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of Cultivar Type
V.R. Kanneganti, R.P. Walgenbach and C.A. Rotz

Introduction storage reserves, cold hardiness, freezing injury, and

Alfalfayield, persistence and profitability are affected evapo-transpiration. The model simulates crop and soil

adversely by winterinjury in colder climates of North processesdaily.

America. The extent of crop injury varies widely,

causing large year-to-yearfluctuationsinyieldand  Cold hardiness and freezing injury Eventhoughthe

associated profitability. Inyears of adversewinter ~ mechanisms of dormancy and winter hardiness are not

weather, production losses may amount to millions of fully understood, studies have shown a strong correlation

dollars. By reducing yield and stand life, winterkill of cultivar dormancy characteristics to cold hardiness

affects N fixation and soil-N uptake, thus influencing  and winter survival (Cunningham etal., 1995; Jung etal.,

farm N budgeting and the environment. Forthese ~ 1967; McCaslin, 1994; McKenzie etal., 1988;

reasons, effects of winter injury cannotbe ignoredin Schwab, 1998mith etal., 1986). These studies

alfalfamodels, particularly when these modelsareto concluded that cultivar types of all dormancy ratings

be used inwhole farm simulators such as DAFOSY Mtolerated lower freezing temperatures as cold hardiness

for evaluating alternative managementoptionsin increased. However, cold-sensitive cultivars suffered

relationto production, profitability, or the environment. higher rate of plant death at similar freezing temperatures
compared to the winter-hardy cultivars. Based onthese

Existing models of alfalfalack winter injury effectsor  data, acumulation of cold hardiness was developed as

do not differentiate cultivar types for their differential  a function o€ultivar type whichinthe model is

response towinter survival and yield during multiple  characterized by falldormancy rating (Fig. 1). Falll

years of an alfalfa crop. ALSIM1, the alfalfamodel  dormancy ratings (FDR) are supplied as user input.

usedin DAFOSYM, does not simulate over-winter  Cultivar ratings for dormancy are routinely published by

processes such as cold hardiness, freezing injury or the seed companies or are available from cultivar

standloss. Consequently, output analyses of evaluation trialesides cultivar type, the rate of

DAFOSYM lack winter-Kkill effects. accumulation or break-up of cold hardinessis further
modified by temperature and snow cover.

The objectives of thiswork were: (1) Develop a Carbohydrate reserves affect cold hardiness

process-based module of cold hardiness and freezingaccumulation only when the reserves in the rootand
injury for alfalfa. (2) Link the module to existing alfalfa crown fall below 10%T he process of winter
growth models. (3) Validate the combined model acclimationresultingin cold tolerance is modeled with
(growth model + cold hardiness module) for predictinga simulatedultivarhardiness index. Cold tolerance to
the effects of freezing injury onyield and stand life as dreezing injury increases as the hardiness index
function of cultivar type and cutting managendentlg  increases.
2-4years of continuous crop growth.

Modelinputs. Model requirements for user input data

Model Development include: (a) daily weather (temperature, precipitation,
Model structure and componentsCold hardiness and solar radiation), (b) soil (water holding capacity by
and winter injury are newly developed. Other layers), and (c) cultivar rating for fall dormancy.

componentsinthe model are adapted from existing

models (Fick, 1981;Denison and Loomis, 1989). TheModel VValidation

state variables ofthe modelinclude leafblade, stem  Forage Yield Prediction.Field measuredyield data
(includes flowers and seeds), buds, crown, root,and were obtained from published sources (Djajanegara,
carbohydrate reservé$ie processesinclude 1990; Lang, 1985; Tesar, 1984) to test model
photosynthesis, shoot and root growth, dynamics of predictions of forage yield. The validation data consisted
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of atotal of 82 yield data representing different Simulation of cultivar hardiness to winter injuryimproved

combinations of cultivars, production years, and cutting yield prediction significantly (MOR,-MOD,.,, Table

management systems atthree locations across the norih-Model predicted yields were within 0.42 Mgtha

central U.S. during 1977-90. Cutting schedules includeflL4%) for individual harvests or 1.15 Mgh&%) for

3,4 or5harvests per yr. During the winters of 1988-8@&nnual yield compared to the field data (M@EFLD,

and 1989-90, significantyield loss due to winterkillwas all years, Table 1). During years of winterkill, prediction

observedin WI. Dormancy ratings for the cultivars errors were within 8% (MOR4FLD, 1988-90, 0.22

tested varied between 2.5 and 4.0. Model predictions dfg ha*cutor 0.99 Mg hayr?, Table 1).

yield were simulated for the corresponding field

measured data by running the modelfor2to4years Conclusion

continuously. (1)Simulationofcoldhardiness andwinter injury as a
function of cultivar type improved forage yield

The need for cold hardiness and winter injury simulationprediction significantly. The model is capable of

for predicting yield was tested by comparingmodel  predicting yield icolder climates for different cultivar

predictions of forage yield with or without winterinjury  types managed under a variety of cutting schedulesfor

componentsto the corresponding field data (Table 1). 2to 4 years continuousk2) Whilethis model was

Values of (model-field) greaterthan zerorepresent  developed for usein DAFOSY M, other potential

over-predicted yields, while values less than zero applications of the modelinclude: (a) As a prediction

representunder-predicted yields. Without winter injury tool to forecast winterkilleach year. (b) Asatoolin

simulation, yield was over-predicted by 0.95Mgha  developing “cultivar maps” of winter injury for different

cuttor2.94 Mg hayrcompared to the corresponding cultivar types as a function of weather and cutting

field data (MOQ,-FLD, allyears, Table 1). During management.

years of winterkill, over-prediction was greater (1.30

Mg ha'cut!or5.83 Mg hdyr?, 1988-90, Table 1), Modelavailability. The modelis writtenin FOR-

resulting in prediction errors of up to 50%. TRAN 77. The computer code and documentation are
available uponrequest.
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Figure 1. Potential rate of accumulation (ACR) or break-up
(BKR) of cold hardiness for different cultivar types plotted as
a function of fall dormancy rating (FDR). (Data derived from
studies on accumulation of soluble sugars and protein in
different cultivar types in response to freezing

temperature.)
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