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On the estimation of evapotranspiration, water-use efficiency and crop
coefficient of lucerne Medicago sativd..) in central India

Lucerne or alfafaNledicago sativd..) is Efficient water management is key topotranspiration loss and rate of evapo-
a major irrigated forage crop attainingsuccess in augmenting crop productiontranspiration indicate the amount of
high yields with high-forage quality poten- Increasing the irrigation water-use effi- water required at different growth periods
tial. Its versatility in utilization, adaptations ciency necessitates improved irrigationfor its satisfactory growth and optimum
to a wide range of climate and soil condi-scheduling techniques based on integrategroduction. Crop coefficient represents
tions, soil improvement capability and effect of climate, soil and crop character-crop specific water use and facilitates es-
symbiotic N fixation make it preferable istics. Reliable estimate of evapotranspitimation of irrigation water requirements.
choice in intensive agricultural production ration as a function of crop stage islts significance for scheduling irrigation
systen!. In India, it is grown success- important for determining crop water useis shown earli€f®. Experimentally deter-
fully even in the low rainfall areas with and efficient irrigation management. Wa-mined crop coefficient values for North
assured irrigatich The crop has relatively ter stress in the plant can be quantifiedndiar’® and Gujaradtregion have been
high-water demand and long productionby actual evapotranspiration rate, as theeported for different crops. However, the
season and is exposed to periodic harlevel of evapotranspiration is related toinformation on these aspects in relation
vesting. the evaporative demand of the®aiEva- to lucerne crop for the Indian region is
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scanty. In the present study, an attemp02, 2003-04 and 2004—05 respectivelyration during third and fourth cutting
has been made to determine the evapdFhe potential evapotranspiration wasreflect that these two cuttings could be
transpiration, water-use efficiency andcalculated during crop period following considered as a critical phase for the
crop coefficient of lucerne in central India, the modified Penman methdd water requirement in lucerne.
which are important in assessing the actual Results reveal that the dry matter yield The total dry matter yields of respective
water requirement of crop for irrigation increased (Table 1) with the advancemenyears were related with the corresponding
scheduling and crop planning for differentof cutting and a maximum of 3.26 t/hatotal crop evapotranspiration. A linear re-
agroclimatic regions. was obtained in the fourth cut. However,lationship was observed which is ex-

A field experiment was conducted dur-the green biomass yield was maximum inpressed as DMY = 0.0115 ET + 1.3956
ing rabi seasomwith annual lucerne (var. second cut and thereafter showed a de(R? = 0.85), where DMY is the dry matter
Anand-2) at the Central Research Farmclining trend. This reduction in green yield and ET, the total evapotranspira-
Indian Grassland and Fodder Researciiomass yield may be attributed to hightion. Evapotranspiration explained 85%
Institute, Jhansi for seven consecutivetemperature and low humidity prevailing variation in total dry matter production.
years from 1998-99 to 2004-05. Howeverduring March—May, adversely affecting In many experiments using lysimeters, it
the data for 2002—-03 has been excludedthe regenerative capacity and growth ofwas shown that yield is often a linear
as the cutting period for this year did notlucerne. function of evapotranspiratidh Further,
match with the rest of the years. Jhansi The total evapotranspiration lossesa significant P < 0.01) linear relationship
(25°27'N, 78°35'E, 271 m asl) experien- varied from 101.9 to 224.8 mm in differ- between cut-wise dry matter production
ces an annual rainfall of 906.5 mm with ent cuttings (Table 1). Evapotranspirationof lucerne as a function of evapotranspi-
781 mm duringkharif and 52 mm during rate of the crop showed an increasingation was established (Figure 1). The re-
rabi and annual potential evapotranspirapattern from first to fourth cutting. Its lationship explains 41.55% variation in
tion of 1512 mm. Soil of the experimental highest value (7.3 mm/day) corresponds tahe estimated value of cut-wise dry mat-
site was fine, loamy, mixed, hyperthermicfourth cutting, which is in accordance ter production of lucerne.
typic Ustochrept. It was silty clay loam with the environmental conditions that The estimated water-use efficiency for
in texture, neutral in reaction (pH.35) are likely to affect the evapotranspirationdifferent cuttings ranged from 0.86 to
and non saline (E£0.09 dS/m) in salt rate greatly. Therefore, evapotranspiratior2.04 kg/cubic m with a maximum value
content. The status of organic carbonfrom a lucerne stand can vary considerain the second cut. During the first cut,
(0.27%), available nitrogen (182 kg/ha) bly during the season, between growingowest value (0.86 kg/cubic m) of water-use
and available phosphorus (3.92 kg P/hafycles and years, because of variation irefficiency was noticed because the first
in the soil was low, whereas availableevaporative demand and canopy struceut is of longer duration due to lower air
potassium content of the soil was in me-ture. Higher values of the evapotranspi-and soil temperature during this period
dium range (147.8 kg K/ha).

The crop was sown during the third
week of November with a seed rate of Table 1. Average yield, evapotranspiration and water-use efficiency of lucerne for six growing
16 kg/ha and basal fertilizer dose of seasons

20 kg N + 80 kg FOs+ 40 kg KO/ha. Green matter Dry matter ~ Evapotrans- ET/day Water-use efficiency Duration
Irrigation scheduling was done based oncuttings yield (t/ha) yield (Vha) piration (mm) (mm) (kg/cubic m) (days)
irrigation water. cumulative pan evapo-
ration (IW/CPE) ratio of 1.0, and irriga- | 8.73 1.32 152.7 21 0.86 74
tion was kept as 60 mm per irrigation. !! 12.47 2.08 101.9 3.3 2.04 31
Crop was grown following standard ag- I 10.87 2.29 162.3 5.2 14 31
ronomic practices and four cuttings were 12.13 326 224.8 73 1.45 31
taken at the interval of 74, 31, 31, 31

days respectively in all the years. For

daily evapotranspiration measurement, twc 5
gravimetric lysimeters having dimension

of 1.3x 1.3x 0.9 m and consisting of a ol YO e

sensitive type of weighing machine of ' )
2000 kg capacity were used. These lysi-
meters were surrounded by five plots
(15 x 5 m each) of crop with similar irri-
gation schedule to act as buffer. The sen
sitivity of the system was0.2 kg, which

is equivalent to 0.12 mm of evapotrans-
piration or rainfall. The daily evapotrans- 1t
piration was measured by recording
successive weight loss and taking the . ‘ . ‘ . .
rainfall into account. Crop received 8.2, o 50 100 150 200 260 300 350
1.5,19.3,40.4,41.0 and 51.8 mm of pre- Crop evapotranspiration (mm)

cipitation during the crop growth period

of 1998-99, 1999-2000, 20001, 2001— Figure 1. Cut-wise dry matter production of lucerne as a function of evapotranspiration.

Dry matter yield (tha)

18 CURRENT SCIENCE, VOL. 93, NO. 1, 10 JULY 2007



SCIENTIFIC CORRESPONDENCE

3.0

25 WUE = —0.0041*ET + 2.0754**
R?=0.1819

2.0 * *

phase. This variation iKc accounts for
the change in water consumption with
development phases during each growth
cycle. Such information on crop coeffi-
cient at different phenophases of crop is
helpful in assessing the actual water re-
quirement of the crop and hence in irri-
gation scheduling and crop planning for
different agroclimatic regions.

Water-use efficiency (kg/cubic m)
[9,]

0.5
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Crop evapotranspiration (mm)
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Figure 2. Cut-wise water-use efficiency of lucerne as a function of evapotranspiration. 4

Table 2. Crop coefficient of lucerne for different cuttings

Crop coefficient Kc)

Cuttings Germination Establishment Growth phase 6.
| 0.57 1.1 1.40 7.
Regeneration Growth phase
8.
1 0.96 1.41
1 0.88 1.44 9
v 0.85 1.46

10.

which ultimately reduces the growth rate.taken and each cut has been subdivided

Relatively lower water-use efficiency in into different phases. First cutting, which 11.

third and fourth cutting is primiraly due is of longer duration (74 days), is marked

to poor crop growth and higher evapo-with three distinct phases, namely germi-12.

transpiration during this period. Severalnation (15 days), establishment (21 days)

studied™™ have shown that the water- and growth (38 days); whereas the rest oft>-

use efficiency of lucerne ranges from 0.5the cuttings wereubdivided into regene-
to 3 kg/cubic m. However, the average watation phase (7 days) and growth phase
ter-use efficiency of irrigated lucerne in (24 days). The crop coefficierikg) for dif-
different environment8 ranges from 1.4 ferent phases was determined by taking
to 2.3 kg/cubic m. the ratio of actual to potential evapotran-
Evapotranspiration—water-use efficiencyspirations. The estimateldc values at

of lucerne varied according to climatic different phases for different cuttings are 16.

conditions, soil water regime, season, locapresented in Table 2. It is observed that
tion, annual evapotranspitation and growthtthe Kc for lucerne is not a constant, since
cycle. A negative linear relationship be- periodic harvests result in extended pe-
tween annual water-use efficiency andriod of little graund cover. In the iitial

1.

2.

15.
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water consumption in lucerne has beerphase of crop growth, crop coefficient isReceived 8 Septembe2006; accepted 25
reported earlief'® Cut-wise water-use less and with the progress of crop growthApril 2007

efficiency of lucerne as a function of its value increased, being highest at the
evapotranspiration showed a significantfull growth stage indicating highest wa-

(P < 0.05) negative linear relationship ter use by the crop at that time. During
(Figure 2), which indicates that with in- first cutting, theKc varied from a low
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