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Abstract

Mechanistic, generic crop, irrigation scheduling models require crop-specific growth parameters which are not readily available
for many crops and conditions. The objective of thiswork wasto determine growth parametersfor 19 summer vegetable cultivars,
and to calibrate the SWB (soil-water balance) model. These vegetable crops were grown in afield trial at Roodeplaat (Gauteng,
South Africa) during the 1996/97 summer rainy season. Weather data were recorded with an automatic weather station,
phenological stages monitored and growth analyses carried out weekly. Fractional interception of radiation was measured with a
sunfleck ceptometer and soil water content was monitored with a neutron water meter. Field measurements were used to generate
a database of crop water and radiation use efficiencies, specific leaf areas, stem-leaf partitioning parameters, canopy extinction
coefficients, maximum rooting depthsand crop heights, aswell asthermal timerequirementsfor crop development. Thesedataare
invaluable for generating the parameters required to accurately simulate the soil-water balance with mechanistic crop models.

Introduction

Theinterest in computer modelsfor agricultureisrapidly increas-
ing, particularly since PCshave become accessibleto crop produc-
ers. Computer modelsoperated from officescould facilitateirriga-
tion water management by making frequent field visits and meas-
urements less essential. Several crop growth and water balance
models have been devel oped with different levels of complexity
depending on specific requirements (Whisler et al., 1986; Bennie
et a., 1988; Singels and De Jager, 1991a, b and c; Smith, 1992;
Annandale et a., 1996; Crosby, 1996). Walker et al. (1995)
published acomprehensivereview of wheat models, and Mottram
and De Jager (1994) an overview of soil-water balance and refer-
enceevapotranspiration models. Advantages and disadvantages of
several models were al so described by Hanks and Ritchie (1991).

Thesoil -water balance (SWB) model wasdeveloped asareal -
time, user-friendly, irrigation schedulingtool (Benadéetal., 1997).
It is based on the improved generic crop version of NEWSWB
(Campbell and Diaz, 1988). A cascading soil-water balanceisused
once canopy interception and surface runoff have been accounted
for. Each soil layer isassumedto befilled tofield capacity and then
pass on afraction of the remaining water to the layer below. Any
water which passesbeyond thebottomlayer isassumed | ost asdeep
percolation. Potential evapotranspiration (PET) is caculated asa
function of daily average air temperature, vapour pressure deficit,
radiation and wind speed, adopting theinternationally standardised
FAO (Food and Agriculture Organisation of the United Nations,
Rome, Italy) Penman-Monteith methodology (Allen et al., 1998).
The two components of PET (potential evaporation and potential
transpiration) are estimated using canopy cover (Ritchie, 1972).
Water losshy evaporationisassumedto occur only fromthetop soil
layer, which thicknessisan input. Actual evaporation proceeds at
thepotential rateuntil thewater content inthetop soil layer reaches
the permanent wilting percentage. Thereafter, it is equal to the
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product of potential evaporation and the square of the remaining
evaporablewater downtotheair-dry soil-water content (Campbell
and Diaz, 1988). Similarly, actual transpiration isdetermined on a
daily basisaseither beinglimited by soil water supply or evaporative
demand (Campbell and Norman, 1998). Total soil-water potential
is used to determine the amount of water available for crop
transpiration from each soil layer. The daily dry matter increment
is taken as the minimum of the transpiration-limited (Tanner and
Sinclair, 1983) and radiation-limited (Monteith, 1977) dry matter
production, with water stress affecting the partitioning of assimi-
latesto the different plant organs. A detailed description of SWB
can befound in Annandale et al. (1999).

The mechanistic approach used in SWB to estimate crop water
use has several advantages over the more empirical methods often
used. Using thermal time to describe crop development removes
theneedtousedifferent crop factorsfor different planting datesand
regions. Splitting evaporation and transpiration solvesthe problem
of taking irrigation frequency into account. Deficit irrigation
strategies, where water use is supply-limited, can also be more
accurately described. The SWB model givesadetailed description
of the soil-plant-atmosphere continuum, making use of weather,
soil and crop databases. The crop database includes several crop-
specific growth parameters: vapour pressure deficit-corrected dry
meatter/water ratio, radiation conversion efficiency, specific leaf
area, stem-leaf dry matter partitioning parameter, canopy extinc-
tion coefficient for solar radiation, maximum root depth, maximum
crop height, cardinal temperaturesand growing day degreesfor the
completion of phenologica stages.

Since SWB is a generic crop growth model, parameters spe-
cific for each crop have to be experimentally determined. In
previouswork, adatabase of crop-specific growth parameterswas
generated for annual crops and pasture species (Barnard et al.,
1998), as well as for winter vegetables (Jovanovic et al., 1999).
Very littleliteratureisavailable on growth parametersfor summer
vegetables. The objective of this study wasto collect field datato
generate crop-specific growth parameters, and calibrate the SWB
model for 19 summer vegetable cultivars. Thisstudy is, therefore,
complementary to the paper published by Jovanovic et al. (1999).

ISSN 0378-4738 = Water SA Vol. 26 No. 1 January 2000 67



TaBLE 1
PLANTING DATES AND Row SpPACINGS FOR 19 SumMER VEGETABLE CROPS
(RoopepPLAAT, 1996/97)

Crop

Transplanting | Spacing
or seeding date| (m)
(1996)

Pumpkin (Cucurbita pepo cv. Minette)*
Pumpkin (Cucurbita pepo cv. Miniboer)*

Bush beans (Phaseolus limensis cv. Bronco)

Bush beans (Phaseolus limensis cv. Provider)

Chilli pepper (Capsicum annuum cv. Super Cayenne)*
Eggplant (Solanum melongena cv. Black Beauty)*
Green pepper (Capsicum annuum cv. King Arthur)*
Marrow (Cucurbita maxima cv. Long White Bush)*
Marrow (Cucurbita maxima cv. President)*

Runner beans (Phaseolus coccineus cv. Lazy Housewife)
Squash (Cucurbita moschata cv. Table Queen)*

Squash (Cucurbita moschata cv. Waltham)*

Sweet-corn (Zea mays Saccharata cv. Cabaret)

Sweet-corn (Zea mays Saccharata cv. Dorado)

Sweet-corn (Zea mays Saccharata cv. Jubilee)

Sweet-corn (Zea mays Saccharata cv. Paradise)

Tomato processing (Lycopersicon esculentum cv. HTX14)*
Tomato processing (Lycopersicon esculentum cv. P747)*
Tomato table (Lycopersicon esculentum cv. Zeal)*

27 November 1.0
12 November 1.0

19 December 1x0.5
19 December 1x05
19 December 1x0.5
12 November 1x05
12 November 1x0.5
12 November 1x0.5
12 November 1x0.5
27 November 1.0

12 November 1x0.5
12 November 1x05

11 December 1.0
9 November 1.0
12 November 1.0
12 December 1.0

29 November 1x05
29 November 1x05
29 November 1x05

* Transplanted

Materials and methods
Experimental set-up

A fieldtria wasestablished at Roodeplaat (Department of Agricul-
ture- Directorate of Plant and Quality Control; 25°35' S, 28°21'E,
altitude 1165 m), 30 km NE of Pretoria. The climate of the region
is one of summer rainfall with an average of about 650 mm-a*
(October to March). January isthe month with the highest average
maximum temperature (30°C), whilst July is the month with the
lowest average minimum temperature (1.5°C). The soil isal.2m
deepclay loamRed Valsrivier (Soil Classification Working Group,
1992), with a clay content of between 27% and 31% and a water-
holding capacity of about 300 mm-m™.

During the 1996/97 summer season, 19 cultivars covering 9
crop speciesweregrownon4mx 5mplots, surrounded by irrigated
vegetablefields. Crops, cultivars, planting dates and row spacings
are summarised in Table 1. Agronomic practices commonly used
in the area were followed. The field was ploughed (0.3 m) and a
rotavator was used to prepare a0.15 m deep seedbed. Vegetables
planted by direct seeding in thefield (beans and sweet-corn) were
thinned a few weeks after planting. Irrigations close to field
capacity were carried out weekly with an overhead sprinkler
system. No water stress occurred during the growing season. At
planting, crops received 34 kgN-hat, 50 kgP-ha! and 66 kgK -ha*
intheform of 2:3:4 (30). On 23 December, four varieties of sweet-
corn, two varieties of bush beans and the runner beans received a
top dressing of 84 kgN-hat in the form of LAN (28). Before
planting, al plots were sprayed with Dua* at 2 ¢-ha for weed
control. The eggplant, green and chilli peppers, as well as three
varieties of tomato were occasionally sprayed with Karate’ plus
M etasystox*for insect control [“Mention of productsand manufac-
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turersis for the convenience of the reader only and implies no
endorsement on the part of the authors, their sponsors nor the
University of Pretoria].

Field measurements

Soil-water deficit to field capacity was measured with a neutron
water meter Model 503DR CPN Hydroprobe (Campbell Pacific
Nuclear, California, USA)*. Theinstrument was calibrated for the
soil. Weekly readingswere taken in the middle of each plot, at one
position betweenrows, and at fivesoil layerseach 0.2 mthick down
to 1.0 m. Rain gaugeswereinstalled in order to measureirrigation
and rainfall.

Fractional interception (Fl) of photosynthetically activeradia-
tion (PAR, 0.4 to 0.7 pm) was measured weekly with a Decagon
sunfleck ceptometer (Decagon, Pullman, Washington, USA)#
making one reference reading above each canopy and 10 readings
beneath each canopy. Readings were taken between 9:00 and
10:00. Growth analyses were carried out weekly, by harvesting
plant material above 1 m? of ground surface at representative sites,
with no replications due to the small plot size. Harvestable fresh
masswas measured directly after sampling, and dry matter of plant
organs after dryinginan oven at 60°C for 4to 5 d. Leaf areaindex
(LAI)wascal cul ated after measuringleaf areawithan L | 3100 belt-
driven leaf area meter (LiCor, Lincoln, Nebraska, USA)*. Crop
height was measured weekly. Root depth was estimated from soil
water measurementswith the neutron water meter. It wasassumed
to be equal to the depth at which 90% of soil-water depletion
occurred after dry spells. Phenological development was also
monitored for each crop.

Weather datawere recorded with an automatic weather station
(Mike Cotton Systems, Cape Town, South Africa)” located 300 m
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fromthetrial site. Solar radiation wasmeasured withan MCS 155-
1pyranometer, wet anddry bulbair temperaturewithtwoMCS 152
thermistors and wind speed with an MCS 177 cup anemometer.
Hourly data were stored with an MCS 120-02EX data logger.

Results and discussion
Crop-specific growth parameters

Weather, soil and crop data collected inthefield trial were used to
determine crop-specific growth parameters for 19 well-irrigated
vegetable cultivars. These are summarised in Table 2. Complete
weather and growth analysis data are shown in the appendix. The
following parameterswere determined according to the procedure
described by Jovanovic et al. (1999):

» canopy extinction coefficient for solar radiation (K )

«  vapour pressuredeficit-corrected dry matter/water ratio (DWR)

* radiation conversion efficiency (E)

« growing day degrees (GDD) required for emergence, flower-
ing and maturity

*  maximum root depth (RD,_ )

e gpecific leaf area (SLA)

e leaf-stem dry matter partitioning parameter (p).

Thecanopy extinction coefficient for total solar radiationisacrop-
specific parameter describing the canopy structure, and determin-
ing the partitioning of PET into soil evaporation and crop transpi-
ration. Thevaluesof K _presentedin Table2 canbeeasily converted
into the extinction coefficient for photosynthetically active radia-
tionusing the procedurerecommended by Campbell and Van Evert

TABLE 2
CRrop-sPECIFIC GROWTH PARAMETERS FOR SUMMER VEGETABLE CROPS (ROODEPLAAT, 1996/97)

Crop Bush bean |Bush bean Runner Sweet- Sweet- Sweet- Sweet-

(cv. Bronco) (cv. beans corn corn corn corn

Provider) (cv. Cabaret)| (cv. Dorado) [ (cv. Jubilee)|(cv. Paradise)
Canopy extinction coefficient for total
solar radiation K 0.79 0.79 0.33 0.50 0.40 0.36 0.30
Dry metter/transpiration ratio corrected
for vapour pressure deficit DWR™ (Pa) 6 25 6 9 8 9 9
Radiation conversion efficiency E " (kg-MJ?) 0.0012 0.0012 0.0009 0.0026 0.0027 0.0038 0.0022
Base temperature (°C) 10" 10" 10" 1 (hh 11 11
Optimum temperature (°C) 18.3" 18.3" 18.3" 20" 20 20 20"
Cut-off temperature (°C) 26.6” 26.6” 26.6” 30" 30" 30" 30"
Emergence day degrees’ (d °C) 80 50 50 50 50 50 50
Day degrees at end of vegetative growth™ (d °C) 300 400 600 500 700 800 800
Day degrees for maturity” (d °C) 700 800 950 800 1150 1400 1400
Transition period day degrees™" (d °C) 400 200 50 200 200 200 200
Day degreesfor leaf senescence™ (d °C) 250 300 450 300 350 800 500
Maximum crop height H__ """ (m) 05 05 2.3 17 17 21 21
Maximum root depth RD, .~ (m) 0.6 04 0.6 1 0.8 0.6 0.6
Specific leaf area SLA™ (m*kg™?) 12.2 16.8 231 151 17.8 141 16.6
L eaf-stem partition parameter p° (m?-kg?) 0.57 101 0.8 2 15 2 2
Root growth rate”™* (m?2-kg®®) 4 4 4 4 4 4 4
Crop Marrow (cv. Marrow Pumpkin Pumpkin Squash Squash
Long White (cv. Presi- (cv. Minette) | (cv. Miniboer) (cv. Table |(cv. Waltham)
Bush) dent) Queen)

Canopy extinction coefficient for total solar
radiation K 0.50 0.58 0.52 0.70 0.71 0.95
Dry matter/transpiration ratio corrected for
vapour pressure deficit DWR™ (Pa) 3 3 55 55 35 35
Radiation conversion efficiency E " (kg-MJ?) 0.0014 0.0014 0.0010 0.0005 0.0007 0.0004
Base temperature™ (°C) 10 10 10 10 10 10
Optimum temperature™ (°C) 211 211 211 211 211 211
Cut-off temperature”™ (°C) 322 322 322 322 322 322
Emergence day degrees’ (d °C) 0 0 0 0 0 0
Day degrees at end of vegetative growth™ (d °C) 250 400 400 200 400 400
Day degrees for maturity” (d °C) 1000 1000 1000 1000 1000 1100
Transition period day degrees™ (d °C) 750 600 600 800 600 700
Day degreesfor leaf senescence™ (d °C) 300 400 300 400 400 500
Maximum crop height H__ """ (m) 0.65 0.6 0.7 0.6 04 0.3
Maximum root depth RD, .~ (m) 0.8 1 0.8 0.8 0.8 0.8
Specific leaf area SLA™ (m*kg™) 16.6 11.6 16 175 9.7 9.9
L eaf-stem partition parameter p° (m?-kg?) 13 1.18 11 11 12 1
Root growth rate™* (m2-kg®®) 4 4 5 5 4 5
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TaBLE 2 (CONTINUED)
Crop Chilli Green Eggplant Tomato Tomato Tomato
pepper pepper processing processing table
(cv. HTX14) (cv. P747) (cv. Zeal)
Canopy extinction coefficient for total solar
radiation K 0.42 0.35 0.74 0.32 0.32 0.26
Dry matter/transpiration ratio corrected for
vapour pressure deficit DWR" (Pa) 45 45 24 7 7 7
Radiation conversion efficiency E (kg:-MJ*") 0.0016 0.0015 0.0009 0.0022 0.0018 0.0016
Base temperature™ (°C) 11 11 11 11 11 11
Optimum temperature™ (°C) 225 225 25.3 225 225 225
Cut-off temperature”™ (°C) 26.6 26.6 35 26.6 26.6 26.6
Emergence day degrees’ (d °C) 0 0 0 0 0 0
Day degrees at end of vegetative growth” (d °C) 350 350 350 50 100 100
Day degrees for maturity” (d °C) 900 900 900 330 330 330
Transition period day degrees™ (d °C) 550 550 550 280 230 230
Day degreesfor leaf senescence™ (d °C) 350 550 350 130 100 100
Maximum crop height H__ """ (m) 0.6 0.5 0.6 0.45 0.65 0.6
Maximum root depth RD,_ .~ (m) 0.6 0.6 0.6 0.8 0.8 0.6
Specific leaf area SLA” (m>kg?) 112 12.2 154 14.3 12.1 155
L eaf-stem partition parameter p° (m2-kg?) 1.04 1.07 0.98 2 2 2
Root growth rate™ (m?kg®®) 6 6 6 4 4 4
Calculated according to Jovanovic et al. (1999) Estimated by calibration against measurements of growth,
Knott (1988) phenology, yield and water use
Campbell and Norman (1998) ™ Measured

(1994), and set out in Jovanovic and Annandal e (1998). Only data
until leaf senescencewereconsideredinthecalculationof K . High
canopy extinction coefficientswere cal culated for horizontal |eaf-
canopies(bushbeans, eggplant, pumpkin cv. Miniboer and squash)
duetotheir particular canopy structure, which reachesfull canopy
cover at alow LAI.

The values of DWR and E_shownin Table 2, were calculated
from several observations during the growing season. Both repre-
sent lower limits as root dry matter was not accounted for in the
calculation of transpiration-limited and radiation-limited dry mat-
ter production. Only dry matter accumulation data until flowering
were considered in the estimation of DWR and E . Thiswas done
to avoid errors caused by plants losing leaves, and by multiple
harvests for some crops. In addition, leaf senescence, which
generally occurs after flowering, reduces the amount of absorbed
energy and would cause an underestimation of E . Sweet-corn and
tomato had substantially higher water-use efficiencies (DWR)
compared to the other vegetables. The lowest E_ values were
calculated for horizontal |eaf-canopies (beans, eggplant, pumpkin
and sgquash), which intercept high radiation level son upper leaves,
but have less total sunlit leaf area compared to inclined leaf-
canopies, making the photosynthesis process less efficient.

Growing day degrees for emergence were assumed to be O for
transplanted crops to facilitate comparison with those planted by
seeding. Maximum root depth was estimated from measurements
of soil water content with the neutron meter. Valuesof RD,__ were
generally intherange of thosereported by Green (1985) and Smith
(1992). SLA and p are parameters describing the morphology of a
specificcrop. Thevaluesof SLA presentedin Table2, are seasonal
averages obtained before leaf senescence. Caution should be
exercised in the adoption of constant valuesfor SLA and pin crop
growth modelling, as these parameters may vary considerably
during the growing season.

Base temperature, temperature for optimal crop growth and
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cut-off temperature were taken from Knott (1988), and Campbell
and Norman (1998). Optimum and cut-off temperaturesfor sweet-
corn were estimated by calibration against measurements of air
temperatureand phenology. Growing day degreesfor thetransition
period between vegetative and reproductive growth and for leaf
senescence, aswell asroot growth rate were estimated by calibra-
tion against field measurements of crop growth, phenology and
water usefor all crops. Maximum crop height (H, ) wasmeasured
inthefield.

Crop growth and the soil-water balance were simulated with
SWB for each crop. An example of output is shown in Fig. 1 for
sweet-corn (cv. Cabaret). Figure 1 presents measured and simu-
lated root depth, leaf area index, above-ground dry matter and
harvestable dry matter, soil-water deficit to field capacity, aswell
as fractional interception of solar radiation. Parameters of the
statistical analysisof measured and simul ated dataareshowninthe
topright corner of the output graphs. Theseare number of observa-
tions (N), coefficient of determination (r?), Willmott's (1982)
index of agreement (D), root mean square error (RM SE) and mean
absolute error (MAE). These statistical parameters were recom-
mended by De Jager (1994) to assess a model’s accuracy. The
statistical analysis shown in the dry matter production graphisfor
measured and simulated total above-ground dry matter. No spatial
variability analysiswasperformed asnoreplicationsweretakenfor
growth analysis. The model predicted crop growth and the soil-
water balance well for al crops. Simulations and statistical analy-
sesfor al crops can be found in Annandale et al. (1999).

Crop yield and soil-water balance
Table3 presentsharvestabledry matter (HDM) production, aswell
as fresh yield at the end of the season. Root dry matter was not

measured. HDM and fresh yield are not available for those crops
which were harvested several times during the growing season by
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(m) Root depth (LA) Leaf area index
15 —| STATS 60 — STATS
N =8 N =7
2 =003 2 =086
D =084 401 D =086
RMSE = 0.2 RMSE = 0.7
MAE = 28% 20 - MAE =27%
L 00 e
Jan Mar Mar
(Mg/ha) Top and harvestable dry matter (mm) Soil water deficit
16.0 —| STATS 150 — STATS
N =7 N =5
12.0 — r2 =0.99 100 — 7] =0.35
D =099 D =03
80 — RMSE = 1.0 §0 | RMSE=17.4
MAE =11% \/\' ! b MAE =46%
40 —| 0 V/J\/\,
0o 50~ T T T | L
Jan Mar
{Fi solar) Figure 1
1.0 | STATS Measured (symbols) and simulated (lines) root depth,
N =7 leaf area index, top dry matter (left) and harvestable dry
08 — 2 =09 matter production (right), soil-water deficit to field
capacity and fractional interception of radiation for sweet-
06 —| D =089 .
RMSE =04 corn (cv. Cabaret). The parameters of the statistical
04 - i analysis of measured and simulated data are number of
MAE =10% observations (N), coefficient of determination (r?),
02 — Willmott's index of agreement (D), root mean square
error (RMSE) and mean absolute error (MAE). The
00 statistical analysis shown in'the dry matter production
graph is for above-ground dry matter.
TABLE 3

YIELD AND SoIL-WATER BALANCE FOR 19 SumMER VEGETABLE CROPS (ROODEPLAAT, 1996/97)

Crop Measured Measured Simulated Simulated Simulated Measured Simulated
harvestable fresh yield soil transpiration crop water rainfall + drainage
dry matter (kg-m?2) evaporation (mm) use (mm) irrigation (mm)
HDM (kg-m) (mm) (mm)
Bush beans (cv. Bronco) 0.17 111 157 137 294 369 100
Bush beans (cv. Provider) 0.21 1.37 129 152 281 419 106
Chilli pepper - - 149 54 203 208 39
Eggplant - - 148 87 235 208 41
Green pepper - - 153 43 196 208 438
Marrow (cv. Long White Bush) - - 183 175 358 443 96
Marrow (cv. President) - - 213 159 372 443 98
Pumpkin (cv. Minette) - - 166 202 368 443 104
Pumpkin (cv. Miniboer) - - 165 229 395 443 95
Runner beans 0.22 124 190 144 334 372 104
Squash (cv. Table Queen) - - 226 136 362 443 109
Squash (cv. Waltham) - - 235 148 383 443 109
Sweet-corn (cv. Cabaret) 0.24 1.19 130 179 309 332 86
Sweet-corn (cv. Dorado) 0.27 124 128 166 294 332 92
Sweet-corn (cv. Jubilee) 0.62 21 158 223 381 443 95
Sweet-corn (cv. Paradise) 0.55 207 187 168 355 443 121
Tomato processing (cv. HTX14) - - 207 112 319 390 113
Tomato processing (cv. P747) - - 213 70 283 390 133
Tomato table (cv. Zeal) - - 212 75 287 390 132

intruders. Seasonal soil evaporation, crop transpirationand drain-  measureirrigation and rainfall separately. Runoff was assumed to
age simulated with the SWB model, aswell asmeasuredirrigation  be negligible as no high intensity rain occurred and theirrigation
and rainfall are also shown in Table 3. It was not possible to  system application rate did not exceed the soil infiltration rate.
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Localisedirrigation (micro, drip) could reducethe soil evaporation
component of the soil-water balance, and improve water-use
efficiency.

Conclusions

Several of the parameters needed by crop modellers to simulate
growth and water use of 19 summer vegetabl e cultivars have been
determined. A database of crop-specific growth parameters re-
quired by the SWB model has aso been generated. These growth
parameters could also be used with other models, or the data
presented in this study could be used to cal cul ate other parameters.

The SWB model was successfully calibrated for 19 summer
vegetable cultivars grown at Roodeplaat, and used to estimate
seasonal crop water requirements. Seasonal crop water use of
summer vegetableswas estimated to vary from just under 200 mm
for green pepper to around 400 mm for pumpkin (cv. Miniboer).
Water use was estimated to be =200 mm for both peppers, and
between 350 mm and 400 mm for cucurbits. Water use of beans,
sweet-corn and tomato varied depending on thecultivar. Duetothe
mechanistic, dynamic approach followed, accurate estimates of
irrigation requirements are expected for these crops under awide
range of soil and climatic conditions. This needs, however, to be
tested experimentally.
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Appendix

TasLE A1

DalLY RAINFALL AND IRRIGATION (R + 1), Maximum (Tmax) AND MiNiMuM TEMPERATURE (TMIN), SoLAR RADIATION (Rs), WIND SPEED

(U), Anp AveraGe DRy (Td) ano WET BuLe TEMPERATURE (Tw) DURING THE 1996/97 SEASON AT ROODEPLAAT
Date R+ 1| Tmax |Tmin Rs U Td Tw Date R+ [ Tmax |Tmin Rs U Td Tw

(mm)| (°C) | (°C) |(MI-m2)(m-s*)| (°C) | (°C) (mm) | (°C) | (°C) |MI-m?)(m-s?)| (°C) | (°C)
09/11 0 315 | 130 | 295 16 221 | 170 06/01 0 288 | 162 | 221 18 224 | 185
10/11 0 334 | 144 | 291 29 230 | 184 07/01 0 261 | 194 | 16.0 10 224 | 187
1111 0 354 | 159 | 299 22 223 | 178 08/01 0 289 | 183 | 208 14 218 | 193
12/11 0 335 | 171 | 291 20 239 | 186 09/01 0.2 326 | 157 | 263 14 240 | 204
13/11 0 332 | 159 | 303 21 225 | 183 10/01 0 286 | 171 | 247 14 225 | 20.2
14/11 0 288 | 161 | 291 35 179 | 16.2 11/01 0 319 | 174 | 301 24 213 | 19.2
15/11 0 271 | 16.7| 240 35 17.8 | 155 12/01 38 287 | 16.0 | 29.9 14 191 | 181
16/11 0 284 | 176 | 173 28 175 | 164 13/01 0 292 | 168 | 287 17 18.7 | 16.8
17/11 0 302 | 134 | 274 17 189 | 165 14/01 0 30.2 | 157 | 294 11 216 | 183
18/11 0 310 | 152 | 259 24 189 | 152 15/01 3.2 291 | 164 | 240 14 214 | 16.9
19/11 558 | 283 | 181 | 206 26 175 | 150 16/01 0 313 | 178 | 26.7 12 232 | 193
20/11 0 308 | 168 | 257 34 195 | 16.0 17/01 384 | 296 | 173 | 215 11 238 | 20.7
21/11 0 295 | 187 | 148 3.6 20.0 | 161 18/01 198 | 271 | 170 | 183 15 224 | 200
22/11 28 226 | 149 | 141 16 156 | 10.1 19/01 38 229 | 170 | 109 2.6 206 | 176
23/11 0.2 230 | 137 | 144 17 19.0 | 134 20/01 0 20.3 | 16.0 6.3 11 221 | 187
24/11 12 199 | 161 6.8 25 183 | 157 21/01 0 272 | 159 | 216 0.9 232 | 200
25/11 0.6 228 | 144 | 157 20 183 | 16.0 22/01 0 294 | 144 | 313 14 246 | 203
26/11 0.6 281 | 134 | 26.6 20 19.7 | 16.0 23/01 0 312 | 163 | 289 16 23.0 | 19.9
27/11 94 265 | 140 | 229 18 182 | 159 24/01 0 305 | 199 | 245 15 231 | 200
28/11 0.6 259 | 120 | 221 28 144 | 158 25/01 206 | 284 | 183 | 181 13 238 | 19.7
29/11 4.6 285 | 134 | 233 23 183 | 138 26/01 0 26.0 | 176 | 15.0 12 231 | 195
30/11 0 251 45 325 19 211 | 163 27/01 0 30.2 | 158 | 26.8 11 230 | 19.1
01/12 0 28.0 7.3 324 16 219 | 180 28/01 0 306 | 16.7 | 26.1 2.0 229 | 198
02/12 0 250 | 132 | 185 27 222 | 186 29/01 0.2 291 | 200 | 242 2.0 238 | 19.2
03/12 6.3 261 | 123 | 229 19 241 | 188 30/01 0 289 | 175 | 194 16 221 | 181
04/12 28 309 | 127 | 263 26 221 | 184 31/01 0 277 | 186 | 17.1 14 231 | 19.0
05/12 0 214 | 157 94 21 200 | 181 01/02 0 318 | 166 | 30.3 17 235 | 19.1
06/12 184 | 16.0 | 137 45 25 148 | 147 02/02 0 298 | 170 | 198 16 239 | 181
07/12 0.2 248 | 144 | 229 17 20.7 | 179 03/02 0 316 | 149 | 287 19 23.7 | 195
08/12 36 285 | 146 | 230 14 19.2 | 176 04/02 2.8 289 | 186 | 16.0 13 247 | 203
09/12 4 298 | 162 | 26.2 17 198 | 173 05/02 0 295 | 181 | 222 11 234 | 187
10/12 0 322 | 156 | 278 16 19.7 | 17.0 06/02 0 312 | 152 | 283 13 23.7 | 187
1112 0 312 | 168 | 301 14 193 | 16.8 07/02 0 328 | 136 | 275 19 238 | 19.1
12/12 0 299 | 142 | 318 17 193 | 171 08/02 0 329 | 173 | 289 21 238 | 200
13/12 31 265 | 127 | 248 14 - - 09/02 0 334 | 131 | 314 24 224 | 188
14/12 0 286 | 147 | 242 14 223 | 188 10/02 0 321 | 155 | 29.0 25 21.8 | 185
15/12 22 285 | 147 | 236 16 - - 11/02 0 311 | 183 | 229 15 220 | 186
16/12 24 252 | 154 | 203 - - - 12/02 0 330 | 157 | 275 17 222 | 198
17/12 26 271 | 135| 26.3 16 - - 13/02 0 330 | 146 | 26.1 2.6 222 | 198
18/12 584 | 291 | 143 | 318 23 231 | 187 14/02 0 326 | 148 | 240 2.0 - -
19/12 179 | 275 | 148 9.7 17 21.7 | 187 15/02 0.2 324 | 170 | 263 13 229 | 198
20/12 0 239 | 148 | 131 25 191 | 164 16/02 0 286 | 183 | 213 13 210 | 179
21/12 0 285 | 161 | 201 14 186 | 16.2 17/02 0 283 | 174 | 251 13 216 | 181
22/12 0 204 | 159 8.7 13 211 | 178 18/02 0.2 301 | 149 | 242 13 228 | 191
23/12 17 289 | 157 | 125 2.8 223 | 181 19/02 7.6 301 | 167 | 174 16 234 | 19.0
24/12 0 226 | 148 | 126 12 205 | 182 20/02 15 287 | 180 | 220 12 247 | 19.2
25/12 6.4 306 | 156 | 310 0.8 209 | 185 21/02 0 278 | 175| 212 15 242 | 19.2
26/12 52 286 | 164 | 256 15 240 | 195 22/02 14 284 | 174 | 186 11 244 | 19.6
27/12 6.4 250 | 126 | 194 15 245 | 198 23/02 0 285 | 165 | 205 22 245 | 194
28/12 0 258 | 149 | 206 14 228 | 188 24/02 0 316 | 140 | 254 24 225 | 180
29/12 0 286 | 149 | 310 18 225 | 184 25/02 36 325 | 160 | 223 22 212 | 179
30/12 126 | 296 | 166 | 294 3.0 229 | 185 26/02 0 313 | 163 | 249 11 209 | 176
31/12 0 269 | 159 | 178 25 219 | 187 27/02 0 324 | 170 | 226 23 226 | 198
01/01 0 298 | 162 | 241 2.6 - - 28/02 0 326 | 157 | 274 25 201 | 174
02/01 0 322 | 16.7 | 317 12 236 | 191 01/03 0 337 | 161 | 246 13 197 | 17.7
03/01 0 308 | 175 | 29.1 21 249 | 187 02/03 4.8 345 | 172 | 273 11 212 | 185
04/01 472 | 311 | 157 | 320 18 235 | 192 03/03 32 327 | 143 | 271 18 227 | 19.0
05/01 0 296 | 152 | 27.0 19 21.3 | 184 04/03 0 281 | 164 | 217 18 239 | 193
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TaBLE A2

AND STEM DRY MATTER (SDM) DuRING THE 1996/97 SEASON AT ROODEPLAAT

FRAcCTIONAL INTERCEPTION OF PHOTOSYNTHETICALLY AcTIVE RADIATION (FI), LEAF AREA INDEX OF GREEN (LAI) AND SENESCED LEAVES
(LAIs), LEar DRY MATTER oF GREEN (LDM) AnD YELLOW LEAVES (LDMSs), FResH YIELD (Y), HARVESTABLE DRY MATTER (HDM)

Crop Date FI LAI LAIs LDM LDMs Y HDM SDM
(Mg-ha) (Mg-ha) (Mg-ha?) (Mg-ha?) (Mg-ha?)
17/12/1996 0.3 0.17 0 0.12 0 0 0 0.04
Bush beans 27/12/1996 0.79 0.46 0.02 0.28 0.02 0 0 0.19
(cv. Bronco) | 01/01/1997 0.74 1.24 0.04 191 0.06 371 0.82 0.93
20/01/1997 0.66 1.79 0.02 191 0.05 5.63 137 0.67
27/01/1997 0.65 1.83 0.29 1.25 0.48 111 173 127
17/12/1996 0.44 0.68 0.02 0.44 0.03 0.18 0.02 0.27
Bush beans 27/12/1996 0.91 1.07 0.02 0.66 0.01 155 0.37 0.78
(cv. Provider) | 07/01/1997 0.7 148 0.02 0.67 0.03 8.73 117 0.70
20/01/1997 0.53 1.09 0.05 0.79 0.09 13.66 21 0.83
27/12/1996 0.02 - - - - - - -
07/01/1997 0.04 0.02 0 0.04 0 - - 0.02
20/01/1997 0.14 0.06 0 0.14 0 - - 0.05
Chilli pepper | 27/01/1997 0.1 0.34 0 0.2 0 - - 0.13
05/02/1997 04 0.66 0 0.34 0 - - 041
12/02/1997 0.33 0.52 0 041 0 - - 0.51
20/02/1997 0.25 - 0 - 0 - - -
04/03/1997 0.25 0.52 0 0.6 0 - - 0.67
27/12/1996 0.02 - - - - - - -
07/01/1997 0.1 0.14 0 0.05 0 - - 0.02
20/01/1997 0.2 0.09 0 0.12 0 - - 0.05
Eggplant 27/01/1997 0.33 0.44 0.02 0.27 0.03 - - 0.16
05/02/1997 0.46 0.46 0.01 0.27 0.02 - - 0.28
12/02/1997 05 0.45 0.02 0.42 0.03 - - 041
20/02/1997 0.46 0.63 0.02 0.48 0.03 - - 0.49
04/03/1997 0.45 0.45 0.02 0.38 0.03 - - 0.53
27/12/1996 0 - - - - - - -
07/01/1997 0 0.02 0 0.03 0 - - 0.02
20/01/1997 0.1 0.09 0 011 0 - - 0.09
Green pepper | 27/01/1997 01 04 0 0.19 0 - - 0.12
05/02/1997 0.21 0.42 0 0.34 0 - - 0.27
12/02/1997 0.29 0.51 0 0.35 0 - - 0.32
20/02/1997 0.37 041 0 0.31 0 - - 0.36
04/03/1997 0.35 0.33 0.01 0.34 0 - - 0.6
27/12/1996 0.36 0.94 0.01 0.71 0 - - 0.32
Marrow 07/01/1997 0.85 2.28 0.04 0.71 0.27 - - 0.55
(cv. Long 20/01/1997 0.73 0.74 0.24 0.65 0.59 - - 1.03
White Bush) | 27/01/1997 0.74 1.05 0.77 0.8 0.98 - - 1.47
05/02/1997 0.64 0.64 0.51 0.49 1.08 - - 101
17/12/1997 0.23 0.24 0.01 0.22 0.02 - - 0.11
27/12/1996 0.49 0.8 0.02 0.66 0.05 - - 0.33
Marrow 07/01/1997 0.63 18 0.24 133 0.44 - - 101
(cv. President)| 20/01/1997 0.56 151 0.34 148 0.92 - - 142
27/01/1997 0.7 0.53 0.62 0.49 122 - - 137
05/02/1997 0.23 0.72 0.35 0.61 0.84 - - 0.82
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TaBLE A2 (CONTINUED)

Crop Date Fl LAI LAIs LDM LDMs Y HDM SDM
(Mg-ha?) (Mg-ha?) (Mg-ha?) (Mg-ha?) (Mg-ha?)
27/12/1996 0.6 0.6 0.03 0.35 0.06 - - 0.16
Pumpkin 07/01/1997 0.85 233 0.15 1.53 0.33 - - 112
(cv. Minette) | 20/01/1997 0.84 2.79 0.36 174 0.44 - - 18
27/01/1997 0.62 131 0.26 1.04 0.72 - - 1.83
05/02/1997 0.44 0.48 0.26 0.26 0.35 - - 0.5
27/12/1996 0.47 0.74 0.02 0.58 0.04 - - 0.19
Pumpkin 07/01/1997 0.94 252 0.2 0.77 0.38 - - 0.71
(cv. Miniboer)| 20/01/1997 0.73 0.67 0.15 0.5 0.41 - - 0.64
27/01/1997 0.74 0.77 0.77 0.58 0.99 - - 112
05/02/1997 0.91 0.77 0.39 05 0.42 - - 0.64
17/12/1996 0.35 0.33 0 0.2 0 0 0 0.08
27/12/1996 0.69 0.83 0.05 0.38 0.01 0 0 0.27
Runner 07/01/1997 0.82 2 0.07 1.32 0.11 0 0 0.75
beans 20/01/1997 0.8 491 0.14 1.9 0.11 0.68 0.08 1.37
27/01/1997 0.92 5 0.08 1.89 0.14 7.45 0.98 185
05/02/1997 0.9 3.52 0.22 1.22 0.2 9.82 2.01 1.95
12/02/1997 0.62 118 0.13 0.45 0.14 12.39 22 1.09
27/12/1996 0.39 0.12 0 0.09 0 - - 0.04
Squash 07/01/1997 0.49 0.44 0.01 0.28 0.01 - - 0.15
(cv. Table 20/01/1997 05 0.26 0 0.86 0.05 - - 0.74
Queen) 27/01/1997 0.51 0.56 041 0.8 0.8 - - 118
05/02/1997 0.52 1.06 0.17 0.22 0.3 - - 0.54
27/12/1996 0.3 0.09 0 0.07 0 - - 0.03
07/01/1997 0.72 112 0.04 0.37 0.24 - - 0.24
Squash 20/01/1997 0.3 0.53 0.02 0.64 0.05 - - 0.51
(cv. Waltham) | 27/01/1997 0.67 0.61 0.12 0.68 0.22 - - 0.59
05/02/1997 0.72 0.8 0.08 0.72 0.19 - - 0.78
12/02/1997 0.5 0.38 0.02 0.49 0.11 - - 0.78
27/12/1996 0.01 0.05 0 0.02 0 0 0 0.01
07/01/1997 0.39 0.64 0 0.47 0.01 0 0 0.88
Sweet-corn 20/01/1997 0.82 3.83 0.01 18 0.06 0 0 3.72
(cv. Cabaret) | 27/01/1997 0.84 4.74 0.07 257 0.06 0.89 0.1 4.24
05/02/1997 0.9 2.32 0.14 321 0.22 10.02 161 6.89
12/02/1997 0.92 1.79 0.34 211 0.49 11.93 244 7.9
27/12/1996 0.11 0.22 0 0.07 0 0 0 0.03
07/01/1997 0.45 14 0.06 0.94 0 0 0 0.97
Sweet-corn 20/01/1997 0.63 5.44 0 24 0 0 0 2.93
(cv. Dorado) | 27/01/1997 0.7 471 0.33 2.22 0.05 455 0.88 3.27
05/02/1997 0.69 161 0.16 257 0.28 11 1.69 3.77
12/02/1997 0.54 142 0.51 153 0.86 12.44 27 35
17/12/1996 0.35 133 0 0.9 0 0 0 119
27/12/1996 0.58 111 0.03 0.82 0 0 0 0.57
Swest-corn 07/01/1997 0.87 354 0.09 2.52 0.07 522 4.59 313
(cv. Jubilee) | 20/01/1997 0.89 - 0 - 0 14.76 - 3.88
27/01/1997 0.86 5.01 0.05 3.08 0.07 - - 4.76
05/02/1997 0.78 157 0.76 2.24 134 20.96 6.2 5.81

Available on website http://www.wr c.org.za

ISSN 0378-4738 = Water SA Vol. 26 No. 1 January 2000

75



TasLE A2 (CONTINUED)

Crop Date FI LAI LAIls LDM LDMs Y HDM SDM
(Mg-ha?) (Mg-ha?) (Mg-ha?) (Mg-ha?) (Mg-ha?)
17/12/1996 0.12 0.64 0 0.3 0 0 0 0.25
27/12/1996 0.49 154 0.01 0.96 0.01 0 0 0.58
Sweet-corn 07/01/1997 0.83 2.29 0.03 145 0 0 1.97 2.89
(cv. Paradise) | 20/01/1997 0.85 2.39 0 151 0 10.68 - 348
27/01/1997 0.75 3.69 0.17 187 0.13 20.03 4.73 2.29
05/02/1997 0.56 144 0.14 1.67 0.29 20.74 5.45 4
27/12/1996 0.04 0.16 0 0.17 0 - - 0.18
07/01/1997 0.19 04 0 0.75 0 - - 04
Tomato 20/01/1997 0.48 1.95 0.04 212 0.12 - - 1.19
(cv. HTX14) | 27/01/1997 0.72 25 0.28 1.73 0.57 - - 144
05/02/1997 0.7 1.45 0.23 1.38 0.48 - - 137
12/02/1997 0.57 0.81 0.24 0.88 0.73 - - 207
20/02/1997 0.43 0.44 0.12 0.69 0.31 - - 1.46
27/12/1996 0.04 0.22 0 0.2 0 - - 0.17
07/01/1997 0.39 0.3 0 0.66 0 - - 0.76
Tomato 20/01/1997 0.53 1.63 0.13 1.16 0.25 - - 1.35
(cv. P747) 27/01/1997 0.56 3.06 0.23 1.46 0.42 - - 1.58
05/02/1997 0.83 0.63 0.39 0.43 0.7 - - 1.39
12/02/1997 0.63 0.69 0.29 0.74 0.77 - - 155
20/02/1997 0.81 0.34 0.32 0.35 0.76 - - 1.68
27/12/1996 0.07 0.24 0 0.23 0 - - 0.25
07/01/1997 0.19 0.8 0 0.6 0 - - 0.95
Tomato 20/01/1997 0.36 1.35 0.1 0.85 0 - - 1.56
(cv. Zed) 27/01/1997 0.53 3.06 0.11 0.75 0.26 - - 112
05/02/1997 0.57 0.27 0.16 0.24 0.39 - - 1.02
12/02/1997 0.49 0.25 0.2 0.32 0.63 - - 1.58
20/02/1997 0.41 0.14 0.1 0.16 0.28 - - 0.87
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