02

	MEAN
	4
	4.09
	-
	-
	0.85(SUM)

	
	0.92(RMSE)


Table 3. Comparison of LGP between two districts of study
	Sr. No.
	District
	State
	Normal LGP based on mean rain fall data set
	Mean of actual LGP computed from individual year
	RMSE


	1.
	Mehabubnagar
	Andhra Pradesh
	6.00
	5.44
	0.88


	2.
	Udaipur
	Rajasthan
	4.00
	4.09
	0.92



Table 4. Effective rainfall, PET and water deficit
	Udaipur

	

	
	JULY
	AUGUST
	SEPTEMBER
	OCTOBER
	TOTAL


	Mean Rain fall (mm)
	172.9
	189.23
	107.16
	15.53
	484.82


	Effective Rain fall (mm)
	103.74
	113.54
	64.3
	9.32
	290.9


	PET 100 Per cent
	119.5
	102.3
	115.3
	112.3
	449.4


	Effective rainfall received to satisfy PET (%)
	86.81
	110.99
	55.77
	8.3
	64.73


	Deficit (%)
	13.19
	10.99
	44.23
	91.7
	35.26


	Mehabubnagar

	

	
	JUNE
	JULY
	AUGUST
	SEPTEMBER
	OCTOBER
	NOVEMBER
	TOTAL


	Mean Rain fall (mm)
	104.3
	181.42
	181.54
	175.98
	83.73
	17.81
	744.78


	Effective Rain fall (mm)
	62.58
	108.85
	108.92
	105.59
	50.24
	10.69
	446.87


	PET 100 per cent
	157.5
	123.9
	119.1
	116.7
	120.5
	116.8
	754.5


	Effective rainfall received to satisfy PET (%)
	39.73
	87.85
	91.45
	90.47
	41.69
	9.15
	59.2


	Deficit (%)
	60.27
	12.15
	8.55
	9.53
	58.31
	90.85
	40.8



* Scientist working in Climate Change Project (SDC project V & A), M.S. Swaminathan Research Foundation, Chennai – 600 113


**  Computed based on mean monthly rain fall calculated from 1960 to 2000 and 50 per cent monthly PET


*** Individual year monthly rainfall and 50 per cent monthly PET were used for computation


**  Computed based on mean monthly rain fall calculated from 1960 to 2003 and 50 per cent monthly PET


*** Individual year monthly rainfall and 50 per cent monthly PET were used for computation
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