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THE AGRICULTURAL CLIMATE OF THE WYDERABAD REGION WITH REFERENCE TO CROP PLANNING

1. INTRODUCTION:

This paper has been prepared to provide essentfal criteria based
on climtic and 301l data for further plamning of research in crop {mprovement
and farming systems. The Hyderabad region fs used as an example for anmalysis.
In common with all semi-arid climates, the characteristics of rainfall and
5011 types are of primary fmportance in Vimiting agricultura] production in
this area. These two production factors largely determion the land use
potential and 1t is therefore important that their effects in relation to
determining. the environment for crop growth be given as quantitative an appraisal
as possible.

Besides efforts atmed at varieta! fmprovement, better cropping
systems and isproved crop managenent. the current reseerch esphasis in rainfed
agriculture both in the Indfan Council of Agricultural Research (ICAR) and
at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
is on profile moisture consarvation and the use of runoff. A pragmetic approach
to crop planning resulting in the optimm utilisation of available moisture
and the additional water resources generated by way of adopting moisture conser-
vation measures for improving and stabilising crop production, s yet to be
evolved. Historically, the dryland farming research schemes of the ICAR which
operated at some locations in the forties, failed to result in substantial
increases in ylelds and production stability at the farmers' level because
whatever improvement in sofl moisture status was obtained by following better
land and Water management tachniques largely remains unutilized becsuse of
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of some of the hills 1s about 715 meters but decreases to 680 m
further west. 1w wivracive Of nWyuersbad at the Segumpet obser-
vetorv (airport) 1, 545 m gbove mean sea level.

FROM O TO 300 M
FROM 1300 TO 600 M
FROM 600TO 900 M

MEDAK
HYDERABAD
NALGONDA
MAMBUSNAGAR

* Figure 1: Hypsometry of the Hyderebad ares.

(b) Geology and Lithology: ng;-u 2 shows that the ares s
charecterised by the archaen gneissic complex of geological forma-
tions. The Deccan trap (basaltes trapeens) type of 1ithology is @
predominant festurs west and north-west of 78° S and 17° N.
Algonkian shaie anu iitmestoune geological formations are found in

e relatively smal, ares.

T - e 7 oeccan Teap
Ress B SHALE AND LIMESTONE

L g .
£ B GUARTZITE AND SCHIST

7 | o I B GNeissIC comPLEx
R GRANITE GNEISS
| . 1
6 , e .4..
144 78 79 80

Figure 2: Geology and Lithology of the Mydersbad region.
* Source: Figures 1 - 5: ICAR (1963)
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(c) Sofls: A generel description of the sofls of the Hyderabad
region 1s showm in Figure 3. Tropical red and black soils are predominan:.
A drief description of these s given below:

Black sofls (order Vertisols and Inceptisols, sub-grouwp -
Chromusterts, Pellusterts, and Tropovertépts) are very dark, gray brown to
dark gray brown calcareous soils. Thesc vary in depth and may be medium
(1 - 1.5 m) or deep black sofls (> 2 m). The red soils (association of
Entisols, Inceptisols and Alfisols - sub-groups Ustorthents, Ustocrepts and
Rhodustalfs) are 1ight reddish brown soils derived from granites. These
soils are shallow to moderately deep (varying from 25 to 150 cm).

The black soils have a high clay content (40-60%), are calcareous
and have 2 fairly high cation exchange capacity (CEC 25-30 me/100 g).
Calcium and magnesium predominate in the exchange complex. The sofls are
characterised by a montomorillonitic type of clay mineral. The water holding
capacity 1s fairly high (wilting point about 20%, field capacity 30-35%).
Sardar Singh & Krantz* (1976) reoorted moisture equivalents of these sedls
in the range of 25-37%. The surface soils show lower values and the moisture
equivalent increases with depth. In general, the total “available” water
storage (assuming a root profile, providing for full extraction in a shallow

* A detafled discussion of the soils of the semi-arid tropics is reported
by Virmani, S.M., Sardar Singh & Krantz, B.A. (1976).
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black s01) 1s about 100 sm and 1n the medium to deep black sofls
this value ranges between 150 to 200 sm per meter sofl depth.
These s011s are usually poor in available nitrogen and phosphorus.

TROPICAL RED SANDY SONS
TROMCAL RED LOAMY SOILS
TROPICAL BLACK CLAYS
MEDIUM BLACK SOLS ON TRAP
PARA-RENDIINAS ON MARL
LATERITIC CAPS

HUMIC PHASE UNDER FOREST

” 7 4/ 80

g u:«:’:v":'mm‘ :’-okmg“m':“imm districts)
The red sofls are of a varisble texture and may renge from
loamy sand to sandy loam at the surface to loas and losmy clay at
the sub-surface. The clay i3 predominantly kaolinitic. Calcium
carbonate i3 generally absent and the pH is about 6 (1 : 2.5 sofl
weter ratio). The soils are relatively poor in exchange capecity.
Sardar Singh and Krantz (1bid) reported moisture equivalents of
two typical profiles at the ICRISAT site to vary between 11 and
23%. The values of moisture equivalents incressed with depth.
In general, the shallow red soils have an available moisture
storage of about 50 sm in the root profile and for deep red soils
this value may be around 150 sm. These soils are highly erodable
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and are poor in almost all nutrients; they respond well to
ferti) zation.

w- S = RAMAUL TOMPRIATURE OF THE DAY
a®  COLDES| MONTH  MONTHS
iy
4"y 1220° 190 G16 20
MY 7.0
G 300 / 000
T QN R s- o
s | <\] 1000/1500 [ 7.8
6 \\\\ \ N\ 1500/ 2000 5- 6
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Figure 4: Bioclimete of the Hydersbed ares.

(d) Bioc)imate: A bioc)imatic map of the Hyderabad region
fs shown in Figure 4. According to Labroue et a1 (1965) the

bioclimate of the Hydersbed region can be classified as Tropical -
Thermoxerochionen with a physiologically dry period of 7 to 8
months. The rainfall average ranges between 500 to 1000 mm.

The average temperature of the coldest month i3 around 20°C;
however, the dfurnal varfation is large during the cool season.

(e) Vegetation types: With 160-230 physiologically dry
days, the Hyderabad region 1s charactarised by the Anogeissus -
terminalia - tectons series of natursl vegetation. Below 17°
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lotitude, the Hardwickia - pterocarpus - Avogerissus series
of vegetation predominates (Figure 5). 'uvm woodlands are the
geners] dry vegetation types under natural conditions.

L HARDWICKIA - PTEROC ARPUS-
am ANOGEISSUS SEmEs

- ANOGEISSUS ~TERMINALIA-
- TECTONA SERES
@ ] NI OF PHYSOLOGICALLY DRY DAYS

40-100 A A 100-2304 o

Figure 5: Vegetation types in the Hyderabed ares.

(f) Land use: The 1and use pattern 1n the Hydersbed region
sccording to Geusen et a) (1963) 1s as follows:

Cultivated ares : 25 - S0%
Forests : 15 - 25%
Cultivable land : 15 - 25%
Uncultivable land : 15 - 50%



II1. PRIMARY CLIMATIC DATA

A metoovological observatory has been functioning at Begumpet,
Hyderabad, since 1891. The climatic data used in this report relate to
the observations recorcad at this station. Rain data on a single day basis
for 70 years (1901-70) have been used for d.etaned rainfall analyses.
Normels of other climatic parameters on a monthly basis and the axtremes
obscorved are also reported.

(2) Temperature, relative humidity and vapour pressyre: Normal daily
maxisum and minimum monthly mean temperatures, dry and wet buld readings

for the mornings at 0830 hrs, and for the afternoons at 1430 hrs, their
extremes and normals of the relative humidity and vapour pressure are shown
in Table 1. The tamperatures ramain fairly uniform from July to October, the
datly maximm being around T and the minimim around 21°C. There is 2
s1ight dacreasing trend in mean monthly daily maximum temperatures after
October until Decamber. The mean minimum temperatures, however, drop sharply
to about 16°C in November and to around 13°C in Decamber. From January
onwards tupefatures starts ascenaing. May is the hottest month with a normal
daily maximum tamperature of 38.7°C. It sometimes s extremely hot and the
highest temperature recorded is 44.4°C for May 28, 1935.

In the winter months from October to February, the dry bulb
temperatyres are around 4°C higher than the wet bulb readings recorded in
the foremoon; the difference 1s around 7°C during the summer months of March
tolhymmdiffmemmdm to 2 to 3°C in themmumtbs
from June to Septamber. Thn varfations in the dry and wet bulb numm
recorded 1n the afternoon mostly follow the trend of the relative mmq. ‘“hay
are quite near to each other in the momths showing a relatively high relative



TABLE 1

Monthly Air Temperatures (C°), Relative Humidity (%) and Vapour Pressure (mb) at Ryderabad

Temperature (noreal)

Temperature Extremes

- . o - D TR G W G W e SR -y T -

Month Pry Vet Daily Daily Highest Lowest Highest Date Lowest Date ;| Relative Vapour
Buld Buld Max. Min. in the in the & year % vaar | Rumidity Prossure
wmonth sonth
January I%{19.6 16.3 28.6 14,6 31.9 10.7 35.0 17 6.1 8 79 16.3
11 | 26.9 18.0 - 1929 1946 36 14.5
Pebruary I |21.5 17.0 31.2 16.7 35.3 12.9 37.2 25 8.9 3 64 16.1
11 | 30.0 18.9 1951 1911 35 14.5
March 1125.4 18.8 34.8 20.0 38.5 16.5 2.2 29 13.2 6 S4 17.4
II {32.2 20.1 1892 1957 30 14.8
April 1][28.8 21.4 36.9 23.7 40.8 20.0 433 30 16.1 9 ) | 20.6
II | 34.9 21.8 1941 1917 i 17.8
May I {30i4 22.2 38.7 26.2 42 .4 22.5 &4 .4 28 19.4 17 50 21.7
IX {35.7 23.1 1935 1917 3 19.9
June I 27.0 22.7 34.1 24.1 39.9 21.2 43.9 9 17.8 12 n 25.4
II !31.7 23.7 1931 1922 54 23.8
July T | 24.7 22.2 29.8 22.3 34.0 21.0 37.2 13 19.4 14 83 25.9
11 |27.7 23.2 1918 1901 69 25.6
August I]24.6 22.0 29.5 22.1 33.0 20.9 36.1 24 19.4 26 82 25.3
I1 {27.5 23.2 1950 1955 70 25.1
September I | 24.7 2.2 29.7 21.6 32.8 20.3 36.1 15 17.8 3¢ 82 25.4
IT {27.1 23.0 . 1927 1942 n 25.2
October I |73.1 21.3 30.3 19.8 33.3 15.8 36.7 6 12.2 ) | 73 23.2
1T [27.7 21.7 1896 1952 | 58 22.0
November I |22.7 18.4 28.7 16.0 31.5 11.8 33.9 2 7.8 25 68 18.6
I1 {26.3 18.5 1909 1939 48 17.1
December I [19.3 15.7 27.8 13.4 30.6 9.9 33.3 10 7.2 12 711 15.9
II |25.7 17.2 1930 1945 42 13.8
Antvenl I |24.3 20.0 1.7 20.0 42.4 9.1 ok .4 6.1 69 21.0
II 129.5 21.0 48 19.5
Wo. of I3 3 30 30 ° 30 3o 70 70 30 30
yoars II {23 - 23 23 23

iﬁiiett Climatological Tables of Obeervetories in India (1931-60) - India Meteorological Departasat ppﬁ 255.
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mmidity. The vapour pressure readings remain almost constant avound
25 mb during the period of June to September, these are approximately
15 mb during the cooler months of the yeer and show a rising trend from
April to June. The mean annual average 1s 21.0 mb of vapor pressure.

YV
(b) Rainfall at Hyderabad- Somc generalised rainfall characteristics

of Hyderabad arc given in Table 2. It can be seen that an average rainfall at
761 mm is reccived annually. About 86X of this rainfall is received during the
period June to October - during the monsoon season (Table 2). An avurage

of 53 m of pre-monsoon showers are received dpring the months of April and May.
Gencrally the post-monsoon period 1s relatively dry.

The annual rainfall varies greatly (Table 2). In 20% of the years,
1t could be € 628 wm, and 1n 40% of themnh‘ 726 mm. The 30 year records
further reveal that 40% of the years would receive & 800 mm annual precipitation.
The wettest year on record during the period 1901-70, received 1431 mm refnfall,
while the driest ybar accumulated a tota) of 457 mm. (Precipitation in 1972
amounted 'o 379 mm). The coefficient of variation [CV) for annual rainfall at
Hyderabad is 26%. The standard deviation is 205 mm over a mean anpual rainfall
of 761 smm. The monthly rainfall amounts show great variation from year to year,
as fs evident from the CV and the standard deviation values (Table 2). In general,
the Tower the mean rainfall, the higher is the amount of varfation.

(c) Dependable Precipitation: Dependable precipitation is defined as
the precipitation that has a specified minimum probability of occurrence based

on the analysis of long term records of rainfall. For agricultural decision
purposes, 3 seventy or seventy-five percent Mbility is generally accepted
2s a reasonable risk value for most conditions. For drought sensitive

1/ A statament on rainfall in the Indfan sub-consingnt 1s given fn Appendix }.



Table 2
Some generalised rainfell characteristice of Ryderabad

Characteristics Jan Feb Mar Apr Msy Jun Jul Aug Sep Oct MNov Dec Annual Datum
Paziod

Frequency 0 0 0 0 0 0 29 Al 26 61 2 0 0 481
Groups of 1 0 0 0 & 5 54 115 n 87 24 0 0 628
Precipitation Il 0 0 1 12 14 18 143 119 107 52 1 0 726 1931-60
(mm)® 111 0 3 ] 22 36 100 176 144 163 87 15 0 800

v 0 21 28 32 46 154 224 195 257 110 40 3 886

v 26 9% 114 163 116 324 313 334 362 269 229 69 1158
Average preci-
pitation (mm)* 2 10 13 23 30 107 165 147 163 n 25 b] 761 1931-60
No. of days with#
precipitation >l =mm 0.2 1.1 1.4 2.9 3.9 9.0 15.5 13.0 12.3 5.8 2.6 0.6 68.3 1931-60
Extremss:
Uount** 132 96 114 163 116 324 393 400 498 355 229 9% 1431 1901-70
Drisst®t 0 0 0 0 0 17 30 25 32 0 0 0" 457 65
Beaviest rain 95 43 103 61 65 123 100 190 153 117 96 &b 65

1n 24 hrgtt

8.0. 20 18 25 30 28 59 16 15 99 72 43 16 205 1901-70
cvX 315 202 197 124 95 b)) 45 52 56 93 166 247 26 1901-70
Madian 0 0 2 14 22 90 158 127 158 63 8 0 172 1901-70

* Source: WO (1971): Frequency groups of precipicatioa I-V refer to quintiles.

the lowest value and V group the

*Source: IMD Climstological Tables of Observatories ia India (1931-60).

The 0 group contains

Qtl-
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or high value crops, or for periods of critical crop phenological stages, a
higher probability level may be more appropriate. Conversely, for drought
hardy crops or at relatively less water stress sensitive crop growth stages,
¢ Tower probability may be acceptabdle.

Rainfall amounts of given probabilities, based on 1901-70 data for
Hyderabad for 4-weck periods are proscnted in Table 3. The dependable preci-
pitation at 75% probability for the early monsoon period of June 18 to July 13
is 85 mm, for the mid-monsoon period commencing July 16 and ending August 12,
it 1s 95 mm; 1t is 81 mm for the period commencing August 13 to September 9
and 72 wm for the perfod September 10 to October 8. The amount of dependable
precipitation in the post-monsoon is very small and also in the summer months
of March, until late May. The total annual'dependable precitation that will,
on the lTong term, occur during three out of four years 1s 648 mm against a

mean annual rainfall of 789 mm (Table 3).

TABLE 3
PRECIPITATION FOR GIVEN PROBABILITIES USING A GAMMA DISTRIBUTION (IN MM)
Station: Hyderabad Datum Perfod: 1901-70
4-week Probabil{t
perfod  Cosmencing [ R 0 10 Tean
] Jan 1 0 0 0.3 3.8 15.6 5.2
2 Jan 29 0 0 0.7 7.6 27.9 9.2
3 Feb 26 0 0 1.1 10.0 34.5 11.4
4 Mar 26 0.1 1.3 7.6 25.4 55.6 19.8
S Apr 23 0.2 1.5 8.5 28.2 61.8 2.1
6 May 21 7.6 18.7 4.6 791 127.4 §7.2
7 Jun 18 59.7 85.5 122.1 168.0 217.8 132.2
8 Jul 16 63.9 95.1 140.8 199.2 263.6 154.7
9 Aug 13 51.2 80.6 125.2 184.1 250.5 140.7
10 Sep 10 41.2 72.4 123.5 194.9 278.3 145.4
1" Oct 8 0.7 5.4 27.0 84.0 177.7 64.5
12 Nov 5 0 0 2.5 19.4 62.1 20.5
13 Dec 3 0 0 0.4 4. 17.6 5.9

..................... AP S AN AP A A ED SR N G S TR AP W AP P S AP e YO0 S A A AR I S G D AR G0 N R AP AS S0 BN AR A% S5 Gn I &9 49 =

Annual: 549 648 772 912 1050

bbbt dod 4 L A R 2 L 2 L 2 2 LT 2 T 2 L L U T L T T Y AT T AR P AP PR GNP A E5 O 4N SVED 40 B SN 40 OV 5D ID W B = ev e

g
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(d) Potentia) Cvapotremspiration PE): Datly, weekly and monthly
PE, calculated from long-term climatic parameters according to the modified
Perman's formula (Rao et al 1971) are given in Table 4. The data show that
the monthly PE 1s about 200 sm or wore during the susmer months and in the
pre-monsoon season and that the daily values of PE are invariably> 6 mm/day.
In the monsoon season commencing in July, the PE values drop to around 4 sm/day,
the monthly total range between 120-140 sm. During the post-monsoon season
from October through early February, the PE values range between 3 and 4 sm/day
and the monthly values are about 100 to 110 mm.* Towards the end of the post-
monsoon, the PE values show a rapidly increasing trend (Table 4).

Table 4
Daily, weekly and monthly potential evapotranspiratioan® at Ryderadbad
Wesk Date — Bva ira
Daily | y Monthly
Pre~-monsoon !

18 AMpr 0 -6 6.95 48.6

20 May 14 - 20 7.00 49.0

21 May 21 - 27 6.90 ! 48.3

22 May 28 - 3 6.80 ‘ &7,

23 Hh~ 4 -10 6.65 46.5 196
24 Ju.ll -1 6.40 | 44.8

Monsoon

25 Jun 18 - 24 5.90 31.3

26 Jun 25 -1 5.40 37.8

27 Jul 2 -8 4.90 3%.) 140
28 Jul 9-15 4.60 32.2

29 Jul 16 - 22 4.4% 1.1

3l N13W-5 4.45 1.1

33 Mg l) - 19 4.30 30.1

34 Mg 20 - 26 4.25 29.7

35 Mug 27 -2 1 4.15 29.0 !

“ ” 3 - 9 ‘.05 ”.0 n’
37 S8ep 10 - 16 4.00 28.0

38 Sewl?7-23 4.00 28.0

¥ Sep U -3 4.00 28.0

‘0 “t 1 - 7 ‘om u.o m
41 Oct 8 ~ 14 4.00 28.0
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(e) Mois Availabild MA]): Hargreaves (1975) defines the
M] as the ratio of dependable precipitation = 75% probability and potentfel
evapotranspiration. This results in a more realistic climatic water balance.
The data show that during the monsoon period, commencing with week 25 (June 18)
and lasting to week 40 (October 7) different perfods have a MAl of about 0.60
or sore (Table 5). The rest of the year is characterised by very low moisture
avafladbility index values.

Table §
Week Period MAL Climate Productivity
Classification® claseification

Pre-monsoon:

17-20 Apr 23 -May 20 | # O i

21-24 May 21 - Jun 17 | 0.10
Monsoon:

25-28 Jun 18 - Jul 15 | 0.59 | Semi-arid Production
29-32 Jul 16 - Aug 12 0.77 (three or four possible for
33-36 Aug 13 - Sep 9 0.69 | months with s crops requiring
37=40 Sep 10 - Oct 7 0.64 'MAIof 0.3 0or a3 to 4 monthe

. ahove) growving season

Post-monsoon: |
41-44 Oct 8 - Yov & 0.05
45-48 Nov 5 - Dec 2 0
49-52 Dec 3 - Dec 31 0 |

14 Jan 1 - Jan 28 0 ;

S~8 Jan 29 - Peb 25 0 I
Symmer :

9-12 Feb 26 - Mar 25 | # O

1316 Mar 26 = Apr 22 | # O

#After Hargreaves, G.H. [1973)
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According to Hargreaves (1975), the Myderabad arca can be classified
as 8 sami-arid climate as it has 3 or & months with a MAI of 0.34 or above.
Production of crops requiring a 3 to 4 months growing season is possible.
A more detailed analys:s of climate in relation to agriculture is given tn
section 3 (p.20).

(f) Probability of Weekly Rainfall: Probab:litios of weekly rainfall
Y
at varfous levels of precipitation viz., 1, 5, 10, 20 and 40 mm per week have
been calculated using a first order Markov Chain Model and the data are presented

in Appendix II, Tables 1.1 - 1.4. The data based on a probability of receiving

at least 10 mm of weekly rainfall are shown in figure 6. The curves giving
the initial probability of a week being wet, and curves for conditional probe-

bilities of & wet week followed by 2 wet week and a dry week followed by a
wet week are also shown (£ig.6).

The results (Appendix Il and Fig.6) show that in the pre-monsoon season
from April 30 to June 17, the initial probabilities of weekly rainfall increase
from arou-4 35% after June 4 at r-1nfall levels of »¢ least 10 mm/week. A
perusal of the data for higher levels of weekly rainfall shows (Appendix Il
Tables 1.3 and 1.4) that tha relative probabilfties reduce considerably with |
an increase in the threshold amount of rainfall. The dry/wet conditional
probabilities even at ® 1 mm/weekly rainfall levels arc not more than 57%
fn any of the wecks during this period, thus showing that these early raims
are not at all dependable and would in frequent years be small in quantum.

The wet/wet probabilities for the perfod ofter May 20 revesl that these early
rains, once they commence have a tendency to persist.

..................................................... WD GF G BF &P % 4B 4D 48 B S0 D 00 O 8P WY IR AP 4 8

1/ Date for precipitation probabilities of stleast 10 mw/week 15 given n Fig..
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For the early monsoon period {Jume 18 - July 15), the initfal wet/wat
and dry/wet probabilities show & marked upward trend where weekly cumulative
rainfall is taken as 10 to 20 mm. The heavier showers (>20mm/waek) may occur
around once every two years: and weekly rainfall exceeding 40 mm has a proba-
bility of occurrence of an average once cvery three years. If the land {s not
properly prepared in advance of the receipt of rains, the early monsoon rainfall
is 1ikely to produce runoff even before the soi) profile is filled. Surface
runoff may take place in red soils and deep drainage losses (through cracks)

in black soils.

In the context of the semi-arid tropical rainfall situation, 1t 1s sugges-
ted that at loast 10 mm of dependable weekly rainfall be adopted as a criterion
for effective rainfall during the monsoon crop season. The reason for selecting
this value is that potential cvapotranspiration values range between 4 and 6 mm/day
during this perfod and rise to around 8 - 10 mm/day in rainless periods. A weekly
rainfall of 10 mm, even if it were to occur in any one day of the week, would be
only a minimal contribution to soil moisture to support plant 1ifo. Again, as
explained earlfer (para c), around 70% probability can be taken as the lower
threshold for dependable rainfall. Based on these two criteria, it 1s cvidont
(from figure 6) that the rainfall in the monsoon period extending from week 26 -
39 (June 25 - Septomber 30), 1s dependable both in the carly part (late June and
July) and the later part (late August and September). The perfod of August 6 -

26 1s risky when a break in the continuity of the ratns is 1ikaly to occur

in at least 40% of the years. The dry/wet and wet/wet conditional probsbiiities
also show a dip alongwith the initial probability of rainfall during this
period. The period of dry weather can be lTong when it occurs early in August
or may be of a shorter duration when it epcurs after @id August.
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Figure 6 also shows that some years have a marked tendency for
the rein: to extend from the normal date of recession (end of September)
to the middle of October (about | in 2 years) or to early November (about
1 in & yoars). However, in general, once the recession of monsoon rains
takes place, there is a high probadbility of the season to be dry in the
post-monsoon period; this is evidenced by dry or dry/dry probsbilities
(Appendix I1, Tables 1.1 - 1.4),

The post-monsoon season (mid-October to mid-February) {1s characterised
as & relatively dry period with 1ittle rains. If 1t rains around the
first week of February (Probability 1 in 10 years), the rainfall has a
tendency to continue over the next ZJWa:Mbymntlnt
probabilities (figure 6).
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Iv. CROPS AND CROPPING SYSTEMS IN RELATION TO SOILS & CLIMATE

The most significant features of the climate in relation to
plant growth and production are those which affect the duration and the'
characteristics of the growing period. Differences in soils, specifically
with regard to the the avaflability o‘f soil moisture strongly influence
plant growth. Because of the occurrence of a relatively high potential
evapotranspiration demand during most of the growing season (Table 4),

a favourable environmental humidity also seoms necessary at critical plant
growth stages (e.g. flowering). The balance between increments to the
available water within the root zone of the soil caused by rainfall and
the water loss resulting from evapotranspiration s thus of fundamental
significance in relation to plant growth in sami-arid tropical areas.

Different crop species and varieties are known to resct distime-
tively to a particular set of sofl water (and environment water) conditions,
and the availability of soil moisture to crops or pasture depends upon
many interrelated climete, plant and soil factors. Also, the amount of
precipitation actually entering the soil depends to a great extent upon
the type, surface conditions and moisture status of the soils, the nature
of the cover, the degree of slope and the intensity of the rainfall.

1t 1s not feasible to give detailed consideration to all these
factors at the scale of regional surveys and descriptions; only a generalised
assesmmant of the climate and soils environment in relatfon to crop growth
can be attemptod at this level. Such an assessment can be mada with the



aid of idealised crop-water use models, which on the basis of experience

and thooretical considerstions, are appropriate for particular modes of
land-use. In this report, a rether generelised model for a dryland crop
situation has been used (for details see Appendix III). These models are
location specific and .camnot be expécted to be valid under all circumstances.
They do, however, give a more meaningful interpretation of climate than is
possible from reinfall statistical summaries of the various elements alone,
or from geners) studfes based on assumptions relating to the use of water

by crops.

In the following pages the analyses of the primery climatic eloments
presented in section 2 are related to the environment for plant growth in
the two mein cropping ssasons at Myderahad: the kharif, {.e. the monsoon
reiny season and the rgbi, when crops are raised on conserved profile
moisture in the dry post-monsoon season. Based on the sofl-climate analyses,
some implications for agricultural research in the semi-arid tropics are
also derjved.

(1) Elant Growth and Water Balance in the Monsoon Season: The

monsoon cropping season, as mentioned earlier, commences with the onset

of the rainy season 1.¢. in end June or early July. The crops are planted
around this time. The land, however, is prepared in advance, with the
pre-monsoon rains. The time of the pre-planting tillage differs with the
sofl type. In case of the red soils, which are to some degres subject to
wind erosion and which become extremely hard whan dry, the initial land
preparation is taken up in the perfod ismediately preceding the onset

of the monsoons; while the black soils, which resist wind erosion, can

be cultivated earlier in the dry scuon and the sead-bed can be prepe-

red well 1n advance. The black sofls, of Hyderabed region have a
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Nigh clay content of the momtmorillonite type and once these soils are wet,
they take quite some time to come to a drier conditfon suitable for sofl
manipulation. At Wyderabad, as shown earlier, the dependability of occurrence
of rainfall from the end of June to early August is quite high. The proba-
bilities of a wet week followed by a wet week are invariably more than 70%.
Obviously once the monsoon sats-in, lm;d preparation and the planning of khar{f
crops in black soils s very difficult and therefore traditionally these sofls
have been monsoon fallowed. The ICRISAT's experience in seeding of some crops |
in 3 dry seed-bed in the case of deep black sofls over the past 3 years hos
been encouraging and seems to be the only feasible proposition for the planting

of monsoon season crops in these sofls.

The climate bound decisions are:
1) When should the pre-planting seed-bed preparation ba takem up?

11) When should the planting of crops be done, 30 that the seed]ing
survival {is assured? and

111) What are the variations in the growing season and what should be
the characteristics of an optimum crop pattern or system for
the location?

A brief description of the methodology to derive answars on these

questions for the Hyderabad region 1s given in the following pages:

(a) Pre-sowing cultivation: The probabilities of rainfall during
the pre-monsoon season (Fi19.6) are quite low and consequently undependable.
For cultivation operations on a black sofl after initial land preparation
has been completed earlier, the sofl should be moist upto a depth of about
5 cm. A mintmum of 20 m of reinfall received in a one day or two day
period is thus required. An analysis of 70 years (1901-70) single day
rainfall data of Hyderabad for the months of March, April, May and June,
showsd the following results with respect to the probability of pre-
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planting rainfall suffictently adequate to wet a black sofl for tillage
operations (Table 6).

Table 6
Probadility of rainfall at Byderabad for pre-planting cultivation om black scil

(a)funber of years whun adequate rainfall to carry out at lesst one
tillage operation was received in the month of:

Marec : 132
April 1 3
May : 43X

riret ) weeks of June: 80%

(b)Bumber of times adequate rainfall was received during the period
March-June 20 to carry-out pre-sowing tillage:

Once : 952
Twice : 507
At least Thrice : 142

The data (Table 6) show that the chances of carrying out pre-sowing
tillage operations increase progressively from March to June. Howover,
the number of opportunities available in any one year for seed-bed culti-
vation are highly undependable. In most of the years, only one or two
cultivations may be possible. The analysis also shows that these one or
two adequate rainfla/ll events for cultivation are quite spread out during

the susmer months.

The Farming Systams Research Program recommendation of deep tilla
Just after the harvest of the crop in the precoding season in black sofils
is highly commendable in this context. The soil is thus left in an open
and cloddy state and as and when adequate rainfall 1s received during the
period from March onwards, the final seed-bed preparation can be carrfed out.

1/ Smll intermittent showers are, however. helpful in breaking the clods
In the case of black sofls.. b "

+@/Krantz, Kampen and Associates (1975)
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In one out of two years (on an aversge) on black soils, that may be the only
opportunity for final seed-bed preparation before seeding. If a further oppor-
tunity .rises, the seed-bed sho- 1d be refined and recultivated.

On the red so!is, initial land preparation should be executed as and
when sufficient moisture has been accumulated in the surface horizon (1.e.
minimum of 20 mm of rainfall recefved in a one or two day periods. The sofl
should, however be left in an open and cloddy state so that wind erosion and

runoff are minimisod.

(b) Sowing rains: Sowing rains may be defined as the receipt of at least

20 mm of rainfall, received on not more than two consecutive days in a week
having a dependable pr?cipitation probability followed by a week with a similar
or higher probability. On this basis, the date of the commencement of the
sowing rains for Hyderabad for the monsoon season have been celculated and

reported in Table 7.

Table 7
Commencement of sowing rains in the monsoon cropping season at Hydarabad (1901-70)
Probabi’ity Date of Cosmencement
First Quartile : Jun 18 (woek No.25
Modian : Jun 25 (week No.26
Third Quartile : Jul 2 (week No.27
Mean Jun 25 (week No.26

No. of years without sowing rains upto Jul, 8: 9 (13%)

The results (Table 7) show that because of a fairly good dependability
of rainfall during the initia) period of the monsoons at Hyderabad (Figure 6);
the sowing period in 90% of the years would 1ie between June 18 to July 8.

Based on the rainfal'1 analysis presented in Tables 6 and 7, a calendar
of farm operations for seed-bed preparation and planting dates for the monsoon
cropping season 1s presented in Table 8. As stated earlier, on black sofls
1/ With ® 703 probability of receiving ® 10 mm rainfall.
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the inftial land preparation would commence fmmediately after the harvest .. .
of t 2 last crop fn the prec. Jing season and or'y secondary tillage would
be carried out in the pre-sowing period.

Table 8
ted calendar for seed-bed preparauon and_seod{ du;__@ kharif at m
™ operation
Heavy black  Light "T‘
1. Preparatory tillage Before Jun \8 Jun 4 - Jun 25 Jun H - dun |
2. Seed-bod preparation Before Jun 18 Before Jul 2 Before Jul 2
Seeding*™*® Ory-planting Planting in moist sced-bed
(1) Crops tolerant to drought  Jun 18 Jul 2 Jul 2
at seedling stag ]
(11) Crops sensitive to drought Jun 25 Jul 2 Jul 2

at seedling stage

............................................................................ L 1)

* Hoavy black soils are fine textured while Tight black and red soils arc
relatively coarse textured. '

** The planting dates should be advanced by a8 week 1f more than 10 mm weekly
rainfall is received in week 23 (Jun 4-10) and/or week 24 (Jun 11-17).

(c) Length of the Monsoon Growing Season: A computerised water balance

model uas designad to give rstimates of week-to-week changes n avaflable
moisture in relation to potential evaporation demands, using mkly n!nfa)l

as an input and estimated evapotranspiration as withdrawals; 70-years of weekly
rainfall data were used. Through this simulation study the duration

of the monsoon crop mvfng periods have been investigated in the ltyderaba’d

........................................................................

1/ A Vist of crops smsltive and tolerant to drought at seedling stm is
given by Krantz, Kampen & Associates (1975).

2/ For details see ix 111; the model may in certain cases over estimate
the total available water because it does not allow for simulation of
the effects of high intensity storms causing rumoff.
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areg. The results are shown in Table 9.
Tabdle 9

The length of the kharif growing period® in three soils having variable
available water r*orage capacity (AWC) at Ryderabad

Probability mn.gc. water storage capacity of the root profilet*
«  Medium Righ
Mean Jun 25 - Oct 28 Jun 27 - Nov 23 Jun 25 - Nov 25
(17 weeks) (21 weelks) (23 weaks)
Pirst decile (90X) Jun 25 - Sep 30 Jun 25 - Oct 21 Jun 25 - Nov 18
(12 weeks) (16 wesks) (20 weeks)
Pirst Quartile (752) Jum 25 -~ Sep 30 Jun 25 - Mov & Jun 25 - Dec 2
(13 weeks) (18 weeks) (22 weeks)
Median (302) Jun 25 - Oct 21 Jun 23 - NMov 18 Jun 29 -~ Dec 23
4 (16 wesks) (20 weeks) (25 wesks)
Third Quartile (25%) Jun 25 - Rov 11 Jun 25 - Dec 9 Jun 29 - Jan 14
(19 weeks) (23 weeks) (28 weaks)
Rinth Decile (10%) Jun 25 - Rov 25 Jun 25 - Dec 23 Jun 25 -~ Ped 4
(21 weeks) (25 weeks) (31 wesks)

Trom the commencement of sowing rains dpto the week vhen availability
of profile moisturs reduces EA/PE to 0,5%#%,

** The shallow red soils examplify & low AWNC situation; the deep red and
sadium deep black soils, a medium AWC situation and the desp black
s0oils a high AWC situationm.

%% TA stands for estimated available watcr and PE for potential evapo~
-ranspiration.

The data (Table 9) show that in the shallow red sofls (low ANC)
the Jength of the growing season fluctuates between 12 and 21 weeks; 1n
modium ANC soils between 16 and 25 weeks; and between 20 to 31 weeks in soils
characterised by a high ANC. According to these results a 16-week crop
will have a 50% chance of successfully maturing in a shallow red soil, a
90% chance in a deep red or medium deep black soil, and a greater than 90%
chance in deap black sofl. The soil type, in a given rainfall situation,
plays a dominant role in defining the growing periods in the SAT, as
examplified by this Myderabad analysis.



-g7-

Such analyses of the growing periods give the upper limits of
crop (and variety) durations, on the basis of given probabilities. Thay also
atd in cetermining the relative area that should be asstigned to different
crops in & cropping pattern scheme, so as to distribute the risk., However,
the selection of the crop and its genotype.must also be made on the basis of
an assesment of intra-seasonal water avaflabilfity, the periods of water
deficits in comparison to crop water needs and the probability of damege due
to rainfall at the time of crop maturity.

(d) Variabilfty of Available Profile Moistyre in Three Sofl Types:
A reliable ¢stimate of intra-seasonal probability of water deficits is provided

by estimates of soil moisture variations occurring over the growing season.
The median amount of available water present in the root profile of the three
5011 types - low AMC, medium ANC and high ANC made from water balance studies
are shown in Figure 7. It can be seen that the amount of avafiable motsture

in the low ANC soils does not exceed 60 to 70 percent of the total avaflable
water capacity. There is a marked decrease in the amount of available water

in the virst ﬁnlf of August (to less than 25 mm). Since the evapotranspiration
damand during the monsoon se@ason exceeds 25 mm per week (Table 4), a break |
in the continuity of rains exceeding one week or so would be quite hazamui
to crops in these low avaflable water storage capacity soils.

These results emphasise the need for developing alternate water
sources in case of failure of rainfall to break intre-seasonal droughts,
to increase and stabilise crop production in such sofl regions of Hyderabad.
Since shallow red sofl am;s are mostly located in undulating uplands
(Figures 1 and 3), they have poor potential for the development
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of large scale surface irrigation systams. The geology of the Myderabad
region does not permit ground water utilisation in the zones of recharge
(that 1s where red shallow sofls are mostly present). The only altemmative
for such soil areas is to collect runoff during periods of excess rainfal)
and to reuse the]conoctad water throygh a farm water storage and appli-
cation facility.

The graphs of available water held in the sofl profiles in the red
or medium black and deep black soils (Figure 7) shows that except in the
initial weeks after the commencement of monsoon rains, the available water
capaci_w of these soils 1s almost filled for a substantial part of the growing
season. It 1s only after the middle of September that the available water
curves show an upward trend. This coincides with the general recession of
the monsoon in the Hyderabad region (F‘ngre 6), and the crops thereafter,
primarily draw upon the soil moisture reservoir to meet their ET needs.

() Climatic Water Availability: In the SAT areas of India, the

temperatures during the monsoon crop period are quite high; this can cause
relatively high PE values. Since the availability of soi) ;ater for crop
use {s dependent on the potential evapotranspiration demend (Denmead and
Shaw, 1962), the climatic water avaflability assumes significance parti-
cularly at phenological crop stages when climatic water stress is critical.

1/ ICRISAT and AICRPDA are developing appropriate technologies in this
direction. The application of small quantities of water should be
Tnd: on‘t?e ba‘lszs of probabilities of rainfall given in Appendix II,

ables 1.1 - 1.4,

2/ Dafly PE values exceeding 10 mm are not uncommon during dry periods
in the monsoon. Contrary to the situation in more temperate rogim.
the PE demand occurs dur‘lng a relatively short period of time (% 8 hrs).
This results in very high PE intensitics (on an hourly basis). Often
such high PE intensities cannot be met by crops even on relatively
moist sofls and tomporary wilting results.
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Hargreaves (1975)ysuggutod that the climatic moisture availability index
(MAI), a ratio between rainfall and potential evapotranspiration could
give a more useful indication for climatic water sufficiency. An analysis
of the MAI status for the period July to November is given in Table 10.

Table 10

Values of MAI at given probability levels during the monsoon crop growing
pexiod at Ryderabad

Cro- duration and stages* Period Pro”b;%ﬁx_
Medium Long 75 50X

Initial Initial Jul 2 - 15 0.40 0.76 1.30 0.95
Vegetative Jul 16 - 29 0.71 1.21 1.91 1.42
Vegetative Jul 30 - Aug 12 0.50 0.89 1.43 1.06

Reproductive Aug 13 - 26 0.37 0.81 1.% 1.1
Maturicy*s Aug 27 - Sep 9 0.48 0.99 1.76 1.28
Reproductive Sep 10 - 23  0.62 1.20 2.¢¢ 1.31

Sep 24 - Oct 7 0.11 0.50 1.66 1.09

Maturity Oct 8 - 21 0.02 0.16 0.74 0.65

% Assuming a medium duration crop of 100-110 days and a long duration
crop of 130-150 days.

** Maturity refers to the physiological maturity. Harvest maturity is
exhibited 2-4 weeks later by most crops.

The data generated for the MAI during the monsoon crop season at
Hyderabad (Table 10) show that from Aug 13 to Sep 9, the climatic water
availability will be deficient to moderately deficient in 255 of the yoars.
Since this period coincides with the reproductive phase of the medium
duration crops, this may result in lTowering of yields of crops sensitive
to environmental water stress at ontogenetic phases of growth.

1/ Ha ves suggested the following classification for climatic water
availabfility:
MAI = 0.00 - 0.33 deficient
“ = 0.34 - 0.67 modarately deficient
= 0.68 - 1.00 somewhat deficient

»n
* =1.01 - 1.33 adequate
¢« =1.34 Excpssive
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The second phase of decreased MAI values is observed after Septomber
24. These coincide with the recession of the monsoons over the Hyderabad
arca and is a desirable characteristic during the meturation periods of
crops. The crops which are still actively growing are not 11kely to suffer
from moisture deficiency because the potential evapotranspiration (Table 4)
decreases to # 4 mm/day in the last week of September and subsequently.
The diurnal variations in temperatures also increase in October and November
compared to the initial months of the monsoon crop season (Table 1). AN
these fgctors favour the availability of stored sot]l moisture for crop use.
Therefore, in sofls with medium to high water storage capacity, the long
duration crops are not 1ikely to be exposed to moisture stress. In the
case of sofls with low moisture storage gapacity, however, the long duration
crops will suffer from drought and enforced maturity.

Thus far, consideration has been given to the moisture avatlability
from the soi) environment and to growing period variations. For crop
planning, an asscssment of the moisture requirements of crops 1s also

necessary.

( f) Moisture Requirements of Cro:s: A knowledge of the crop and
plant water requirements is necessary for water resource planmning and
utilisation. The rates of evapotranspiration of crops relative to potentfal
evapotranspiration have been intensively studied over the past two dogades.
An objective review 97 the subjact has been presented in Appendig Iv.

T/For detalTs see:
a) ASCE Technical Committee on Irrigation Mater Requirgments of the Irri-
gation and Drainage Division, "Consumptive use of Water and Irrigation

Water Requirements®, American Society of Civil Engineers, 1973, 215 p.

b) Crop Water Requirements: Irrigation & Oraisage Paper 24.
FAO (Rome 1975), 179 p.
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Briefly, it may be stated that the crop water requirements differ with

the speci-s and within a crop, on the phenology of its cultivars.

Forages and range crops require an actual evapotranspiration (Eo) to
potential evapotranspiration (PE) ratio of 1.0 - 1.2 for maximum production
throughout the growing season. For figld crops, however, Eo/PE requirements
depend upon the stage of growth; the range is between 0.2 and 0.8 or more.
Some examplified stepped functions of water requirements of a range of
crops of varfous durations are shown in Figure 12 (Appendix 1V).

Hargreaves (1975) investigated the moisture adequacy-yield
relationship for a wide range of crops and reported that the ratio of the
observed yleld to the maximm yteld (under prevailing fertility and
cultura) conditions) Y, can be expressed by the oquation: Y = 0.8X + 1.3¢-
1.10°, where X = the ratfo of actual motsture available during the crop
season divided by the amount for which yield 1s maximm. Good data coverage

was available for the range of X = 0.35 to X = 1.00. Hargreaves concluded
that in zbsence of other 1imiting factors, the yield of field crops is primarily
dependent upon the sufficiency of available water over the growing season.

Grain ytelds of sorghum and wheat trials at Biloela (Central
Queensland) in relation to crop water stress were analysed by Nix and
Fitzpatrick (1969). They observed that in both the crops final yields were
strongly correlated with the water availability at flowering and anthesis.
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In the case of sorghum, the following interesting relationships
between EA/PE ratios and yields were reported.

D S AP GRS A O G A D W W W W L L 2 Y 2 2 3 1T 3 ¥y 1 X ¥ 2 % ¥ ¥ 3 ¥y 1 7} L2 A 1 1 1 1 2 2 2 1 2 1

1/ So
Growth Stage EA/PE range Varieties
re
Vegetative (4-6 wk) 0.5 -1.0 04 NS .17 NS
Pre-heading (2 wk) 0.4 -1.0 47 NS .33 NS
Hoading & Early grain f1lling (2 wk) 0.4 - 1.0 61* . GBw*
Later Grain Filling (2 wk) 0.4 - 1.0 OI NS .28 NS

1/ EA = estimated crop avatlable water; PE = potential evapotranspiration.
2/ Varieties A = Wheatland, B = Kalo.

NS = Non-significant at P = 0.05;

“wSigniticant ot b = 0.01° ,

These two examples suggest that the water enviromment of the crop
ecosystem 1s a major determinant of yleld. However, the final yield
depends Fo a large degree upon the adequacy of crop available water at
some critical growth stages. Water stress can to some extent be borne
by the crop at non-critical stages. Nevertheless a 'conditioning effect’
of water deficits on yfelds of several crops at a stage]prior to the w

ontogenetic phase has been reported by several workers.

1/ Stewart, J.1., Misra, R.D., Puritt, W.0., and Hagan, R.M.
Irrigating Corn and Grain Sorghum with Limited Water.
Paper presented at ASAE Annual Meeting, Stillwater, Oklahoms,1974, 32p.
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g) Proposal for & Technique of Systems Analysis to {dentify suitable creps,
cropping pattarns and planting dates.

~ In the preceding section, it has been shown that the water required
to meintain optimum retes of crop growth v‘mu with different pl.nnologlul
stages. Consequently, at each of the growth stages, there Y3 an optimm demand
of water, which, 1f not adequately mat, affects the crop yields to a degree which
again depends upon the growth stage. In a major part of the semi-srid tropical
areas, rainfall is the only source of water avaflable for crop sustenance.

Unfortunately these regions are characterised by & highly erratic
and variable rainfall and also by relatively high potential evapotranspiration
during most of the crop growing season. An analysis of the Hydersbed reiafall,
presented in Table 2, shows a coefficient of ‘varistion of 265 for annual preci-
pitation. The CV ranges between 45 and 57% for the monsoon months and enceeds
100% for the pre and post-monsoon months. The trend of the soasons! rainfall
(June to early October) for the period 1901-70 for Hyderabad is shown in the
Figure below:
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It has been reported by Griffiths (1972) from a study of climtes of
Africa that the potential evapotranspiration demend for a specific location
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does not vary such from yoar to year (CV<5%). This has the tmplication
that a more or less fixed climatic and crop moisture demand is faced by
an erratic supply of water. The fdentification of the safe crop growing
periods, from the point of view of water availability, and the development
of cropping pattern strategies to optimise the use of the scarce and
undependable rainfall source therefore atsume great importance under such
conditions.

To meet the research requirements for the identification of a range
of suitable varieties and cropping systams, two types of possibilities
exist: (a) evaluation of a wide range of crops and their varieties in relation
to changing rainfall environments through field experiments over a suffi-
clently long period of time, or (b) conduct of an amalytic study of the
historical weather data (of the famediate past and for a sufficient mumber
of years) in terms of the charecterisation of the crop-water emviromment.

There are convincing reasons to select the latter alternative.

Such an analysis would primarily evaluate the varfations in the
total crop growing perfod and the proabbilities of adequate water availability
at different crop growing stages (see preceding sections). Such location
specific information derived on the basis of rainfall variability, soils,
and climatic water domand by water budgeting techniques would also provide
data on periods of water surpluses and deficits as well as soil moisture
variations. Since the crop water damand 1s rather fixed at different
phenological stages of its growing cycle, a comparison of these with the
availability of moisturc -could provide answers regarding the suftability of
crops and their cultivars in a particular location. A primary advantage of



such an amaiytic technique is not only that it allows a critical
evaluation of the present cropping petterns and projections for new
introductions, but also that it would substantially reduce the time

and effort required for the selection of suitable varieties and cropping
patterns through a process of clinin;tion. Since the approach has the
advantage of studying the system variabilities on a long term base, it
would aid in evolving plans for experiments on crop-environment
interaction and in arriving at decisions on suitable cropping fatterns. .
It also would allow for quantification of the soil, rainfall, and climetic
complex characterising a location and therefore facilitats a process

of identification of {soclimes and their zonatfon in the SAT areas

on the basis Of crop suitability considerations. The methodology could
be of advantage 1neff6m to trensfer f;nmloufmoum

to another.

The estimates of the crop water availability distribution during
the jrowing season and an 11'ustration of the potential use of the systems
analytic methodology for deterwmining desirable variatal charscteristics
as well as suitable cropping patterns for the Hyderabad region are
discussed in the following section.

(h) Estimates of crop moisture availability and crop planning for the
Hyderabad regfon.

The water balance model used {n this study (Appendix !!!) s
based on a climstic approach for estimating the amounts and varfation ia
crop moisture availability. The model consists of a simple book-keeping
procedure in which all precipitation occurring (when the sofl! moistwe

content is below the water storage capacity), 1s treated as a soistwre
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fncrement, Moisture is lost from the sofl as evapotranspiration.
Precipsftation occurring when cthe soil storage is filled to capacity, has
been treated as surplus and is lost through percolation and runoff.
Week-to-week changes in the avambla' soi1 moisture were calculated
through computer p;ocessing. From this.ythe amount of crop available water
(EA) was computed. The ratfos of EA/PE- for all the 52 weeks of the year
were calculated from the rainfall data for Hyderabad from 1901 through 1970,
individually for each year for three soil types of varying root-profile
water-holding capacitiu.y The use of “standard” available water holding
capacities permits the use of onc of the data sets for a particular crop in
a given soil type (see for details: Appendix 111).

It has baen shown earlier that ir most crop plants the ratio of
actual evapotranspiration to potential evapotranspiretion (EO/PE) varies
between 0.3 and 0.8. The seedling stage is characterised by required EO/PE
ratios in the range of 0.2 to 0.4; the vegetative growth phase by ratios of
0.4 t2 0.6 and the flowering and the reproductive stages by ratios of
0.6 to 0.8 or above. The demand for water by crops considerably lowers
at seed-set and maturity stages until at harvest the crop water nquimaﬁts

1/ After Denmead and Shaw (1962). For details see: Relationships between
sofl mofsture, actual and potential evapotranspiration. Bafer, W.
Internal Report, Agrometeorology Section, Canada Dept. of Agriculture,

pp.52.

2/ EA/PE signifies the amount of crop avaflable water in a given environment.
Hegld:ly PE (Potential evapotranspiration) values given in Table 4 were
used here. _

3/ Refer to p. 4, for a ducription of sofls.
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are practically nil. With these reasons in mind, a relatively low
threshold value of EA/PE befng at least 0.25 has been selected to

indicate water sufficiency for crop survival and any value of EA/PE
exceeding the threshold has been assumed to indicate water availability
for growth purposes. A higher valué of EA/PE-* 0.75 has been selected

to indicate a state of water adequacy in amounts sufficient to meet the
requirements of dryland crops at critical growth stages. It must, however,
be pointed out that these upper and lower limits of EA/PE are tentative
and need further requirement. These limits should be adapted depending

on the drought sensitivity of crops.

A probability analysis of the weekly values of EA/PE ¥ 0.25
and of EA/PE 2 0.75 for the monsoon crop period commencing with week 27
(July 2) for three sofl types is shown in Figure 8. It s based on
seventy years of data for which a water balance study has been carried out.

The basic requirement of improved cropping systems for semi-arid
tropicil agriculture s to increase and stabilize the production through
optimal use of land and water resources. A crop cultivar exboctod to yield
a high and stable production will, given a large number of other rnquiﬁi-
ments, be the one which essentially fits in with a given soil-climate water
availability situation.‘ The aim in matching water requirements of crops

1/ According to recent 1iterautre on crop {ield and water relationships
reviewed by Mather, J.R. in his book: C 1aatoloa:: Fundamentals and
Applications; “"some investigators have argued that no real genetic
differences in drought resistance exist among wheat varieties but
rather that different varieties reach the "critical” development®!
period at different times"...."Two given varieties may actually have
the same moisture demands, so that neither fs more drought resistant
than the other, but yield in one that flowers at a time of less mofsture

stress will be greater”.
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to the probabilities of water availability, should therefore be to achieve
a balance, in which the most critical crop stage coincides with the highest
chances of occurrence of moisture adequacy. The crop water demand curve
should essentiallv pass hetween the relevant set of moisture availability
distribution curves. The use of this type of analysis in terms of the

selection of crops or genotypes is i1lustrated in the next few paragraphs.

The Hyderabad region grows sorghum on a large scale. The crop
occupies 381]of the total cropped area and 65% of the total cereal area in
the District. The available varieties and hybrids of this crop range in
maturity period from about 100 to 150 days or more; the potentially highest
ylelders require from 90 to 115 days. The question before an agronomist {s:
which variety or hybrid shoauld be selected for a particular soil situation
such that sustained high yields can be expected; the question before a breoder
fs to develop a HYV which best suits the sofl climatic environment. Some
answere to these questions can be derived through analysing the situation
by fitting a 90-110 day crop of sorghum (say CSH1) or a 130-150 day maturity
sorghum (e.g. locals) in the three idealised soil environment situations

presented in Figure 8.

The sowing rains are received in week 26, the last week of June
(Table 7) when monsoon season crops are planted.(delay of sowing with a crop
11ke sorghum increases shootfly risk). A 130-150 day sorghum will commance
flowering around week 36 (last week of September) and reach physiological

1/ Season and Crop Report of Andhra Pradesh 1972-73. Published by the Bureau
Yy of Economics & Statistics, Government of Andhra Pradesh, Hyderabad,pp.190.
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maturity at about week 42. It will be caught tn a water-deficit
situation at the ontogenetic phase in most years in the Yow water
storage soils (Figire 9). In medium and high water storage capecity
soils, the crop will normally be relatively wall supplied with available
water to meet its requirement in most years. This contention is substan-
tiated by the data shown in table 11. The probabilities of obtaining

Iable 11
Conditfonal Probabilities of Moisture Availability for fied Crop
Phenological Stages of Different Crops in Throe Sofl T

............................................... L2 4 2 1 L X 2 L 22 1T 2 L3 1 2 1 1 % 2 2 X K 2 J

EO/PE Prob.of obtaining AE/PE in Sofl Ty
Growth Stage ratio ow ZF 7 Deep Black
required Med .Black
130-150 duration ¢
Seed)ing ’4 wk 0.30 0.412 0.66) 0.702
vmtiy 6 wk 0.60 0.377, 0.73% 0.730
Yeg/Rep. 0.80 0.350 0.702 0.754
Reproductive (6 wk 0.80 0.173 0.685 0.797
Maturity 4 wk 0.60 0.056 0.483 0.672
(b) 90-100 day duration crop
Seedling {2 wk; 0.30 0.588 0.768 0.789
Vegetatig 4 wk 0.60 0.492 0.7 0.725
Yeg/Rep.d/ 0.80 0.43 0.674 0.659
ctive {4 wk; 0.80 0.418 0.719 0.772
Maturity 4 wk 0.60 0.407 0.864 0.877
(c) 65-70 day duration crop
Seedling 2 wk 0.30 0.588 0.768 0.789
Vegetative 2 wk 0.60 0.750 0.865 0.881
Reproductive 4 wk 0.80 0.467 0.772 0.789|
Maturity 2 wk 0.60 0.725 0.72% 0.985

1/ Based on water balance study for Hyderabad (1901-70 data) Appendix III.

2/ Approximate duration of growth. It is assumed that the crop has been
o seaded in week 26 (last week of June). “

3/ In crops in which vegetative growth and flowering occur simultaneously -
e.g. castor, groundnut.



Figure 9
PITTING OF A LONG PURATION (130-150 DAY) CROP IN THREE SOILS OF THE HYDERABAD
RCGION IN RELATION TO THE PROBARILITIFS OF CROP NATER AVAILARILITY
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favorable moisture conditions are upwards of 705 in most cases, certainly during
critical perfods. These estimates would seem to suggest that both n the deep
red and in the medium or deep black soils, 3 130-150 day crop of sorghum and
8130 2 90-110 day crop will bo & success. However, 1f one considers the
precipitation probabilities at the physiological and harvest maturity periods
(Table 12), then it becomes clear that the relatively shorter duration

sorghum (maturing around week 38) will be caught in heavy rainfall in § to 6
years out of 10. The longer duration varietias will get into the reproductive
phase around wk 42 and the probabflity of heavy rainfall is only 3 or fewer
years out of ten. A reference to Figure 7 shows that in mediwl and deep

soils the profile has adequate available 'l.uoistun.and since the tamperatures
around the middle of October (Table 1) show a lowering trend, the crop will
normally be adequately supported by the profile moisture.

Table 12
Amount of rainfall expected at maturity periods of monsoon season crops at
: HRyderabadl/

Period %M %t of rainfall at a given probability

Weeks Date 8 50% 4 ]
(wm)

35-36 g 27 - 8ep 9 17.1 26.1 36.2 47.8 61.7 79.4
39-40 Sep 24 - Oct 7 29.1 40.9 53.3 67.2 83.3 103.2
41-42 Oct 8 -~ Oct 21 4.0 9.2 16.9 27.9 43.) 65.6
‘H‘ h s - m l.l 0 013 102 30’ .o‘ 1‘0‘

1/ Based on 1901-70 data. The expected smounts are derived from Gamme
distribution.

The damage to the meturing seeds of the sorghum crop caused by
disease infestation due to rainfall, can be to a grest extent avoided W
harvesting the crop during dry spalls even {f the rainy season 15 axty
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The relative probadilities of at least 3 consecutive field work days 1

the two major sofl types of the region 1s for crops of three assumod durations,
shown in Table 13.

Table 1)

Percent probability of at least 3 consecutive Pald Work days at Ryderabad
(basad on 1901-70 rainfall data)

S$o01i1il type
Period Black ' T Red

SHORT DURATION (65-70 DAY) CROP

(A) Aug 27 - Sep 9 9 S0
(B) Sep 10 - Sep 23 4 50

' MEDIUM DURATION (90-100)DAY CROP
(A) Sep 10 - Sep 23 4 50

Sep 24 - Oct 7 23 64

(B) Oct 8 ~ Oct 21 29 17
LOWG DURATION (130-150 DAY) CROP

(A) Oct 22 - Nov & 59 79

Bov S - Nov 18 73 93

(B) Wov 19 - Dec 2 83 93

% (A) Physiological maturity; (B) Harvest maturity.

The data in Table 13 show that a sorghum crop of about 100 days
duration (harvest maturity in the second week of October) can be successfully
harvested in about 80% of the years in the rod sofl situations but the
probability of satisfactorily harvesting the crop in a black soil 1s rela-
tively low (29%). Sorghum varfety CSHS which 1s of slightly longer duration
than 100 days, when planted in the first week of July, offers the best
possibilfity. However, 1in the case of black soils, a longer duratfon variety
of sorghum of approximating 130-150 days duration would be more suitable
1f single cropping or intercropping 1is the objoctive. Unfortumately, no high

yielding variety is available currently with such a duration.

1 Field work day: For a ficld work day to occur 1t 1s assumed that the soi1

 mofsture in the surface 15 cm must be reduced to 22% in a black sofl and
to 12% in a red sofl.




.45 .

Another altermative undor thase conditions would be the gonerae
tion of moulc resistant short duraticn vorfctics; in case of non-
ratooning genotypes this would increase the potantials for double cropping,
particularly on the deep black soﬂsy.

The fitting of long, medium and short duration crops and some sugges-
tions for scheduling crops well after the on-set of the monsoon rains are,

for selected cases, shown in Figures 9 to 11,

The long duration crops (Figure 10), will be exposed to moisture stress
at critical periods, in the shallow red sofls at various growth stages, thus
suggesting that an indeterminate crop would be most suitable, Examples 'of
such crops are castor, groundnut, forages and grasses. A short duration crop
1ike pearl millet could also be grown and efforts be made to pleat 1t as
early as possible in the season (Fig, 10). This would ensure bet*er mmy.
If such a possibility 1s not met in any given year, it {s suggested that the
August sown crop would perform better than a crop planted late et the commence-
ment of the season because of the higher probability of good conditions at
harvest t'me, Pear) millet, howeer, should be plarted as an intercrop with
a long duration base crop in these shallow soils, 1f early sowing 1s feasible.

Yowever, 1f no intercrop were in such a sorghum, the yleld
potentials would have to be axtremely high to attain a rainfall use effi-
clency approximating that which could potentially be reached by a double

cropping system on such sofls.

Y The AICRPDA has already shown that planting of pear] millet in the-last week
of June resulted in higher ylelds compared to planting in the first or
second week of July,
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In the case of medium water holding (AMC#150) soil situation, the fit
of different crops shown in figures S-11, reveals that a long duration crop
has a reiatively high probabiiity of being exposec to water stress at the
reproductive phase of growth. The probability of meeting the required EO/PE
is 0,655 (Table 11), Under such circumstances, a long duration indeterminate
crop 1ike castor or intermediate)/ crops {1ke pigeonpea would suit best, The
probabilities of moisture adequacy for medium and short duration crops at
various stages of growth (table 11) are around 70% or higher, These crops
could be successfully grown as intercrops, Sctarfa, maize, sorghum and
groundnut would be expected to yield well under the deep red and medium
black sofl conditions. Groundnut, in black sofls, could be planted only under
conditions where the surface soil has a coarse texture (generally < 5% clay).
The pear! millet crop. suits the moisture an!jroullut perfoctly wall although
difficulties in the harvesting of the crop and protecting the seed from
deterioration at ripening would arise due to the higher rainfall probabilities
during 1ts maturity period and limited field work day probabilities (Tables 12
and 13).

The deep black soils offer an excellant crop water availability envi.
romment at all stages of growth for short, medium and long duration crops
(table 11). The potential for sequential smd relay cropping s great, because
these soils after August have sufficient available moisture in the sofl to
last for several weeks after the recessfon of the monsoon rains (Figure 7),

The only constraint in these soils consists of difficult working conditions

TS st -
1/Intermediate crops are those in which the vegetative growth and flowering
occur simultancously.
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F?’TING OF SHORT (65-70 DAY) AND MEDIUM (90-100 DAY)DURATION CROPS
IN THE THREE SOILS FOR PLANTING AT THE NCEMENT OF KHARIF SEASON
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Figure 11

) .
FITTING OF SMORT (65-70 DAY) AND MEDIUM DURATION CROPS IN TME
THREE SOILS FOR RELAY/SEQUENTIAL PLANTING OR INTERCROPPING
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Dry seeding, as shown carlier, is a must and crops which do not deterforate
at maturity due to exposure to rains and which can stand delays in harvest at
maturity would be preferred. A determinate crop of sorghum with 130-150 day
duration would be the best cereal crop-!-’ In legumes, pigeonpea is likely to
be the best crop, 1f adequate drainaqoy requirements are met. Maize as an
intercrop also secams to have good potential.

In summary, the following crops can be suggested for the three sofl
sftuations.

Sofl Type Suggested crop/forage
1. Shallow red Grasses and Forages
Castor
Pearl millet
2. Deep red Pigeonpes
Setarfa
Castor
Sorghum (Medius duration)
Groundnut
3. Medium black As in the case of deep red sofls,

If the clay content in the surface
sofl 1s more than 5% groundnut
should be deleted.

4. Deep black Pigeconpea _
ag:ghm (preferably > 120 day duration)
2e

1/ According to Krantz & Kampen (1976) some valuable agronomic characteristics

of sorghum would be the following:

(1) Moyld resistant, short season varfetics which can be successfully
ratooned for grain after a first grain harvest.

(2) Mould resistant, short season varieties which do not ratoon and
can be used in relay and sequential cropping systems.

(3) Longer duration varieties (150 days) which would permit {ntercropping
in the monsoon season.

(8) Medium duration determinate varieties (130-150 days) which could be grown fn
a single crop system (a double cropping practice would be lost in this case)

2/ Planning on ridges and furrows, which are linked to adequate drains would
offer a suitable soil, water and air enviromment.

L



2. Flant w7owih and weter balance fn the post-monsoon season (rabl):

The post-monsoon season crops are planted towards the first fortnight
of October, generally followin; the recession of the monsoon rains, The
planting couldbe early (last week of September) in years with an early
recession of rains or delayed (upto the middle or the end of November) in

case of late recession of the monscons over the Hyderabad aress,

s

This cropping season 1s characterised by the absence of rains; it
fs relatively cool with relatively lower PE values (Table 4); day lengths
are shorter and higher diurnal temperature variations occur than in the
mONSOONn season, The post-monsoon crops are harvested around the end of
February. The major crops of the region are sorghum, safflower and some area
s under chickpea. These are well suited for utilising the conserved profile
woisture, ’

A generalised phenology of the post-monsoon crops and their use at
different stages in relation to PE is shown in table 14,

Table 14 - Water use by post-ar:nsoon crops under conserved moisture conditions

at Hyderabad
the Perfod  Crop Stage EO/PE ratto  ET(mn)
Oct 2 wks Seedling 0.2 n
2 wks Early growth 0.3 16
Nov 2 wks Early grand growth 0.4 21
Nov 2 wks ) ‘ .
Dec 2 ks ) Grand growth 0:6 56
Dec 2 wks Flowering & antogenetic 0.8 76
Jan 2 wks Seed sat 0.4 20
Fed 2 wks Maturity 0.2 S

Total estimted water use 2n
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The data (table 14) show that for optimm growth of post-monsoon Crops
under Hyderabad conditions, abowt 210 mm of plant available water 1s required
fn the -0t zone of the crop, thus only deep black soils can be cropped without
supp lamental umrv (figure 7). The results of the water balance studfes show
that in about 80% of the years there would be adequate water in the soil pro-
file to support post-monsoon crops. |

A multiple correlation analysis of the amount of available water
stored in the soil profile with the total amount of monsoon rainfall and
precipitation for the individual months from June through October for 70 year
data for Hyderabad showed that:
Y= -9,65¢,147 (RNTL) + ,172 (RSEP) + ,333 (ROCT)
where Y = Total available moisture in (mm) in a deep black sotl profile in Oct,
RATL = Total smount of rainfall received during the period June - Oct.
RSEP » Rainfall in September
ROCT = Ratnfall in October
The analysis of the growing season showed an average length of 15 weeks,
with a range from 11 to 17 weeks. Generally, in vears when the September and
October rainfall fs highly sub-normal or total monsoon precipitation 1s less
than 580 mm (which account for approximately 20% of the years), post-monsoon
cropping may not be possible due to inadequacy of profile moisture, if the
soil has been cropped during the monsoon season,

1/ Although the amount of stored moisture n deep black soils would be
sufficient to meet the total requirements of water except at critical
growth, the rate of availability be limited due to potential eva.

transpiration requirements, Supplemental water avaflability could
ﬁu, fn increasing crop yfelds particularly in the case of crops sem-
sitive to moisture stress at ontogenetic stage (e.g. sorghum, meize),



¥, THE ROLE OF CLIMATOLOGY IN TME AGRICULTURAL DECISION PROCESS

The studies reported in the foregoing pages, evaluating the effect
of climate on crops, are ultimately directed towrds the key problem in
agriculture: how can available knowledge be put to profitable use to aid
the farmer in making ecorcmically wisk decisions? The simple knowledge
of the relation between the crop moisture environment to yield may not
serve the purpose, unless one ut{ifzes it in some decision making process
that will aid in the development of a more rational farm program, Improved
agricultural farmm technology 1n recent years has shown the potential for
increasad crop ylelds, 1t,however, has also increased the fixed cost inputs
and profit margins, Agricultural inputs 1ike fertilizers and {rrigation
equipment are expensive items and decisions on the extent of the use of
these production factors need sound justitication, Studies on the use of
climatic analysis in relation to economic aspects of weather variability, M
weather control, and on the use of such data in the whole field of economics
and risk in farming and agriculture-based industry have increased, mr.
weather and climatic data are seldom given in a form directly usable in
economic decision makinj and 4.-w farmers know whzt questions to ask of the
applied climatologist, in order to be able to obtain fundamental information
on the effect of alternate courses of action. In fact, only a beginning
has been made to explore the relationships of weather and farm management

decisions,

Duckham (1967)1/ presentad the nypothesis of resource allocation
in accordance with the risk of satisfactory completion of different weather
dependent operational programs, The whole focus of the use of Duckham's

i ———

1/ For turther details see Taylor, ®Westher and Agriculture® (1967)
Perganon Press Limited,
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methodology, can be illustrated by means of 2 partly hypothetical example of
dairy farwing on pastures in Southeastern England.

Ai the commencement of the nasture growing s.ason, the farmer 15 con-
fronted with the questi-a of stocking dates, fe~tiliser purchase and the use
of limited irrigation resources. Duckham .set up the following three possible
operational programs:

(1) Yery high stocking rates and N app!ic.tion with irrigation;

(2) High stocking rates & N application without irrigation, and;

(3) Medium stocking rates, low nitrogen, without {rrigation,

The frequency of different types of rainfall years was found to be:
3 wet, 4 normal and 3 dry in a 10 year period. Dickham further found that
operational program (1) gave maximum returns in a wet year; program (2) in a
normal year and program (3) fn a dry year. For long term profit stubility,
Duckham argues that the resource allocation undor such a situstion should be
made in the ratio of 3:4:3 for the three operational programs enumerated above
in any given year,

Following the logic of risx distribution discussed above, the amount
of land area to be allocated tc 44¢ferent crons can be -vggested, Appendix V
(Tables 2.1 - 2,3) shows the ratio c* estimated crcp available water to poten-
tial évapotranspiraﬂon demand on > weekly basis at various probability levels,
In shallow red sofls, averaging an avaflable motsture storage capacity of 50 mm
in the root profile, the data in Table 2.1 show that severe moisture deficit 1s
11kely to prevail at different times in the monsoon crop growing season in 26%
of the years, To maintain stability, the cropped area in such soils should be



- 54 -

around 75% while 25% of the area should be put under foreges and gresses., A
long duration indeterwinate crop coupled with a short duration crop will be
successful in most of the years, If the long duration crop has 2 slow vege-
tative growing habit (e.g. castor), 1t could be intercropped with a short
duration crop 11ke pear! millet both under optimm plant populations.

The results in Tables 2,2 and 2.3 (Appendix V) show that in the deep
red and medium black or deep black sofls with profile moisture storage
capacities exceeding 150 mm in terms of available water, medium and long
duration. crops are 1ikely to give optimum yields in 90X of the years, The
area allocation to different crops will depend upon their relative prn'duétmw
Sequential, relay and intercropping systems will all prove useful in these
soils under Hyderabad comditions,

The data on the probabilities of adequacy of avatlable mofsture at -
different growth stages of crops of various durations for the thwee soil
conditions are shown in Table 11. In the case of shallow red sofls, the long
and -ediw'duration crops are 1ikely to be exposed to moisture deficit at
almost all the growth stages in most of the years, Even 1n short duration
crops (65-70 days), the chances of meeting adequate mofsture damand at the
reproductive stage of the crop are only 47%, Fortunately, these sofls are
characterised by a very high amount of runoff and this water, 1f properly
stored, could be applied at times when the crop 1s under moisture stress
(Appendix 7). The feasibility of such an alternative needs to be also explored
in deep red or medium black sofls, |



IR CONCLUSION

The semi-arid tropical regions depend primarily on agriculture;
the present low income levels are caused by Tow and unstable agricultural
production. The distinctive characteristics of the tropical environment have
a major influence on the distribution of natural endowments: soils, rainfall
and climate. These areas are well supplied with radiant energy, however, due to
the sunlight regime, temperatures and orographic influences, a variety of
rainfall patterns are produced. As a result of higher temperatures, the rate
of evaporation is intense, so that the mofsture content of the air tends to
be high, partfcularly during the wet season. Higher temperatures, of ceourse,
also mean that the water holding capacity of the air is greater. .Dtcauu"of
the morked uniformly high temperatures during most of the growing seeson,
variations in the timing and amount of precipitation are generally °he key
factors influencing agriculturel production possibilities.

Moreover, the effect of differences in rainfall on the availability
of moisture in tropical agriculture is especially great because of the rapid
evaporation and transpiration by plants. The agricultural value of rainfall
varies with the climatic factors that influence the return of moisture to the
air by evapotranspiration. Since plants meet almost all of the water requirements
from the root rhizosphere, the importance of water retention and release charac-
toristics of the sofls is evident. Therefore, in determining the agricultural
potentialities of any samj-arid area, a quantification of the rainfall (timing,
amount and durations), sofl (intake, storage and release) and evapotranspiration
characteristics is of fundamental fmportance. Given the varfability of the
semi-arid tropical environment, such a Wiﬂutim also contributes substan-
tially in delineating the potentially nbst rewarding areas for agriculturs!

research.
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This paper entitled "The Agricultural Climate of the Hydersbad Region:
a Sample Analysis®, is a study of the edaphological, rainfall and weather chara-
cteristics uf the Hyderabed araa. he probability analysis of rainfall with respect
to 1ts occurrence and continuity during the monsoon and post-monsoon periods has
been carried out. Expected amounts of rainfa)l have boen calculated at selectod
probability levels. Climatic water balance studies, using weekly rainfall as
inputs to the soil mofsture storage and ostimatcd evapotranspiration as withdrawals,
were carried out to evaluate the sof! moisture regime and the amounts of crop
available water week-by-woek. Based on this analysis, the lengths of the crop
growing periods 1n the monsoon and the post-monsoon cropping seasons were calculated
for some of the dominant soil groups. Based on historical daily rainfall rocords
for the period 1901-70, fluctustions in the tots) length of the crop growing periods
were assumed. From the water balance studies, the data on the amourts of clima-
tologically excess water, which is lost as surface runoff and as deep draindge has
been calculated.

A systems analytic technique has been developed by which the proba-
bilities of crop available wuter ovii the growing season arc estimated. These |
estimates, when compareu with the water demand of crops or their varieties at
different phenological stages, yield a fair first approximation, regarding their
suitabilfty and potential success in a given sofl-climate environment. Some
examples of the fitting of crops of various durations and characteristics
have been shown. Some tentative projections on crop scheduling have been made.

The probabilities of rainfall and field work days at sowing, growth and maturation
stages of crops have been given for the Hyderabad regfon and certain implications
with regard to varieties and crops were derived. |
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This type of analysis gives an integrated index of the precipitation,
sofl and evapotranspiration. Since it quantifies the crop growing pertod and
its characteristics in term. of : _tar stress and sutficiency periods, the
selection of crops wiva the required phenological characteristics 1s facilitated
with substantial refinement, the methédology could be applied to many regions.
It 1s envisaged that such a technique will substantially reduce the time and
effort required to arrive at a suitable cropping system for a location. It
a1so allows for the identification of ecological iso-climes with a similar
moisture environment, thus making the transfer of appropriate farming systems
tochnélbgy easfer.

Because of great diversity in agricultural systems imposed by the
physical environment in the sami-arid tropics, the plant breeding efforts for
producing suftable and high yielding crop varfeties will have to be {ntegrated
with farming systems research. The technique of quantitatively determining
the crop growing environment at specified bench mark locations, across the
semi-arid regions, will assist plant breeders in identification of zones for
which suitable crop varfet!2: nz* to be bred and 11 determining the required

characteristics.

The study presented herein made a few assumptions with regard
to the water balance and estimated evapotranspiration in relatfion to climatic
water demand. Few standard research references are found in the 1iterature
for quantifying, for semi-arid tropical environments, the relationships between
the total available watér in the root profile of crops to the water use under
different potential evapotranspiration (PE) regimes. It is not uncommon .
to encounter PE rates exceeding 10 mm/day during the growing season of the
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crops during breaks in rainfall. Most available literature relates to

PE rates around 4-6 mm/day fn temperate regions. Thus, there is an urgent
need to evaluate the water reloase, crop water use and photosynthetic activity
relationships for crops in sami-arid climates. Assumptions with regard

to water use by crops have been made on the dasis of studies reported from
irrigated agriculture. Lysimetric work on water use by crops in relation

to water content of the soil, needs to be intensified. Also, rescarch on
yleld as influenced by varying moisture regimes need to be inftfated across
diverse agroclimatic regions. The data, when available, will greatly assist
in projecting crops or their genotypes which will fit the simulated water

envirorment estimates for any location.

Finally, the results of the péhsent analysis clearly show that n
the majority of the sofls of the studied regfon, the probabilitics of water
stress to crops at diffcrent growth stages are quite Mgh. Fortumately,
the funoff probabilities are also high in these soils. In the analysis
presented, all the rainfall received was added to the avatlable sofl mofsture
storage, untfl it was filled to a defined capacity. A general characteristic
of the tropical rainfall is its intensity. This means that the probabilities
of runoff are high and that the agricultural value of rainfall {s reduced
accordingly. A better apprecfation of rainfall in relation to physical
conditions of soils and hydrological considerations 1s necessary.
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APPENDIX I

Rainfall in the Indfan sub-continent:
~atnfall in Ind’s 4= det.mmined by regional as well as local

phenomena. The most ’ portant are: a) the movement of the equatorial low
pressure belt following the solyr path; b) th: occurrence of monsoons,
created by the heating and cooling of large mysses; c) orographic 11fting;

d) diurnal heating of land areas; and @) cyclon. formation.

From M2y to September a broad south-westerly stream of air, the
south-west monsoon, flows over South-East Asia including India from the South
Indian ocean. The arrival of the south-west monsoon marks the beginning
of the rainy season. A continuous inflow from the south-east trade winds
of the southern hemisphere compensates for the outflow of the air from the
Indian ocean. When equatorial low pressure belt reaches its most rortherly
point, the combination of both systems results in a peak rainfall generally
occurring around September.

During the northern winter, low temperatures over Siberia cause
successive anti-cyclones to form. The outflow from these s a broad semi-
permanent stroam over Eastern Asia and Indonesia. The onset of the north-

east monsoon initfates the rainy season in all places exposed to the north

between China and Java.

Generally, it can therefore be said that the area north of the
equator has a rainy season between May and October with peaks around_
September. While the onset of the rainy season is gradual, the retreat
of the equatorial low pressure belt and the cooling of land masses at tae‘
same time cause a very abrupt end of the rainy season, followed by a unmuq*w

dry season.
(1)



APPNEDIX IT
Table 1.1
PROBABILTTY CF WEEKLY RAINFALL

Station: Hyderebad
Datum Perdod: 1901-70 Cumlative weekly rainfalls 1 mm
Week Date  Inftial Conditional
wet W) Dry (D)
Pre-tonsoen
18 Apr30-6 463 536 68 531 675 L3
19 My 7-13 34 .565 .ugz 566 512 487
20 Mylh-20 478 521 A 515 611 .38
21 My 2 - 27 .565 434 564 435 633 .66
22 m 28 - 3 .623 '376 .697 0302 0653 ‘3“6
23 Jwm b -10 681 .318 680 .19 .,500 .500
24 Jwm1-17 197 .202 JO9 290 428 sM
Monsoon
% Junlf-2 927 072 812 .87 .40 600
6 Jund-1 971 .028 QU0 059 500  .500
27 Ju 2-8 927 .072 968 .03 0 1.0
28 Ju 9-15 913 .086 920  .079 0 1.0
29 Jul 16 - 22 956 .0U3 924 075 .333 .66
30 Jul23-29 .985 ,014 955 .0k 0 1.0
A1 N5 .956 ,043 984,015 0 1.0
32 Ag (-12 .913 ,086 532 047 0 1.0
# Aug20-26 8% 14y 808 .101 .100 .900
% Ag2T-2 .101 R TS UL TS |7 B
36 Sep 3-9 927 .072 906 .093 200 .800
37 Seplo-26  .869 130 916 .083 0 1.0
38 Sepl7-23 o« .B98 .101 G54 L1ls 0 1.0
39 % 2“ - 30 | '869 0130 '900 .100 .m 0888
40 ot 1-T7 | .623 .376 906 093 192 .807
4 Ot B8-1 | .565 434 J17 282 500 L500

Contd...en next page
(1)
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APPENDIX II

Table 1.2
PROBABILITY OF WEEKLY RAINPALL
Station: Hyderabad
Datum Peried: 1901-1970 - Cumulative weekly rainfall> 5 mm
Probability

Week Date Initial Conditional

et (W) ory (D) WW Wb Db AN

Pre-mansoon
18 Ar30-6 246 753 294 05 788 oM
19 m 7 - 13 0202 '797 0357 06“2 o781 0218
20 m lu - 20 0275 072," .315 068“ 08“0 .160 ’
2l May 21 - 27 420 579 .10 689 750 .50
2 My 28 -3 463 536 562 A37 702 297
23 Jun 4-10 565 L34 564 A3B 666 333
2“ Jm ll - 17 06& 0333 063) 0”9 o%s . 3“
Mensoan

% JnlB-2a 811 .188 696  .303 ML 538
26 Jm 25 - 1 0869 o130 -816 0183 0222 om
27 Ju 2-8 826 173 842 157 0 1.0
28 Ju 9-15 826 A73 877 122 416 583
3 Ju23-29 913 .086 B4l 158 .333 666
31 MWl 3P-5 913 .086 920 .079 .166 833
¥  Ag 6-12 193 2l6 .884 115 0 1.0
33 Aus 13 - 19 0782 0217 '777 5222 0333 06“
3’" Aug 20 - 26 0710 0289 08% 0163 0350 0650
35  Aug 27 - 2 840 159 689 .10 .81 .BI8
% &p 3 - 9 0768 -231 0886 oll3 '312 1687
37 Seplo-16 197 202 .800 .200 BT 642
38 Sepl7 - 23 782 217 759 240 .066 933
39 Sep2d-30 695 .304 J91  .208 .23 .761
“0 @t 1 - 7 0“92 1507 a79u '2% om .600
41 Oct 8 -4 478 521 .606 393 611 .388

(iv)
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APPENDIX II
Tdle 1.8
PROBABILITY OF WEEXLY RAINPALL

Statien: Hyderabad
Datum Period: 1901-70 Cunulative weekly reinfall> 20 MM
Probability
Week Date — Initial ConditIonal
WtwW Dy )| WW Wb OB DN
Pre-monsoon
18 apr -6 .086 913 166 .833 952 047
19 My 7-13 .086 913 0 1.0 .904 .095
20 m lu - 20 0101 0898 -1“2 0857 0919 -Ow
21 m 21 - 27 .217 0782 .0“ 0933 .888 .111
22 May 28 - 3 .15 .884 250 .75 .78 .23
23 Jun 4-10 275 Tk 105 594,880 120
2 Jnl-17 .31 608 | 259 T T4 285
Mmsoon
25 JunlB-2k 492 507 RTH1 558 .657 W2
2% Jund-1 .623 .376 488 511 500 500
27 Ju 2-8 594 405 585 M4 .32 678
8 Ja 9-15 550 449 657 M2 .“83 516
29 Jullb-22 .666 .333 565 WM U7 521
m Jul 23 "a 079 0260 0627 03'2 0222 cm
ﬂ Jul ” - 5 0608 0391 0785 .21" 0333 0666
¥ A 6-12 46 53 656 W3 43R 567
33 A 13-19 47 521 S sk 61 .388
I Ag20-26 463 536 437 562 LuB6 513
35 M 27 - 2 521 -lr,e 0388 0611 usu 15"5
% Sep 3-9 521 478 611 ¥/ 575 42l
3 Sep10-16 550 k9 631 %8 ml2 .37
38 w 17 - 23 59“ 'm -536 0%3 -“28 0571
Y Sep2-730 492 507 676 .31%3 485 514
no (bt 1 - 7 275 072“ 631 o .560 m

(vi)
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Post-aonsoon
4 Oetl5-2 il U8 AUT B9 W16 L5
43 2-28 ' HH0 N VRS TR S T
o 2 -4 . {0 495 , 380 .ow B66 39
% Nov 5-1 Ol R S R ;R ) W V. 1
) 12 - 18 159 JBliy RN P TR
47 19«5 | .17 MR 33 ow 888 111
A8 26 -2 1Y &Bu 1Y 625 .805 196
¥ Do 3-9 LT 907 00 .60 906,093
50 10 - 16 IR .9;.'7 0 1.0 .91 078
5l 17 = 23 AT ! L0000 JBo0 937 062
52 h -3 08 971 H00 500 LG40 059
1 Jmn 1-7 .07@ .97 0« 1.0 1.0
2 8- 14 087 J9u? <50 150 938 061
3 15-2 57 U2 240 .750 953 .0M6
| Q-8 L0208 971 500 500 959 LUl
5 9 -4 086 913 Jde6 B3 984,015
6 M 5-1 08U 913 166 .833 920 079
71 12 - 18 115 B84 T 625 W0 009
8 19-25 101 898 2By 1 903,096
9 26 -4 086 .913 333 666,920 079
10 M 5-1 ,02b 71 0 1.0 910 .089
Samer
1 Mrl2-18 | v 855 00,900 .983 016
12 19-25 1Y 881 2% 750 .B6B L13)
13 % -1 LUl .855 .00 .700 915 084
W A 2-8 231 768 187 812 .87 A%
15 9-15 2T Jou L35 L684 LBOO  ,200
16 16 « 22 : 3on 6% 380 619 770 .29

(vil)



APPENDIX II
Table 1.4

PROBABILIY OF WEEKLY RAINFALL

Station: Hyderabad

Datum Period: 1901-70 Cunilative weekly rainfull> 40 mn
Week  Date | fiivisy VR _“Cond{tional — -

Wt (W) Dry (7 R/, R . W
Fost -monsoon
18 Apr 30 -6 014 985 0 10 .970 .02
19 My 7 -13 014 .985 0 1.0 .98 .01
20 M 1“ bt 20 .MB n% 0 1.0 098“ 0015
A My 2 - 27 057 942 0 1.0 .953 046
2 My 28-3 .043 .956 0 1.0 .9% .060
23 Jm u - 10 0173 0826 0083 0916 c%u 005
2 Jun 1l -17 115 884 250 .T5%0 8% .163
Monsoon

%5 JunlB-24 .362 637 .200 .800 931 068
26 Jm 5 - 1 0391 -608 0333 0% 0619 o3m
27 JUJ. 2 - 8 0231 o768 0500 om 06!‘1 .358
28 Jlﬂ. 9 - 15 '333 -“6 030)" -695 .m 0195
29  Jul 16 - 22 420 579 379 620  .T00 .%
0 Ju23-29 | .492 507 bl 558 600 .

1 Jul N-5 362 637 640 350 .590 409
y M 5 - 12 u188 ,811 0230 0769 0607 0392
33 Agl3i-19 .289 .T10 .200 .800 816 .183
3“ A‘x 20 - 26 -ﬁz o637 0320 06& 0727 ;272
35 A\g 27 - 2 .uos 059‘. 0321 a678 -609 03%
% w 3 - 9 -2& 0710 -650 -350 -693 o%
37 w 10 - 16 '%2 063’ om .6& 0727 0272
¥ seplr-23 |.M 608 Wby 555 690 .309
39 Sep2k-30 .362 637 Mbo 560 .63 .63
uO mt 1 - 7 -m 0%9 0777 0222 'Tm om
lll mt 8 - 1" 0826 ol“ 0833 om 0122

(vii1)

Contd...on next page
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APPENDIX 111
NATER-BALANCE

Assumptions made in the development of a water balance model to calculate
ENPG-V a:i-] Soil Moisture variati. ns over the growin; pertod:

(1) That the scil moisture reservoir is equal to the quantum of available
soisture holding capacity of the soi) in the rooting depth of the crop, Heavy
sofls (Clay # 25 or 30%) have been assumed to have a sofl moisture storage
capacity of 200 mm/meter; medium sotls (clay # 15%) to have a storage capacity
of around 125-150 mm/meter; and 11ght sandy sofls to have a storage capacity of
75-100 mm per ugter.

Effective plant feeder root depths vary widely in different soils, and
different species vary within a range. The following were adopted as generalised

figures:

Rooting Depth Crop i7th in meters
Shallow Groundnut, forages 0.5
Intermediate Grain crops 1.0

Deep Castor, pigeonpea 1.5

The method used for calculating available water storage capacity of the
soil 1s shown in the following example,

Example: Say a groundnut crop §s growm in a 1ight sandy soil having an
available water storage capacity of 100 sm/m depth; the soil moisture reservoir
avatlable for crop utflization will be 100 x .5 = 50 sm. On the same principle
1f a deep rooting crop 1ike castor or pigeonpea 1s grown, it will have
100 x ].521 = 150 mm of soil moisture reservoir available for use, If t.heu
latter crops are grown in 2 My clay sofl (e.g. deep black sofl), the ‘ava‘llabl-o
sofl mofsture reservoir will be 200 x 1.5?_/ = 300 mm for crop use,

1/ Ratfo of estimated crop available water to potential evapotranspiration,
2/ values refer to effective rooting depth,



On the basis of the above, three soil moisture storage vales of 50,
150 and 300 mm were adopted for the present case,

(:) That 1n the sof! wat:r reservoir, the amount of available water in
the root zone, 1s retained between field capacity and the permament wilting
percentage,

(3) That runoff or deep drainage occur only when soil water 1s charged
to the extent defined in para (1) for a particular soil type, This assamption,
while undoubtedly an oversimplification of the actual picture, provides reasona- -
ble agreament with runoff data available for cropped conditions under good
agronomic situatfons, At ICRISAT, it has beeh noted that under black sofl
conditions, most runoff occurs when the soil water reservoir is fully charged.
Bastnski (1960) also observed that in the Yass vellay of Australia, the runcff
was recorded primarily in winter and spring when the sof! reservoir was fully-
charged; and that even heavy falls in the susmer months, when the soil water
reservoir was _mctically dapleted, produced 1ittle runoff,

In case of soils with poor or unstable structure (e.g. red soils) the
runoff mc; take place before the root profile is charged, 1f water does not
get adequate opportunity time to infiltrate. This could occur at a time prior
to the land preparation phase or when adequate crop canopy 1s absent,

Despite this evidence, the assumption must be regarded with caution,
and in particular the possibility of local runoff resulting in water accusulation

in depressad and down slopé areas must be borne in mind when interpretations of

runoff estimates are made,

(11)



(4) That evapotranspiration of the stored soil water takes place
equivelent to the PE rate when the sofl water reservoir is fully charged or
rainfal’ axceeds PE. The moist re extrac}ion cur.es reported by Denmead
and Shaw (1962) for !1fferent sofl types under relatively high potential

evapotranspiration conditions were adopted in the present case.

{5) In the application of the model, rainfall data were grouped
into weekly totals, utilising the standard week units given in Appendix VI,
With this set of data a simple budget was made up with rainfall as replenishing
input of soil moisture and evapotranspiration as a depleting factor. Rainfall
in excess of the soi] moisture reservoir capacity, was regarded as runoff
(surface runoff and deep drainmy. Evapotranspiration was subtracted at
a rate determined [as described above (4)] by the amount of sof] water
avaflable. Subject to other 1imiting factors, growth was considered to
start whenever the net ratio of EA/PE d .3 and to cease or to be detrimental
to plant 1ife when <.3. At critical stages of plant growth, EA/PE of ® .75
was considered to signify an adequate rate of water availability to crops.
The computer techniques followec for water budgeting were essentially those
outlined in CSIRO, A-=tralia, Technical Memorandum 74/4 (Keig and McAlpine,
1974).

1/ The model does not allow for simulation of the effects of high intensity
rainfall, part of which may runoff even when soil profile 1s not filled
to its maximum capacity; this may in certain cases result in an over estimate
of the level of moisture availability.

(111)



APPENBIX IV
MOISTURE REQUIREMENTS OF CROPS

Crops require water to meet the biological metabolic needs and evapo-
transpiration requirements, The water requirements of crops differ in different
species, varieties, environmental conditions .and soils, In general, it is
difficult to obtain crop production data related to various levels of moisture
adequacy, Procedures for determining the degree to which moisture 1s adequate
or deficient have not been well standardised, In most of the reports (Margreaves,
1975) only a portion of the full range of moisture adequacies is correlated with
ylelds, Yield data are presented in a wide Variety of units,

Yield and water use data for sugarcane, alfalfa, cormn, forage crops,
potatoes, sugarbeets and peas from a a variety of sources were analysed by
Margreaves and Christiansen (1974). Avatlable water wes efther calculated or
estimtod to include moisture stored in the sofl at the begimming of the grow-
ing season plus rainfall recetved during the crop season and {rrigation water
applied. The results showed that all crops are not equally sensitive to
mofsture stress, The timing of mofsture deficiencies and their extent at
different crop phenological stages play an important role, In general, adequate
moisture is of greater importance during flowering, grain formation and grain '
sizing stages than at other times during the growth cycle.

For corn [Steward et. al (1974); Krantz et, al, (1975)] and for grain
sorghum [Stewart et,al. (1974); Nix and Fitzpatrick (1969)] 1t hes been shown
that the timing of water deficiency is of great importance. In corn the grain
yield was observed to be an inverse function of ET deficits during the pollina-
tion perfod, For two varieties of sorghum, water stress over & two week perdod
during the haading and grain £1119ng stage was found to reduce ylelds to around
1000 kg/ha from over 35000 kg/ha ylelds obtained with adequate water svaflabilfty



The production functions relating the relative yleld reduction to the
relative ET deficit at a critical stage (e.g, flowering and grain setting) are
moditied significantly by the conditioning effects of previous deficits, If
cell divistion s not serfously nuﬁd. cell enlargament can often catch up
during a later perfod of moisture adequacy, Thus, moisture stress at the
vegetative phase of crop growth can be made wp at later stages if moisturs
sufficiency is restored, Also, for.sofls with good moisture storage capacitfes,
there is a tendency towards a reduction in the adverse effects of poor distri-
bution of rainfall,

Mean npistm stress in the root zone and yields of 14 forage crops
gave a fairly lingar relationship (Downey, 1972). A plot of the yteld (X of
maximum) as a function of ET, showed that much of the scatter is attributed

to growth stages susceptible to water stress,

Hargreaves and Christiansen (1974) and Margreaves (1975) have tried
to standardise the diverse data and to compare results from different crops.
It has been estimated that during initial seedling stage, the crop requirements
are around EOIPE‘- 0.25. This value increases to about 0,8 at the preflowering
stage, The nature of the curve 1s dependent upon the rate of growth.' EO/PE
rises to around unity during flowering and seed formation stage and drops to
about 0,3 at harvest. Based on this information, some generalised curves of
EA/PE requirements of crops at different phenological stages are shown in Figure
12,

(11)



Figure 12

MIE OF EVAPOTRANSPIRATION BY CROP RELATIVE 1O POTENTIAL
BAPOTRANSPIRATION IN A SOIL WELL SUPPLIED WITH WATER
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Appendix V
TABLE 2.1
Commenc ing

EA/PE RATIOS AT VARIOUS PROBABILITY LEVELS
Week

1901-70
Sy O OSSR N SR

‘--o------------—--uo—----’..’-—-----unﬂ-w---0--m.--."‘--.—-ub.---‘qb.n--.

STATION: Hyderabed

DATUM PERIOD:

Season

Apr 30
May 14
May 28
Jun 11

18
20
22
24

Pre-monsoon

9
3

Aug 20
Sep
Sep 17
oct

Jun 25
Jul
Jul 23
Aug 6
|

26
28
30
32
34
36
38
40

Monsoon

Pos t-monsoon

Apr 2
Apr 16

14

.———-o----‘—-----‘-.—n------‘-------—-‘b---c------------------------‘b-.-'-

Summer



Appendix V

TABLE 2.2
EA/PE RATIOS AT VARIOUS PROBABILITY LEVELS
A ) , Average avallable maisture
gITgaoﬁéul:z?urtgsﬁ—7o storage capacity of the soil
) # 150 mm
---------------------------------- 1.-“0--------“-----‘."--.-“-.-.-.-.-‘hﬁ-.
Prababllity
Season Week Commencing 5 75 50 2% 10 | Kean
Pre-monsoon 18 Apr 30 0 0 0.' 0.2 0.3 0.!
20 May 14 0 © 0.1 0.2 0.3 | 0.
22 May 28 0 0.1 0.} 0.2 0.4 0.2
24 Jun 1} 0.1 0.1 0.2 0.4 0.7 0.3
Monsoon 26 Jun 25 0.2 0.4 0.6 0.9 1.3 | 0.7
28 Jul 9 0.3 0. 0.7 1.0 1.3 0.8
30  Jul 23 0.5 0.7 0.9 1.} 1.3 0.9
32 Aug 6 o.h 0.6 0.8 1.1 1.& | 0.9
3b  Aug 20 oo 0.6 0.8 1.1 1.k | 0.9
36 Sep. 3 0.6 0.7 0.9 1.1 1.3 0.9
38 Sep 17 0.7 0.8 0.9 1.1 1.2 0.9
40 Oct 1 0.6 0.7 0.9 1.1 1.3 0.9
Post-monsoon &2 Oct 15 0.4 0.5 0.8 1.1 1.4 0.8
hh  Oct 29 0.2 0.4 0.6 0.9 1.3 0.7
b6 Nov 12 0.1 n.2 0.4 0.7 1.0 0.5
50 Dec 10 0 0.1 0.2 0.3 0.4 0.2
2 Jan 8 0 0.1 0.1 0.1 0.2 0.1
6 Feb 5 0 0 o1 0. 0.} 0.1
10 Mar 5 0 6o o0 0. 0.1 |o0.l
|
Summer 4 Apr 2 0 0 0.1 0.1 0.2 0.1
16 Apr 16 0 0 0.1 0.2 0.3 0.1
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TABLE 2.3
LEVELS

Appendix V

EA/PE RATIOS AT ARIOUS PROBABILIT

1901-70
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k No.

DO~ UV in w1~

* In leap year the week N0.9 will be 26 February to March 4,

January

February

March

April

June

APPENDIX VI

Dates Heek No.
V-7 27
8 -4 28

15 -2 29

22 - 28 30

29 - 4 N
§ -1 32

12 - 18 33

19 - 25 34

26 - 4+ 35
5§ - 1 36

12 - 18 37

19 - 25 83

26 - 1 39
2-8 40
9-15 4]

16 - 22 42

23 - 29 43

30-6 44
7-13 45

14 - 20 46

2y - 27 47

28 - 3 48
4 -1 49

11 - 17 80

18 - 24 51

25 -1 52

f.e. 8 days instead of 7.

“#* Last week will have 8 days, 24 to 31 December.

“THE STAIDARD WEEXS”

July

August

Septembder

October

November

December



APPEDIX V11

Estimated mﬂ’/ (mm) in two sofls having variable sofl moisture holding
capacities (Wabod 1901-70)

Runof'f (n) Y [

water holding capacity

Low H.dhn high mmn (vm)
ANNUAL
First Decile 24 2 649
First Quartile 59 - 648
Median 134 39 772
Third Quartile 257 154 s M

Monsoon period ‘Median Mean Median Mean Median  Mean

May 21 - 17 Jun 1 1 0 0 42 57
Jun 18 - 15 Jul 1.1 15 0.1 4 122 132
Jul 16 - 12 Awg 6.8 45 1.5 26 141 154
Aug 13 - 9 Sep 6.9 44 3.2 3 125 14}
Sep 10 - 7 Oct 9.9 63 6.0 54 123 145
Oct 8 -4 Nov 7 1 3 7 27 64

1/ Climatologically excess water. Runoff means water lost by surface
runoff and deep drainage. The model does not allow for simulation of
the effects of high intensity rainfall, part of which may run off when
the sofl profile 13 not filled to {ts miu capacity.

2/ Low water holding capacity has been assumed to be exemplifiad by soils
havirg approximately 50 mm avaflable water holding capacity in the
root profile and medium to high water holding capacity by soils having
at least 150 mm avaflable moisture storage.
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