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BRIEF ASSESSMENT OF 1988 CROP SEASON DRYNESS - 5/31/88 

Residual soil moisture deficits left over from the fall of 1987 
are continuing to plague crop producers in many Minnesota 
counties. The weather pattern permitted early field work and 
early crop planting around the state, however, precipitation has 
been quite short since April 1st of this year, particularly in 
central and northwestern counties. 

Figure 1 shows the National Weather Service Palmer Drought Index 
for the 9 crop reporting districts in the state. As of May 21, 
districts 1, 4, and 6 were in extreme drought categories, while 
district 5 in the center of the state was in a severe drought 
category. Using historical climatic data from the past, the 
probabilities that the Palmer Drought Index will remain in the 
severe to extreme categories to the end of July are the 
following: 

District 1 (NW) 
District 4 (WC) 
Dist:.:ict 5 (C) 
District 6 (EC) 

58 PCT 
61 PCT 
61 PCT 
56 PCT 

This is based on persistence and somewhat reinforced by the 30 
day outlook for June which favors much above normal temperature 
conditions and equal chances for above or below normal 
precipitation. Precipitation for April and May of this year was 
highly variable, and for the most part inadequate to 
significantly replenish soil moisture deficits. The attached map 
shows the April and May precipitation depicted as percent of 
normal for the past 30 years. The large area in the 25 to 50 
percent category is perhaps the hardest hit area of the state and 
fits well with the Palmer Drought Index values for May shown in 
Figure 1. The areas where 50 to 75 percent of normal 
precipitation occurred this spring can still recover somewhat 
with adequate June and July rainfall. Producers in the driest 
areas are encouraged to contact their county extension offices 
for further information on how to evaluate crop stands, make 
replant decisions, control weeds, find substitute feed stocks for 
livestock, assess government programs, etc. 

Mark Seeley - Extension Climatologist 
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FIGURE l. PALMER DROUGHT INDEX BY CROP REPORTING DISTRICT 

May 21, 1988 

CROP REPORTING DISTRICTS 

~··· 

KEY 

-0.5 to -0.99 Incipient drought 
-1.0 to -1.99 Mild drought 
-2.0 to -2.99 Moderate drought 
-3.0 to -3.99 Severe drought 
-4.0 to -4.99 Extreme drought 

,, 



-

PERCENT Of NORMAl PRECIPITATION 
APRIL 1- 1\MY 31, 1988 

50 to 
percent 

~--
25 to 50 percent 

1- -
-

100 

Precipitation data gAthered by 
~pNtment oi N~ R.esources 
N~ofl<ll Weather SeMCe 
U. of Minn. Extension SeMce 

PrepMed by: 
ONR, Division of Waters 
State Climatology Office 

... " ........ 

5 



6 



MINNESOTA EXTENSION SERVICE 

l5TI UNIVERSITY OF MINNESOTA Department of Soil Sc1ence 
439 Borlaug Hall 
St. Paul. Minnesota 55108 

ERV1N A. OELKE 

July 5, 1988 
MINN. EXTENSION SERVICE 
211 A~RONCMY 
UNIVERSITY CF Ml~~ESOTA 
ST. PAUL MN 55108 

To: Minnesota Extension Agents and Specialists 

From: Mark Seeley, Extension Agricultural Climatologist n1~ 
Re: Drought Update Material 

I have enclosed some material to update you further on the 1988 
drought. I apologize for the poor quality of some of the maps, 
but I was in a hurry to assimilate information. We are 
continuing to update drought data on the weekly weather advisory 
available each Tuesday over the Extend-U-BBS. Our earliest 
release on the soil moisture situation around the state was put 
on the BBS and mailed back in early May. Earlier this summer we 
coordinated with the State Climatology Office and the National 
Weather Service in releasing data to each ASCS office for 
documentation in filing for release of the CRP and idled acres. 
We will try to update you on county climatic data each month. 

By now you have received the letter from Director Barich on the 
Drought Response Team. This drought is quite extreme in some 
areas of the state and therefore its' impact will be with us for 
quite some time even if it starts raining soon. 

I want to use the balance of this memo to discuss some drought 
facts and present a commentary on the information we have all 
been receiving through the various media. 

MINNESOTA DROUGHT FACTS: 

The 1988 drought began in 1987 with below normal rainfall 
throughout the growing season. 1987 crops used up soil moisture 
reserves. Precipitation during the fall of 1987 brought 
insufficient recharge to most Minnesota soils. The epicenter of 
the dryness was central and west central Minnesota. 

Spring of 1988 further aggravated the situation. As shown on the 
map in Figure 1, precipitation since April 1st has been only 20 
to 30 percent of normal in west central counties, and only 30 to 
40 percent of normal in many, central and northwestern counties. 
Parts of north central, northeastern, and extreme southern 
Minnesota have received 50 to 100 percent of normal precipitation 
for April 1st through July 5th and are relatively better off. 

UNIVERSITY OF MINNESOTA, U.S. DEPARTMENT OF AGRICULTURE, AND MINNESOTA COUNTIES COOPERATING 

7 



8 

The combined effects of the lack of precipitation and inadequate 
soil moisture reserves have been greatly amplified by seasonal 
temperatures to date. Though April average temperatures were 
near normal across the state, May and June have had 
extraordinarily high average temperatures. Figures 2 and 3 show 
the departures in average monthly temperature and precipitation 
for May and June in some Minnesota counties. (Bear in mind that 
the standard deviation for May and June monthly average 
temperature ranges from 2.5 to 3.5 degrees F). Departures of 7 
to 9 degrees indicate that both May and June were some of the 
warmest this century. Combined with a high frequency of clear 
sky conditions and high solar radiation, these temperatures 
helped increase evaporation rates to record highs. This 
evaporative demand put a great deal of stress on early planted 
crops and pasture and hay fields. Without the normal surface 
moisture to consume the suns energy in evaporation, temperatures 
in the shallow dry soil layers (1 to 2 inches) have been as high 
as 120 to 130 degrees F. Drier soil particles have been easier 
for winds to dislodge and thus wind erosion continues to be a 
problem in some areas. 

Near record low relative humidity readings accompanied some of 
the heat early this summer. Recently, however, humidity has been 
increasing, and combined with the higher temperature conditions 
the danger and emergency categories on the livestock stress index 
have occurred more frequently. We can expect this to continue 
off and on throughout the month of July. It is particularly 
critical to pay close attention to the National Weather Service 
early morning releases of livestock stress forecasts since many 
livestock are being shipped to market right now. The severity 
and extent of the drought in the upper midwest will make it 
difficult to regenerate hay supplies yet this year unless it 
begins to rain soon. Thus hay supplies for livestock will be of 
major concern for quite some time. 

Figure 4 shows the most recent Palmer Drought Index (POI) by 
climate division for the upper midwest. The PDI is used by both 
federal government agencies and many state agencies to document 
or quantify the severity of drought in order to qualify farmers 
for drought or disaster relief programs. The POI considers three 
climatic variables that relate closely to drought: the stored 
soil moisture reserve (retroactive several months) ; recent 
precipitation; and recent potential evapotranspiration or crop 
water need (primarily governed by temperature and the stage of 
development of a crop) . These variables in combination and 
weighted over time comprise the POI. Individual National Weather 
Service cooperative weather observers, along with National 
Weather Service Forecast Offices provide the daily data used to 
compute a weekly POI. Data are aggregated, such that an index 
value can be computed for each climatic division. Keep in mind 
that because of the relative scarcity of daily climatic data in 
certain areas, some of the climatic division index numbers may be 
based on only 2 or 3 climate reports representing hundreds of 



thousands or millions of crop acres. This is why drought 
conditions which vary from county to county are not adequately 
described in the national Weekly Weather and Crop Bulletin. 
Figure 4, however, is good for a general assessment of conditions 
both within our state and among our neighboring states. Note 
that central and northwestern Minnesota are experiencing a 
drought which is significantly worse than most other places in 
the upper midwest. Recently the Agricultural Experiment Station 
at Morris reported less than 2 inches of available soil moisture 
in the top 5 feet of soil. Severe drought ( -3.0 or less) has 
spread during the early summer to a number of states. Chances of 
ameliorating (reducing to a -2. o index number ) or ending a 
drought of a -3.0 are significantly better than doing the same 
for a drought on the order of a -5. o or -6. o. Minnesota's 
climate history shows us that we rarely ameliorate or end a 
drought in July. Weather patterns tend to be static and 
precipitation highly variable in this month. A far more likely 
period to finally see some amelioration from the drought is early 
to late fall. 

The National Climatic Data center has published a historical 
series of analyses on drought. Their data show that over the 
next 6 months there is roughly a 10 to 20 percent chance of 
ameliorating a level -5.0 drought; a 20 to 30 percent chance of 
ameliorating a level -4.0 drought; and a 40 to 50 percent chance 
of ameliorating a level -3.0 drought. Again, remember that 
amelioration is defined as bringing the POI up to -2.0, which is 
still defined as mild drought. This clearly indicates that it is 
most likely recovery from the 1988 drought will be very prolonged 
across Minnesota. 

Many people have compared this year to the.1934 drought. Drought 
is defined in 3 terms: intensity (Palmer Drought Index), 
longevity (how many months or years), and areal coverage (how 
many counties or state are affected) . Though 1988 is probably 
the worst Minnesota drought situation since the mid 1930s it is 
not yet equal to it by any of the above 3 terms. In terms of 
intensity alone, the west central counties in the state showed 
PDI values ranging from -8.0 to -9.0 in 1934. Well over 1/2, in 
fact up to 2/3 of the United States experienced severe to extreme 
drought conditions in 1934. 

Minnesota Drought commentary: 

I am disturbed by the proliferation of drought and drought 
related stories in our common media (TV, radio, newspaper, 
magazine) . Many mixed messages are being sent to the public and 
this is causing a great deal of confusion. Recently at some of 
the field days, spoDsored by the Agricultural Experiment 
Stations, I was asked to explain El Nino, the sunspot cycle, and 
the Greenhouse effect. I also overheard more than one young boy 
comment that he was not going to stay in farming with his dad if 
1988 was just a sample of what Minnesota's climate was going to 
soon become. 
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The 1988 drought is the result of anomalous temperature and 
moisture conditions which have occurred in the past. In over 100 
years of climatic records (in fact up to 150 years) in Minnesota 
we find several occurrences o~ drought just as severe or worse 
than 1988. Some cases lasted. 1 1/2 years or more, but all ended. 
Thus 1988 is clearly within the statistical population of 
climatic occurrences we have recorded in Minnesota. It is highly 
debatable whether or not it signals a climatic change brought 
about by the greenhouse effect (increased carbon dioxide and 
other heat trapping gases) . In fact, discussions of the 
greenhouse effect and other "explanatory theories" for this 
drought still belong in academic circles, although some 
scientists feel strongly that they need to have the attention of 
the policy makers, politicians, and granting institutions. The 
large scale climate models being used to evaluate these 
explanatory theories are admittedly weak in quantifying some of 
the most important hydrologic parameters which relate to drought. 
Recent articles in Time magazine, the New York Times, and other 
newspapers have lead some people to believe our climate is 
already changing rapidly. Speculation as to our future climatic 
conditions has been highly variable but generally not very 
attractive. When this type of information is presented along 
with all the other drought impact reports, it is no wonder that 
some people have become "alarmists" and still others who depend 
on agriculture for their livelihood have become dispirited .. 

We will recover from this drought. Maybe not tomorrow, or in 6 
months, or even a year, but history shows us we will. We need to 
remember this and plan accordingly. 1988 has shown us (once 
again) how vulnerable our crops, our livestock, our forests, our 
water supply, and our economy can be. But we should show the 
same spirit and enthusiasm as our parents, grandparents, and 
their ancestors many of whom survived worse situations. One 
lesson is clear We need to be more sensitive to the 
environmental pulse of our state, to see the signs of distress 
earlier and respond with contingency plans. Better statewide 
monitoring of climate, including soil moisture conditions would 
be extremely helpful to us in reading "the signs." We should be 
thankful for the observers we have, who day in and day out record 
the climatic fluctuations over the years and decades. 

I realize I have extended the privelege of being a statewide 
specialist beyond its' limits with such a commentary, but, at 
least in this case, I would appreciate your toleration of it. 

Thanks. 
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A FEW COMMENTS ON POLITICAL CLIMATOLOGY AND THE DROUGHT OF 1988 

Political meteorologists and climatologists are reacting to the 
drought. Those with an "explanatory theory", those with a cure, 
those with a model of the climate, those with a rosy forecast, 
those with a gloom and doom forecast, and, of course those 
seeking attention or lobbying for grants. We are disturbed by 
many of the drought and drought-related stories in our common 
media. Many mixed messages are being sent to the public and this 
is causing a great deal of confusion and discouragement. 
Recently at some farmer meetings, more than one young boy was 
overheard to comment that he was not going to stay in farming 
with his dad if 1988 was just a sample of what Minnesota's 
climate was going to soon become. 

The 1988 drought is the result of anomalous temperature and 
moisture conditions which have occurred in the past. In over 100 
years of climatic records (in fact up to 150 years in Minnesota), 
we find several occurrences of drought just as severe or worse 
than 1988. Some cases lasted 1 1/2 years or more, but all ended. 
Thus, 1988 is clearly within the statistical population of 
climatic occurrences we have recorded in Minnesota. (Have we 
already forgotten the high precipitation years of 1977-1986 when 
the Great Lakes, Great Salt Lake, Devil's Lake (ND) and even Big 
Carnelian (Washington County) were rising to record levels?) 
It is highly debatable whether or not the current drought signals 
a climatic change brought about by the greenhouse effect 
(increased carbon dioxide and other heat trapping gases). 
Minnesota records show that 1846, 1878, 1931, and 1987 were all 
unusually warm years of the same order of magnitude as this year. 
our perception is that discussions of the greenhouse effect and 
other "explanatory theories" for this drought still belong in 
academic circles, although some scientists feel strongly that 
they need to have the attention of the policy makers, 
politicians, and granting institutions. The large scale climate 
models being used to evaluate these explanatory theories are 
admittedly weak in quantifying some of the most important 
hydrologic parameters (soil moisture, runoff, precipitation, and 
evapotranspiration) which relate to drought. Recent articles in 
Time magazine, the New York Times, and other major magazines and 
newspapers have led some people to believe our climate is already 
changing rapidly. When this type of information is presented 
along with all the other drought impact reports (low lake levels 
and river flows, increased fire danger, crop failures, dry 
municipal wells, etc.) it is no wonder that some people have 
become "alarmists" and still others who depend on agriculture for 
their livelihood have become dispirited (especially the young 
people). 

We would like to remind the editorial writers, and indeed certain 

15 



16 

climatologists and modelers that from 1973 to 1977 we heard daily 
pronouncements of the climatic calamity about to descend upon the 
world. However, "explanatory theories" at that time were. that 
the earth was cooling, growing seasons would be shortened, and 
evidence of glacier movements to lower latitudes was being 
discussed in the press. 

We will recover from this drought. Maybe not tomorrow, or in 6 
months, or even a year - but history shows us we will. We need 
to remember this and plan accordingly. 1988 has shown us (once 
again) how vulnerable our crops and livestock (even with new 
genetics), our forests, our water supply, and our economy can be 
to climatic variability. But we should show the same spirit and 
enthusiam as our parents, grandparents, and their ancestors, 
many of whom survived worse situations. One lesson is clear - we 
need to be more sensitive to the environmental pulse of our 
state, to see the signs of distress earlier and respond with 
contingency plans. Better statewide monitoring of climate, 
including soil moisture conditions, would be extremely helpful to 
us in reading "the symptoms of early drought." We should be 
thankful for the weather observers we have, who day in and day 
out, record the climatic fluctuations over the years and decades. 
Their work, though not as sophisticated as that of the climate 
modelers, has proven to be of' great value to the scientific 
community in scores of studies on climatic impacts. Climate 
modeling of the greenhouse effect is important long range 
scientific inquiry, but the 1988 drought should not be used as a 
lever to justify it. 

Mark w. Seeley 
Minnesota Extension Climatologist 
University of Minnesota 

James A. Zandlo 
State Climatology Office 
Division of Waters 
DNR 

Donald G. Baker, Professor 
Agricultural Climatology 
University of Minnesota 

Gregory J. Spoden 
State Climatology Office 
Division of Waters 
DNR 
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ASSUSK!ll'l' OF COD Al"l'n A STRESSlUL SPlWIC 
(a 1988 perspective) 

Michael A. Schmitt 
Extension Agronomist 

University of Minnesota 

Environmental conditions during the spring growing season can sometimes make 
the best crop management system look somewhat ragged. Alth~ugh the majority 
of Minnesota corn producers took advantage of an early planting opportunity 
and planted at rates in the 23,000-28,000 plants per acre range, many corn 
stands are extremely uneven and spotty. Anytime this situation occurs, many 
producers blame their planters, seed, and themselves for unjust causes. The 
culprits this year were unseasonably cool April and early Hay temperatures, 
below normal spring moisture, aa well aa the unpredicted wind storms, snow, 
and froata. Bifore making any rash decisions baaed on the appearances of 
the com, take the time to make some analytical, agronomic calculations of 
what is happening. Aa. the following di.scuaaion will attest, the fields look 
worse than the situation ia. 

Vaa replaaUuc • 'riable optioa. thia aprlq7 

No, for the majority of Minnesota corn producers. Poor and uneven stands 
primarily affect yield by influencing final plant populations. The loss due 
to depressed populations this year could not be compensated for by better 
populations at a later date of planting. Table 1 is adapted from University 
of Wisconsin data, which can be very applicable for the corn growers in the 
northern corn growing areas in Minnesota. To understand the table, one 
needs to find their current yield potential by reading down the column with 
their original date of planting and across the row with the current plant 
population. This ia the existing yield potential. Then calculate the new 
yield goal if one were to replant. Using the late date of planting and the 
proposed population, the new yield goal is derived. Compare the two yield 
goals, if the replant yield goal is higher, read on for other factors to 
consider. Since planting was early or normal for moat producers, and now is 
about the latest one can replant corn, replanting ia not justified in most 
si tua tiona. 

When contemplating replanting, there are several other factors to consider 
besides the theoretical yield goals: 

a) What will it cost to replant? These costs must include seed, 
fuel, and additional tillage and pesticide if needed. Extra 
drying coats may also need to be added. 

b) Are the herbicides and insecticides still performing adequately? 
Generally, as the time between the original planting and 
replanting increases, the effectiveness of the chemicals lessens. 

c) How will fall weather affect the corn developement? When planting 
in early June, the threat of fall frosts is especially important, 
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.dnca maturation will occur later,than normal, even with aome 
shorter-day hybrids. Replanted corn will also be wetter if grain 
is taken off the field rather than silage. 

d) Are there more risks involved with replanted corn? Since the 
entire physiological developement of the plant will occur later in 
the growing season, there usually is a greater risk of hotter and 
drier conditions during the critical tasseling and silking stage. 

Table l. Influence of planting date and plant population on corn grain 
yields (90-day R.M. and earlier). Adapted from University of 
Wisconsin Bulletin A3353. 

Harvest P1antin~ Date 
Population May 10 May 20 June 1 

, 
Plants/A - 1. of Maximum Yield -

26,000 100 (93)'* 96 (93) 71 (80) 
24,000 98 (91) 94 (91) 70 (78) 
22,000 96 (88) 92 (88) 68 (76) 
20,000 94 (87) 90 (87) 67 (75) 
18,000 92 (85) 88 (85) 66 (73) 
16,000 86 (80) 83 (80) 62 (69) 
14,000 80 (74) 77 (74) 57 ( 64) 
12,000 73 (67) 70 (67) 52 (58) 
10,000 65 (60) 63 (60) 46 (52) 

'*Figures for "shorter" season hybrids are in parenthesis. 

Vhy area' t reduced popalati0118 a -jor coacam at thia U..f 

Corn plants have not begun setting their primordial (or infant) ears yet so 
some yield compensation can already start taking place. Corn plants are in 
the 6th to 8th leaf stage when these ears start developing, therefore, the 
plants will still be able to possibly set ears with two more rows than 
normal or just simply bigger ears. This is the stage where yield components 
affecting yield are initially formed. Goo.d growing conditions still must 
occur for the plant to realize the yield potential. 

Lower plant popula tiona also allow the "flex" eharac teria tie of a hybrid to 
be pronounced. Many people correlate flex capac!~ with the number of 
kernala per row, which can result in longer ears in low populations. 
Virtually all hybrids have some flexing ability, so the flex versus fixed 
ear concept is mostly a relative one. Hybrids that have a high flexing 
capacity will fare better, but remember that all hybrids have some ability 
to compensate for the environment. 

Lower populations are also leas likely to have a dramatic effect oa yields 
in a dry year. Current topsoil and subsoil moisture conditions in many 
regions of Minnesota are precariously below normal, placing high importance 
on current rainfall to satiafy the crop'• requirements. It ia unrealistic 
to rely on receiving enough rainfall--without reducing the crop's yield 



goal. While above-average yields cannot be ~eached solely on subsoil 
'moisture, above-average yields cannot be reached solely on growing aeaaon 
rainfall in moat situations. 

Vhat can OIUI do to aYOid thia ait:aatioa ia fatar• y .. raf 

Weather conditions are something that crop producers do not have any control 
over. It is important that management decisions be made each year that 
increase the potential for crop profitability and decrease the risk for crop 
failure. These beat management decisions, which were valid this spring, 
include: 

a) Planting early to take advantage of the entire growing season. 
Although some environmental conditions can slow down the corn's 
growth, the early planted corn will be ahead of the later planted 
corn.,. 

b) Plant at populations of 24,000-28,000 plants per acre. Although 
in some years maximum yields can be achieved at lower populations, 
the higher populations can reduce riaks in poor springs. Because 
of unusually high stress this year, seed germination was lower 
than normal and seedling mortality was higher than normal. The 
stand reduction rates would have been similar under low or high 
popula tiona. 

e) Plant several hybrids that are genetically diverse to spread the 
risks associated with each hybrid. This past year, stand 
reductions varied substantially within a farm depending on the 
particular hybrid. 

While this year's corn crop may not reach the yields moat people harvested 
last year, the season ia still early. The potential for above average 
yields can still be reached, if the weather conditions cooperate. 
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CORN FACTS 

50%-75% OF MOISTURE REQUIRED COMES FROM SOIL RESERVES. 

THEREFORE, MOISTURE FROM RAINFALL BET\VEEN PLANTING 

AND MATURITY CANNOT SUSTAIN NORMAL YIELD. 

5-10 BUSHELS OF GRAIN FOR EACH INCH OF SUBSOIL ~10ISTCRE 

RESERVE. 

EARLY PLANTING RESULTS IN HIGHEST YIELDS MOST YEARS 

BECAUSE ... 

1. POLLINATION CAN OCCUR BEFORE HEAT AND 

DROUGHT PERIOD, 

2. LONGER SUNLIGHT EXPOSURE DURING GRAIN FILL. 

HIGH TEMPERATURES DURING JULY DEPRESS YIELDS GREATLY. 

CRITICAL MOISTURE STRESS STAGE IS FROM 2 WEEKS BEFORE 

POLLINATION TO 2 WEEKS AFTER POLLINATION. 

KERNEL NUMBER REDUCED BECAUSE OF SILK EMERGENCE 

PROBLEMS. 

STRESS DURING KERNEL FILL PERIOD LESS CRITICAL ON FINAL 

YIELD. SERIOUS STRESS DURING KERNEL FILL PERIOD CAN 

RESULT IN ABORTION OF TIP KERNELS. 

RATE OF KERNEL FILL HAS BEEN CALCULATED ... 

1% IDA Y FOR FIRST 10 DAYS 

1% IDA Y FOR NEXT 40 DAYS 

1%/DAYFORLAST10DAYS 
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DON'T GIVE UP ON CORN CROP--The recent hot, dry, windy weather has 
placed an extreme amount of stress on this year's already weakened 
corn crop. All corn in the state is suffering with the current 
environmental stress. As the corn continues to show stress, many 
producers are considering ways to salvage the existing crop, 
namely by chopping into silage. Please WAIT until late July to 
make this decision. Concerns that prompt this decision include 
nitrate concentrations, moisture concentrations, final dry matter 
yield and future options. 

In making the recommendation on when to start chopping drought
stressed corn, several factors enter into the decision on why NOT 
to do this now. If one were to chop now, all other options are 
obviously void. Nitrate concentration in the corn is potentially 
eleva-ted so greenchopping for immediate use is risky. Ensiling 
the material would reduce the nitrate concerns, but the current 
cor-n moisture levels (80-90%) are too high for good silage. 
Because nutrients normally accumulated in grain remain in a 
soluble form within the plant, seepage could remove 25% of the 
nutrients. Yields, both for stover and/or grain, have not reached 
their maximum potential. Some rain could still bring about 
increases in dry matter yields and grain production. It is for 
these reasons that we suggest to wait a couple more weeks before 
making the decision to chop corn. 

The corn plant can look extrememly "tough" and still be alive. 
Many people are mistakenly observing plants from the roads and 
figuring that they are doomed. Corn will initially roll its 
leaves as a defense mechanism to conserve plant moisture. Hybrids 
vary greatly in the degree that they each roll. Under more 
stress, the plants exhibit a bluish cast that results from a 
build-up of anthocyanin, a sugar in the leaves. As stress 
continues, the leaves start firing from the base of the plant 
because nutrient uptake by the plant has been curbed. As the 
firing progresses past the ear leaf, the plant is nearing its end. 
Under extreme heat, "blasting" may occur where cells actually 
burst and the plant has a white, frosted appearance. However, as 
long as when one slices open the stalk and sees green material, 
the plant is still alive and could still have some recovery if the 
stress ends. 

It is important to give the plants a chance to recover from the 
current stressed conditions. Some dry matter accumu 1 at ions are 
still probable. Grain can still form. The grain component can 
double the amount of dry matter in a field. If the plants are 
found to be barren in a couple weeks, then the silage, which is 
nutritionally almost as good a normal corn silage, can be chopped 
when the moisture levels are appropriate for silage. 

--Michael A. Schmitt, Extension Agronomist 
Neal P. Martin, Extension Agronomist 
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STRESS EFFECTS ON CORN KERNEL DEVELOPMENT -- With the drought and 
heat stress most of the state has experienced, there is a concern 
about the yield loss potential corn might experience, Corn is 
especially susceptible to stress during the tasseling/silking 
stage of growth. Corn has begun to tassel now, or will begin to 
tassel for the next couple weeks for most crop producers in 
Minnesota. Tasseling time is a function of accumulated growing 
degree days {GDD) so relative maturity and date of planting 
influence this process. The heat of the growing season so far has 
put the corn about 2-3 weeks ahead of normal based on accumulated 
GDDs. Tasse 1 i ng is not greatly affected by stress, After the 
tassel appears, it will take a couple days for it to fully extend 
itself and for the anthers to start releasing its pollen. Pollen 
shed then occurs for approximately 7-9 days. 

Silks emerging from the small ears being formed are very sensitive 
to stress however. In normal years, silk emergence starts about 2 
days after pollen shed begins. Silks from near the base of the 
ear emerge first and the silks from the tip of the ear emerge 
last. It takes about 1 week for total silk emergence. Under 
stress, silk emergence is delayed. Mild stress may delay the 
initial silk emergence a day or two, yet extreme stress may delay 
emergence for a week or more. S i nee pollen shed is occur i ng 
regardless of stress, the delay in silk emergence may cause some 
of the silks to emerge after the tassels have stopped shedding 
pollen. In these cases, fertilization will not occur and kernels 
will not form. 

The concern of pollen shed and silk emergence being out-of-sync is 
a real one for some areas of Minnesota. Under worst case 
scenarios, pollen shed could be complete before silks initially 
emerge, resulting in grainless corn plants. For most of 
Minnesota, a more likely situation will be that many of the tips 
of the ears will not be filled out because their silks emerged 
after the pollen shed period. For regions receiving good rainfall 
in late June and early July, no negative affects may be seen in 
grain formation, even though some yield loss may have occured from 
smaller ears that were formed during the stress in mid-June. 

--Michael A. Schmitt, Extension Agronomist 
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HOW GOOD IS THE CORN ~ERNEL SET? -- During the current 
poll ination/fert i 1 i za t ion period for corn, the concern of the 
pollen shed and silk emergence being out-of-sync with each other 
is on many people's mind. Remember that under stress, silk 
emergence is delayed while pollen shed is not affected. 
Therefore, some the silks may emerge after the pollen from the 
tassel is done being shed. There are some indicators by which a 
producer can evaluate the success of of pollination. 

Once the pollen lands on the silks, it takes roughly one day for 
the pollen to grow down to the kernel and fertilize it. After 
this occurs, often times the color of the silks become darker, 
eventually becoming brown and dried up. This may take several 
days for this process to occur. An earlier indicator, usually 1 
to 3 days after fertilization, is to check for silk "detachment" 
from the kernel. To do this, carefully pull back the husk from an 
ear, turn it upside down and carefully shake the ear. If the 
silks fall from the ear, fertilization did occur. 

If pollination and fertilization did not occur, the silk color 
does not change. The silks will also continue to grow in length 
until pollinated, so silks of 3 to 4 inches long are possible. 
Silks will not "detach" from the kernel, so after carefully 
pulling back the husks and shaking, the silks will still be 
connected to the ear. 

Even if stress is temporarily relieved and fertilization occurs, 
continued stress can still affect kernel numbers. The corn plant 
must start translocating sugars to the developing kernels and 
those kernels closest to the base of the ear get theirs first. 
Under stress, enough sugars may not be "pumped" to those 
developing kernels near the tip and these kernels will abort their 
development cycle. Grain fill will also be adversely affected by 
continued stress, resulting in less grain on each ear. 

--Michael A. Schmitt, Extension Agronomist 
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KEEP CORN YIELD ESTIMATES IN PERSPECTIVE -- For crop producers 
planning what to do with the 1988 corn grain crop, an important 
question is how much corn is in the field. Several formulas 
predict grain yields, with some associated assumptions. All of 
the formulas require a plant population estimate, and in 1988, 
this number can vary greatly within each field. Therefore, take 
many subsamples of this number. Some formulas also require ear 
size, the number of rows per ear, and the number of kernels per 
row. In "normal" years this is an easy calculation~ however, in 
1988 the drought has resulted in poor and erratic fertilization on 
many ears. The formulas also assume a given weight per ear or 
weight per kernel based on average test weight. Given the current 
drought conditions, dry matter accumulations may be below normal, 
resulting in lower test weights. 

Now is the time to get into the fields, evaluating and assessing 
the current corn crop and planning management strategies for 1989. 
Additional information on predicting yields and some other 
concerns for 1988 are in Crop News No. 84, which is being 
distributed this week. 

--Michael A. Schmitt, Extension Agronomist 
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PREDICTII'fG CORN YIELDS IN 1988 

:vtichael A. Schmitt 
Extension Agronomist 

As crop harvest approaches, a common question is "How well will the grain yield?" This is an 
appropriate question since whether one is going to market the grain or store the grain, the 
quantity is certainly important. 

This article will explain two methods of predicting grain yields and also examine the validity 
of these methods in a drought-stressed year. 

Two methods can predict corn yields when the grain is still in the blister or milk stage of 
growth. One method approximates the number of ears per acre and then calculates yields by 
using a fixed grain weight per ear. The other method involves estimating the ear number per 
acre and then approximating the number of kernels per ear before multiplying by constants to 
arrive at a yield. An example of each methods follows. 

Method 1. At several places in a field, measure a length of row equivalent to 1/1,000 of an 
acre. The length depends on the corn row width. Table 1 shows the lengths for some 
common row widths. Measure off this length and then count the number of developing ears in 
this length. Multiply by 1,000. Average these numbers from the various areas of the field. 
Then use this ear number per acre and an average ear weight to get yields, as shown in 
Table 2. 

Table l. Row length needed to equal 1/1,000 acre. 

Row Width (in.) 

22 
30 
36 
38 

Row Length (ft.) 

23.8 
17.4 
14.5 
13.8 

The information given in this publication is for educational purposes only. References to commercial products or trade names 

is made with the understanding that no discrimination is intended and no endorsement by the Minnesota E:o:.tension Service is 
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Table 2. Com yields as determined by ears per acre and average ear weight. 

Ears per acre 

18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 

Average weight per ear--lbs ( 15.5% moisture) 

0.4 0.5 0.6 
--~~~~~-~~-~~~-bushels/acre-~~-~----~-----

103 129 154 
114 143 171 
126 157 189 
137 171 206 
149 186 223 
1~ 200 MO 
171 214 267 

Method 2. This methods is similar to the previously mentioned method in that it requires one 
to estimate the number of ears per 1/1 ,000 acre. Along with this number, the average number 
of kernels per ear is also required. Therefore, on representative samples, count the number of 
kernel rows per ear and the number of kernels per row. Do not count kernels at the tip of 
the ear that are not developing properly. Then multiply the average number of ears per 
1/1 ,000 acre times the average number of kernels per ear times 0.01116. This will estimate 
the number of bushels of 15.5% moisture bushels per acre. 

There are many different variations of these methods used in many ways by many people. 
Many of the "factors" vary simply by the area sampled or the assumed ear or kernel weight. 
Almost all of these quick measurements are theoretically sound, but remember that no weight 
measurements are taken and assumed ear or kernel weights are used. 

In 1988, problems may arise from some of these predictive yield measurements. To understand 
the predictions in terms of the drought, consider the following equation describing yield: 
Yield = plants/acre X ears/plant X rows/ear X kernels/row X weight/kernel. 

From an agronomic viewpoint, three phases constitute these yield components. These phases 
are 1) when the potential number of kernels are being determined per ear, 2) when the actual 
number of kernels that will bear grain is determined, and 3) when the weight per kernel is 
detennined. 

The potential number of kernels was detennined in mid to late June when the com was in the 
V9-V15 stage. Due to the extremely stressful condition experienced by much of the Minnesota 
com crop at this time, potential number of corn kernels was reduced. The r.umber of 
potential kernels that were fertilized was detennined in early to mid July during pollination. 
Much of Minnesota had less than ideal weather conditions during pollination/fertilization, thus 
creating erratic seedset patterns on the cobs. Even if fertilization did occur, some kernels 
aborted because of weather stress in mid to late July. 

The grain weight per kernel is currently being determined in the grain filling period. Dry 
matter accumulation in the kernel is largely set from the R2-R5 stage. Several factors 
influence the amount of dry matter being deposited in each kernel. "Test weight" is the term 
describing this weight per unit. The environment plays a large role in kernel weight. If 
drought stress continues through this grainfilling period, lighter test weights can be expected. 



An early frost can also create lighter test weights. If very favorable weather prevails, normal 
or above-normal test weights should be prevalent. 

Plant density or localized plant populations can also have a large effect on the kernel size 
and subsequent ear weight per acre. Figure 1 graphically depicts the relationship between ear 
weight and distance between plants in a row. In 1988, planting and emergence weather 
conditions were not ideal and as a result poor germination and uneven stands resulted. 
Another factor that can ultimately affect kernel weight is the genetics of the hybrid. Some 
hybrids have the ability to form deeper kernels if favorable weather conditions are present. 
This can have a bearing on the individual weight per kernel. 

Ear 
Weight 
per 
Plant 

().7 

().6 

0.5 

0.4 

.. ··· 

REGRESSION ANALYSIS OF DATA 

.. ... ·· 
................ -···········-··············· 

.. 

15 20 25 30 

Combined distance of adjacent plants (inches) 

Figure 1. Ear weight as a function of the combined distance between adjacent 
plants in a row. (from Schmitt, 1987, unpublished data) 

In predicting grain yields, the key assumptions are the weight per ear or the weight per 
kernel. In "normal" years, consistency in ear seed set and the potential for near normal test 
weight makes yield-predicting formulas useful. In the drought-stressed year of 1988, many of 
the assumptions and sampling measurements may not carry through to the measurements made 
at harvest time. 

Thus concerns about predicting 1988 yields early in the grain forming period are as follows: 

1) Dry weather could create low test weight corn. 

2) Kernel set on ears may be extremely variable. 

3) Some abortion of young kernels may still occur. 

4) Uneven stands may lead to lower effective populations. 

5) In-field variability is high. 

Because of these concerns, predicting yields in late July and early August may not be very 
accurate in 1988. The degree of accuracy will be related to the amount of drought stress 
realized by the field. Despite these concerns, however, going out to the field to make some 
of these measurements can be meaningful, since now is an excellent time to assess the corn 
populations, stand uniformity, and seedset by the corn plants. 
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INTRODUCTION 

Stored soil moisture, plus rainfall during the growing season, 
directly affects the development of the corn crop in Minnesota. 
Lack of moisture at critical growth periods may seriously affect 
the potential for grain yields on non irrigated fields. 

How to best use drought-stressed corn is a problem en
countered by some farmers in Minnesota's corn growing area 
almost every year. This publication discusses factors to con
sider when determing how to use drought-stressed corn. 

The Alternatives 

The livestock producer, has much less of a problem than the 
crop producer and will want to harvest most of his corn show
ing any significant lack of pollination, as corn silage instead 

of corn grain. This is because silage made from unpollinated 
corn plants will have about as much feeding value per pound 
of dry matter as regular corn silage. However, with little or 
no pollination, the crop will yield nothing as grain. So, the 
livestock farmer must simply determine which fields are good 
enough to save for corn grain and harvest the rest as corn 
silage. 

The crop farmer, on the other hand, must decide how he can 
best market his stressed corn. His alternatives include the 
following: 

1. Collect maximum ASCS disaster payments and then plow 
down the field, assuming that the organic matter of the 
crop is worth more than he could net from harvesting and 
selling it. (Fertilizer value should be about $3 per ton.) 

2. Allow corn to mature as grain, assuming that the harvesting 
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costs will be more than offset by the value of the corn grain 
harvested. 

3. Sell to a livestock producer, either as a standing crop or as 
corn silage. This alternative may not appear to be very vi
able in areas where there are many acres of damaged corn 
and relatively few livestock farms. Then the cash crop 
farmer may best harvest the corn silage and store it on 
his farm until there is a demand for the feed. 

4. Harvest the corn silage and purchase some feeder cattle to 
grow-out for sale as heavier feeders. An alternative use of 
the feed is through beef cows or other cattle fed on a 
contractual basis for other farmers who are short of feed. 

HARVESTING AND STORING DECISIONS SUMMARY 

Determining Ear Development 

If a plant without an ear has tasseled and shed pollen, it will 
be barren. Where pollination has occurred, small white blis
ters are visible about 1 week after pollination. These kernels 
will continue to develop to maturity if the plant gets water. 

When to Cut 

Because the potential for nitrate toxicity exists, grazing or 
green chopping should be done only when emergency feed 
is needed. If ensiling, moisture content must be between 55 
and 70 percent to maintain the nutritional value of drought· 
stressed corn after ensiling. Green, barren stalks will contain 
75-90 percent water. If weather remains hot, dry mois-
ture content drops, but if rain occurs before plants lose green 
color, plants can remain green until frost. Use this rapid 
'Grab Test' to estimate percent moisture, if a more precise 
method of determining moisture is not available. A handful 
of finely cut plant material should be squeezed as tightly 
as possible for 90 seconds. Release the grip and note the 
condition of the ball of plant material in the hand. 

• If juice runs freely or shows between the fingers, the 
crop contains 7.5 to 85 percent moisture. 

• If the ball holds its shape and the hand is moist, the 
material contains 70 to 75 percent moisture. 

• If the ball expands slowly and no dampness appears 
on the hand, the material contains 60 to 70 percent 
moisture. 

• If the ball springs out in the opening hand, the crop 
contains less than 60 percent moisture. 

NITRATES AND GASES 

Accumulation in the Plant 

Nitrate can accumulate in drought-stressed barren corn 
plants. The nitrates taken up by plants are normally reduced 
and incorporated into amino acids which are used to build 
protein. The primary site of nitrate reduction in the corn 
plant is green leaves, the highest concentrations of nitrates are 
normally found in the stalks and other conductive tissues. A 
summary of nitrate levels in drought-stressed corn in Wis
consin follows: 

Plant part 

Leaves 
Ears 
Upper 1/3 stalk 
Middle 1/3 stalk 
lower 1/3 stalk 
Whole plant 

ppm No3~ 
64 
17 

153 
803 

5524 
978 

Nitrates accumulate in plants only when 1) there is a large 
amount of nitrate in the soil or 2) some factor interferes 
with normal plant growth. Higher excessive rates of nitrogen 
fertilizer and drought conditions are the niost important factors 
contributing to nitrate buildup in corn plants. Highest levels 
of nitrate accumulation occur where drought occurs during 
heavy nitrate uptake by the plant. Occurrence of drought dur
ing or immediately after pollination could be associated with 
the highest nitrate accumulations. Extended drought before 
pollination should not be related to high accumulations of 
nitrate. Resumption of normal plant growth from heavy rain
fall will reduce nitrate accumulation in the plant, but harvest· 
ing should be delayed for the first few days after heavy rain
fall. 

Weeds commonly found in corn which have been reported to 
accumulate toxic levels of nitrate are: redroot pigweed, com
mon lambsquarters, kochia, wild sunflower, Russian thistle, 
witchgrass, Canada thistle, and black nightshade. Concentra
tions of nitrate in these weeds peak at prebud to bud stages 
of maturity and decrease as they mature. 

Ensiling Reduces Nitrate 

Cutting drought-stressed corn for silage is a preferred method 
of utilization because one-third to one-half the nitrate accu
mulated in the plant material can be dissipated during fermen
tation. Because fermentation takes 2 to 3 weeks for completion, 
drought-stressed corn silage should not be fed for at least 3 
weeks after the silo has been filled. Percent moisture of the 
plant material influences the length of fermentation. The op
timum is 65 percent moisture, and the minimum for ensiling 
corn suspected of high nitrate is 55 percent water. Corn 
ensiled at less than 55 percent moisture results in the re-
duced fermentation activity, and less breakdown of nitrate. 
Moisture levels above 70 percent will result in seepage loss-
es and production of a sour smelling silage which will not 
be consumed as readily by livestock as normal silage. 

Nitrate Toxicity 

Since fresh green-chopped corn will vary in nitrate level due 
to soil fertility, soil moisture, and corn maturity, nitrate 
testing is recommended. Follow management considerations 
carefully. 

Nitrate-nitrogen levels and corresponding animal responses 
follow: 

Nitrate nitrogen (N03~ 

Percent1 

Oto .3 
.3 to .5 

Over .5 

Parts 
per million (PPM) 

3,000 
3,000 to 5,000 

5,000 

1 Dry matter basis 

Feeding guide 

Gradually introduce feed 
Limit to v. of the total ration 

dry matter 
Limit to Y.. of the total dry 

matter or lower (depend· 
ing on level) 

Analysis may be reported several ways. Convert to nitrate 
nitrogen by: 

Nitrate (N03) x .23 = Nitrate nitrogen 
Potassium nitrate (KN03l x .14 =Nitrate nitrogen 
Sodium nitrate (NaN03l x .16 = Nitrate nitrogen 

Symptoms of nitrite toxicity in animals are increased pulse 
rate, quickened respiration, heavy breathing, muscle tremble, 
weakness, staggered gait, and blindness. If these symptoms 
occur, change feed source. 



sBmpling Instructions 

Testing for nitrate content of drought-stressed corn should be 
done before green chopping or grazing. If drought-stressed 
corn is ensiled at the proper moisture content and other steps 
are followed to provide goo9 quality silage, testing should not 
be necessary. Nitrates can be tested at most commercial for· 
age testing laboratories in Minnesota. See your County Ex· 
tension Director for costs and addresses. 

Care must be taken in sampling to ensure a representative 
sample. Grab samples should be taken from chopped forage 
from various locations in the field which represent all levels 
of plant stress. Mix these samples in a bucket and place approx· 
imately one pint of material in a sealed plastic bag. Time be
tween sampling and arrival at the laboratory must be as short 
as possible. Refrigeration of samples is beneficial, especially 
when the lag extends beyond one day. Green or wet samples 
allowed to stand at room temperature or higher temperatures 
may lose nitrate through action of denitrifying bacteria and 
enzyme action. 

Silo Gases 

Forage containing nitrate results in production of various forms 
of nitrogen oxide gas during fermentation. These gases are 
lethal, poisonous to humans and livestock, may occur within 
12 to 60 hours after silo filling begins. These gases are heavier 
than air and will accumulate above the silage in a silo, in the 
chute, in the silo room, and flow out the silo juice drain. The 
first lethal gas to form is nitric oxide which is colorless and 
odorless. Nitric oxide is then converted to nitrogen dioxide 
which is yellowish-green in color, smells like some laundry 
bleaches. Further oxidation of nitrogen oxide forms nitrogen 
tetraoxide which has a reddish-brown color and carries an 
odor characteristic of some laundry bleaches. These gases wi II 
leave a characteristic yellowish-brown stain on wood, silage 
or any other material it contacts. 

Let no one enter the silo without first running the blower for 
10 to 15 minutes to completely ventilate the silo, chute, and 
silo room. It is wise to do this during filling, and whenever 
anyone enters the silo for 2 to 3 weeks after completion of 
filling. Also, leave the chute door open at the surface of the 
silage to prevent accumulation in the silo. 

Call a doctor immediately if anyone is exposed to nitrogen 
oxide gases from silage. Medical treatment may prevent death 
and minimize injury. 

COMBINING AND ENSILING 

Combine Procedures 

Start with the combine adjusted for handling a normal crop. 
Make a trial run and examine the results, both in grain tank and 
on the ground behind the machine. Then readjust, keeping the 
following points in mind: 

1. For short or lodged corn, run gathering snouts and chains 
low. Make sure stone-protective devices are working. 

2. When ears are largely "nubbins," set shelling plates and 
snapping rolls closer than normal to snap off a higher per· 
cent age of ears. Don't try to snap off barren cobs. 

3. If shelling clean is a problem, increase cylinder speed slightly. 
It may be necessary to decrease cylinder concave clearance. 
Try to avoid excessive damage to kernels from good ears. 

4. Where separatlon losses are high, open chaffer and chaffer 
extension slightly. 

5. Increase fan olast and close lower sieve slightly, when neces· 
sary, to improve cleaning. 

6 .. Be sure to stay on the row. Do not overload the machine 
or drive faster than normal. 

7. Observe changes in weather and crop conditions carefully 
and change adjustments as necessary. 

Storing the Silage 

If upright silos in good condition that are designed for storing 
high moisture crops are available, they can be used in the normal 
way. Because the moisture content of the silage may be higher 
than normal, leaching of silage juices can be expected unless 
harvest is delayed until well after a killing frost. Though the 
ears and leaves may be brown there is a general tendency to 
cut corn for silage when the stalk is still too high in moisture. 
This will greatly reduce the quality. 

Upright silo storage capacity for more than a normal amount 
of silage is usually not available. The advisability or even the 
possibility of providing permanent storage for silage put up on 
an emergency basis is questionable. As temporary storage, the 
aboveground stack and the belowground unlined trench are 
readily available alternatives. Good compaction will reduce 
storage losses. Better compaction can be obtained with a 
wheel tractor than with a crawler type. Because of the greater 
exposed surface, the shallow depth, and the difficulty of pack· 
ing, storage losses of 30-40 percent or more may result. This 
is actually a storage cost. but seems justifiable in a circumstance 
where silage storage may be required for only 1 year and there 
would be little way of paying for upright silos on the basis of 
future use. 

Select a well-drained site for a stack or trench to exclude sur
face water and provide best access under wet weather conditions. 
A tight cover of plastic held down with old automobile tires is 
effective in reducing storage losses. 

FEEDING ASPECTS 

Feed Value 

The results of several feeding trials showed that corn silage 
made from plants with no ears or partially filled ears had 90-
100 percent of the value of normal corn silage on a dry mat· 
ter basis when comparing feed efficiency, milk production, 
and growth rate. Moisture content of silage made from barren 
stalks is high, which reduces the daily dry matter intake and, 
in turn, animal performance. 

A specific example comparing drought affected with regu
lar corn silage shows: 

% Crude Crude 
Dry matter protein fiber TON 

- -- - %of OM - - --
Non pollinated (barren) 22 10.9 30.3 65 
Normal (grain formed) 35 8.4 21.3 68 

Drought-stressed ear corn contains a higher proportion of cob 
to grain. While normal ear corn is 20 percent cob and 80 percent 
grain, ears from drought-stressed corn may contain 50 percent 
or more cob, which reduces the energy value and increases the 
fiber content. 

37 



38 

Shelled corn from drought-stressed plants contains 92-100 
percent of the feed value of normal corn on a dry matter basis. 
Test weight is lower; a larger volume of feed is required for 
comparable production. However, market discounts on low 
test weight corn are greater than the reduced feed value, making 
this corn a relatively good buy for the livestock feeder. 

Management Considerations 

1. Limit corn silage initially if it is green chopped or pastured 
to avoid off.feed or nitrate toxicity. Provide other feeds 
before pasturing or limit pasturing time. 

2. Supplement with other forages to avoid excess intake and 
dilute potentially dangerous silage. 

3. Feed a small number of animals and observe carefullv. before 
feeding a large number of animals. 

4. Feed poorer quality feed to low producing animals. 

5. Add nonprotein nitrogen (NPN), such as urea, only if good 
quality corn silage can be produced. If the silage does not 
ferment (too dry), losses will occur as ammonia gas. If 
seepage occurs (too wet), the NPN will leach out since it 
is water soluble. Drought-stressed corn should not be sup· 
plemented with NPN. 

6. Since immature corn is high in nitrates and NPN, limit the 
amount of urea in the total ration. 

7. Additional vitamin A can be added (50,000 International 
Units (IU] for dairy cows, lower levels for heifers and beef 
cattle) to compensate for less carotene conversion to vitamin A. 

8. Cyanide toxicity from drought-stressed corn is rare. 

9. Adding grain (carbohydrates) will improve fermentation and 
silage quality, but cost must be considered. 

10. Well-balanced rations minimize stress on the animals. 

PRICING AND MARKETING 

Value of the Silage 

The feeding value of drought-stressed corn is 90-1 00 percent 
that of regular corn silage when measured on a dry matter basis. 
Drought corn silage without grain is actually somewhat higher 
in protein and almost equal in total digestible nutrients to nor· 
mal well-eared silage. Consequently, the buyer of such corn 
silage should be willing to pay almost the same price as for 
regular corn silage of an equal dry matter content. 

Our suggested formula for pricing regular corn silage with 30· 
32 percent dry matter is to multiply the market price of corn 
by six and then <!dd $2-$3 per ton to cover the added costs of 
harvesting and storing corn silage as opposed to corn grain. On 
a feed value basis, a ton of 30 percent dry matter corn sil11ge 
wilt substitute for about a third of a ton of hay or 8-10 bush· 
els of corn grain.· Therefore, compared to $60 hay or $2.50 
corn, drought-stressed corn silage is worth about $20 per ton. 

Buying the Silage 

If corn is purchased in the field, the price paid per ton should 
reflect harvesting costs. These might range from $3·$6 per 
ton-the higher cost occurring when yields drop to only 2·3 tons 
per acre. Thus, the maximum bid price for field purchased 
drought damaged corn silage in 1976 should be about _$15 per 
ton of 70 pe.-cent moisture material. 

Load weights and moisture contents should be checked at 
harvest time. Silo capacity charts can also be used to estimate 
total tonnage obtained from a field. A rough pre-harvest es-

timate of ·;ield can be made by assuming that one ton of 30 
percent dry matter silage might be obtained for each foot of 
height of unpollinated plant material, excluding the tassel. If 
the stand is less than normal, reduce the estimate. If some of 
the corn has grain development increase the estimate. 

Selling the Silage 

The seller of drought-stressed corn silage should be willing 
to take a lower price than for regular corn silage because there 
are few alternative uses for the material. But, he should set 
some minimum acceptable price based on the alternative corn 
!,Tain value of the crop, its fertility value as plow down, the 
reduction of his ASCS disaster payment if the crop is harvested 
for silage and any insurance reduction that might result from 
sale or silage harvest. (These same considerations should be 
made by the livestock farmer in calculating his "alternative 
use cost" of the extra silage that he should be putting up this 
year.) 

An estimate of alternative corn grain value can be obtained 
by using the ASCS yield appraisal for the field and multiplying 
this by the appropriate corn price. 

Each ton of silage harvested will remove about 12 pounds of 
nitrogen, 4 pounds of phosphorous and 12 pounds of potassium
a total nutrient value of about $3. 

The amount that the ASCS disaster payment would be reduced 
if the field were harvested for corn silage will be about $4 to $5 
per acre on southwestern Minnesota corn fields that are appraised 
at yield levels of less than 10 percent of normal. .This converts 
to a cost of about $1 per ton. 

Insurance payment reductions from the Federal Crop Insurance 
carried by some farmers will range between $5 and $9 per ton 
of silage harvested depending upon level of coverage (August 
1976 rates). Farmers with any type of insurance coverage will 
want to check with their insurance agents before harvesting 
the crop as silage. 

Adding up the above items, the minimum price acceptable for 
corn standing in the field will range between $5 and $13 
per ton. If corn grain content is above 10 percent of normal 
the minimum would be higher. If the seller also harvests the 
crop, this cost must be added. If he also furnishes storage, and 
sells later out of storage, a storage and handling cost should be 
added. 

The actual exchange price of drought-damaged corn silage will 
vary considerably by area depending on the relative demand 
and supply of this material in the area. If an area has few 
livestock producers, opportunities will exist for obtaining large 
supplies of low priced feed for temporarily expanded livestock 
feeding operations such as growing out calves or contracting to 
feed another farmer's beef cows through the winter. 

ASCS Program Possibilities 

All farmers affected by drought should check with their local 
ASCS office. To be eligible for payments under the (1976) 
farm bill, total actual production of corn must be less than the 
farm acreage allotment for thet crop times 54 percent of a 
normal yield. Estimated crop losses below the 54 percent of 
normal estimated yield will be paid for at the rate of 52 cents 
per bushel (1976 rates). (Programs also exist for wheat and 
barley). 

If the corn is harvested as corn silage there will be a minimum 
reduction in the ASCS payment even if the corn grain yield 
appraised is zero. This reduction will be $3 to $5 per acre 
depending on past established yields. 

Note: Please check with ASCS officials as provisions of 
the program may change from year to year. 



Normal Soybean Planting Date and Rate Recommendations & 
Considerations 

For Replant Decisions 
L. L. Hardman, Extension Agronomist 

~nma~llilW ~®a® 
Oates of planting for soybean in Minnesota are typically after corn 
planting. In recent years, increased yield due to early corn planting has 
aduanced the recommended planting date for both crops. 

Data from the Minnesota Agricultural Statistics Seruice indicate that 
about 5 % of the soybeans are now planted by May 1Oth increasing to 
about 95% planted by June 15th. Nearly half of the Minnesota soybean 
acreage is planted by May 20th of each year. 

Early planting dates allow use of fufl season uarieties which are 
nor~ally higher yielding than earlier maturing types. Yield performance 
and other characteristics of the major public uarieties for seueral 
planting dates in southern Min~esota are reported in the current edition 
of Uarietal Trials of Farm Crops(l tern number AD-MR-1953) published by 
the Agricultural Ewperiment Station of the Uniuersity of Minnesota. 

The following table shows the approwimate percentage yield loss due to 
plantings after May 10. These data were collected at Lamberton and 
Waseca. 

Date of Planting 

May 10 
20 
30 

June 10 
20 
30 

Percent Yield Loss 

0 
-3 
-9 

-18 
-30 
-43 

You can see that planting dates earlier than May 20 produce the best 
yields, but later planting dates show large yield decreases. Full season 
uarieties planted by June 10 haue matured in southern Minnesota 
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before the fall frost date in early October, but will, of course, haue 
lower yields. 

The following table lists the recommended public uarieties for the 
uarious crop maturity .areas and planting dates. Following these 
recommendations should ensure a haruestable grain crop of good yield 
and quality. You can see that as planting is delayed, earlier uarieties 
are recommended. This table should help you in selecting uarieties for 
late planting following an early crop of peas or following a natural 
hazard such as hail or flood damage or in selecting a uariety to use in 
replanting after poor emergence due to drought or poor seed. You 
should refer to the current edition of "Cultural and Chemical Weed 
Control in Field Cropsu (Item number RG-Bu-3 1 57) for information about 
possible herbicide problems on replanted fields. 

Matunty Zone 

Date North N.Cent. Central S.Central South 

May 15 McC11U UJ8DI Simpson llod1son?a Conoy7!J 

June 1 McCall Euaas EU81DI llodgson?ll Conoy?'J 

June 15 McCiiU Eu&DI Euaas llodgaonlll 

July 1 McC11II Ozzie E•11•1 

July 15 McCIIII McC11U lzzie 

McCilll 

~~~~ 
EHperiments in Minnesota haue shown that seeding rates can uary 

widely with little effect on yield. Currently recommended seeding 
rates for the uarious commonly used row spacings are: 30 u = 9/ft.; 
1 s~= 5/ft.; 6"=2/ft.; which will prouide approHimately 157,000 
plants/acre. 

Don't make a hasty decision to replant soybeans when stands are not 
as good as you desired. R number of factors might cause stands to be 



lower. A careful and objectiue eualuation may saue you money-
replanting is usually not cost effectiue. 

Soybean plants produce equal yields at lower populations by setting 
more pods per plant and filling more of the seeds in each pod. Branch 
number also increases at lower populations to prouide more pod sites. 
At plant populations below 50,000 plants per acre, yield from the 
branches is significant. Howeuer some of these branches may break: off 
the main stem prior to haruest and increase haruest loss, eHtra care is 
necessary during combining to reduce these losses. 

Stands may not be uniform at lower populations. These uneuen 
spacings or gaps between plants will lower yield (how much depends 
on the length and number of a gaps. H low population of uniformly 
spaced plants can yield equal to and euenly spaced normal stand , but 
the yields are lower when larger gaps are present. 

Stand reduction is one of the factors used to determine the yield loss 
and assist in replant decisions. EHtensiue research across the United 
States has shown that yields are not affected by stand reductions until 
the population drops significantly below 125,000 plants per acre. The 
following table shows the effect of stand reductions and gaps at 
uarious times during the growing season on final soybean yield. 

Plant Population Time oi Stand Establishment or Reduction 
At Planting rune 15 Iuly 5 

(X 1000) Yield (bushels/ Acre) 

150 50.0 49.6 50.6 
125 49.6 50.2 50.9 
100 50.6 53.0 48.8 
75 49.7 50.3 46.8 

75( 1ft gps) 47.5 48.4 45.4 
75(2ft gps) 43.9 46.7 43.5 

50 47.3 43.4 39.7 

Wheneuer stands are lower than desired, make a careful eualuation 
before you decide to replant. Count the number of plants per foot of 
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42 row (make seueraJ represetatiue counts in seueraJ areas of the field) 
and use the following table to determine the number of plants per acre 
for your row width. 

Plant Population Row Width (inches) 
~X1000} 36-40 30 20 10 Drill 

Plants per foot of row 

150 10.9 8.6 5.7 "'"' -'-·0 2.0 
125 9.1 7.2 4.8 2.4 1.7 
100 7.3 5.7 3.8 1.9 1.3 
75 5.4 4.3 2.9 1.4 1.0 

Now determine the eHpected yield if you were to replant today, using 
the planting date/yield reduction table elsewhere in this article. 
Compare the yield potential of replanted soybeans to the yield 
potential of the eHisting field (just counted). Don't forget to consider 
replanting costs in your decision. Unless the population is eHtremely 
low, its unlikely you will gain by replanting, but you can't decide until 
you haue gathered the facts. 
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MINNESOTA EXTENSION SERVICE UNIVERSITY OF MINNESOTA 

I CROP NEWS I 
Method Adapted by L. L. Hardman from article by 

Agronomy and 
Plant Genetics 

H. Reetz, Potash Phosphate Inst., Better Crops, Spring. 1987 

Estimating Soybean Yields Prior To Harvest 

It 1s dlfficult to make prec1se measurements of soybean y1elds pnor 
to actual harvest I but the fo1low1ng procedure w1ll prov1de some good 
estimates. 

( 1) Count the number of plants 1n 1 I 1000 acre m 10 randomly 
selected areas of a field. The following table giyes the length of row 
requtred to obtain this amount of an acre for Yarious commonly used row 
spacings: 

Row Width Row Length In 
(inches) 1 I 1000 acre 

7 75 feet I 1 in 
10 52 .. 

I 2 " 

20 25 . 1 
30 17 . 5 .. 
35 14 

. 5 

For narrow rows, it may be easier to count plants in a rectangular 
area. In 7 inch rows, count the plants in five adjacent rows , each 15 feet 
long; or count the plants in ten adjacent rows,eech 7 feet. 5 inches long. 

(2)To select e sample locet10n, choose e p01nt in the row, then count 
down the row ten plants; pull this plant and count the pods on it. This 
procedure is important to avoid any bias 1n selecting plants for the pod 
count. Repeat the procedure at I east 20 times. The more p 1 ants on which the 
pod counts ere taken, the more accurate the estimate will be 

(3) Calculate the aYerege number of pods per plant ( DiYlde the total 
number of pods by the number of plants on which pods were counted) 

(4) Determine the total number of pods produced on 1 I 1000 of an 
acre (Multiply number of plants obtemed 1n step 1 by the average number of 
pods per plant from step 3). 

UNIVERSITY OF MINNESOTA, U.S. DEPARTMENT OF AGRICULTURE, AND MINNESOTA COUNTIES COOPERATING 
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(5) Calculate grain weight (Multiply total number of pods by 0.4024 
grams per pod value to get total weight in grams. Divide total gram weight 
by 453.6 grams to get weight in pounds. 

(6) Calculate the yield equivalent in bushels per acre (Multiply 
total pounds in sample by 1000 and divide by 60 lbs.) 

Accuracy can be improved by samp11~g more areas and the 
method is more reliable the closer to havest the measurements 
are taken. 

An alternative calculation procedure for steps 5 and 6 above is 
based on the assumption that there are 2.5 seeds per pod; EJnd that there are 
2,500 seeds per pound. 

(5A) Calculate the number of seeds per acre (Multiply pods per 
acre times 2.5 seeds per pod) . 

(6A) Calculate pounds of yield per acre (Divide seeds per acre from 
5A by 2,500 seeds per pound.). · 

(7A) Cfllculflte yield (Divide pounds per acre from 6A by 60 to get 
yield in bushels per acre.). 



Controlling 
Spider Mites 
In Soybean 

ENTOMOLOGY 
K. R. Ostlie 
Phone- (612) 624-9272 

A rapidly developing spider mite outbreak 
now threatens soybean production in over 30 
counties in Minnesota. Without doubt, this is the 
most severe mite outbreak ever recorded in 
Minnesota. Continued, hot dry weather makes it 
extremely unlikely that natural control by disease 
and predators will occur soon enough to prevent 
economic damage. This leaves insecticide/ 
miticide application as the only alternative. This 
fa.ct sheet discusses what spider mites are, why 
we're facing the problem during this drought, and 
how infestations can be managed. 
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MAY BE REPRODUCED LOCALLY 
(NOT IN DISTRIBUTION CENTER) 

MINNESOTA EXTENSION SERVICE 
UNIVERSITY OF MINNESOTA 

AUGUST, 1988 

WHAT ARE SPIDER MITES? 

Two-spotted spider mites are minute ( <.002 
inch), green to yellow to orange-colored arachnids 
(note 8 legs not 6 as with insects in Figure 1). 
These mites attack a wide variety of plants includ
ing crops, (soybeans, drybeans, corn, alfalfa), 
vegetables, ornamentals and trees. Mites live in 
colonies on the underside of leaves producing a 
spider-like webbing over the leaf surface, hence 
the name "spider mites." Their development 
cycle, illustrated in Figure 1, is completed in 5 to 

Egg Larva Proto- Deuto- Adult 
Nympn nymph 

Twospotted spider mite life cycle 

Figure 1 
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19 days. Development is accelerated toward the 
low end of this range by 90° to 1 00°F tempera
tures. With females producing up to 100 eggs 
each, its easy to understand how populations 
explode with up to 70X increases in 6 to 10 days. 
Why do we have the problem this year? 

Spider mite populations are controlled below 
economic l~vels by a fungal disease and by 
predator mites and insects. This balance is upset 
under prolonged drought conditions. Disease 
outbreaks are normally triggered by cool, highly 
humid conditions that favor spore formation and 
infection of mites. Hot dry weather stops spore 
formation and disease spread. Secondarily, it 
speeds spider mite reproduction and development 
md thus makes control by predators difficult 

Rainfall exerts its biggest impact not by 
washing mites off leaves but by raising humidity, 
slowing development and triggering disease 
outbreaks. A normal, closed canopy creates a 
highly favorable environment for disease spread 
when rainfall occurs. Unfortunately, this year's 
open canopy plus clear skies, high temperatures, 
and low humidity create a highly unfavorable 
environment for a disease epidemic. 

How can spider mite damage be 
recognized? 

Spider mites injure soybean by piercing cells 
and sucking out the contents. This injury pro
duces a white or yellow stipling that is heaviest on 

the underside of leaves (figure 2). As coionies 
grow and feeding intensifies, entire leaves prog
ress from grayish green, yellow to brown and 
drop oti. Damage begins on lower leaves and 
works upward. Left unchecked by disease. 
predators or insecticide/miticide, entire plants em 
be killed. Farmers often note the progression of 
silvering, yellowing, lower leaf loss and tinally 
complete defoliation but may mistake these as 
only drought symptoms. 

When should I treat mite 
infestation? 

Full pod (R4) and beginning seed (R5) states 
in soybeans are extremely critical in yield det~:
mination. Stress from spider mite feeding could 
reduce seed number and final size. At only a 10 
to 15 percent loss in effective leaf area, yield 
losses will justify insecticide/miticide app,lication. 
If symptoms (lower leaf loss, yellow spots, or 
complete browning and leaf drop) appear along 
field margins, check the entire field for mite 
damage (yellowing lower. leaves and stipling on 
upper leaves) and mites. A magnifying glass or 
hand lens is ideal. Alternatively, tap leaves over a 
white piece of paper and note abundance of 
moving mites (they look like small dots). Check 
fields every 4 days as populations and damage can 
develop quickly. 

Treatment of the whole field is recommended 
only if damage and mites are detected throughout 

Increasing stippling (yellowing) from spider mites on soybean leaves 

Figure 2 



Insecticide Rate 

dimethoate 0.5 
(Cygan, Dimate, 
Dimethoate) 

chlorpyrifos 

propargyte 
(Comite) 

0.5 

1.6 

Use Notes 

Single application-recheck after 2 weeks. 

4-day re-entry period-POST FIELD. 

21 day preharvest interval. 

Do not feed or graze within 5 days. 

Two applications probably needed: the first 
at 1 pint (0.5 lb ai/acre), the second 5-7 day 
later at 1/2 pint (0.25 lb ai/acre) if needed. 

1 day re-entry period-POST FIELD. 

28 days preharvest interval. 

Do not feed or graze treated soybean 
vines. 

Single application of 2 pints/acre permitted 
from Aug. 1-15. 

No re-entry period. 

Do not feed or graze treated soybean 
vines. 

28 day preharvest interval. 

Table 1. Recommended insecticides against two-spotted spider mites 
in soybeans. NOTE: Rate given as lbs. active ingredient per acre. 

most of the field. Edge treatments are not effec
tive. Fields with visible damage at margins have 
changed over a 2 to 3 day period to severe leaf 
loss throughout the field. There is no question 
that uncontrolled spider mite infestations will se
verely reduce yield. The one question each 
farmer needs to ask is: Will I save at least 3 
bushels per acre (the cost of treatment) by treat
ing? The answer depends on a careful assessment 

of remaining yield potential versus loss that could 
be prevented by treatment. 

What insecticide/miticide should I 
use? 

Because this problem is relatively rare in 
soybeans in the Midwest, information of insecti
cide/miticide performance is sparse. Based on 
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this information, the following pesticides are 
recommended: 

* dimethoate (Cygan, Dimate, Dimethoate) 
* chlorpyrifos (Lorsban) 
* propargyte (Comite) 

Specific information is provided in Table 1. 
Other insecticides may be used legally but are not 
recommended because of unknown performance. 
These include parathion at 0.5 lb ai/acre, methyl 

parathion (Penncap-M) at 0.5 lb ai/acre, and 
malathion (Cythion) at 0.9-1.2 ai/acre. DO NOT 
USE Ambush, Pounce, Pydrin, Asana or Sevin 
because of poor performance and the potential for 
flare-up of mite populations because predators are 
killed. 

These pesticides primarily rely on contact for 
kill and mites primarily occur under leaves, so 
thorough coverage is critical. For ground applica
tions, use 20 to 30 gallons per acre and for aerial 
application use 3-5 gallons per acre. 

The information given in this publication is for educational purposes only. Reference to commercial products or trade names is 
made with the understanding that no discrimination is intended and no endorsement by the Minnesota Extension Service is implied. 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 10, 1914, in 
cooperation with the U.S. Department of Agriculture, Patrick J. Borich, Dean and Director of Minnesota Extension Service, 
University of Minnesota, St. Paul, Minnesota 55108. The University of Minnesota, including the Minesota Extension Service, 
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SOYBEAN FACTS 

SEEDLINGS TOUGH TO KILL FROM SPRING FROSTS. 

PLANTS COMPENSATE FOR LOWER POPULATIONS BY 

INCREASING NUMBER OF BRANCHES AND NODES. 

AMOUNT OF VEGETATIVE GROWTH BETWEEN 

EMERGENCE AND FLOWERING DETERMIJ\TES THE SIZE 

OF PLANT (height) AND THE NUMBER OF POTENTIAL 

FLOWER POSITIONS (number of nodes). 

PLANTS FLOWER OVER A 3-4 WEEK PERIOD AND AS A 

RESULT ARE LESS SUSCEPTIBLE TO SHORT STRESS 

PERIODS. 

BEST RESULTS FROM ADDITIONAL MOISTURE AT TWO 

PERIODS IN LIFE CYCLE. 

1. MID-JULY. .. VEGETATIVE PEAK AND 

BEGINNING BLOOM. 

2. AUGUST ... DURING SEED FILL PERIOD. 

DURING AUGUST PERIOD -- NITROGEN AND WATER 

STRESS AFFECT YIELD. LARGE AMOUNTS OF N 

REQUIRED DURING POD FILL. 

ADEQUATE WATER DURING POD FILL CAN OVERCOME 

MOISTURE STRESS EARLIER IN FLOWERING PERIOD 

HIGH TEMPERATURE IN JULY LESS DETRIMENTAL 

THAN HIGH TEMPERATURE IN AUGUST. 
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SIL\LL GB.AIHS AliD DROUGHT 

E.A. Oelke 
Extension Agronomist 

University of Minnesota 

It is too late at this date (June 3) even in northern Minnesota to replant a 
field to the same small grain or another small grain and expect a reasonable 
yield especially if the hot, dry weather persists during the remainder of 
the summer. Under good moisture conditions in southern Minnesota yields 
decline l% for each day delay in planting after mid-April and in northern 
Minnesota after May 10. 

Small grains will yield well over a wide range of plant populations. In 
recent trials at North Dakota with hard red spring wheat when using good 
quality seed and under good moisture conditions, yields were similar for 
seeding rates from 30 (10 plants/ft2) to 120 lbs per acre. In drier 
conditions with resulting lower tillering, yield losses could occur with 
less than 15 plants per square foot. In most cases the best alternative is 
to leave the existing small grain field and hope that·rain will come soon to 
help continued plant development and filling of the kernels. 

Drought will alter the normal development of small grains in several ways 
depending on timing of the drought. Drought during emergence can result in 
lower plant populations, during seedling development it causes lack of 
tillering, during spikelet development (4-leaf stage) it causes reduced 
number of spikelets, during pollination it reduces seed set and during grain 
fill it reduces kernel size. In most drought situations high temperatures 
also occur. The high temperatures accentuate the drought effects. Thus, 
the common symptoms include the lack of tillering, browning of lower leaves, 
heading of grain crops that are very short and small heads. The appearance 
of one or all of these symptoms cause the grower to ask if the crop can 
still be productive if precipitation occurs, or, is the crop permanently 
damaged at this time? Of course, the outcome is difficult if not impossible 
to accurately predict. However, a few general comments may be helpful. 

The tillering stage of spring wheat development is sensitive to moisture 
shortage. If an adequate number of heads to produce maximum grain yield are 
not established during this period, subsequent rainfall cannot totally 
compensate for the deficiency in tillering. 

Let's take a situation where we have a good stand, but with short plants, 
that is beginning to head. Would precipitation still help this crop? 
Experience in past years indicates that it would be very helpful. It is 
important to realize that a crop that is short in height at heading may 
still produce respectable grain yields. This is especially true with the 
semi-dwarfs varieties. In dry years the semi-dwarfs may be short, yet 
relatively productive. 

On the other hand, if the stand is extremely thin at heading, the potential 
productivity of the field is less certain. If rainfall occurs at this time, 
tillering could be triggered; however, it is difficult to predict whether or 
not these late tillers will have enough time to contribute to grain yield. 
If the crop is ~ into heading, these late tillers will not likely be 
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adequate to fill in the stand sufficiently enough to produce maximum grain 
yields. In short, predicting the outcome of this second situation is nearly 
impossible. The timing and •mount of rainfall received, the stage of small 
grain development when rainfall occurs, and the weather for the remainder of 
the growing season all have an effect on the final outcome. 

The potential kernel number is determined by 30 to 40 days after seedling 
emergence (5- to 6-leaf stage). Drought or high temperatures during this 
time reduces kernel number by reducing the number of spikelets on the head 
(Figure 1). Normally 22-23 spilelets are produced on each head. The number 
of spilelets can be counted after the 5- to 6-leaf stage by dissecting the 
main stem to find the developing head and counting the spikelet number. 
(Procedure given in May 21, 1988 issue of the The Farmer magazine.) An 
estimation of yield can be made at this early stage. However, factors such 
as available soil water, fertility and later climate can cause spikelets to 
be infertile, thereby decreasing grain yield at harvest. 
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Figure 1. Linear regression of total spikelets developed 
per spike of controlled environments and field 
grown spring wheat on maximum daily air temperature 
during the 4.0 to 5.5 Haun leaf growth stage. 

The relationship between spikelets per spike obtained from both 
the field and controlled temperature during the 4.0 to 5.5 leaf 
growth stages (the apex spikelet development period) was linear 
with a negative slope and R2•0.69 (Fig. 1). More spikelets per 
spike were produced when the air temperature was lower during 
the 4.0 to 5.5 leaf growth stage as compared to periods of 
higher air temperatures. (Frank, Bauer and Black. Crop Sci. 
27: 113-116.) 



The period including a few days before heading and up to 7-14 days 
thereafter is important in small grains development since pollination occurs 
at this time. Under drought conditions, pollination may be delayed. 
Growers are often interested in determing if their crop has polloinated and 
is beginning to fill grain, or, if the hot and dry conditions have resulted 
in some sterility. The diagram (Figure 2) and explanation that follow 
should help in making this decision. 

Anther J Stamen 

Filament 

Stigman} 
Style Pistil 

Ovary 

Palea 

Lemma 

Figure 2. The wheat floret. 

Under normal conditions, wheat pollinates at or within two to three days 
after heading and will continue for a period of three to deven days. 
Following fertilization, seed development begins. A close examination of 
the grain floret will indicate if pollination has occurred and if grain is 
developing. An indication that pollination is occurring is the extrusion of 
yellow-colored anthers from the florets (Figure 2). After fertilization, 
the ovary will start enlarging and in three to seven days will have 
increased greatly in size. It will be filled with a watery substance but 
should be readily identifiable as a developing kernel. As grain development 
proceeds, the young kernel will begin filling with a milky fluid. The 
kernel will likely be flat on one end. The flattened end of the developing 
kernel is normal and is ~a sign that the kernel has stopped filling 
because of drought. 

It is doubtful that all kernels in a head or panicle would fail to develop. 
By carefully examining several heads selected from various areas in the 
field, one should be able to determine if it is too early for seed formation 
or if the florets are sterile. 
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If a large portion of the heads are empty 10 to 14 days after pollination, 
it is doubtful that a satisfactory harvest will be possible. In addition to 
the amount of sterility determined, the stand density should be considered 
when deciding to harvest the crop for forage and/or replanting a second 
crop. 
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Estimate Your 
Potential 
Wheat Yield Now 

Right now- in mid- to late-May 
- you can get a flx on your 
wheat's maximum yield poten

tiaL 
The information can help you 

decide if it will pay to apply extra 
nitrogen. fungicide or a growth regu
lator. 

Ed Vasey, North Dakota State 
University extension soils and inten
sive wheat management specialist, 
tells how to do it: 

• Gettherighttools. You'Uneed 
a sharp pocket knife. or a dissecting 
knife, and a small magnifying glass or 
hand lens. 

• Identify wheat in the fifth- or 
sooh-leaf stage of development. This 
normally occurs about 30-40 days 
after emergence. 

• Strip away the leaves from one 
plant to expose the stem. 

• Lay the stem on a flat, smooth 
surface. 

• RWl your thumb along the top 
of the stem, feeling for the upper
most node or joint You'll feel a slight 
bulge in the stem. Inside the stem, 
above the last joint, is the developing 
wheat head. 

• Cut the stem lengthwise, 
stripping away the stem tissue to 
expose the developing head. 

• Remove the head from the 
stem, using the tip of the knife. 

BY LON TONNF..SON 

• Examine the head through a 
magnifying glass or hand lens. 

• CoWlt the ridges on one side of 
the head. The number usually varies 
from6 to 11. 

• Multiply the number of side 
ridges by two and add one- if a ridge 
has formed on top of the developing 
head. This equals the number of spike
lets from which kernels form. For 
example. 9 side ridges multiplied by 2 
equals 18 spikelets, plus one spikelet 
at the top - for a total of 19 spike
lets. 

• Calculate the yield potential by 
multiplying the number of spikelets 
by 3. Example: 19 spikelets x 3 
equals 57 bwa yield potential. 

The formula isn't 100% accurate, 
Vasey quicldy points out It assumes 
there are one-million plants per acre, 
that each plant will produce a main 
head and two tillers and that each 
spikelet will produce two kernels. Hot. 
dry weather after the fifth-leaf stage 
of development may reduce yield. 
CooL wet weather may increase it 

"1 use the estimate as a guide to 
how much yield potential has been 
lost," says Vasey. 

Wheat can set only 22-23 spikelets 
per head. If only 11 spikelets can be 
coWlted, odds are the yield will be 
half of ete variety's top yield poten
tiaL 

"Weather conditions would have 
to be good to produce more tillers or 

Left: Lar tile ....,_ Aelll tllll 
~ Nke It opeD borlz.oiiWiy 
to apote .!be ~oping 
bad. A mqallyiq giaM will 
make II euler IO COUDl !be 
rlqa oa a spilu:ld.. 

Below: bere's aa ex.ample o{ 

whal you'U see. Couat the 
rlqa oa oae side of !be 
bad and muJIJpiy by IWO, 
then add oae for !be 
developing spikelet on top o{ 

the bea4 to get the total 
niiDiller of splkeldl. Mulllply 
the toral number of spikeleu 
by three to get a mid-M2y 
yield esdmal.e. 

more than two kernels per spikelet." 
he notes. 

Richard Jenny, a crop consultant 
based in Fargo, ND, also keys his 
recommendations for extra inputs on 
the mid-May yield estimate. 

"l rate the yield potential as high. 
medium and low," he says. "It helps 
when deciding whether or not it may 
be profitable to use fungicides or a 
growth regulator." 

Nitrogen topdressing decisions 
c:111 be tine tWled by estimating yields 
in May, adds Donavan Eck, agribusi
ness and crop production instructor 
at Bismarck State College. He's also 
an adviser for the Missouri Slope 
Maximum Economic Yield Club. 

"If you've held back on rutrogen 
due to dry weather, check the yield 
potentiaL " he advises. 

If it has rained. and the oudook is 
for more rain, you may want to 
topdress nitrogen. 

"Checking the size of the head will 
give you an idea of your maximum 
yield potential," he pomts out 

The first time you try this method 
of estimating yield you may want 
some help. 

"Once you know what you're look
ing for. it's easy to find the head," 
says Jenny. "But, the first tune, you 
may look right at it and not recognne 
it." 

North Dakota county extension 
agents now have available an NDSU
produced video on the subject. It's 
worth taking a look at. CJ 
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Seeding dates 
for small grains and flax 

Wheat, oats, barley, and flax do best where the growing 
season is relatively cool and moist. Small grain yields often are 
lower in years when temperatures of 90° F. or above are com· 
mon during the grain filling period. 

Seedlings of spring wheat, oats, and barley are resistant 
to low temperatures, especially if they are gradually hardened 
before very cold temperatures. Spring wheat is more resistant 
to freezing than barley, which is more resistant than oats. Small 
grains injured by low temperatures often recover and produce 
a good crop. Seeds of wheat, barley, and oats will germinate at 
temperatures as low as 35.4()0 F. 

Flax also prefers cool weather during the growing season. 
Shurt ~:xposure to free:ting temperatures at the seedling stage 
seldom injures flax, except when it is emerging from the soil. 
After the plants are 2 to 3 inches tall and hardened, they can 
withstand temperatures below 25° F. for short periods. Mois· 
ture conditions, duration of the low temperature, and weather 
conditions preceding or following exposure to freezing tempera· 
tures will influence the damage or recovery of crops. 

It has long been recommended to seed small grains as 
1 as possible in the northern states. Flax also should be 

..ceded early except when weeds, especially wild oats, must be 
controlled before seeding. Numerous experiments have shown 
a considerable yield advantage in seeding early. 

Table 1. Effect of date of seeding on barley yields• 

Seeding dates Yield lbu /Al Decrease in 
Year Early Late Early Late yield (bu/day) 

CrooKS.!<?!! 
1967 May 11 May 31 70 61 0.4 
1968 April15 May 20 80 50 0.9 
1969 May 11 May 31 81 66 0.8 

Average 77 59 0.7 

Morris 
1966 May 7 May 27 28 23 0.2 
1967 April 21 May 9 66 64 0.1 
1968 April 9 April 29 66 58 0.4 
1969 April 23 May 14 76 67 0.4 

Average 59 53 0.3 
*Data from D. C. Rasmusson, R. E. Heiner, and S.D. Evans. 

Barley 

Table 1 shows the yield results from a recent study at the 
Crookston and Morris Experiment Stations. The yields are 
averages for the varieties Dickson, Larker, and Conquest, which 

~seeded at 90 pounds per acre. Barley seeded early, as soon 
.e land was suitable for tilling, gave higher yields than barley 

~ded 3 weeks later. At Crookston each day's delay in seeding 
resulted in a loss of 0.7 bushels while at Morris the loss arpounted 
to 0.3 bushels per day. Kernel weights were lower when barley 
was seeded late. The yields of the varieties Dickson, Larker, and 
Conquest were reduced about the same by delayed seeding. 

Table 2. Effect of nitrogen on yield, percent plump kernels, and 
protein at two seeding dates in North Dakota (1964·67) 

Fertilizer and Yield (bu./A! Plume,% Protein % 
soil N, lb./A Early Late Early l.ate Early Late 

60 49 44 76 66 12.8 13.4 
80 53 49 76 67 13.1 13.6 

100 56 50 76 66 13.2 13.9 
120 58 52 76 65 13.5 14.2 

Average 54 49 76 66 13.2 13.8 

In a North Dakota study which supports the Minnesota 
yield data, a 2·week delay in seeding resulted in lower yields, 
lower percent plump kernels, and a higher protein percent when 
compared with the early seeding (table 2). Less nitrogen should 
be applied to late seeded barley because late seeding increases 
protein percentage. Protein percentage above 13.5 is not accept· 
able for malting. 

Wheat 

Wheat yields also were reduced by delayed seeding at 
Crookston and Morris but not as severely as for barley. Table 3 
shows wheat yields for two dates of seeding of three varieties 
at Morris and Crookston. In 1967 the delayed planting gave 
equal yields at Morris and higher yields at Crookston. However, 
the 3· or 4-year averages at both locations show a consider;oble 
advantage for early planting. A loss of 0.2 bu./ day at 
Crookston and Morris was observed for each day delay in seed· 
ing date. Wheat kernel weight also was lower for the planting 
date. 

Three varieties, Chris, Manitou, and the semidwarl selec· 
tion, responded similarly to delayed seeding. When seeding must 
be done considerably later than normal, use early maturing 
varieties. 

Table 3. Effect of seeding date on wheat yield, Crookston 
and Morris• 

Year 

1967 
1968 
1969 

1966 
1967 
1968 
1969 

Seeding dates 'tjeld (bu./A) 
Early Late 

Decrease in 
yield (bu./day) Early Late 

May 11 
April 15 
May 11 

May 7 
April 21 
April9 
April 23 

Crookston 
May 31 44 46 +0.1 
May 20 52 46 0.2 
May 31 ..§Q. ~ ...M. 
Average 49 43 0.2 

Morris 
May 27 20 16 0.2 
May9 41 41· · 0.0 
May 29 47 40 0.4 
May 14 42 38 0.2 
Average 38 34 0.2 

• Data from R. E. Heiner, D. C. Rasmusson, and S.D. Evans. 



Figure 1. Preparing a seedbed with a combination field cultiva
tor and harrow. 

Oats 

Table 4 shows the yields from delayed oat planting at 
Ames, Iowa. Yields decrease 1 bushel per acre for each day's 
delay after April 16. Similar results could be expected in south· 
ern Minnesota, while in northern Minnesota the optimum 
seeding dates might extend into late April or early May. 

Table 4. Yield of oats seeded on different dates, Ames, Iowa 
1954-56 

Apnl May 

2 9 16 23 30 7 14 21 

Bu./A 71 70 70 63 57 51 35 23 

Oat test weight decreases considerably if seeding is de
• fed after the optimum dates. 

A wide range in maturity exists among oat varieties, thus 
early varieties should be planted when seeding is delayed. Early 
varieties have a better chance to fill before hot weather when 
seeded late than do the late varieties. Also, early varieties will 
mature more rapidly than late varieties, and therefore be in a 
less disease-susceptible stage of growth late in the growing sea
son when diseases are often most prevalent. Diseases can cause 
serious yield losses in late planted oats. The most disease-resist· 
ant varieties should be selected whether seeding early or late. 

Flax 

Flax should be seeded as early as small grains. Yields 
were reduced about 25 percent by a 3-week delay in seeding 
for the north-central region during a 10-year period (1961· 
1970). Table 5 shows results from seeding date trials in the 
northern and southern regions of the north-central flax grow
ing area. 

Table 5. Effect of seeding date on flax yield in north-central 57 
region, 1961-1970* 

Seeding date 
Region Early Late 

Northern • • May 1 3 June 5 
c;.,uthernt April 29 May 20 

Yield (bu./A) Decrease in 
Early Late yield (bu./day) 

20.3 
20.8 

16.2 
14.8 

0.2 
0.3 

•Data from V. E. CQmstock and J. H. Ford. 
••Fargo, N.D., Crookston, Minnesota, Winnipeg and Morden, Canada. 
tBrookings and Watertown, S.D., Morris, St. Paul, and Lamberton, 

Minnesota. 

A seeding delay of 3 weeks in the northern region de
creased yields less than in the southern region. Perhaps the 
warmer temperatures during the flowering period in the southern 
regions resulted in lower yields at the late date. 

Seeding flax late also results in lower seed oil percentage. 
A 3-week delay in planting resulted in a drop of 0.4 percent oil 
in the seed: 

Sometimes, because of excessive moisture or a wild oat 
problem, it becomes necessary to delay planting. Early to 
medium-i!arly maturing varieties should be selected for late 
plantings. 

Summary 

Early seeding of small grains and flax allows these crops 
to complete most of their development before mid-July. Yields 
usually are higher with early seeding which results in comple· 
tion of heading and flowering before the hot weather of late 
July and August. However, small grains and flax should not be 
"mudded in" just to get these crops planted early. The soil 
must be dry enough in the spring to prepare a proper seedbed. 
Seeding dates will vary depending upon soil conditions. In 
southern Minnesota small grains and flax generally can be seed
ed in early to mid-April while in northern Minnesota they can 
be seeded in mid-April to early May. 

Figure 2. Seeding wheat in the Red River Valley with a press 
grain drill. 

Issued 1n furtherance of cooperauve extens1on work in agroculture and home economics, acts of May 8 and June 30, 1914, 1n coopt!rat1on w1th me 
U.S. Depanment of Agroculture. Norman A. Brown, Director of Agrocultural Extension Serv1ce, Un111ersoty of Minnesota, St. Paul, Minnesota 551 08. 
The Un1vers1tV of Minnesota, 1nclud1ng the Agricultural Extension Serv1ce, is committed to the policy that all persons shall have equal access to •ts 
programs, facilities, and employment Without regard to race, creed, color. sex, national origin, or handicap, 
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It is often said that early varieties should be planted when planting is 
delayed due to wet, cold springs or other reasons. Recent trials at Crookston, 
Morris, Lamberton and Waseca indicate that earlier varieties do not always respond 
better to late planting compared to later maturing varieties. 

Trials conducted at Crookston and Morris during 1979 through 1980 and at Waseca 
and Lamberton during 1983 through 1985 with 12 hard red spring wheat varieties 
indicate that on the average late varieties will yield more than early varieties 
when planting occurs early (Figures 1 and 2). At Waseca and Lamberton the Late 
varieties (Era, Solar, 0 laf and A lex) on the average continued to yield more than 
the early varieties (Butte, Oslo, Centa and James) at the intermediate planting date 
and were nearly equal in yield at the late planting date (Figure 1). Thus it 
appears that planting early varieties even late in the season would have no 
particular yield advantage in the southern part of the state. The average yield and 
rank in yield for the 12 varieties in the studies conducted at Waseca and Lamberton 

re shown in Table l. The best yielding variety at all the dates was the 
.ntermediate maturing variety Wheaton. Another intermediate maturing variety that 
also yielded well at all planting dates was 2369. The most popular variety in 
Minnesota, Marshall, dropped more in yield at the later planting date than earlier 
varieties. 

At Crookston and Morris during 1980 (Figure 2) when planting occurred early, 
the Late varieties (Coteau, Era, Kitt and Solar) yielded more than the early 
varieties (Butte, Eureka, James and WS 1809). However, during 1979, a late planting 
season, the early varieties yielded more than the late ones. It appears that in the 
northern part of Minnesota early varieties have an advantage if the planting season 
is delayed into Late May. The varieties' average yield and rank at Crooks ton and 
Morris are given in Table 2. On the average, over both locations, the early 
varieties Butte, James, Eureka and the intermediate maturity variety Len performed 
better than the later maturing varieties in 1q79. During the earlier planting 
season of 1980 some of the later varieties Marshall and Solar performed as well as 
the early varieties even at the late date. At the late seeding dates, the varieties 
differ less than in more favorable earlier seeding dates because the poorer growing 
conditions do not allow full varietial expression. 

Planting hard red spring wheat as early as possible in southern Minnesota is 
very important to obtain high yields. Yields, averaged over all varieties and both 
locations (Waseca and Lamberton), declined li. for each day of delayed planting after 
mid-April. At !'!orris, the decline in yield was similar to Waseca and Lamberton but 
occurred about April 30. At Crookston, a decline in yield did not occur until about 
May 10, but after this date the decline in yield was also 17' loss for each day of 
delayed planting. · 

l/ Professor and Extension Agronom~st, Professor and USDA-ARS, respectively, Dept. 
of Agronomy and Plant Genetics, University of Minnesota, St. Paul, 55108. 

UNIVERSITY OF MINNESOTA, U.S. DEPARTMENT OF AGRICULTURE, AND MINNESOTA COUNTIES COOPERATING 



Figure l. Response of early and late maturing varieties to planting 
date at Waseca and Lamberton during 1983-85. 
E z Average yield of Butte, Oslo, Centa and James. 
L • Average yield of Era, Solar, Olaf and Alex. 
Data from W. Lueschen and H. Ford. 

AVERAGE PLANTING DATE 
(1983-85) 

Table l. Yield (bu/A) and rank in yield of 12 hard red spring wheat 
varieties in response to planting date at Waseca and 
Lamberton, 1983-85. * 

Heading Plan tin~ date 
(after 4/ll-29 4/26-5/12 5/9-25 

Variety 

Butte 
Centa 
James 
Oslo 
Wheaton 
2369 
Len 
Marshall 
Alex 
Olaf 
Era 
Solar 

planting) 

Days 

53 
53 
53 
54 
56 
56 
57 
57 
57 
58 
59 
59 

Yield Rank 

Bu/A** No. 

53 12 
55 ll 
55 10 
61 5 
68 l 
64 2 
56 8 
62 4 
55 9 
59 7 
62 3 
61 6 

Yield Rank Yield 

Bu/A No. Bu/A 

45 Ll 38 
45 9 38 
42 12 37 
47 8 42 
54 l 47 
51 4 42 
47 7 40 
51 5 39 
51. 6 42 
45 10 34 
51 3 40 
52 2 40 

* Data from W. tueschen and H. Ford; BLSD (.OS) for· variety x 
pLanting date .. 3 bu/ A. 

** Values rounded to the nearest bushel. 

Rank 

No. 

10 
9 
ll 

2 
1 
4 
5 
8 
3 

12 
7 
6 
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Figure 2. Response of early and late maturing varieties to planting 
date at Morris and Crookston during 1979 and 1980. 
E • Average yield of Butte, Eureka, James and WS 1809. 
L • Average yield of Coteau, Era, Kitt and Solar. 
Data from R. Busch, D. Warnes and J. Wiersma. 



Table 2. Yield (bu/A) and rank in yield of 12 hard red spring wheat 
varieties in response to planting date at Morris and 
Crooks ton.* 

Heading 
(after Plan tin!li date 

Variety planting) Yield Rank Yield Rank Yield Rank 

Days Bu/A** No. Bu/A No. Bu/A No. 

1979 - .. - .. - - - -
5/15 5/29 6/11 ** 

loiS 1309 49 40 8 36 4 26 
Butte 51 51 1 43 1 30 
James 51 44 5 38 2 30 
Eureka 54 49 2 36 5 30 
Len 55 48 3 38 3 30 
Angus 56 36 10 30 11 30 
Olaf 56 42 7 33 6 25 
Marshall 57 
Coteau 57 43 6 31 10 26 
Era 57 40 9 33 7 26 
Solar 58 30 11 32 8 24 
Ki tt 58 44 4 32 9 30 

- - ,. 1980 
4/18 5/4 5/28 

\olS 1809 49 41 12 40 12 28 12 
Butte 51 52 5 53 2 34 7 
James 51 44 11 46 10 36 3 
Eureka 54 50 7 47 9 34 6 
Len 55 47 10 44 11 30 9 
Angus 56 50 8 48 6 34 5 
Olaf 56 49 9 48 7 30 10 
Marshall 57 52 6 48 5 36 2 
Coteau 57 52 4 49 4 35 4 
Era 57 56 1 52 3 33 8 
Solar 58 54 2 54 1 38 l 
Ki tt 58 52 3 48 8 30 11 

* Data from R. Busch, D. lola rnes and J. Wiersma. 
** Varieties difficult to rank on this late date. 

, "" umwrSity of Minnesota, including the Agricultural Extension Ser-.ice, is committed to the policy that·au persons shall haw equal acceS$ to •ts 
programs, facilities. and employment wnhout regard to race, religion, color, sex, national origin, handicap, age or wtaran status. 
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PPSTAGll. 88 

LATE HERBICIDE APPLICATIONS ON SMALL GRAINS -- Recent rains have 
stimulated the germination of many weeds in small grain fields. 
Consequently, I have been receiving a lot of questions on weed 
control (especially pigweed) in these fields regarding the use of 
late herbicide applications on small grains. 

aroadleaf herbicides should not be applied to small grains during 
the boot to early heading stage. Herbicides applied at this time 
can cause poor seed set or worst - sterile heads. Herbicides 
applied at this stage can also cause twisting of the flag leaf, 
which can prevent the head from emerging from the f 1 ag leaf 
sheath. Therefore, applying a herbicide at this stage can cause 
more damage than the weed competition. 

If broadleaf weeds are qoing to interfere with harvest, 2,4-D can 
be applied at 0.5 to 1.5 lbs/A (1 to 3 pts/A of a 4 lbs/gal a.i. 
product) at the dough stage. An ester formulation will give 
better control than an amine. If using an amine, at least 2 pts/A 
is needed for larger weeds. Do not expect good control on large 
pigweed or kochia. 

Other questions I have had: 

1. There is no way to control large foxtail (pigeongrass) in 
small grains at or after heading. Don• t waste your money. 
Paraquat is NOT an option. Not only is it illegal and very toxic, 
it will not be effective. 

2. Harmony cannot be applied after the jointing stage of wheat or 
barley. Also, Harmony is not very e f feet i ve on 1 arge weeds. 
Therefore, QQ ~ use Harmony as a harvest aid. 

3. Buctril or Bronate are not very effective on large weeds. 
Therefore, DO NOT use as a harvest aid. 

--Beverly R. Durgan, Extension Agronomist-Weed Control 
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llEPL.UrrilfG DROUGHT and/or WIND-DAMAGED 
SMALL CRAIB FIELDS - HERBICIDE COHSIDERATIOHS 

Beverly R. Durgan, Jeffrey L. Gunsolus, and Roger L. Becker 
Extension Agronomists-Weed Control 

Many small grain fields in northwest and westcentral Minnesoea have been under 
severe wind and drought stress. Farmers have asked numerous questions about 
replanting these fields to another crop or to an emergency forage crop. 
Replanting failed small grain fields should be done only after careful 
calculation of input costs and the potential yield of the existing stands. In 
moat cases, it does not pay to reseed these fields. However, for fields that do 
warrent reseeding, herbicides that were applied to these fields may limit the 
choice of a crop that can be replanted. The following is a partial list of 
common herbicides used in small grains and recropping options. Be sure to check 
the herbicide label for additional information and preca~tions on recropping and 
grazing restrictions. 

OPTIOHS POl. B.KPLAlftilfG 

Herbicide 

l. BanYel (dicamba) l pt/A or less 

Within one month of treatment 

One month or more after treatment 

2. Curtail (clorpyralid + 2,4-D amine) 

3. Far-Go (triallate) 

4. Glean (chlorsulfuron) 

5. Tordoa (picloram) 

6. Treflan (trifluralin) 

Replanting Options 

Millets 
Sudangraas 
Sorghum/Sudan crosses 
Corn 

Buckwheat 
Flax 
Sunflower 
Mustard 
Canola 

Corn 
Sudangrasa 
Sorghum/Sudan crosses 
Millets 

Flax 
Alfalfa, Clovers, 
Birdsfoot trefoil, 
Sunflowers 
Dry edible beans 
Canola 
Soybeans 
Corn 
Sudangrass 
Sorghum/Sudan crosses 

Winter wheat (fa 11) 

Millets 
Corn 
Sudangrass 
Sorghum/Sudan crosses 

Flax 
Alfalfa, Clovers, 
Birdsfoot trefoil 
Sunflowers 
Dry edible beans 
Canola 
Soybeans 
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WEED CDHTBOL ST1lATEGIES Ill DaY WEATBD. 

Jeffrey L. Gunsolus, Roger L. Becker, and Beverly R. Durgan 
Extension Agronomists-Weed Control 

University of Minnesota 

Early weed control is especially important under dry conditions. Weeds 
compete with young crop seedlings for moisture and nutrients and can reduce 
potential crop yield. Weeds are easier to control with a cultivation, 
rotary hoeing, or harrowing when they are just emerging. If left until the 
weeds have a large root system, a cultivation is more difficult and the crop 
may have already suffered permanent damage. If herbicides do not appear to 
be working, farmers should rotary hoe, harrow, or cultivate immediately, A 
rotary hoe is most effective if used when weeds are just germinating and 
emerging, The ideal time is when weeds are in the "white stage," or just 
germinating in the soil, A rotary hoeing may reduce your crop stand by 57., 
so if possible, adjust your seeding population accordingly, If weed growth 
is apparent from the roadside it is too late to rotary hoe, Weeds that are 
well established should be cultivated. Harrowing should be done at the same 
stage of weed growth as the rotary hoe. 

Soil-applied herbicides require soil moisture or rainfall (approximately 0,5 
inch) to become activated, Many farmers have found soil-applied and 
postemergence herbicides to be less effective under dry conditions. There 
are, however, several herbicide management practices that can improve weed 
control in dry years. 

Preplant incorporated herbicides can be activated by existing soil moisture 
and are less dependent on rainfall than preemergence herbicides. However, 
the extra tillage involved in incorporation will result in further drying of 
the soil. 

To increase the performance of any soil-applied herbicide it is important to 
select the appropriate herbicide and rate for the soil texture, organic 
matter, and weed species in a field. Refer to the herb.icide label for this 
information. During dry weather conditions it is not advisable to reduce 
soil-applied herbicide rates, this practice is only effective when the 
fields receive timely rainfall. 

Postemergence herbicides may be a viable alternative to soil-applied 
herbicides. Again, do not cut the rate of application of postemergence 
herbicides under dry conditions. Weeds growing under dry conditions are 
less likely to absorb herbicides and are more difficult to kill. Early 
application of postemergence herbicides to weeds 1 to 2 inches tall or in 
the 1- to 2-leaf stage is more likely to be effective than treatments 
applied to larger weeds. To complicate matters, uneven crop stands and 
multiple weed flushes often occur during dry growing conditions. This can 
complicate field cultivations and the timing of herbicide applications. 

When considering a postemergence herbicide treatment it is important to know 
which soil-applied herbicides were previously applied and how much stress 
the crop is under, Dry conditions often lead to extremely slow crop growth 
and re~overy from early season stresses (due to the environment or. 
herbicide). Wind and blowing soil wi~l often put a crop under additional 
stress. Many herbicide labels recommend not to apply a herbicide to a crop 



under stress. Carefully read the herbicide label before application, for 
additional information consult the Minnesota Extension Bulletin AG-BU-3157, 
Cultural and Chemical Weed Control in Field Crops. 

When an appropriate soil-applied herbi~ide has failed due to dry conditions 
it is often best to follow up with a rotary hoeing or shallow cultivation (1 
to 2 inches deep), within 7 days after herbicide application, rather than 
with additional herbicides. A cultivation will present the least potential 
crop injury in many situations. However, a deep cultivation may prune crop 
roots as well as encourage vigorous flushes of weeds later in the season. 
If the weed population is especially heavy or the weed species is extremely 
competitive it may be necessary to apply a postemergence herbicide. 

Many poatemergence herbicides require the use of an additive to increase 
their effectiveness. Whether an additive should be used is dependent on the 
herbicide, the size and condition of the crop, the weed size, and the 
environmental conditions. It is important to read the label regarding the 
use of additives, failure to do so may result in poor weed control or 
increased crop injury. 

Dry weather can complicate even the moat well planned weed control program. 
Many times there is no one best solution to a given situation and the 
solution will depend upon the crop, weed species, environment, economics, 
and potentia 1 a 1 terna ti vea. 

Another more long-term concern during dry weather is herbicide carryover. 
Low soil moisture conditions will increase the persistence of several 
herbicides used in Minnesota. In order to reduce the potential for 
herbicide carryover it is important to always apply a herbicide at or below· 
the labeled rate and to calibrate your sprayer at least once a year. 

The following table lists the herbicides that have the greatest potential to 
carry over to the following year's crop. It is important with any 
herbicide, but especially with the following herbicides, to read the label 
regarding crop rotation restrictions before application. 

Table l. Berbicidu vi th carrycwer poteatial. 

1. Assert 8. Preview 
2. Atrazine 9. Princep 
3. Classic 10. Prowl 
4. Command ll. Pursuit 
s. Curtail 12. Scepter 
6. Glean 13. Sonalan 
7. Lorox Plus 14. Treflan 

Herbicide carryover problems are increased by below normal rainfall and soil 
temperature, reduced tillage, high soil pH, high rates of application, and 
late season treatments. Soil residues of persistent herbicides can be 
detected by chemical assay methods or by bioassay teats. Chemical assays 
are expensive and do not indicate whether or not the herbicide levels will 
cause crop injury. A plant bioassay is often an easier and more economical 
method to teat for herbicide residues in the soil. See the following 
Minnesota Extension Service Fact Sheet AG-FS-0913, Hericide Carryover, for 
more information on how to conduct a bioassay. 
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AGRONOMY 
FACT SHEET No. 36-Revised 1980 
JEFFREYS. COULTAS and GERALD R. MILLER 

Permtence of herbiCides m the soil vanes With the chem
IStrY of the herbiCide, tillage practiCes, ra1nfall, temperature. 
and soil. Persistent herb1c1des can affect planting decJsJons for 
the year follow1ng use. Carryover can often be a problem with 
tnazmes ( atrazme or s1maz1ne (Princep I I or can occasionally 
be a problem With dm1troanilmes [tnfluralin (Treflan), proflur
alm (Taiban), fluchloralin (Basalin). pendimethalin (Prowl)]. 

Carryover problems are 1ncreased by below normal rainfall 
and so1l temperature, reduced tillage, high so1l pH, h1gh rates 
of application, and late season treatments. So1l moisture is 
essential to herb1c1de breakdown. Below normal rainfall or tem
perature decreases so1l m1crobJal and chemical activity so less 
herb1C1de decomposes and less herbicide disappears from the 
soil by plant uptake, leachmg, or volatilization. In reduced til· 
I age systems where moldboard plowing 1s replaced by discing, 
ch1selmg or no tillage, herbicide residue~ remain more concen-

'd near the soil surfac~. increasing the chances for crop 
y. Moldboard plowmg reduces thIS concentration by dis

mbunng the herbiCide throughout the plow layer. 

Soil res1dues of permtent herb1c1des can be detected by 
chem1cal assay methods or by bioassay tests. Chemical assays 
are often slow, complicated, expensJve, and do not mdicate 
whether or not the herbicide levels will cause crop mjury. 
Checking the potential for crop 1njury IS further complicated 
because chem1cal res1due mjury to the crop vanes with weather 
conditions dunng the growmg season. From the same amount 
of chem1cal residue, 1njury IS reduced under cool, cloudy con
ditions and 1ncreased by hot, sunny conditions. 

A plant b1oassay is often the easiest and most economical 
method to test for herbicide residues m the so1l. A bioassay 
test can be conducted by the farmer. Bioassays do not provide 
an exact measure of the herbicide residue but can 1nd1cate 
whether or not sensJtJve crops may be grown. Although the 
results of the bioassay will vary w1th the unnatural 1ndoor 
growmg conditions, 1t should be adequate to detect intunous 
res1dues. 

To conduct a bioassay, a representative soil sample is 
essential to obtam accurate results. A compos1te sample should 
conSISt of numerous subsamples, taken to a depth of 3 mches, 
from at least s1x different parts of a field. A composite sample 
should not represent more than 10-15 acres. The final com
posite sample should contam 10 pounds of soil. Take separate 
compoSite samples from the ends of the field, or other areas 
where higher herbiCide res1dues are suspected. Samples.should 

~llected 1n the fall before tillage. Samples can also be col· 
j m the spnng, but b1oassay results may not be available 

"1 nme to make alternative plantmg dec1sions. 

AGRICULTURAL EXTENSION SERVICE 
UNIVERSITY OF MINNESOTA 

Herbicide Carryover 
81oassays should be started w1th1n 2 days of samp11ng or 

the samples should be frozen until the tests can begm. Wet sam· 
pies should be allowed to dry to a workable condltlon. Clods 
should be crushed but not pulvenzed. 

Oiv1de the 10 pounds of soil mto two equal port1ons. To 
one portJon add powdered activated charcoal ( 1 teaspoon or 
1.5 gram) and mix thoroughly w1th the soil. The charcoal bmds 
the herbic1de so that 1t will not mture plants. Th1s port1on of 
the soil will serve as a control. Test-plants grown '" the soil not 
treated with charcoal will be injured If the so1l has a significant 
herb1c1de residue. Soil w1th Similar charactemt•cs may be col· 
lected from an area wh1ch has not been treated With herb1codes 
to serve as the control. 

The two portions of soil should be d1v1ded among several 
pmt or quart con tamers which have 1 /4-inch holes punched m 
the bottom for dra1nage. Each container should be labeled to 
distmgu1sh the charcoal-treated "control" sample from the 
"herbiCide" sample. 

Two different approaches can be taken m conducting the 
bioassay. A very sensitive plant can be used to test for a specific 
herbicide or a series of plants w1th different sensJtJvotJes to the 
herb1c1de can be grown to detect different levels of the resodue. 
Using atraz•ne as an example, oats could be planted m all con
tainers to determine 1f a res1due 1S present; or to detect differ
ent levels of atrazme res1due, ryegrass, oats, and soybeans would 
be grown in the contamers. Ayegrass would be most sens1t1ve 
and soybean would be least sens1t1ve to atrazine. Tables 1 and 2 
show the sensitivity of vanous crops to tnaz1ne and dmJtroan•· 
I me herbicides. 

Tobie 1. Cr09 •noltiWitV to trooz1ne herbocidea 

Moderately 
V erv •naJtowe Senaotowe •nil lOWe Toleront 

ryegrau a au soybean corn 
bluegrau alfalfa edible !Jean sargnum 

wheat barley suaangrass 
sunflower prase mollet 
su911rbeet 
potato 

Tobie 2. Cr09 •n11tiY1tV to dinotroenollne herbiCidH 

Moderotely 
Very •nlltiv• Sena1t1ve Mnan"'• Toleront 

ryegreaa sorghum corn savoean 
biUIQrlll sudangrau wh••t sunflower 

potato alfalfa edible oean 
sugarbeet 



Plant about 6 bean seeds or ~ 5 grnss seeds in separate soil· 
filled containers at a depth of 1/2 inch. Wet the soil ttlorougtlly 
•nd place the containers in a warm (72° F, 20° C) area which 

eivea direct sunligtlt. Planu should be thinned to 3 beans or 
. .J grasses per container soon after emergence. If planu are not 
thinned, stunting and yellowing causad by plant competition 
can be confused with herbicide damalie. 

Injury symptoms from tria;dne herbicides will develop 
14·21 days after planting. Direct sunlight is necessary for the 
development of injury symptoms in seedlings. The first symp· 
toms will appear on older, more. mature leaves as a yellowing 
of the leaf tips. Yellowing progresses from the tips and margins 
to the center of the leaf, followed by a gradual die-back. High 
residues will cause a more rapid die-back or "burned" appear· 
ance. Yellowed or stunted plants with no "burned" effect 
indicate low levels of a triazin~ residue. If similar symptoms 
are seen in both the charcoal-treated control and the residue 
samples, a nutrient deficiency or disease rather than a herbicide 
residue may be the cause. 

Dinitroaniline symptoms will be apparent at the time of 
seedling emergence. Plants will be stunted, leaves may fail to 
unroll, and secondary root development will be abnormal. The 
roots will be very short, stubby, and poorly developed com· 
pared to the plants grown in the charcoal-treated soil. 

Using several test crops that differ in sensitivity may give 
a better idea of the herbicide residue level. If no symptoms are 
detected, probably any crop can be grown in the field without 
risk of herbicide carryover. The absence of injury does not 
guarantee that no residues exist, but it is a good indication resi· 
dues are very low. The accuracy of the bioassay test will depend 
,., the adequacy of soil sampling, sensitivity of the test crop, 

j actual field conditions. 
If the injury detected is moderate, consider growing toler

ant crops for another year. If injury is slight, crops of moderate 
sens1tiv1ty can be grown. However. if the soil is being assayed 
for triazine herbicides and slight injury occurs, use of metri· 
buzin (Sencor/Lexone) or linuron (Lorox) on soybeans may 
not be the answer. These herbicides add to the effect of the tri· 
azines which could increase soybean injury, particularly on 
high pH (7 .5 or above) soils. Where residues are detected, mold· 
board plowing Will dilute the residue and reduce the chances 
for injury. 

Carryover problems are most likely when rainfall is below 
norma:, high rates of an herbicide are u~. soil organic matter 
is low, soil pH is above 7 .5, and tillage is reduced. Poor incor· 
poration, overlapping, or improper calibration contribute to 
local "hot spots" in fields wh~ore carryover can be a problem. 
If conditions seem right for h11rbicide carryover, planting tol· 
erant crops for one more year may be safest. 

Teble 3. Charectariltica of herbicla• 

Hartoicide name Water 
IOIUblllty Panlltance• 

Common Tr.ae PPM 1Mon1hal Adeo!l!tiv!!X•• 

alachlor L1110 242 1-2 Strong 
l!razine Several 33 2-8 Strong 
banefin Balan 1 4-6 V. strong 
bifenox Mod own 1 1-2 V. strong 
bUtYl lie Sutan 45 1.5-2 V. strong 
chlorlmben Ami ben 700 1.5·2 Weak 
chlorproph•m Fur loa 88 .5·1 V. strong 
cvanazina Bladex 171 2·3 Strong 
diallate Avadax 14 2·3 V. strong 
dicatnbl Ban val 4500 3-12 Weak 
dinitramine Cobex 1 2-4 V. strong 
EPTC Eptam/Eradicane 370 1.5-3 Strong 
flucnloralin Basal in 1 3-6 V. strong 
l1nuron Lorox 75 2·4 V. strong 
metolachlor Dual 530 1·3 Strong 
metribu.z:tn Sencor/Lexone 1200 1-4 Mooerate 
pendimethalin Prowl 1 2-6 V. strong 
p1cloram Tordon 430 2-18 Weak 
profluralin Taiban 1 3-6 V. strong 
propachlor RamrOd/Sexton 700 1·1.5 Moderate 
pyrazon Pyram1n 1 1-2 Strong 
s\mazine Princep 5 2·8 Strong 
TCA 1306 1·2 V. weak 
tarbSCII Sinbar 710 5-6 Moderate 
mallate Far-90 4 2-4 V. strong 
trifluralin Treflan 1 3-6 V. strong 
vernolete Vern am 90 1·2 V. strong 

•Taken from the University of Illinois Custom Spray Operators 
Training School Manual 1979. Used with permission. 
••warren, G.F. April 1973, Weotets Today. 
V. Strong-only slight movement in low organ1c, sandy •oils and none 

in other soils. 
Strong-moderate movement in low organ1c, sandy soils but I ittle or 

none 1n others. 
Modentr•-readily leached in low organic. sandy sools. but cons1deraole 

res1stance to movement 1n other so1ls. 
Weak-readily leach~d in law organ1c, sandy so1ls. but some resostanca 

to movement '" other 50115. 
V. Wuk-readily leached in all so1ls-not adsorbed. 

The informauon given in tl1is publication is for educational purposes 
only. Reference to commercial products or trade names 1s maae w1th 
the understanding that no discromination 11 Intended and no enoorse· 
ment by the Minnesota Agricultural Extension Service IS imp I iad. 
Issued in furtherance of cooperative extension work 1n agroculture and 
home econom1cs, acts of May 8 and June 30, 1914, 1n cooperat1on wotn 
the U.S. Department of Agrocu1ture. Roland H. Abraham. Director of 
Agricultural Extension S.rvice. Un1verstty of Minnesota, St. Paul, Min
nesota 55108. The UniversitY of Minnesota. •ncluding the Agrocultural 
Extension Serv1ca, is comm1tted to the policy that all persons shall nave 
equal access to 1ts programs. facilities. and employment Without regard 
to race, creed, color, sex, national orig1n, or handicap. 5 cants 

69 



70 

FORAGE CROP PRODUCTION AND DROUGHT CONDITIONS 

Neal P. Martin and Jim G. Linn 
Extension Agronomist-Forages, and Extension Animal Scientist-Dairy 

University of Minnesota 

The climatic data presented by Mark Seely May 31, 1988 shows potential for a 
drought in West Central and Northwest Minnesota. Morris and Crookston (2.28 
and 1.47 inches of rain April-May, respectively) appear to be hardest hit of 
our branch experiment stations. As you continue to revise strategies for 
forage crop production for the year with farmers, you need to consider our 
forage crop supply (hay stocks May 1 on Minnesota farms), forage crop 
production potential, alternative forage crops, and emergency government 
program. 

Livestock producers in these drought counties must determine their forage 
crop supplies. Dairy farmers must have enough forage crops to meet minimum 
dietary fiber needs; but other ruminant livestock producers need to supply 
forage crops if they are the most economic feeds. See Dairy UPDATE, Issue 
83 (July 1987), "Feeding Management and Utilization of Common Forages During 
Drought Conditions," included at the end of this report. Options for 
farmers to harvest sufficient forage supplies to meet their minimum forage 
needs are: 1) harvest small grains or other cash crops that will not 
produce economic grain yields for forage, 2) plant emergency crops for 
forage, 3) purchase other cash crops that will not produce grain from 
surrounding farmers, or 4) purchase hay or other forages. 

Forage Crop Supply 

It's difficult to estimate forage crop supplies, because the only statistic 
available is hay stocks on farms January 1 and May 1. Data are not 
available yet, but it appears hay supplies are below last year's levels. 
Both 1986 and 1987 were good production years for hay and corn silage 
(except in East Central Minnesota in 1987) and the harvest of set-aside 
acres was allowed in 1986. All of these circumstances held to an over 
supply of hay in 1986 and to a lesser extent in 1987. Demand for quality 
hay has been strong both years, so some average to low quality hay may still 
be available from 1986. However, the extremely dry spring has forced some 
cattle producers to use above normal hay quantities because of the lack of 
pasture. 

Forage Crop Prodnctioa Potential 

Yields of alfalfa, alfalfa-grass mixtures and other perennial legume-grass 
and grass crops will be extremelly variable but below the last two year's 
production. Alfalfa is the most productive perennial cool-season crop for 
Minnesota during dry weather because of its deep root sys·tem. We did not 
observe much winter injury in alfalfa variety trials at the branch stations 
this spring, but the soil moisture reserve from last fall and winter was 
normal to less than normal. We had record yields of alfalfa last year (9.6 
T/A of dry matter at Waseca) under 2 inches below normal rainfall, which 
means the soil mo~sture reserves from the spring 1987 carried us through but 
are now gone. On top of a shortage of soil moisture reserve· and a low 
April-May rainfall we ha-ve had insect pressure from pea aphids as well as 
some alf~lfa weevil pressure in'southern Minnesota. In addition, the 



alfalfa stands with the most yield potential--new seedings in 1987--are in 
general below acceptable stand densities because of establishment problems 
due to our dry, desicating spring of 1987. Thus, alfalfa yields will be 
below normal, 30 to 75?. of normal, and will be heavily dependent on this 
~eason's rainfall. Recent research in Minnesota has shown that under normal 
soil moisture availability, first year production stands (seeded last year) 
will produce 0.4 tons of dry matter/acre/inch of rainfall. Older stands and 
drought-stressed stands may only produce 0.20 to 0.25 T DM/A/inch. Thus, in 
our driest areas of Minnesota it may take 8 to 10 inches of rainfall to 
produce 2 T/A of dry matter after the first crop is removed. 

HarTest Other Forage Crops or Grain Crops Mot Haldn3 Grain 

Corn silage usually supplies a large proportion of our forage needs during a 
drought. Planting conditions were good but yield will depend on rainfall we 
receive during the rest of the season. Small grain crops can also be 
utilized for forage; however, yields are often reduced severly under hot-dry 
spring weather conditions. 

Additional precautions for harvesting small grains or other silage cash 
grain crops are: l) EPA label restrictions on the herbicide used on the 
crop, and 2) nitrate poisoning possibilities. Specific crops and herbicides 
are listed in an accompanying report entitled "EPA (Environmental Protection 
Agency) Restrictions on Feeding Crops Treated with Herbicides-1988." This 
list includes the restrictions of herbicides used on crops planted in 
Minnesota which could be used for forages that do not allow feeding of the 
crop to livestock during restricted periods. 

Nitrates can accumulate in drought-stressed plants. However, the testing 
done during the 1976 drought did not show levels of nitrate high enough for 
changes in livestock ration formulation. We do not expect your drought
stressed crops to reach dangerous levels of nitrate because your crops have 
been under drought-stress since seeding. However, if heavy rains occur and 
plant growth resumes (unlikely in the drought-stressed areas) nitrate 
concentrations will be very high. In this case delay harvest until growth 
slows or maturity is reached. 

Remember ensiling of crop potentially high in nitrate generates nitrogen 
gases during ensiling. No one should enter a silo, silo chute or silo
feeding room during ensiTrng-through 3 weeks following ensiling without 
mechanically pushing outside air into the area. See Dairy UPDATE, Issue 83 
(July 1987), for more information on nitrates. 

Seeding !•ergency Crops for Forage 

In past drought years, emergency crops have been seeded for forage. The 
risk of obtaining enough yteld to cover planting and harvest cost is great. 
The best strategy is to harvest what you can from existing crops and plant 
emergency crops if your cost per ton will be less than purchase prices. 
Alternatives for hay or silage are sudangrass, foxtail, German or Japanese 
millet, sorghum-sudangrass crosses, or soybeans. Crops planted late for 
silage are corn or sunflowers. Crop selection should be based on the 
herbicide used in the previous crop. the crop expected to yield best and the 
crop easiest to harvest for hay or silage, whichever is desired·. 
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To provide some estimate of yield expectations let me summarize data 
collected between 1934 and 1936 regarding forage yields of su.pplementary and 
emergency crops seeded at Morris. Monthly rainfall (Crookston on May 31 had 
less rainfall than either of these years, 1.47 inches) data are presented in 
Table 1. 

REFERENCE: Supplementary and Emergency Crops for Minnesota. Bulletin 390, 
June 1946 by Amy, Crim and Bridgeford. This bulletin presents forage yield 
information collected in ·Minnesota between 1934, 1935, and 1936 (page 661). 

Table 1. Monthly and seasonal rainfall (inches) received at Morris April 
through August, 1934-1936. 

April-
Year April May June July August August Annual 

1934 1.10 1.18 3.66 0.99 2.01 8.94 23.57 
1935 3.16 2.22 4.43 6.52 6.58 22.91 27.68 
1936 1.74 1.54 1.85 0.34 2.66 8.13 17.41 

Forage yields are presented in Table 2 for various crops. The reference 
does not clearly indicate the planting dates of various crops, but we should 
assume planting was earlier than June 15 except for sudangrass or millets 
which were planted on June 15. The driest year reported in this test was in 
1934. Narrow row spacings in 1934 did not show improvement over the wider 
rows (Table 2). However, when more moisture was received in 1936, narrow 
rows produced higher yields. A normal production cost for sorghum
sudangrass is 157 or $64/A for total and cash cost, respectively. The 
production cost per ton is $21.66 if the yield is 7.25 T/A at 60r. moisture 
(157/7.25) $87/T if the yield 1.8 T/A (yield for sudan at Morris in 1934, 
Table 2). Determine cash costs and project a cost per acre and per ton. 

Table 2. Yields of forage harvested from crop planted at normal planting 
dates at Morris in 1934 and 1936. 

Row width Seed/acre Fora~e rteld at 15% moisture 
Crop (inches) (lb) 1934 19 36 

Corn 42 10 1.1 1.1 
Sorghum 42 8 0.9 1.1 
Sudan 42 8 0.6 0.9 

Corn 6 80 1.0 1.8 
Sorghum 6 30 0.8 1.6 
Sudan 6 30 1.1 1.0 
Soybeans 6 90 0.7 1.5 
Sudan-soybeans 6 10-60 1.0 1.5 
Millet 6 40 1•2 0.6 



A late planting (June 15) was investigated in 1934, 1935 and 1936 at Morris, 
Table 3. Again, row spacing did not significantly influence yields. 

Table 3. Yields of forage from crops planted June 15 at Morris during 
seasons of below normal rainfalll. 

Row width Seed/acre Fora lie l:;ield at 15?. moisture 
Crop (inches) ( 16) Tons7acre 

Corn 42 10 1.1 
Sorghum 42 8 1.0 
Sudan 42 8 0.8 

Soybeans 24 60 0.8 

Sorghum 6 30 1.2 
Corn 6 80 1.4 
Sudan 6 30 1.1 
Sudan- soybeans 6 10-60 1.3 
Millet 6 40 0.9 
Oa ts-bar1ey- rye 6 64-72-28 0.5 
Oats 6 96 0.6 

1 Average of seasons in 1934, 1935 and 1936. Average rainfall April 
throught June, 13.3 inches. 

Dave Rabas, agronomist at the North Central Agricultural Experiment Station, 
Grand Rapids provided yield and agronomic crop data in Table 4 for a June 28 
planting at Grand Rapids. 

Table 4. Yield and agronomic characters of warm-season annuals planted for 
forage on June 28, 1967 at Grand Rapids. 

Height Percent Stage of 
Yield at harvest moisture rna turi ty 

Cropl DM, T/A 9/18 at harvest at harvest 

'Piper' sudangrass 1.94 46 7.4 Heading 

'Empire' millet 2.81 33 76 Heading 

'Sudan SX-11' 2.73 53 81 Boot 

1 All crops received 80-35-100 lbs/A of plant food. All crops were drill 
seeded. Rainfall between seeding and harvest was 4.82 inches, 4.77 inches 
below normal, but rainfall before planting was normal (7.60 inches). 

SOURCE: David Rabas, Agronomist, North Central Experiment Station, Grand 
Rapids, Minnesota. 
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Note that respectable yields (approximately $33 to $48/T) were obtained at 
Grand Rapids with three warm-season annual crops under slightly below normal 
temperatures. Howev.er, rainfall was normal before planting and although 
below normal after planting, more rain was received after planting than has 
been received this spring in northwestern Minnesota (4.82 inches vs. 1.47 
inches). 

These data do not show yields of sunflower. We expect that if above normal 
rainfall had occurred and sunflowers planted by July 15 in northwestern or 
west central Minnesota, yield could be 2.5 to 3.0 T/A of dry matter (4.2-
5.0) for silage. However, given the moisture conditions in our drought
stressed areas of Minnesota, I do not expect better yields than those 
obtained at Morris in the 1930s. 

Rape, dwarf 'Esses', is a good (shallow rooted) emergency pasture 
alternative. It will taint milk, so we suggest milking cows graze only 
briefly after a milking. Rape tolerates light frosts and produces high 
quality pasture during the summer or late fall, but normal or above normal 
rainfall is required. Rape causes bloat but livestock performance is 
excellent when management practices in pasturing alfalfa are followed. 

Purchase of Hay o~ Other Feed• 

It appears that hay supplies in Minnesota, Nebraska, South Dakota, North 
Dakota and Manitoba were less than last year at this time. We have made 
several improvements in the Minnesota Hay Market Exchange, available on 
EXTEND-U bulletin board program (select "Run Applications" off the EXTEND-U 
Main Menu, then hit "R" after the cursor is on Hay Market Exchange). I will 
be sending additional information about the market exchange soon. The 
program is available in all extension offices and the Minnesota Department 
of Agriculture. The Minnesota Department of Agriculture as of 6/3/88 has 
not established a hay bot-line like it did last year. 

Several persons have asked me about current prices. The Minnesota 
Agricultural Statistics Office average price of alfalfa hay received by 
Minnesota farmers on May 15, 1988 was $70/T. We, Jim Linn and I, recommend 
that farmers contact extension officers and utilize "Professional 
Nutritionist" to establish an opportunity price (maximum price of feeds that 
a given operator can afford to pay, given their feeding program and animal 
performance). 

An example of such prices is given in Table 5. Using the current price of 
hay, $70/T, for the REFERENCE HAY (Tests: 85, 12, 41, 53 and 577., DM, CP, 
ADF, NDF and TDN, respectively) and $2/bu for corn grain, a ration was 
developed for a 1,350 lb cow, milking at 60 lb/day at 3.87. butterfat. The 
ration contained 23.5, 18.3, 5.4, 0.1, 0.03, and 0.19 lb/cow/day as fed of 
REF hay, corn grain, soybean meal, trace mineral salt, vitamin ADE premix 
and Dical 387. phosphors, respectively. The maximum price for other hays 
ranged from $112 to $45/T when quality standard dropped from Prime to 
Standard 5 given a REF hay at $70/T, and soybean meal at $280/T. If we hold 
REF hay price constant ($70) and corn constant ($2/bu), the value of quality 
hay increased as soybean meal price changed and quality dropped, Tahle 5. 
The price of corn silage and other forages can be compared to these prices. 
It is obvious to the role testing forages, particularly hay, has in pricing 
these feeds. 



These prices developed in Table 5 are similar to those obtained at this 
year's Minnesota Quality-Tested Hay Autions and are similar to the Dollar 
Feed Value ($FV) developed on a Supercalc Template "Forage Quality, Relative 
Feed Value and Dollar Feed Value, Version 2.10, AG-CS-2662, Revised, April 
1988, using forage tests and current corn and soybean meal prices. 

Table 5. Opportunity price of hay at various quality standards and corn 
silage for a rationl developed with the reference hay2 and corn 
grain when the reference hay price varies or the price of soybean 
meal varies. 

Reference hay $I ton3 Reference hal $70/ton 

So!bean mea11/cwt 
Hay2 DM 50 70 90 15 .oo 17.50 20.00 

(as fed) (7.) - -$1 ton - $I ton -

Prime 85 98 112 125 116 126 136 

Standard 1 85 86 101 117 104 112 120 

Standard 2 85 67 86 104 87 91 95 

Standard 4 85 33 55 77 53 50 46 

Standard 5 85 22 45 68 42 36 30 

Corn silage 35 17 22 28 22 20 19 

1 Ration developed for 1,350 1b cow, 60 lb of milk at 3.87. milk fat. 
2 Quality tests of forages: 

Fora~e CP ADF NDF TDN RFV 
7. of dry weight 

Prime hay 20 30 39 65.5 156 
s td 1 hay 18 33 43 63.2 138 
s td 2 hay 15 38 so 59.3 llO 
REF hay 12 41 53 57.0 100 
s td 4 hay 9 44 63 54.6 81 
s td 5 hay 7 46 66 53.1 75 
Corn silage 8 28 51 70.0 

3 Corn, $2lbu; soybean meal, $14lcwt. 
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.)~-.ary 

L. Livestock producers must inventory their current feed supplies. Read 

Minnesota Dairy UPDATE 83 to assess minimum forage crop needs. 

Establish individual maximum costs of feeds and forages needed. 

2. Assess yield potentials of forage crops and other crops available 

within your area. Grain crops harvested for salvage value as forages 

should be harvested after it has been determined grain formation will 

not occur from additional rainfall. Do not harvest crops that have EPA 

herbicide label restrictions for feeding. 

3. Consider planting emergency crops, but carefully assess the risk of low 

yields. Emergency crops for silage are: sunflowers, corn, and proso 

millet in decreasing order of expected yields. Emergency crops for hay 

are sorghum-sudan crosses, foxtail miilet, sudangrass hybrids and 

soybeans in decreasing order of expected yield. 

4. Varieties of proso millet can be planted with expectation of grain 

yield. These varieties can also be used for silage, but the coarseness 

and pubescence on the leaves or stems make it an undesirable hay. 

5. Be aware of the potential of poisonous nitrogen gasses that form during 

and after ensiling crops that accumulate nitrate. 

6. Utilize Minnesota Hay Market Exchang'e to locate sources of hay of the 

quality desired. 
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Under drought conditions, dairy producers should be concerned with obtaining 
adequate quantities of forage first. Forage quality, while an essential 
component in obtaining high production, is secondary. All plant species 
reduce or suspend growth during moisture shortages to conserve moisture. 
Thus, yields will be reduced. Quality of the forage crop may or may not be 
affected. Grain and grain byproducts are usually more readily available than 
forages and can be readily used to substitute for deficiencies in forage 
quality once minimum forage needs are met. The following information will 
provide guid~lines as to: 

1. Determining minimum forage requirements; 

2. Best utilization of common drought stressed crops in feeding dairy cattle; 

3. Problems associated with feeding drought stressed crops; 

4. Suggestions for alternative energy, protein and fiber sources to replace 
some forage in dairy rations; and 

5. Some general dairy feeding considerations during drought years. 

FEED INVENTORY 

Lactating cows will require a m1n1mum of 1.4% of their body weight in forage. 
dry matter (OM) per day or no less than 40% of the total ration OM from 
forage. For the average Holstein, the minimum amount of forage OM required 
per day would be 18 lb. This could come from a variety of forage sources 
such as hay, haylage and corn silage. Preferably, some hay (minimum of 5 
lb/cow/day) with haylage or corn silage containing particles of 2 to 3 inch 
length (3/g inch knife setting on chopp~r) should be fed to provide adequate 
physical fiber for good rumen function. Pelleted or finely chopped forages 
contain forage nutrients but lack physical fiber characteristics that provide 
good_ rumen function for normal butterfat tests. 

UNIVERSITY OF MINNESOTA. U.S. DEPARTMENT OF AGRICULTURE, ANO MINNESOTA COUNTIES COOPERATING 

77 



78 

Dry cows require a m1n1mum of 1.5% of their body weight in forage OM per day. 
Very low quality forages can be used for the basis of the ration with grain 
and protein supplemented to meet energy and protein requirements. Again, 
adequate physical form of forage is required in dry cow rations just as it is 
for lactating cows. 

Youngstock will vary in forage requirements depending on age. Calves (less 
than 4 months of age) can get by with no forage when some fibrous grains are 
included in the starter. Heifers from 5 to 12 months of age need about 1% of 
their body weight as forage DM (4 to 6 lb) per day. Older heifers (12 to 24 
months of age) also require a minimum of 1% of their body weight as forage OM 
(7 to 12 lb) per day. Caution is required with minimum forage rations to 
prevent overconditioning of heifers. Grain amounts may have to be restricted 
and the animals may be a little hungry to prevent fattening. This will not be 
a problem if nutrient requirements are met. 

Minimum monthly forage requirements for Holstein cattle are listed. in Table 1. 
A 10% feeding and storage loss is figured into this table. 

Table 1. Minimum monthly tons of forage OM for Holstein cattle.1 

Forage net energy (Mcal/lb DM) 
Animal <.52 .53 to .6 >.6 

-------- Tons OM/month --------Cows - 1300 lb body weight 3 
Lactating .30 .32 
Dry cow .29 .30 

Heifers 
0 to 4 months 0 0 
4 to 14 months .13 .15 

14 to 24 months .20 .22 
1 
2 Amounts listed assume a 10% feeding and storage loss. 

Estimates can be adjusted for different breeds. Multiply 
amounts by .7 for Jerseys and .8 for Guernseys. 

IJTILIZATION OF COMMON FORAGE SOURCES 

.34 

.32 

0 
.16 
.24 

Corn plants under moisture stress during the vegetative stage will have 
reduced stalk height, decreased leaf area and less grain yield than plants 
stressed at a later maturity. Moisture stress at silking up to maturity 
reduces weight and number of kernels. 

Drought stressed corn plants accumulate nutrients in the stalk and leaves 
because of limited ear development. Nutrient content of drought stressed corn 
plants is similar to plants which have received adequate moisture (Table 2). 
One significant change, however, is in the form of nitrogen in the barren 
stalks. As little as 25 to 30% of the crude protein in barren stalks may be 
in the form of true protein. An appreciable amount of nitrogen may be in the 
form of nonprotein nitrogen (NPN) with nitrates being the major form of NPN. 



Table 2. Protein and fiber comparison of drought stressed 
and adequate moisture grown corn plants. 

Composition 

Crude protein, % 
NDF,% 
ADF,% 
TON, % 

Drought 

8.5 
58.2 
28.3 
60 to 65 

Moisture 

DM basis 
Adequate 

9.0 
68.9 
35.9 
70 

Stressed corn plants can be fed as green chop or ensiled for later feeding. 
If nitrates are high, ensiling before feeding is recommended (see Problems 
section for discussion on nitrate levels) to reduce nitrate amounts. Nitrate 
contents will be highest in corn plants stressed during pollination. Do not 
add ammonia, urea or an NPN to the corn plants at ensiling. The addition of 
another readily available form of nitrogen may reduce the amount of nitrates 
broken down during fermentation. The objective in ensiling plants containing 
high nitrates is to extend fermentation. Add 5 to 10 lb of ground limestone 
per ton of ensiled material to buffer the acids produced during fermentation 
and extend the fermentation time. 

Sorahums and sorghum-sudangrass are common forages grown during drought 
con 1t1ons. However, they may accumulate nitrates during drought conditions. 
Highest concentrations of nitrates occur in the early bloom.stage and then 
decline with maturity. Nitrogen content of the soil will greatly affect 
nitrate contents. Sorghum or sorghum-sudangrass grown under heavy nitrogen 
fertilization are at the greatest risk of having high nitrate concentrations. 

Another problem associated with sorghum and sorghum-sudangrass forages is 
prussic acid or cyanide poisoning. Cyanide concentrutions are highest 
immediately following a frost and during a drought. Allow plants to grow at 
least 24 inches tall before grazing or chopping. After a frost or rainfall, 
check regrowth and make sure it is at least 24 inches tall before feeding. 

Sorghum (forage or grain), sorghum-sudangrass and sudangrass can be green 
chopped, ensiled or dried down and harvested as hay. Green chopping is the 
most dangerous method of feeding due to nitrate or prussic acid poisoning 
problem. Ensiling will reduce nitrates but not prussic acid. Sun curing 
after conditioning for hay harvesting will reduce prussic acid concentrations 
but has no affect on nitrates. 

Small grain forages (oats, barley, rye, triticale and wheat) are acceptable 
forages in dairy rations. Quality of the forage will depend on stage of 
maturity at harvest. Vegetative to boot stage harvesting will yield the most 
nutrients and palatable feed. 

Small grains can be harvested as silages or hay. Ensiling at 45 to 60% 
moisture will result in the best fermentation. Beards and awns will be most 
palatable when ensiled. Oats and barley make better hay than wheat or rye. 
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Small grains may be high in nitrates if grown under heavy nitrogen 
fertilization and stressed during pollination. Ensiling will reduce nitrates 
in small grain the sa~e as for corn. Drying does not reduce nitrates so small 
grains suspected of containing nitrates should not be harvested as a hay crop. 

Legume and firass forages should not be forgotten about during a drought. 
Y1elds oft ese forages will be low but quality will, in general, be high. 
Harvest all amounts possible. 

Legumes (alfalfa, birdsfoot, clover) do not·accumulate nitrates. Grasses 
(timothy, orchard, brome, quack, etc.) will accumulate nitrates if they have 
been fertilized w1th nitrogen. This is generally not a problem due to a lack 
of nitrogen fertil1zation. 

Weeds such as redroot pigweed, lambsquarter, giant ragweed and cocklebur, and 
others commonly found in corn, small grain, new direct seeded legumes and hay 
fields are nitrate accumulators. Evaluate the amount of weeds in relation to 
the principle crop in the field, consider th~ nitrogen fertilization level and 
how the crop is to be stored when assessing nitrate problem potential from 
weeds. 

Other crops not commonly harvested for livestock feeding may be useful as a 
feed dur1ng drought conditions. However, the chemicals applied to these crops 
and their carryover must be considered. Especially insecticides and 
herbicides which are not cleared for livestock feeding. CHECK ON CHEMICAL 
APPLICATIONS TO ALTERNATIVE CROPS BEFORE HARVESTING. Most vegetable and 
specialty crops come under this category. 

PROBLEMS - NITRATE, PRUSSIC ACID AND SILO GAS 

Nitrate toxicity may be a problem if plants are stressed during pollination or 
grown under a prolonged drought and harvested within a few days after a heavy 
rainfall. Soil nitrogen level and plant maturity will affect nitrate levels. 
NITRATE TESTING IS RECOMMENDED. Most commercial feed testing laboratories do 
nitrate testing. Obtain a random sample of chopped plants, place in a quart 
plastic bag and freeze immediately. Keep the sample frozen until tested. Do 
not allow the sample to unthaw and ferment during shipment to the laboratory 
for testing. Check with the following laboratories for specific nitrate 
analysis and cost: 

Ingman -Minneapolis, Minnesota 
Markley - New Brighton, Minnesota 
Station-Biochemistry- South Dakota State University 
Dairyland -Arcadia, Wisconsin 
t1innesota Valley Testing - New Ulm, Minnesota 

Telephone 

612/724-0121 
612/633-5477 
605/688-6171 
608/323-3988 
507/354-8517 

Green chopped forages will be the highest in nitrates. Do not allow green 
chopped plants to set in forage wagons and heat. Only chop amounts cattle 
will consume within a few hours. 



Ensiling will reduce nitrates 25 to 50%. Allow several weeks for fermentation 
before feeding. 

Nitrate-nitrogen levels and corresponding animal responses follow: 

Nitrate nitrogen (N0 3N) Feeding guide 

Percent 1 

0 to .• 3 
.3 to .5 
Over .5 

Parts per 
million (PPM) 

3,000 
3,000 to 5,000 

5,000 

'Gradually introduce feed. 
Limit to 1/2 of the total ration dry matter. 
Limit to 1/4 of the total dry matter or 

lower (depending on level). 

1 Dry matter basis. 

Analysis may be reported several ways. Convert to nitrate nitrogen by: 

Nitrate (N03) x .23 = Nitrate nitrogen 
Potassium nitrate (KN03) x .14 = Nitrate nitrogen 
Sodium nitrate (NaN03) x .16 = Nitrate nitrogen 

Symptoms of nitrite toxicity in animals are increased pulse rate, quickened 
respiration, heavy breathing, muscle tremble, weakness, staggered gait and 
blindness. If these symptoms occur, change feed source. 

Prussic acid or hydrogen cyanide poisoning is a problem with sorghum
sudangrasses after a frost or during droughts. Alfalfa, grasses and corn 
plants do not accumulate hydrogen cyanide. Nitrogen fertilization and low 
phosphorus soils increase prussi~ acid poisoning potential. 

Highest prussic acid concentrations will be in green chopped plants. Do not 
allow green chopped plants to set in a wagon and heat. This will increase the 
potential for prussic acid poisoning. Ensiling plants will reduce prussic 
acid concentrations. Allow several weeks of fermentation before feeding. 

Testing plants for prussic acid or cyanide is extremely difficult and 
impractical. Safest practice is to allow 24 inches of regrowth after freezing 
before feeding. 

Feeding recommendations for prussic acid containing forages are: 

Prussic acid 
ppm (dry basis) 

0 to 250 
250 to 500 

Over 500 

Feeding guide 

Safe, can be fed as only forage source. 
Limit to 25% of ration OM or less. Best when blended with 

other forages. 
Extremely toxic -- do not feed. Fresh plants should be 

ensiled to reduce levels. 
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Symptoms of prussic acid poisoning include increased pulse and heart rates, 
gasping, muscle twitching and convulsions. Blood will be cherry red. 

Silo gases are poisonous to humans as well as animals. Plants high in nitrate 
and/or prussic acid will produce more than normal quantities of lethal silo 
gases. Allow plants with high con~entrations of nitrates and/or prussic acid 
to ferment several weeks before feeding. Provide ample ventilation around the 
silo and in silo rooms during th~ first few weeks of fermentation to dispense 
silo gases. Run the blower for at least 10 minutes to ventilate silo, chute 
and silo room during the first week after silo is filled. 

ALTERNATIVE FEEUS 

There are a number of alternative feeds which could be considered for fiber, 
energy and protein. Price and specific nutrient need for the feed must be 
considered. Listed below are some feed suggestions with amounts for adding 
fiber to rations and for ·protein and energy supplementation. 

Feed 

Fiber and energy sources 
Beet pulp 
Brewers grain, wet 
Cottonseed, whole 
Ear corn 
Corn gluten feed, dry 
Oat hulls 
Soyhulls 
Wheat bran 
Wheat midds 

Protein sources 
Alfalfa pellets 
Corn gluten meal 
Sunflower meal - 28% CP 

Feeding guideline 
maximum lb/head/day 

5 
40 

7 
35 
15 
5 

10 
8 
8 

10 
4 
5 

Alternative fiber sources can not be used to replace the m1n1mum forage 
requirements estimated previous. They will be beneficial in supplementing 
minimum forage amounts with fiber and energy to attain a more "normal" fiber 
level in rations. The better fiber sources are beet pulp, cottonseed, brewers 
grains and unground soy or oat hulls. Finely ground or pelleted alternative 
feeds lose their fiber effectiveness even though the fiber analysis value 
remains the same as before grinding. A good example of this is pelleted 
alfalfa. The fiber value is the same as baled hay but effective fiber is 
probably no better than ground ear corn. 

The Professional Nutritionist-Beef and Dairy Formulation program can be an 
invaluable tool to determine feed alternatives and competitive prices. Use 
the least cost portion of the program. Nutrient analysis of several feed and 
feed byproducts are listed in the appendix section of the manual. 



GENERAL FEEDING CONSIUERATIONS 

The goal of dairy producers during droughts is to maintain optimum milk 
production. This goal can be achieved if management practices can be adjusted 
and certain basic principles are followed. Management strategies to help meet 
optimum production goals are: 

1. Plan feeding program. This includes: 

a. Determining minimum forage inventory needed until next cropping 
season. 

b. Locate and obtain needed forage amounts before supplies become 
1 i mit ed. 

c. Test all forage sources for nutrient and antinutrient contents if 
questionable. 

d. Use least cost rationing to evaluate alternative feeds, select best 
buys for protein, energy and fiber, and balance rations to ensure 
anima 1 performance. 

e. Reevaluate forage inventories and rations monthly to be sure the 
projected feeding program is on target. 

2. Feeding management strategy will include: 

a. Divide minimum daily forage amount into 3 or more feedings. Do not 
feed all the hay at one time during the day. 

b. Feed grain several times daily. 
c. Use better quality forage in the milk cow ration. Lower quality 

forages can be supplemented easier and more completely when fed to dry 
cows and youngstock. 

d. If low quality dry forage must be fed to milk cows, grinding or 
chopping will help improve intake. Addition of molasses may also help 
intake. Mixing low quality forage into total mixed rations is ideal 
for those who have the capability. 

e. Adjust cows to the higher grain lower forage rations gradually. 
Buffers will help prevent digestive problems and lower fat tests 
associated with high grain feeding. 

Sodium bicarbonate - 4 to 7 ounces/cow/day 
Magnesium oxide - 1 to 4 ounces/cow/day 
Bentonite - 4 to 8 ounces/cow/day 

Other additives which are beneficial with high grain rations are: 

Methionine hydroxy analog - .2 to .3% of grain mix 
Whey - 10% of grain mix 

3. Selective culling of dairy animals may be necessary. Older, marginally 
productive animals should be culled first. Replacement animals should be 
culled only when absolutely necessary. Their feed intake needs on a per 
animal basis are less than a cow's. Several head of youngstock will have to 
be culled to equal feed savings from culling one or two poor production cows. 
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During periods of high temperatures and humidity, dairy cattle can suffer frum 
hot weather stress. This typically occurs rather suddenly in Minnesota. 
Dairy cows do not adapt quickly. Unless efforts to improve the environment 
are effective, a severe drop in milk production may occur. 

The immediate response of dairy cattle to hot conditions for which they ar~ 
not adapted is a reduction in feed intake. This is usually followed by a 
reduction in milk production and/or growth rate. The higher producing cows 
are usually affected to the greatest extent because milk production always 
involves an expenditure of energy and the production of heat (4). 

The maintenance requirement of milk cows increases about 30% when ambient 
temperatures are raised from 80° to 104° F for 6 or more hours per day. In 
t11is situation, voluntary intake of dry matter decreases about 55%. r-ii 1:( 
production may drop to less than half of that produced under normal 
conditions. A general increase in water consumption is expected up to about 
95° F; but higher environmental temperatures usually result in decreased water 
intake (3). See Table 1. 

Table 1. Relative changes in maintenance and dry matter intake requir~:ments, 
dry matter intake, milk yield and water intake at various 
environmental temperatures (8). 

Average 

Maintenance requirement, 68° 77"' 

%of requirement at 68° F 100 104 

Dry matter intakeb: 
Lb/day needed 40.1 40.6 
Lb/day expected 40.1 39.0 

~1 i 1 k y i e 1 d , 1 b/day 59.5 55.1 

:.·later i'ntake, gal/day 17.0 18.5 

temperature 

86° 

111 

41.7 
37.3 

50.7 

19.8 

( 0 F) 

95° 

120 

42.8 
36.8 

39.7 

30.1 

a 

132 

1.\4.5 
22.5 

26.5 

26.0 

a Values for 77° and higher temperatures are for days with at least 6 hrs, but 
b not more than 12 hrs, exceeding the temperature indicated. 

Based on 1,320-lb cows producing 60 lb of milk per day at 3.5% fat. 
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Don't think of daily temperatures in terms of maximum temperatures. Wide 
night-to-day temperature differences and low relative humidities help lower 
hot weather stress. When the nights are cool, it is best to average the high 
and low expected temperatures to anticipate how severe upcoming weather 
conditions may be on cattle. Similarly, consider the effect of relative 
humidity. The Hot Weather Stress Guide (Figure 1) provides you information on 
the danger zone (equivalent to 85° F at 60% relative humidity) and the 
emergency zone (equivalent to 91° Fat 60% relative humidity) (1, 10). 

Figure 1. 

Av. Temp. 
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95 
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80 

HOT WEATHER STRESS GUIDE 
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Recommendations to Help Prevent Heat Stress 

l. Shade. Provid.e shade if at all possible. Natural shade (trees) is most 
effective. Feed and water should be close to shade, preferably located on 
the north or east side of the shade (5). 

If shades are constructed, the shade height should be 12 ft or more for 
maximum effectiveness. When cattle have a choice between 7 ft and 12 ft 
shades, the 12 ft shades will be used almost exclusively (6). 

The primary purpose of a livestock shade is to reduce the radiation heat 
load on the animals. An e~onom~cal shade cover is a 6-inch layer of hay 
ar straw; this material is about 20% more effective than standard 
aluminum. Painting aluminum shades white on the top and black on the 
bottom increases the effectiveness of standard aluminum shades by 10% (2). 
See Table 2; all figures are expressed relative to standard aluminum 
( 1. 00). 

Table 2. Shade materials compared with standard corrugated aluminum. 

Material Effectiveness 

Hay, 6 inches thick 
Aluminum, top white and bottom black 
Steel, galvanized 
Plywood 
Aluminum, standard 
Hardboard (1/8-inch masonite) 
Snow fence, double layer 
Snov/ fence, single layer 

1. 20 
1.10 
1.05 
1.03 
1. 00 
0.94 
0.82 
0.59 

2. Ventilation (Air Movement)~ Keep animals in position for free circulation 
of air. With goo average temperatures and a 60% relative humidity, a 17% 
loss in milk production is expected when air flow across the cow is only 
3.8 mph. With an 11.8 mph air flow, loss in milk production is expected 
to be reduced by one-half to approximately 8% (1). Large fans (36" and 
l/2 hp) should be placed above the cows at 30 to 40ft intervals in stall 
barns, in free stalls, and at the feeders when cows are fed inside. 

3. Fogging (Water Sprinkling). A sprinkling system wets the hair codt and 
the water evaporates when combined with air movement, aiding in heat loss 
through the skin. Sprinkling should occur at the feed bunk, holding area, 
or exit lanes from the milking parlor. All are beneficial. DON'T MIST()!\ 
SPRINKLE COWS IN TIE STALLS OR STANCHIONS. Sprinkling of stall barn cows 
will wet the bedded area too much, setting up ideal conditions for an 
outbreak of environmental mastitis. 

Misters can be placed about 7-l/2 ft above the floor and at 7-l/2 ft 
int~rvals. They should deliver 5 gallons of water per hour with 20 lb per 
square inch pressure at the nozzle. They can be equipped with a 
thermostat to operate with 5-minute on/off cycles whenever the temperature 
exceeds goa (5). 



4. Chilled Water. Research at Texas A & M University (7, 9) has shown 
cooling water that is between 68 and 86° F to below 50° decreased water 
intake, increased feed intake, increased milk production, and helped 
reduce heat stress during the summer months. The lower drinking water 
temperature decreased respiration rate post-watering. Both respiration 
rate and rectal temperatures began to increase within 40 minutes after 
watering, indicating the transient cooling effect of the chilled water. 

While it is doubtful that chilled water is economical in Minnesota, having 
a pientiful supply of fresh, cool water available during hot weather is 
recommended. 
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Forage Crop Alternatives in Drought 
by Neal P. Martin, extension agronomist- forages, 
Unive.rsity of Minnesota 

Livestock producers in drought counties must determine 
their forage crop supplies. Dairy fanners must have 
enough forage crops to meet minimum dietary fiber needs; 
but other ruminant livestock producers need to supply 
forage crops if they are the most economic feed. Options 
for farmers to harvest sufficient forage supplies to meet 
their minimum forage needs are: 1) harvest small grains. 
other cash crops that will not produce economic grain 
yields for forage, 2) plant emergency crops for forage. 3) 
purchase other cash crops that will not produce grain 
from surrounding farmers, or 4) purchase hay or other 
forages. Either options 1 or 2 may apply to harvest of 
crops for hay or silage from set-aside acreage released by 
ASCS. 

Forage Crop Production Potential 

Yields of alfalfa, alfalfa-grass mixtures and other 
perennial legume-grass and grass crops will be exrremely 
variable but below the production of the last two seasons. 
Alfalfa is the most productive perennial cool-season crop 
for Minnesota during dry weather because of its deep root 
system. We did not observe much winter injury in alfalfa 
variety uials at the branch stations this spring, but the 
soil moisture reserve from last fall and winter was normal 
to less than normal. We had record yields of alfalfa last 
year (9.6 T/A of dry matter at Waseca) under below 
normal rainfall, which means the soil moisture reserves 
from the spring 1987 carried us through but are now 
gone. On top of a shonage of soil moisture reserve and 
a low April-May rainfall we have had insect pressure from 
pea aphids as well as some alfalfa weevil pressure in 
southern Minnesota. In addition, the alfalfa stands with 
the most yield potential--new seedings in ·1987 --are in 
general below acceptable stand densities because of 
establishment problems due to our dry, desicating spring 
of 1987. Thus, alfalfa yields will be below normal, 20 to 
80% of normal, and will be heavily dependent on this 
season's rainfall. Recent research in Minnesota has shown 
that under normal soil moisture availability, first year 
production stands (seeded last year) will produce 0.4 tons 
of dry matter/acre/inch of rainfall. Older stands and 
drought-stressed stands may only produce 0.20 to 0.25 T 
DM/Ninch. Thus, in our driest areas of Minnesota it 
may take 8 to 10 inches of rainfall to produce 2 T/A of 
dry matter after the first crop is removed. 

Com silage usually supplies a large proportion of our 
forage needs during a drought. Planting conditions were 
good but yield will depend on rainfall we receive during 
the rest of the season. Small grain crops can also be 
utilized for forage; however. yields are often reduced 
severely under hot-dry spring weather conditions. 

Additional precautions for harvesting small grains or other 
silage cash grain crops are: 1) EPA label resuictions on 
the herbicide used on the crop, and 2) nitrate poisoning 
possibilities. Specific crops and herbicides with 
Environmental Protection Agency Restrictions on Feeding 
Crops Treated with Herbicides-1988 is available in county 
extension offices. This list includes the resuictions of 
herbicides used on crops planted in Minnesota which could 
be used for forages that do not allow feeding of the crop 
to livestock during restricted periods. 

Sei!ding Emergencv Crops for Forage 

In past drought years, emergency crops have been seeded 
for forage. The risk of obtaining enough yield to cover 
planting and harvest cost is great. The best srrategy is 
to harvest what you can from existing crops and plant 
emergency crops if your cost per ton will be less than 
purchase prices. Alternatives for hay or silage are 
sudangrass. foxtail, German or Japanese millet, sorghum
sudangrass crosses, forage sorghums, sunflowers or 
soybeans. Crops planted late for silage are com, 
sorghum-sudangrass, forage sorghums or sunt1owers. Crop 
selection should be based on the herbicide used in the 
previous crop, the crop expected to yield best and the 
crop easiest to harvest for hay or silage, whichever is 
desired. 

Small grains may be high in nirrates if grown under heavy 
nirrogen fertilization and srressed during pollination. 
Ensiling will reduce nirrates in small grain the same as 
for com. Drying does not reduce nirrates so small grains 
suspected of containing nitrates should not be harvested 
as a hay crop. 

Legume and grass forages should not be forgotten about 
during a drought. Yields of these forages will be low but 
quality will, in general, be high. Harvest all amounts 
possible. 

Continued on page 4) 

89 



90 

Minnesota Hay Situation 
and Hay Market Exchange 
by Neal P. Martl.n and Duane Schriever, e:rten.s.lon 
agronomist • forages and IISIIOCiate scientist, 
University of Minnesota 

The drought in west central and nonhwestern Minnesota 
(if dry weather continues the drought area could expand 
to mclude the entire midwestern region of the U.S.) is 
causing a demand for hay supplies. Statistics of hay 
stocks on farms collected by the National Agricultural 
Statistics Service provides some idea of hay supplies. Hay 
stocks on fa.rms May 1988 in Minnesota, the U.S. and all 
surrounding states except Wisconsin is below last year's 
supplies (from -3.2 to -39.3%, Minnesota and Nebraska, 
respectively), Table 1. 

Crookston has had an average 1.47 inches of water 
between April! and June 9, 1988, well below rainfall 
accumulated in the drought years of the 1930s. The dry 
spring has resulted in little to no grass pastures; thus, 
hay supplies have been depleted rapidly since May 1. 

My counterparts in South Dakota and Nebraska indicate 
hay is available in southeastern South Dakota and eastern 
Nebraska. Nonhern South Dakota, Nonh Dakota, 
Wisconsin and Provinces of Canada nonh of us appear to 
be dry also. Southwestern Minnesota at this writing is 
normal on rainfall followed by recently moisture stressed 
(second crop of alfalfa shon) areas in southern Minnesota. 

The Agricultural Stabalization and Conservation Service 
began releasing set-aside acres for hayi'ng on grazing on 
June 9, 1988 (Big Stone, Stevens, Pope, Stearns, Morrison, 
Crow Wing and Cass counties) and more releases are 
expected in nonhern Minnesota. 

Alfalfa yields will be below normal even in unstressed 
areas of Minnesota unless above normal rainfall is 
received or where irrigation of alfalfa is done properly. 
Because rainfall has been so variable, I think the 
Minnesota Hay Market Exchange (HME) can assist growers 
selling and buying hay. 

Minnesota Hav Market Exchange 

The Minnesota HME provides a central electronic forum to 
thoroughly describe the quantity and the quality of a hay 
lot offered by a seller or the hay reqUirements of a 
buyer. Each buyer or seller entry may be used to c:xLract 
matching seller or buyer entries. An overview table, 
Table 2, gives a quick summary of the current listings. 

The HME is available on the EXTEND-U computer bullt:tin 
board system. A pre-release verston of the program was 
released in August of 1987. The entry form is included 
with this issue of UPDATE. 

Table 2. 
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Table 1. Hay stocks available December and May 1986-1988 on farms in states 
surrounding Minnesota. 

State 

Iowa 
Nebraska 
Minnesota 
South Dakota 
Nonh Dakota 
Wisconsin 

U.S.A. 

Jan I Dec Ia 

1986 1986 1987 

May I 

1986 1987 1988 
Change from 
May 1, 1987 

------------------------------------1,000 tons----------------------------------

4,850 6,800 6,032 1,284 2,080 1,387 -33.2% 
4,931 6,354 4,921 1,419 1,921 1,166 -39.3% 
4,802 6,773 5,850 1,280 1,548 1,482 -04.3% 
5,168 8,677 8,508 1,546 4,105 2,765 -32.6% 
2,675 5,208 5,275 641 1,465 1,343 -08.3% 
7,228 9,482 7,726 1,112 1,616 1,954 +20.8% 

96,555 121,734 119,749 26,698 32,418 27,329 -15.7% 

a Reponing period was changed from January to December in 1986. 
SOURCE: May 1988 Crop Production, Nlllional Agri<:ulwral SLIILila.:o Service, USD~. 

Minnesota Forage UPDATE Vol. XIV No.3 Summer 1988 



Pricing of Hay and Other Feed Sources 
by Neal P. MartiD, and James G. IJnn, atenaiou 
agronom.tat • forages, and exte1111ion dairy 
nutritionist, Univenity of Minnesota 

S.:veral persons have asked about current pnces. The 
~tinnesota Agncultural Stausucs Office average pnce of 
.dfJ.lfa hay r<!cetved by Minnesota farmers on May 15, 
1988 was $70fT; down $4 from Apnl 15. We recommend 
that farmers contact extension officers and utilize 
"ProfessiOnal Nutnuomst" to establish an opponumty 
pnce (maximum pnce of feeds that a gtven operator can 
afford to pay, gtven thelf feedmg program and animal 
performance). 

An example of such prices is given in Table I. Using the 
current pnce of hay, $70fT, for the REFERENCE HAY 
(Tests: 85, 12, 41, 53, 57, 1.2 and .28% for OM, CP, ADF, 
NDF, TON, Ca, and P, respectively) and $2/bu for com 
gratn, a rauon was developed for a 1,350 lb cow, milking 
• u 60 lb/day at 3.8% butterfat. The rauon contatned 23.5, 
18.3, 5.4, 0.1, 0.03, and 0.19 lb/cow/day as fed of REF · 

hay, com grain, soybean meal, trace mineral salt, vnamin 
ADE prenux and Dical 38% phosphors, respecnvely. The 
maximum price for other hays ranged from $112 to $45fT 
when quality standard dropped from Pnme to Standard 5 
given a REF hay at $70fT, and soybean meal at $280fT. 
If we hold REF hay pnce constant ($70) and com 
constant ($2/bu), the value of quality hay mcrea~ed a~ 
soybean meal price changed and quall!y dropped, T J.bk I 
The pnce of com stlage and other forages can be 
compared to these pnces. Also, the pnce of alternate 
protem supplement and other feeds used for fiber source~ 
are presented tn Table 2. It is obvious to the role te~ung 
forages, pamcularly hay, has tn pncmg these feeds. 

The hay pnces developed in Table I are Similar to those 
obtained at th1s year's Minnesota Quahty-Tested Hav 
Auctions and are similar to the Dollar Feed Value ($FV) 
developed on a Supercalc Template "Forage Qualitv, 
Relative Feed Value and Dollar Feed Value, Vers1on 2.10, 
AG-CS-2662, Revised, April 1988, usmg forage tests and 
current com and soybean meal prices . 

(Continued on page 7) 

Table 1. Opportunity price of hay at various quality standards and other forages for a 
ration 1 developed wnh the reference hay2 and com gra.m when the reference 
hay pnce varies or the pnce of soybean meal varies. 

Reference hay $70/ton 

Hay/Silage2 DM 

Reference hay $/ton3 

Soybean meal 1 /cwt 
50 70 90 15.00 17.50 20.00 

(as fed) (%) -----·-·---·-------------------$!T ---------------·---------------
Prime 85 98 112 125 116 126 136 
Standard 1 85 86 101 117 104 112 120 
Standard 2 85 67 86 104 87 91 95 
Standard 4 85 33 55 77 53 50 46 
Standard 5 85 22 45 68 42 36 30 
Sudan grass 86 32 54 75 53 49 45 
Small grains 44 24 36 46 36 35 35 
Forage sorghum 28 10 17 25 17 15 14 
Com silage 35 17 22 28 22 20 19 

~Ration developed for 1,350 lb cow, 60 lb of milk at 3.8% milk fat. 
Quality tests of forages: 

Forage CP ADF NDF TON RFV 

--------------% of dry weight--------------

Prime hay 20 30 39 65.5 156 
Std 1 hay 18 33 43 63.2 138 
S'ta2hay 15 38 50 59.3 110 
REF hay 12 41 53 57.0 100 
Std 4 hay 9 44 63 54.6 81 
Std5hay 7 46 66 53.1 75 
Sudangrass hay 9 40 65 55.0 
Small grain silage 12 37 54 54.0 
Forage sorghum silage 9 41 65 5 l. 8 
Com silage 8 28 51 70.0 

3 Corn, $2/bu; soybean meal, $14/cwt. 
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(Crop Alternatives, from page 1) 

Legumes (alfalfa, birdsfoot, clover) do not accumulate 
nitrates. Grasses (timothy. orchard, brome, quack, etc.) 
will accumulate nitrates if they have been fertilized with 
nitrogen. This is generally not a problem due to a lack 
of nitrogen fenilization. 

Weeds such as redroot pigweed, lambsquarter, giant 
ragweed and cocklebur, and others commonly found in 
corn, small grain, new direct seeded legumes and hay 
fields are nitrate accumulators. Evaluate the amount of 
weeds in relation to the principcle crop in the field, 
consider the nitrogen fertilization level and how the crop 
is to be stored when assessing nitrate problem potential 
from weeds. 

Other crops not commonly harvested for livestock feeding 
may be useful as a feed during drought conditions. 
However, the chemicals applied to these crops and their 
carryover must be considered, especially insecticides and 
herbicides which are not cleared for livestock feeding. 
Check on chemical applications ro alternative crops before 
haryestjn~~;. Most vegetable and specialty crops come 
under this category. 

Problems--Nitrate, Prussic Acid and Silo Gas 

Nitrate toxicity may be a problem if plants are stressed 
during pollination or grown under a prolonged drought and 
harvested within a few days after a heavy rainfall. Soil 
nitrogen level and plant maturity will affect nitrate levels. 
Nitrate testing js recommended. Most commercial feed 
testing laboratories do nitrate testing. Obtain a random 
sample of chopped plants, place in a quart plastic bag and 
freeze immediately. Keep the sample frozen until tested. 
Do not allow the sample to unthaw and ferment during 
shipment to the laboratory for testing. Check with the 
following laboratories for specific nitrate analysis and 
cost: 

Ingman Laboratories, Inc.-Minneapolis, MN 
612!724-0121 

Markley-New Brighton, MN· 
612/633-5477 

Station Biochemistry-South Dakota State University 
605/688-6171 

Dairyland-Arcadia, WI 
6081323-3988 

Minnesota Valley Testing-New Ulm, MN 
5071354-8517 

Green chopped forages will be the highest in nitrates. Do 
not allow green chopped plants to set in forage wagons 
and heat. Only chop amounts canle will consume wllhJn 
a few hours. Ensiling will reduce nitrates 25 to SO%. 
Allow several weeks for fermentation before feeding. See 
Table 1 below for feeding guidelines. 

Analysis may be reponed several ways. Conven to 
nitrate nitrogen by: 

Nitrate (N03) x .23 = Nitrate nitrogen 
PotaSSIUm mtrate \KN03) x .14 = Nitrate nitrogen 
Sodium nitrate (NaN03) x .16 =Nitrate nitrogen 

Symptoms of niaite toxicity in animals are increased pulse 
rate, quickened respiration, heavy breathing, muscle 
tremble, weakness. staggered gait and blindness. If these 
symptoms occur, change feed source. 

Prussic acid or hydrogen cyanide poisoning is a problem 
with sorghum-sudan grasses after a frost or during · 
droughts. Alfalfa, grasses and corn plants do not 
accumulate hydrogen cyanide. Nitrogen fenilization and 
low phosphorus soils increase prussic acid poisoning 
potential. Contact your county extension office for more 
details. 

Symptoms of prussic acid poisoning include increased pulse 
and hean rates, gasping, muscle twitching and 
convulsions. Blood will be cherry red. 

Silo gases are poisonous to humans as well as animals. 
Plants high in nitrate and/or prussic acid will produce 
more than normal quantities of lethal silo gases. Allow 
plants with high concentrations of nitrates and/or prussic 
acid to ferment several weeks before feeding. Provide 
ample ventilation around the silo and in silo rooms during 
the flrst few weeks of fermentation to dispense silo gases. 
Run the blower for at least !0 minutes to ventilate silo, 
chute and silo room during the ftrst week after silo is 
fllled. 

The data in Table 2 and 3 shows yields obtained with 
annual forage crops planted in June 1934-36 at Morris and 
1967 at Grand Rapids under dry conditions. The rainfall 
at Morris averaged 13.3 from April through August (1934 
and 1936, it averaged 8.53 inches). Similar rainfall 
occurred at Grand Rapids, but normal soil moisture was 
available at planting. 

(Continued on page 5) 

Table l. Nitrate-nitrogen levels and corresponding animal responses. 

Nitrate nitrogen (N03N) 

0.0 to .3 
0.3 to .5 
Over .5 

Pans per 
million (PPM) 

3,000 
3,000 to 5,000 
5,000 

1 Dry matter basis. 

Feeding guide 

Gradually introduce feed. 
Limit to 1/2 of the total ration dry. matter. 
Limit to 1/4 of the total dry matter or lower 
(depending.on level). 
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(Crop Alternatives, from page 4) 
soybeans. Table 4 shows some estimated cash production 
costs of late planted forages, sudan grass or sorghum x 
sudangrass for hay or forage sorghum for silage. These 
are presented with alfalfa hay or late planted com silage 
for comparison. The severe drought areas of Minnesota, 
if rainfall continues to evade us I expect yields to be 20 

Each grower will need to assess expected cash cost to 
produce emergency crops for forage. The best crops are 
those crops that require the least moisture to produce dry 
maner: com, millet, sorghum. sorghum-sudan grass or 

Table 2. Yields of forage from crops planted 
June 15 at Morris during seasons of 
below normal rainfall 1

. 

Row width Seed/acre Hay yield2 

Crop (inches) (lbs) (T/A) 

Com 42 10 1.1 
Sorghum 42 8 1.0 
Sudan 42 8 0.8 

Soybeans 24 60 0.8 

Sorghum 6 30 1.2 
Com 6 80 1.4 
Sudan 6 30 1.1 

to 40% of normal. Thus, production cost range from $13 
to $92/f or in some cases will exceed purchase prices, see 
cost per ton as percent of normal in Table 4. I used 100 
lb/A of N fertilizer and only a herbicide for forage 
sorghum which is planted in 30-inch rows. Com silage 
costs may be above those chosen for emergency crops. 
Make your own cost estimates. 

Table 3. Yield and agronomic characters of warm-season annuals 
planted for forage on June 28, 1967 at Grand Rapids. 

Yield 
DM, T/A 

Height at Percent 
harvest moisture 
9!18 at harvest 

Stage of 
maturity 
at harvest 

'Piper' sudangrass 1.94 46 74 Heading 

Sudan-soybeans 6 10-60 1.3 
'Empire' millet 2.81 33 76 Heading 
'SudanSX-11' 2.73 53 81 Boot 

Millet 6 40 0.9 
Oats-barley-rye 6 64-72-28 0.5 
Oats 6 96 0.6 

I Average of seasons in 1934, 1935 and 1936. 

1 All crops received 80-35-100 lbs/A of plant food. All crops were 
drill seeded. Rainfall between seeding and harvest was 4.82 inches, 
4.77 inches below normal, but rainfall before planting was normal 
(7 .60 inches). 

2 
Average rainfall April through August, 13.3 inches. 
Yield at 15% moisture. SOURCE: David Rabas. Agronomis~ Nonh Cen<ral Experiment Suuion. Grand Rap1d.s, MN. 

Table 4. Production cost estimates for annual crops for emergency forage 
grown in Soil Area 6 of Minnesota. 

Cash cost items 

Seed 
Fertilizer 
Fuel 
Repair & Maint. 
Harvest - silage 

- hay 
Herbicide 
Interest on cash 

Cash cost, 
%of normal 
yield!T/A 

100% 
80% 
40% 
20% 

Sudangrass Sorghum Forage 
x sudan sorghum Alfalfa Com 

hay1 hay silage hay silage 

---------------------------------$/T ---------------------------------
18.60 13.80 7.60 18.00 
10.20 10.20 33.90 24.70 33.90 
8.68 8.68 8.68 6.58 8.68 

11.68 11.68 11.68 7.97 11.68 
8.25 8.25 8.25 

8.66 13.97 
14.20 14.20 

~ .2.1.2 ..!121 ~ __l_Ml 
64.18 58.40 93.58 59.07 105.13 

3.5 1 3.7 1 17.62 5.01 16.32 

---------------------------------$/T---------------------------------
18.33 15.78 5.32 11.81 6.44 
22.92 19.73 6.65 14.77 8.06 
45.84 39.46 13.29 29.54 16.12 
91.69 78.92 26.59 59.07 32.25 

i Yield ~xpressed at 15% moisture. 
Yield expressed at 65% moisture. 

SOURCE: Adaptt:d from Fuller and Nordstrom 1988 Crop BudgeiS. 
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Certified Labs for 1988 
by Neal P. Mart1D, ateuioll AjpODOJD.Ist • foraCe., 
UoiTeraity of MIDDeaota 

Ninety-three laboratories have been cenified to test 
alfalfa hay for moisture, crude protein and acid detergent 
fiber by the National Alfalfa Hay Test Association 
(NAHTA). NAHTA started three years ago as a result of 
the National Alfalfa Qualiry Coauniuee's recommendation 
to establish a national cenification program. Three years 
ago 48 labs were cenified, so the program is reaching 
more laboratories. 

Laboratories are mailed a sample of alfalfa hay quarterly 
during the year and asked to submit analyses in triplicate 
for CP and ADF. Then, each triplicate analysis is entered 
into a statistical program to determine outliers. Sample 
results must fall within 3 MADs (median absolute 
difference--a statistic to adjust a standard deviation from 

the median value to a normal distribution) 3 of 4 times to 
~o~e certified. In 1989 •. labs will be required to fall 
Within 2 MADs of the median, a ughter limit. 

Progress is being made, but efforts need to be expanded. 
We need to certify for more tests than CP and ADF and 
we need to certify for more forages than alfalfa hay. 
The Universiry of Minnesota Extension NIRS project has 
been operating a laboratory suppon program the last year 
in which labs are provided samples monthly of hay, 
haybge, com silage and high moisture com grain. The 
program has been excellent, except that only five labs 
have panicipated (DHIA Labs at Buffalo and Sauk.e Center, 
MN; Agri-Labs, Lake City, ~1N; and Rock River Lab, 
Watenown, WI). Listed below are laboratories within our 
five-state area that were cenified by NAHTA in 1988. A 
complete listing is available from the National Alfalfa Hay 
Test Association, P.O. Box 1059, Jackson, MI 49204 or it 
will be published in the August 1988 issue of Hay&: 
Forage Grower magazine. 

Commercial Testing Laboratory, P.O. Box 526, Colfax, Wisconsin 54730 
Dairyland Laboratories, 217 East Main Street, Arcadia, Wisconsin 54612 
Harris Laboratories, Inc., P.O. Box 80837, Lincoln, Nebraska 68501 
Iowa Testing Laboratories, Inc., Highway 17 North, P.O. Box 188. Eagle Grove, Iowa 50533 
LaMura Laboratory, 1314 Forest Street SW, Mason Ciry, Iowa 50401 
MADDY Nutrition Corporation, Box 228, Clinton, Iowa 52732 
Minnesota DHIA, 134 Lake Boulevard, Buffalo, Minnesota 55313 
Minnesota Extension N1RS Project, University of Minnesota, 128 Crops Research Building, St. 

Paul, Minnesota 55108 
Nebraska Testing Laboratories, 4123 South 67th Street, Omaha, Nebraska 68117 
Olsen Agricultural Laboratories, P.O. Box: 370, McCook, Nebraska 69001 
Rock River Laboratory, Inc., N8741 River Road, Route 3, Box 291, Watenown, Wisconsin 53094 
San Labs, 405 Eighth Avenue SE, Cedar Rapids, Iowa 52401· 
Scanplan, 1614 • 15th Street, P.O. Box 86, Menomonie, Wisconsin 53751 
South Dakota State University, Olsen Biochemistry Department, P.O. Box 2170, Brookings, 

South Dakota 57007 · 
State of Wisconsin, Soil and Forage Analysis Laboratory, 8396 Yellowstone Drive, Marshfield, 

Wisconsin 54449 
Super Sweet Research Fann, P. 0. Box 117, Counland, Minnesota 56021 
The GEM Agency, 1300 Sunset Drive, Sioux Falls, South Dakota 57105 
Triangle Agri Services, Monticello Veterinary Clinic, 305 Northhaven Drive, Monticello, Iowa 

52310 
University of Nebraska, Department of Agronomy, Lincoln, Nebraska 68583 
Ward Laboratories, P.O. Box 788, Kearney, Nebraska 68847 
Watlcins Incorporated, 150 Liberty Street, Winona, Minnesota 55987-0570 
Western Ranch Products, Inc., P.O. Box 31, Gering, Nebraska 69341 
Wisconsin DHI Co-op, Soil and Forage Center, 106 Cecil Street, Bonduel, Wisconsin 54107 
Woodson Tenent Laboratory, P.O. Box 1292, Des Moines, Iowa 50305 

Minnesota Forage UPDATE is published as five issues annua,lly by the Minnesota Forage.and G~sland Council, an affiliate of 
the American Forage and Grassland Council. For more informauon, contact: James G. Lmn, Eduor, 101 Haecker Hall, 
1364 Eclcles Avenue, St. Paul, MN 55108. 
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FROM THE SECRETARY'S DESK 

by Neal P. Martin, extension agronomist • 
forages, University of Minnesota 

This colu!IU1 will be brief because of the heavy damands 
ior information placed on me for the present drought. 

••• 
County and area council officers will be receiving updated 
information for their council handbooks. 

••• 
Weslc:v Cashman, MFGC President and David Brietbach, 
:V!FGC, Past President represented MFGC at the Affiliate 
Council Advisory Committee Meeting in Baton Rouge, 
Louisiana in April 1988. Also. Ben Zweber, dairyman from 
Elko, and newly appointed member of AFGC board of 
directOrs, attended both AFGC borad of directOrs 
meetings. Cenex/Land O'Lakes Cooperative and Pioneer 
Hi-Bred International sponsored Cashman's and Zweber's 
travel. Thank your local dealers of these companies for 
their support. This provides Minnesota fanner input into 
National Forage Council concerns. 

*** 
We will be requesting nominations for members to run for 
MFGC's Board of Directors soon. If you are interested in 
serving a four-year term of office, contact your county 
council president or me. The Board of Directors meets 
four times per year. Also, AFGC is requesting 
nominations for a producer to run for election for their 
Board of Directors. 

••• 
The AFGC 'Growth Fund" John Rodgers, executive vice 
president and treasurer of AFGC, talked to us about at 
Detroit Lakes in February will be initiated July 1, 1988. 
This program will provide us opportunity to improve 
county, state and national financial budgets. More details 
will be in the next newsletter. 

••• 
MFGC's Forage Marketing Committee has been meeting 
with the Minnesota Trade Office regarding interest of 
traders to sell Minnesota hay in Japan. 

Two State Tours Planned 

by Neal P. Martin, extension agronomist - forages. 
University of Minnesota 

The Board of Directors has initiated two state tours this 
year; designated a Northern Tour and Southern Tour. 

Northern Tour 

The Northern Tour is hosted by the Clearwater Forage 
Council in cooperation with the Northwest Cattlemen's 
Association. Registration begins at g:30 a.m .. on Julv 13. 
1988 at the Clearwater County Fairgrounds in Bagley. :Vfl\i. 
The tour will visit three farms: Severin and Doug 
Anderson. Arlan Dahlke, and Owen Bartels. Research 
conducted on nematode resistance in alfaifa will be shown 
along with demonstration plots of cool-season grasses and 
legumes, and wood ash compared with agricultural lime on 
alfalfa. After lunch at Bartels' Farm an intensive grazing 
demonstration, nitrogen and copper study on grass hay land 
and forage equipment demonstration will be shown. A 
registration blank is enclosed. 

Southern Tour 

The Houston County Forage Council will host the 
Southern Tour on July 15, 1988. Registration be-gins at 
9:30a.m. at Fred and Barbara Arnold's Farm southwest of 
Caledonia on Minnesota Highway 44. A special 
registration tag color coding system will be used to help 
with the current drought effect on hay stocks--Buvers 
will use red ink; Sellers will use green ink. This tour will 
show: 

- Alfalfa variety demonstration - seeded 1985 
- Alfalfa variety demonstration- seeded 1988 
- Alfalfa treated with 'Valpar' in Fall of 1987 
- Pasture weed control and fertilizer demonstration 
- Oat variety demonstration 
- Alfalfa 'seed prep' demonstration 
- Intensive grazing demonstration 
- An equipment demonstration with tedders and 

conditioners. 

Lunch will be served at the Eitzen Community Center 
featuring pork burgers prepared by Houston County Pork 
Producers. Advance registration is not necessary. 

(Hay Pricing, from page 3) Table 2. Opportunity price of alternate feeds and fiber sources using hay, com, 
and soybean meal. · 

Feed 

Beet pulp 
Oats 
Wheat, midds 
Soybean hulls 
Brewers/grain wet 
Sunflower meal-28% CP 
Alfalfa pellets-17% CP 

Reference hay $70/ton 
Reference hay $/ton Soybean meaVcwt 

50 70 90 15.00 17.50 20.00 

-------------------------------%ff -------------------------------
60 67 79 67 65 64 
80 88 95 89 93 96 

131 132 135 136 148 160 
73 80 97 8 1 83 84 
36 38 40 39 44 48 

184 197 210 208 236 264 
94 113 130 116 126 135 
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~ ~, Calender of Events 

Forage Tours 

June 30, 1988 

July 12, 1988 

July 13, 1988 

July 15, 1988 

Wisconsin Forage Expo 

Northwest Cattlemen's 
Association Tour 

Northern Tour-MFGC 

Southern Tour-MFGC 

Barron County, 
4 miles southeast of 
Cumberland, Wisconsin 
on County Road T 

Red River Valley 
Winter Shows Bldg., 
Crookston, Minnesota 
Reg: 7:30-8:30 a.m. 

4-H Building on 
Fairgounds at 
Bagley, Minnesota 
Rc:g: 8:30 a.m. 

Fred & Barb Arnold's Fann 
South of Caledonia on MN 44 
Reg: 9:30-10:00 a.m. 

July 26, 1988 West Central Forage Tour Contact Kandiyohi 
Counry Extension Office 
612-235-1485 

July 28, 1988 Northeast Forage Tour Gerald Wick Fann 
Toivola, Minnesota 
Contact South St. Louis 
County Extension Office 
218-726-7512 (Duluth) 

MINNESOTA FORAGE AND GRASSLAND COUNCIL 
411 BORLAUG HALL 
1991 BUFORD CIRCLE 
ST. PAUL, MN 55108 
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Addi~ional copies of the enclosed 
Minnesota Hay Market 
Exchange Seller and Buyer 
Data Collection Form are 
available at your county extension 
office. By outlining on a single 
page the categories of information 
requested by the program, the 
form lets the the prospective Seller 
or Buyer and the person doing the 
computer data entry know just 
what is required to make a 
complete entry for each lot of hay. 
At times when you cannot visit the 
extension office in person, the 
form can be turned in to your 
agricultural extension agent for 
entry later. You are responsible 
for promptly deleting ~ llliu 
are !1Q longer available or needed. 

Non-Profit Org, 
U. S. POST AGE 

PAID 
ST. PAUL, MN 
Permit No. 181 
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AGRICULTURAL EXTENSION SERVICE UNIVERSITY OF MINNESOTA 

CROP NEWS 

No. 52 Prussic Acid Poisoning Potential 

Neal P. Martin 

Agronomy 
I 

and !, 

Genetics Plant 

Sept. 1979 

Some species of both wild and cultivated plants in Minnesota are capable, 
under certain conditions, of developing hydrocyanic acid (HCN), also called 
prussic acid, which is highly poisonous. A great many plants are capable of 
developing prussic acid potential and may be responsible for poisoning, but 
only a few are actually dangerous. 

Prussic acid potential 

Flax, forage sorghums, sorghum-sudan hybrids, sudangrass, chokecherry, 
black cherry and velvetgrass are plants found in r·1innesota which have prussic 
acid potential. 

Prussic acid, discovered in 1782, is the same as hydrocyanic acid (HCN), the 
name more often used by modern chemists. Plants of the sorghum species contain 
a cyanogenetic glycoside called dhurrin. Dhurrin is not toxic but is converted 
to toxic prussic acid by two separate enzymes. This process is called cyano
genesis. 

Large amounts of prussic acid may be released by cyanogenesis in a relatively 
short period of time when plant tissue is injured by wilting, freezing, cutting, 
trampling or other forms of mechanical injury. Healthy, actively growing 
plants contain very little prussic acid. Ruminants are susceptible to prussic 
acid poisoning because rumen microflora are also capable of enzymatic breakdown 
of dhurrin. 

The amount of dhurrin in a plant depends on factors such as genetics, plant parts, 
plant age, climate, moisture supply and soil fertility. In general, forage 
sorghums tend to be highest in prussic acid potential, followed in descending 
order by sweet sorghums, sorghum-sudangrass hybrids and Pipe~ sudangrass, which 
usually is quite safe. Leaves of sorghum plants contain twice the concentration 
as stalks. New, young shoots also are very high in prussic acid potential. As 
plants mature or age, the amount of dhurrin decreases. Increased nitrogen levels 
have been associated with higher levels of HCN reJease and nitrogen to phosphorus 
ratios are important. Plants grown on soils having out-of-balance nitrogen to 
phosphorus levels tend to release higher levels of HCN. Drought, frost or any 
climatic condition which halts normal plant growth usually causes increased 
HCN release. 

Management considerations 

Prussic acid (HCN) levels above 20 milligrams (mg) per 100 grams of fresh plant 
material (80 mg/100 g of dry matter) have been reported as toxic. Testing for 
HCN is done by the Veterinarian Diagnostics lab, University of Minnesota,as long 

UNIVERSITY OF MINNESOTA, U.S. DEPARTMENT OF AGRICULTURE, AND COUNTY EXTENSION SERVICES COOPERATING 
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as the information is sent through your local veterinarian. The disadvantage 
of testing is that dhurrin will break down to HCN rapidly after the plant is 
cut unless the sample is frozen immediately. Also, it is desirable not to have 
plants chopped until just prior to analysis. Therefore, testing is rather im
practical. However, management steps can be taken in utilization to ensure 
safe use. 

Field curing or drying will liberate between 50 and 70 percent of HCN. Field 
conditioning sudangrass or sorghum-sudan hybrids will help increase liberation 
of HCN. The conditioning causes enzymatic breakdown of dhurrin and HCN is 
evaporated during drying. 

Ensiling may provide some liberation of HCN. The release of HCN during ensiling 
is controversial. The compound dhurrin is converted to HCN during ensiling; 
however, HCN is soluble in water. Research has not shown that HCN is detoxified. 
Thus, to be safe, don't expect ensiling to liberate HCN unless plants are con
ditioned and allowed to wilt before ensiling. However, ensiling should be done 
before the material reaches 50% moisture. 

Management tips 

1. Sudangrass and sorghum-sudan hybrids growing under normal conditions are 
safe to graze or green chop after they have reached 18 inches of plant 
height. 

2. Forage sorghums may not be safe for grazing or green chopping until headed. 
3. All sorghums, regardless of growth stage, can be fed safely when harvested 

as dry hay. 
4. All sorghums can be ensiled and fed with safety when harvested after heading. 

If harvested at earlier stages, partial field drying is necessary for best 
ensiling, and some lowering of prussic acid potential can be expected. 

5. All sorghums having adequate growth for safe grazing before frost can be 
grazed safely 3 to 5 days after frost. This means sudangrass or sorghum
sudangrass hybrids above 18 inches tall or headed fprage sorghums. 

6. Wait 2 weeks after a killing frost before grazing sorghums that are too 
short for safe grazing before frost. 

7. If new shoots develop after a partial frost killing, don't graze any 
sorghums until complete frost killing occurs. The new shoots are especially 
high in prussic acid potential and may be preferred by livestock. 

Neal P. Martin 
Extension Forage Agronomist 

The Un1vers1ty of Minnesota, 1nclud1ng the Agncultural ExtenSion Serv1ce. 1S committed to the pol1cy that all persons shall have equal access to 1ts 
programs, iac1ii!les, and employment Without reqard to race. creed, color, sex, natiOnal or~g.n, or handicap. 

The mtormat1on g1\len m this oublicat10n 1S for educational purposes only, Reference to commercial products or trade names 1s made w1th the 
understanding that no d1SCrlm1nat10n 1s 1ntended and no endorsement by the Minnesota Agncultural ExtenSion Serv1ce IS 1mpl1ed. 
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•" 

., How to reach HME: Contact anyone with access privileges to the EXTEND-U network, such as your county extension office. (Once the computer is 
. •· Jogged on to the EXTEND·U Main Menu, choose Run Applications <R>, then select HME (press <R> to call the HME Main Menu.) 

Use the HME Data Collection Form (see reverse), supplying all the requested information. 

Information you can record into HME: 
Seller Thoroughly describe the quantity and quality of 

each of your hay lots available for sale. 

Buyer Describe your forage needs: forage type, 
harvest method, forage test requirements. 

Criteria If your're not a Seller or Buyer, you can store 
reuseable search Criteria to screen Sellers or 
Buyers for a particular range of forage 
characteristics. 

Unique Enables a quick search without saving your 
search definition. 

Note: Seller/8uyer/Criteria entries may be recalled 
and edited, and the expiration date may be extended 
(provided you remember the listing's PASSWORD 
and LOT NUMBER). 

> :..::·:.:: ··: ':-·: ::<···:::;::.(~· ::\C:.\::{j. 

.. ·, ii '·.·· .. 
·.· '·' 

", ., 

' 

Information you can retrieve from HME: 
View or Print an OVERVIEW table summarizing the current 
(unexpired) Seller and Buyer listings by forage type, harvest method 
and cutting. (An option to tabulate current listings by County is also 
available.) 

Print the results of a "Unique one-time search" which uses shorrhand 
methods (e.g. search for a particular county, name, type, etc.) 

View or List (to the printer) ALL the current Sellers or Buyers. 

View or Ust the Buyers (or Sellers) that match your particular Seller 
(or Buyer) lot entry. 

View or List the Sellers or Buyers that match your pre-recorded 
search CRITERIA. 

(Note: the results of any search can be viewed or printed in either of 
two formats: 1) the full-screen entry which prints 3 to a page, or 2) 
as one-line-per record, ranked by forage type, method, and cuning.) 

~~i~~~~~~i:;~ 15'.11. U$rtips: ~:~~~~~~~~~~~~:~:,~~~~~:~~:~~ 
remember the Password, Lot Number, and exact Name used.). 

··.~~~~--~~---------...~:r· .. ~~~~~~~--~--~------------J 

.•..•••..••..•...•.•..• \> •....•.•..• ·· ··.·· .••.••... • 

.. ·, r pf~ciSE; rEM11~mb~r·th~t·~~)ni6r~t!~·i~AME!~·hrH~ as: goOd as 1M accuracY arid timeliness ofeaC!l' entry;.' The .• 
cooperation· of eachliser. is requited'lo promptly DELETE EACFfENTRY ONCE THE HAY LOT HAS BEEN SOLD, 
FED OR IS NO LONGER~EEDE!)~ (Co~tact the office where the entry was made;) • · 

Return to: 

Mail to: 

form HME 6/88b 
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Minnesota Hay Market Exchange Seller and Buyer Data Collection Form 
The arrows below retied the order of questiOns you will encounter when entenng a listing to HME while on-line 
from your computer to EXTEND·U. Be thorough, since you will be prom pled for a response to each one. 

M.l. 

----- iS c:lwadot tml~ e.g. tillhdlllll 

ZIP: __ _ 

s = Selin respond, B = Buyers respond 

_ AlfaHa (95'4) 

_ Allaii•Graas mixture 

_Other Legurr. (95% legume) 

- Othtl' Legu~rus nlltU!t 

_ Grass (95'4) 

Stalks 

SI!IW 

M~~-=----~~--~l PuiUrl-

SmoOih Brome 
_ nmothy 

_ Orchardgrasa 

_ Reed Canary 

_ auacJcgrasa 

rriXId 

_ Sprouted Grains 

_H.M.Grain 

Other Note: 'mtscallaneous forage types' 
may sk" to 'Comments• sectiOn. 

_' Ho Preftl'tnc:a I' artor• only) 

_ "AifaHa OR AJfaHa-Grass mixture ~ 

rA;~~;;~;==-~~~~~~~~ .. ~~~n-.~
2

·~.~~~ .... ~ •• 

Loose StiCk 

Cubes 

Pellets 

Testing lab used:--------

Analysis data: 

--·-% Moisture (as tested) 
__ ._ '"- Crude Protein (dry maner basis) 

(to caiculatl Rellllive Feed Value, NOF & AOF are required) 

--·-%Neutral Detergent Fiber (dry maner bnis) 

__ ._%Acid Detergent Fiber (dry maner basis) 
.. :::;.::;:::=.;·;::·;:,;·::;.::::;~::.:.;::~·;:;~:;:;:;::::~·;.;:;:::;::~·;:;:;:::;.;:;.::::l;:;~;;:;::.;::;:;:;:;.;:;:;:;:;:;:;:;:;:;:;:;~:;:;:;:h:70~0;;;0~~~57::::'===r=~==d. 

Sampling Method used: 
_Bale Cores, probed from __ Bales (ontot n~~nbtl of bol•l 

form HME 6188a: 



101 

Source: Neal P. Martin 
612/625-3747 

Writer: Jack Sperbeck 
612/625-1794 

MORE HAY BUYERS WANT QUALITY 

More hay buyers are demanding a forage quality test. 
says Neal Martin. 

And that's good, 

"There's a lot of low qLlality hay -i:or- sale," says Martin, for-age 
specialist with the University of Minnesota·~ Extension Service. He's 
also coordinator of the MINNESOTA HAY MARKET EXCHANGE--a computerized 
l1sting of potential hay buyers and seller-s. 

If you're short on hay, he advises inventorying your feed 
suppliers and needs for a year- ahead. You can feed a ration that meets 
minimum fiber needs and supplement it with concentrates. 

If you wish to use the MINNESOTA HAY MARKET EXCHANGE, you can get a 
listing of hay supplies or buyers from your local county extension office. 
Each county office can access the data base over the EXTEND-U data base of 
the Minnesota Extension Ser-vice. 

Buyers and sellers must supply forage quality data when they ask to be 
included in the data base. Sellers must provide iniormation on forage type, 
har-vest method, harvest date, storage, maturity, whether- it has been rained 
on or is moldy or weedy, and if it has been treated with a drying agent or 
pr,:·servati ve. 

If available, the results of a laboratory test are included. 
with your county extension office for more information. 

# # # 
AEA,BSS,CEO 

Check 

NAGR2608 
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,July 21 ~ 1 988 Source: Mike Schmitt 

612./625-8700 
Writer: Jack Sperbeck 

612/625-1794 

NITRATE TESTING FOR FORAGES AVAILABLE FROM U OF M 

Have forage and silage made from drought stressed crops tested fer 
nitrate toxicity~ advise specialists with the University of Minnesota 
Extension Service. 

The University"s Soil Testing Laboratory is now equipped to test for 
nitrates. The fee is $15 per sample. You need good representative samples 
to g~t useful results. County extension agents have a publication CDairy 
Update~ IssLle 83) with details on sample col'lection. 

"There j-,.:,ve already been some ni t1rate to>: i city problems with 1'1i nnesot.a 
li\i<;;stoc:k," says Mike Sc:r,mitt~ e>:tension agrc"inomist. "Nitrate~:; •'~~'""<·? a 
pob?ntial problem in both stJressed corn and stressed small grain foro.'lgE·," he 
Sctys. 

Nitrate levels can be ra~ically different on adjoining fields. 
"Localized !stress conditions~ date~ fertility levels~ recent rains .::md stage 
of plant grm~th inflLlence nitrate levels," Schmitt says. 

Schmitt and soils specialist George Rehm recently found a wide 
variation in nitrate nitrogen tests around the state--with some tests in the 
danger level for livestock. 

Generally, corn that looked dead in the fi.eld had lower nitrate le\lE:l~:;

-~pparently nitrogen never got into the plant"s system. And the better 
looking corn had the highest nitrogen levels. 

Greenchbpping for immediate use isn't recommended due to potentially 
hiQh nitrate levels. Ensiling reduces potential nitrate poisoning problems. 
However, you should wait until corn is in the 60 to 70 percent moisture 
range before putting it in the silo. Allow several weeks for fermentation 
before feeding the silage. 

# :j:l: # 
i:;EA, BSS ~ CEO NAGR2607 
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ENSILING DROUGHT-STRESSED CORN--Producing silaqe is a good option 
with drought-stressed corn. A major concern with this corn is its 
nitrate toxicity and the fermentation process reduces this amount 
significantly. Adding 10 to 20 pounds of limestone per ton of 
silage will increase nitrate breakdown during fermentation. 
Fermentation takes 2 to 3 weeks to complete, therefore, it is 
advisable not to feed the silage for at least 3 weeks after 
chopping. After fermentation, the material has very good feeding 
value. Trials show that corn silage made from grainless corn 
plants had 90-100% of the value of normal corn s i 1 age on a dry 
matter basis when comparing feed efficiency, milk production, and 
growth rate. 

Although normal upright silos may be used for this purpose, the 
tendency to cut the material too wet results in high seepage 
losses. Temporary storage in aboveground piles, if well 
compacted, will be a viable as well as economical alternative for 
an unexpected corn silage crop. It is estimated that for each 
foot in height of grainless corn, excluding tassel, one ton of 
silage is produced. 

The key in making good silage is having material at the proper 
moisture content. It is well worth the time to randomly check the 
moisture content of the plants. Corn should be chopped from 
within the field (corn on outer edge is often drier) before 
determining its moisture. One method is the "Grab Test" that 
estimates plant moisture. Take a handful of finely chopped plant 
material and squeez~ tightly for 90 seconds. Release the grip and 
note the condition of the material and the hand. 1) If juice 
runs freely or shows between the fingers, the crop contains 75-85% 
moisture. 2) If the ball holds its shape and the hand is moist, 
the material contains 70-75% moisture. · 3) If the ball expands 
slowly and no dampness appears on the hand, the material contains 
60-70% moisture. 4) If the ball springs out in the opening hand, 
the crop contains less than 60% moisture. A more accurate method 
is to use a scale and oven-forced air or microwave oven to measure 
wet and dry weights and calculate moisture percentages. 

Silage can be made with good success when the plant material is 
from 55-70% moisture. Most corn is not this dry, although it may 
be wilted and scrawny. Drier materials may be added with the wet 
corn silage to get an overall silage moisture content of 55-70%, 
but most producers do not have other materials. If the plant is 
losing ground to the weather, and over half of the leaves are 
firing, the plant is losing moisture and may be in the 60-70~ 
moisture range. 

--Michael A. Schmitt, 8xtension Agronomist 
Neal P. Martin, 8xtension Agronomist 
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NITRATES IN STRESSED CORN--Nitrates in the plants are always a 
concern in using drought-stressed corn. Nitrates are genera 11 y 
taken up by plants and incorporated into amino acids. In a 
drought year, there is less conversion of the nitrate into these 
acids and this results in a buildup in the plant. When stress 
occurs only at tassel/silk stage, or slightly thereafter, the 
greatest amounts of nitrate accumulate. When stress occurs for an 
extended period before tassel/silk stage, nitrate buildup is 
evident, but not as great. In either case, resumption of normal 
plant growth from heavy rainfall will initially cause a greater 
accumulation of nitrates before the levels decline in 2 to 3 days. 

The best way to accurately assess the amount of nitrates in a 
material is to have it analyzed by a laboratory. Prior to 
feeding, test a sample of the material. Then by knowing the 
nitrate level present in the material, the feeding ration can be 
adjusted to compensate for the known nitrates. Nitrates 
accumulate in· the basal portions of the plant, so if greenchopping 
is necessary for feed, raise the cutterbar 8-12 inches off the 
ground. Remember, ensiling will also reduce nitrate 
accumulations. 

Be aware of gases that form during fermentation of high nitrate 
forages that are poisonous to humans and farm animals. Three 
nitrogen containing gases, nitrogen tetroxide (yellow color), 
nitrogen dioxide (red brown color) and nitric oxide (colorless) 
form during nitrate breakdown. These gases plus carbon dioxide 
(also a by-product of fermentation) are heavier than air. Thus, 
they accumulate on top of silage within the silo, in silo chutes 
and in silo rooms at the base of the silo. Silo blower should be 
operated before entering these areas to properly ventilate them. 
Keep children and livestock from these areas and if one must 
enter, enter with someone else at the base of the silo for help. 

--Michael A. Schmitt, Extension Agronomist 
Neal P. Martin, Extension Agronomist 
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NITRATE PERSISTENCE IN CORN -- Elevated nitrate levels have been a 
primary concern for many livestock producers salvaging their corn 
crop. Although nitrate levels may be potentially dangerous, some 
factors can eventually lower these levels in the weeks to come. 

The major mechanism for reducing nitrate concentrations is for the 
plant to assimilate the nitrogen into amino acids and then into 
protei~s. Plants that are done pollinating and apparently have no 
ears may grow slightly in the stalks, thus using some of the 
nitrates. For corn that has not completed the tasseling/silking 
stage, more vegetative growth is also possible. In most fields, 
however, some grain is developing on most ears, and even though 
these fields are destined for silage, the grain will provide a 
sink for the excess N in the plant, thereby reducing the nitrate 
toxicity problem. 

Any rainfall the corn receives should eventually reduce nitrate 
levels in the plant because of more growth. Remember that a 
rainfall will create higher nitrate levels in the plant 3-5 days 
after the rainfall. For plants that are dead, or will be soon, 
more growth is not foreseen and some of the nitrates may be lost 
from the plant by leaching or exudating their nitrates back into 
the soil. 

In summary, the risk of high nitrates will decline in most corn in 
a few weeks. Our best advice still is to have plant material 
tested by a laboratory for nitrates. 

--Michael A. Schmitt, Extension Agronomist and 
Neal P. Martin, Extension Agronomist-Forages 
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EPA {Euvironaental Protectiou Ageucy) RESTlliCriONS OR 
FEEDIHG CROPS TREATED VITH HERBICIDES - 1988 

Roger L. Becker, Jeffrey L. Gunsolus, and Beverly R. Durgan 
Extension Agronomists-Weed Control 

University of Minnesota 

Crop/Herbicide Restrictions 

ALFALFA/SKALL-SE~ED LEGUMES - Eatabliahed 

hexazinone (Velpar) 

MCPA 

~etribuzin (Lexone, Sencor) 

paraquat (Gramoxone Super) 

pronamide (Kerb) 

sethoxydim (Poast) 

terbacil (Sinbar) 

2 ,4-DB (Butyrac 200) 

Do NOT feed or graze for 30 days. 

Do NOT forage or graze within 7 days of 
slaughter. 

Do NOT graze or harvest within 28 days. 

Do NOT cut, graze, or harvest within 30 
days (between cutting applications) or 
for 60 days (dormant applications). 

West of the Mississippi River: 
Do NOT graze or harvest within 25 days 
(<3 lbs product/A) or 45 days (3-4 lbs 
pro!iuc t/ A). 

East of the Mississippi River: 
Do NOT graze or harvest within 120 days 
of application. 

Do NOT apply within 7 days of feeding, 
grazing or harvesting forage or within 
20 days of feeding or harvesting hay. 

None. 

Do NOT graze or feed hay for 30 days. 

ALFALFA/SMALL-SEEDED LEGUMES - EatabliaiN!Ut (Mev Seediug) 

benefin (Balan) 

EPTC (Ep tam) 

pronamide (Kerb) 

sethoxydim (Poast) 

2,4-DB (Butyrac 200) 

(Continued) 

None. 

None. 

(See "Established" section,) 

Do NOT apply within 7 days of feeding, 
grazing or harvesting forage or within 
20 days of feeding or harvesting hay. 

Do NOT graze or feed hay for 60 days. 
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EPA RESTRICTIONS ON FEEDING CROPS TREATED WITH HERBICIDES-1988 (continued) 

Crop/Herbicide 

CORN 

atrazine (Atrazine) 

dicamba (Banvel) 

bentazon (Basagran) 

cyanazine (Bladex) 

bromoxynil 
(Buctril/ME 4 Brominal) 

metolachlor (Dual) 

EPTC + safener (Eradicane) 

alachlor (Lasso) 

linuron ( Lorox) 

simazine (Princep) 

pendimethalin (Prowl) 

propachlor (Ramrod) 

butylate + safener (Sutan+) 

2,4-D (2,4-D ester/amine) 

FLAX 

bromoxynil (Buctril) 

diclofop (Hoelon) 

EPTC (Eptam/Genep) 

sethoxydim (Poast) 

trifluralin (Treflan) 

-propachlor (Ramrod) 

HCPA 

(Continued) 

Restrictions 

Do NOT g_raze or feed forage for 21 days 
.after application. 

Prior to the ensilage .(milk) stage, do 
NOT harvest or graze forage. 

Do NOT graze or feed forage for 12 days 
after application. 

No restrictions. 

Do NOT graze or feed forage for 30 days 
after application. 

No restrictions. 

No restrictions. 

No restrictions. 

No restrictions. 

Do NOT graze. 

No restrictions. 

No restrictions. 

No restrictions. 

Do NOT graze or feed forage for 7 days 
after treatment. 

None. 

Do NOT graze or feed straw. 

None. 

Do NOT graze or feed. 

None. 

None. 

Do NOT forage or graze within 7 days of 
slaughter. 



EPA RESTRICTIONS ON FEEDING CROPS TREATED WITH HERBICIDES-1988 (continued) 

Crop/Herbicide 

SOYBEANS 

chloramben (Amiben) 

bentazon (Basagran) 

acifluorfen (Blazer) 

chlorimuron (Classic) 

lactofen (Cobra) 

clomazone (Command) 

metolachlor (Dual) 

fluazifop (Fusilade) 

diclofop (Hoelon) 

alachlor (Lasso) 

metribuzin (Lexone) 

linuron (Lorox) 

fenoxaprop (Option) 

se thoxydim (Poas t) 

pendimethalin (Prowl) 

imazethapyr (Pursuit) 

imazaquin (Scepter) 

metribuzin (Sencor) 

ethalfluralin (Sonalan) 

acifluorfen (Tackle) 

trifluralin (Treflan) 

fenoxaprop (Whip) 

(Continued) 

Restrictions 

Do NOT use foliage for feed or forage if 
mixed with Sencor or Lexone. 

No restrictions. 

Do NOT use for feed or forage. 

Do NOT graze or harvest for forage or hay. 

Do NOT graze on forage or stubble. Do cWT 
use hay or straw for feed or bedding. 

Do NOT graze or harvest for forage or hay. 

No restrictions. 

Do NOT use for feed or forage. 

Do NOT graze. Do NOT harvest forage, hay, or 
straw prior to grain harvest. 

Do NOT graze or feed forage following a 
postemergence application. 

May be grazed or fed to livestock 40 days 
after application unless specified on 
companion product (eg., Lorox, or Sonalan 
mixtures). 

Do NOT use for feed or forage. 

Do NOT graze or feed forage, hay, or straw. 

Do NOT graze or feed forage or ensile. 
Hay can be fed to Livestock. 

No restrictions. 

Do NOT graze or feed forage, hay, or straw. 

Do NOT graze or feed forage, hay, or straw. 

May be grazed of fed to livestock 40 days 
after application unless specified on 
companion product (eg., Lorox, or Sonalan 
mixtures). 

Do NOT graze, feed for forage, or cut for 
hay or silage. 

Do NOT use for feed or forage. 

No restrictions. 

Do NOT graze or feed forage, hay, or straw. 
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EPA RESTRICTIONS ON FEEDING CROPS TREATED WITH HERBICIDES-1988 (continued) 

Crop/Herbicide 

SUHFLOWEB.S 

cloramben (Amiben) 

EPTC (Eptam) 

alachlor (Lasso) 

sethoxydim (Poast) 

pendimethalin (Prowl) 

ethalfluralin (Sonalan) 

trifluralin (Treflan) 

Restrictions 

Do ~OT graze or feed, 

None. 

Do.NOT graze or feed forage. 

Do NOT feed forage. 

Do NOT graze or feed, 

Do NOT graze, forage, or cut for hay or 
silage. 

None. 

SPI.IHG WXAT/vnrTD WEAT/OATS/BABLJI.Y 

bromoxynil (Buctril, Bronate) 

clorsulfuron (Glean) 

thiameturon (Harmony) 

dicamba (Banvel) 

diclofop (Hoelon) and 
bromoxynil + MCPA 
T .M. (One Shot) 

difenzoquat (Avenge) 

propanil + MCPA (Stampede CM) 

imazmethabenz (Assert) 

triallate (Fargo) and 
trif 1 ura lin 
T.M. (Buckle) 

trifluralin (Treflan) 

2,4-D 

2,4-D + clopyralid (Curtail) 

MCPA 

Do NOT graze treated fields for 30 days. 

No grazing restrictions. 

Do NOT graze or feed forage or hay. 

Do NOT graze or harvest for livestock 
feed prior to crop maturity. 

Do NOT graze. Do NOT harvest forage, 
hay, or straw prior to grain harvest. 

Do NOT graze or cut for silage or hay. 

Do NOT graze or cut for green chop feed. 

Do NOT graze or cut for feed or silage. 

Do NOT graze. 

None. 

Do NOT permit dairy animals, or meat 
animals being finished for slaughter, to 
graze within z· weeks after treatment. 

Do NOT allow dairy animals, or meat 
animals being finished for slaughter, to 
forage or graze for 1 week. 

Do NOT forage or graze within 7 days of 
slaughter. 



VEED CORTllOL IH EKEBGEIICT .PORAGE ClOPS 
(Forage Sorghua. Sorgh...-Sadall Croaa ... Sadaagraaa aDd IUlleta) 

Beverly R. Durgan, Jeffrey L. Gunsolus and Roger L. Becker 
Extension Agronomists-Weed Control 

University of Minnesota 

Because of the dry weather in many parts of Minnesota, many growers are 
considering planting emergency forage crops. Following is a Us t of labeled 
herbicides that can be used for weed control in these crops. 

CADTIOH: Do not plant any of the emergency grass forage crops on land 
that has been treated with Treflan (t:rifluralin), Prowl 
(pendimethalin), or Sonalan (ethalfluralin) this year • 

.PO RAGE SOBGHOI! • SORGHUM-SUDAH CllOSSES • AliD SUDANGJlASS 

Cultural Practices - Sorghum, sudangrass, and crosses of these two are warm 
season crops and should not be planted until about May 20 to June 5 in 
Minnesota. Del•yed planting until aoil temperatures are warm enough for 
rapid crop seed germination provides an excellent opportunity for early weed 
control by tillage. The use of a rotary hoe or harrow will kill small weeds 
as they are emerging. A row cultivator with shovels set for shallow 
cultivation should be used af.ter the crop and weeds emerge. 

Herbicidea - Atrazine may be used to control many annual grass and broadleaf 
weeds in forage sorghum and sorghum-sudan hybrids. Atrazine is not 
registered for use on sudangrass. Application may be made preplanting 
(within 2 weeks of planting), preemergence, or postemergence. Do not use 
atrazine on sandy soils. On medium and fine textured soils with organic 
matter levels of more than 1.5 percent, atrazine can be used at 2 to 3 
pounds per acre. However, some crop injury may occur at the higher rate, 
especially if heavy rains follow application or if sorghum or sorghum 
crosses are under certain stress conditions. Postemergence treatments with 
atrazine alone should be made before weeds are more than 1.5 inches tall. 
If an emulsifiable oil is used with atrazine· for postemergence control of 
broadleaf weeds, use no more than 1.2 pounds of atrazine per acre and apply 
before broadleaf weeds are 4 to 6 inches tall. 

CADTIOH: Do not graze or feed forage from treated areas for 21 days 
following application. 

Metolachlor (Dual) may be applied preplant incorporated or preemergence for 
annual grass and some broadleaf weed control in forage sorghum (not sorghum
sudan crosses or sudangrass). However, the forage sorghum seed must be 
treated with Concep seed safner or serious injury will result. On medium 
and fine textured soil with organic matter levels of more than 1.5 percent, 
metolachlor can be used at 2 to 2.5 pounds per acre. Do not use metolachlor 
on sandy soils. 
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For control of broadleaf weeds in forage sorghum, sorghum-sudan crosses or 
sudangrass, 2,4-D amine or ester may be used when these crops are 4 to 12 
inches tall. Application at earlier or later stages of the crop may result 
in serious crop injury. Use 2,4-D amine at 0.25 to 0.50 pound per acre or 
2,4-D ester at 0.16 to 0.33 pound per acre. 

CAUTION: Do not graze or harvest for 14 days after 2,4-D treatment. 

IIILLITS 

There are several types of millets that can be successfully planted in 
Minnesota. These include: proso millet, foxtail millet, German millet and 
barnyard millet. The only herbicide cleared for use in millets is atrazine, 
and atrazine can only be used ~ proso millet. 

CAUTION: Do not use atrazine on any type of millet other than proso 
millet. 

Atrazine may be used to control many annual grasses and broadleaf weeds in 
in proso millet. Application may be made preemergence or preplant 
incorporated. Atrazine can be applied at 0.6 to 1.1 pounds per acre on 
soils with organic matter levels of less than 2 percent, and at 1.1 to 2.2 
pounds per acre on soils with organic matter levels of 2 percent or higher. 



GJlAZIBG A HAT IIAJlVEST OR HD.BICIDE TllEATED CBP OR SET-ASIDE AClES 
RU USED Ill USPOHSE TO DROUGHT 

Roger L. Becker, Beverly R. Durgan, and Jeffrey L. Gunsolus 
Extension Agronomists-Weed Control 

University of Minnesota 

Conservation Researve Program (CRP) or set-aside acres that have been 
treated with certain herbicides may not be legally grazed or havested for 
hay, even if released for such use by the government. Many CRP herbicides 
do not have residue tolerances cleared to allow consumption by livestock, 
sinc;-program acres were not intended to be used as forages. The non
grazing or hay harvest provision did, however, make products available for 
CRP and E:r!t-aside use that otherwise would not have been cleared. Some 
product labels, even though allowing grazing on pasture uses, do not allow 
CRP forage utilization. Do not graze or feed treated forage to lt;;stock if 
not specifically cleared for~at use or illegal pesticide residues in meat 
or milk could occur. This is especially true for lactating dairy animals. 
The following summarizes labeled clearances for CRP herbicides. 

Table 1. ClP Herbicide Grasiq and BarT .. t a .. trictiona 

Crop/Herbicide 

WARM-SEASON GRASSES 

1. Atrazine 

2. Glean 

COOL-SEASON GRASSES 

1. Buctril 

2. Curtail 

3. Crossbow 

4. Tordon 22K 

5. Option/Whip 

6. 2,4-DB 

7. 2 ,4-D/MPCAl 

Restrictions 
Before grazing 

4 months (seeding year) 
3 months (establi3hed) 

Do NOT graze 

Do NOT graze 

Do NOT graze 

Do NOT graze 

Do NOT graze 

Do NOT graze 

Do NOT graze 

7-14 days 

Before hay harvest 

Do NOT harvest 
Do NOT harvest 

Do NOT ha rves t 

Do NOT harvest 

Do NOT ha rves t 

Do NOT ha rves t 

Do NOT ha rves t 

Do NOT harvest 

Do NOT harvest 

0-30 days 

1 Refer to individual product labels for use restrictions. 
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In addition, some products may have been used on set-aside acres, either to 
establish or maintain desirable forages or to burndown weeds instead of 
mowing where previous crop residue is utilized as cover. The following 
summarizes set-aside acres herbicide use restrictions. 

Table l. Set•Aalde Hecblclde Gcaalq aad Harreat: 1.-t:rlct:laaa 

Restrictions 
Herbicide Grazing Harvest for hay 

Roundupl 8 week.s 8 weeks 

Gramoxone Super 45 days 45 days 

Treflan No rea tric tiona No res tric tiona 
if released if released 

Prowl Do NOT graze Do NOT harvest 

MCPA/2,4-02 7-14 days 0-30 days 

Banvel3 0-60 days 0-90 days 

1 Only 14 days required for spot treatment or wiper applications 
not treating more than 1/10 of any given acre, 8 weeks for 
broadcast applications. 

2 Refer to individual produce labels for use restrictions. 
3 Remove meat animals 30 days prior to slaughter. No grazing or 

hay harvest restriction for meat or non-lactating dairy animals. 
Interval for lactating dairy animals varies depending on use rate. 



PllECAUTIOIIS POB. DllOUGI:IT-S"l'BllSSED PA.STOUS VI"l'B POISOROUS VEEDS 

Roger L. Becker, Beverly R. Durgan, an~ Jeffrey L. Gunsolus 
Extension Agronomists-Weed Control 

University of Minnesota 

As forage supplies dwindle during extensive dry periods, the number of 
livestock poisoning cases often tends to increase. Poisoning can result in 
poor weight gain, weight loaa, abortions, or even death. The causes can 
often be traced to animals eating weedy plants nomally not eaten if more 
desirable forage was available. Plants normally avoided sometimes become 
more palatable when drying down, either following herbicide application or 
during severe moisture-stress periods. Some grazing restrictions following 
herbicide application are intended to avoid this dry-down period as well as 
avoiding illegal pesticide residues. Livestock may be forced to eat 
succulent weeds if desirable forage is limited as well. Refer to Cultural 
and Chemical Weed Control in Field Crops, 1988; Minnesota Extension Service 
bulletin AG-BU-3157, for grazing and forage harvest restrictions for 
herbicide use. 

Grazing excessively weedy areas always poses some risks, but this is 
especially true during drought periods. Grazing excessively weedy pastures 
should be avoided altogether, if at all possible. Weeds should be clipped 
with a mulching type mower or sprayed prior to grazing. Many common weeds 
can contain elevated levels of nitrate during stressed periods. The risk of 
livestock poisoning with common weeds becomes more serious during moisture 
stress because enough lower nitrate forage is not available to dilute high 
nitrate levels in weeds. A few common weeds that have been known to cause 
nitrate problems include lambsquarters, pigweeds, white cockle, velvetleaf, 
smartweeds, burdock, and hounds-tongue, to name a few. There are some weeds 
that are more dangerous and should be avoided even at relatively low levels 
of infestation during drought periods. These are tall buttercup, white 
snakeroot, brackenfern, water hemlock, and horsetail. 

TALL BOTTEB.CDP (Ranunculus acris) contains a glycocide called ranunculan. 
This compound readily breaks down to release a volatile, strongly 
irritating, unstable oil which can lead to severe ulceration of the 
gastrointestinal tract. Poisoning has been observed in all classes of 
livestock, but cattle are most often poisoned. Irritated or firey red 
mouth tissues are a preliminary indicator of exposure. Irritant 
lesions are common throughout the digestive tract on post-mortem 
examination of animals that have died from buttercup exposure. Dried 
material such as hay no longer shows the toxic properties. 

WHITE SBAKEBOOT (Eupatorium rugosum) is found almost exclusively in open 
wooded areas, often bordering streams on rich soils. White snakeroot 
is associated with the relatively common occurence of milk sickness 
which peaked in the first half of the 19th century. White snakeroot 
poisoning in livestock was temed "trembles" or "the slows" 
characterizing the lethargic nature of animals and their tendency to 
assume a wide stance as if to prop themselves up during which they 
begin to tremble or 'shake uncontrollably. The symptoms would most 
likely be seen in suckling animals. before being readily apparent in the 
nursing mother. White snakeroot is relatively rare in Minnesota, 
compared to the other spec'ies specifically lis ted in this article. 
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BBAKEHFEBB (Pteridium aquilinum) has shown poisoning symptoms in horses, 
sheep and cattle, with horses being the moat sensitive and sheep the 
least. Livestock showing symptoms of brackenfern poisoning are 
listless with elevated body temperatures and mucous discharge or 
bleeding from the nostrils. Early preliminary symptoms in horses often 
resemble white snakeroot poisoning in that the animals are lethargic, 
tend to assume a wide stance as if propping themselves up, and show 
muscle twitching or trembling. More advanced poisoning results in the 
inability of the animal to remain standing with violent attempts to 
regain its footing. Post-mortem examinations often reveal extensive 
internal organ hemorrhaging. Brakenfern remains poisonous even after 
dried down. 

VATK& HXKLOCK (Cicuta maculata) is the deadliest of the plants specifically 
listed in this article. The highest level of toxicity occurs in root 
parts and new emrerging spring growth, and to a lesser degree in 
maturing above ground stem tissue. Water hemlock has been shown to be 
toxic to all classes of livestock. Hemlock contains the neuroactive 
compound cicutoxin which expresses symptoms rapidly. Extreme, violent, 
destructive convulsions are characteristic of hemlock poisoning with 
death occurring due to respiratory paralysis and asphysia within 30 
minutes. Poisoning_ cases are often most prominent in the spring when 
livestock are grazing young plants and exhume and ingest roots while 
grazing exposed shoots. Two ounces of root and leaf tissues can kill 
sheep with only 8-10 ounces being fatal to mature horses or cows. 

CDMMOI HORSETAIL (Equisetum arvense) is quite common in low lying areas of 
pastures, road sides and ditch banks in wet, sandy or gravely soil. 
Animals showing horsetail toxicity often show symptoms of trembling and 
muscular exhaustion. There are several compounds suspected of causing 
the symptoms of horsetail poisoning, but a thiamine-destroying 
substance appears to play a major role similar to that in poisonings 
caused by brakenfern. Horses seem most susceptible to E. arvenses 
though cattle, sheep and goats appear to be more sensitive to E. 
palustre or marsh horsetail. Symptoms most often seen in cattle 
following consumption of horsetail is expressed as poor weight.gain as 
opposed to fatalities. 

If dry weather persists and forage conditions deteriorate, remember to 
survey pastures for excessively weedy areas and take particular note of the 
weeds specifically mentioned in this article. Steps should be taken to 
either remove animals from· areas where weeds occur, or to remove the weeds 
through herbicidal or cultural means to prevent possible poisonings in 
livestock. 



SELIC'l'IOII OF CBOPS lOR DROUGHT CCHDITIOIISl 

E.A. Oelke 
Extension Agronomist 

University of Minnesota 

"What crop uses the least water?" or "What crop is the most resistant to 
drought?" are the two ques tiona frequently heard anytime there h a shortage 
of moisture. Table l shows that there is a great deal of difference between 
species in the amount of water that can be lost before a plant reaches the 
permanent wilting point (PWP). 

A classification such as this is satisfactory for evaluating types of 
vegetation growing in moisture deficient areas. Because most of the more 
drought resistant crops are perennial forage species that are slow to 
establish, it doesn't provide the answer to the annual crop to be planted. 
Most of the common annual crops reach the PWP before they have lost water 
equal to 257. of their weight and thus are in the more drought susceptible 
cla.saifica tion. 

Another type of evaluation that seems to merit ccnsid~ration is the number 
of pounds of water needed to produce a pound of dry matter. The list of 
crops in Table 2 shows a wide variation in water needs. From the relative 
small amount of water needed by millet, aorgqum and corn to the very large 
amount needed by alfalfa, bromegrass and quackgrass. Even though quackgrass 
was able to survive large water losses before reaching the PWP it is not 
efficient in· water utilization. Table 3 shows the acre inches of water 
needed to produce average yields of several crops. 

The main difficulty in evaluating drought tolerance difference between crops 
is that the time of a moisture shortage cannot be predicted. Each crop may 
have vulnerable or critical periods when limited moisture is likely to 
reduce yields. Any classification is debatable but differences between 
crops can be pointed out (Table 4). 

Early maturity crops are likely to utilize moisture accumulating over winter 
and in the spring and then mature before late July and August when moisture 
shortages occur moat frequently. 

Millet is often considered a drought resistant crop but it is more correctly 
a fast maturing crop that develops so quickly that it utilizes any moisture 
a tored in the relatively shallow soil layers. Beans mature fairly early and 
are somewhat similar to millet. Navy beans blossom over a short period of 
time and are damaged by high temperatures during blossoming so yields can be 
reduced. 

Pinto beans, soybeans and buckwheat blossom over a prolonged period of time 
thus the critical period for pollination and filling is spread over a 
greater time period giving some degree of drought resistance. While 
sunflowers are considered to be drought resistant, experimental tests in the 

lAdapted from a mimeograph by R.L. Thompson. 
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greenhouse have shown that soybeans are able to withstand higher moisture 
tensions than sunflowers. Sunflowers, however, apparently have an extensive 
root system that is able to explore the root zone more completely and 
extract more of the available water from it. Wheat appears to be able to do 
comparatively well under limited moisture conditions. Root studies at 
Lamberton show extensive root development to a depth of 5 feet. Experience 
in North and South Dakota indicate wheat has the ability to produce under 
quite dry conditions. 

Sorghum has the capacity to recover from drought stress and resume growth. 
Yield under-these circumstances is often reduced but some recovery is made 
when moisture comes. Sorghum exposed to severe moisture shortage and high 
temperature over a prolonged period is not likely to recover sufficiently to 
produce economic yields even though death of the plant does not occur. 

Corn, oats and flax show varying degrees of drought resistance. Moisture at 
pollination time is critical for corn. If moisture is available at that 
time, corn certainly has high production potential for grain or forage. 

The components of yield of any crop is made up of the number of heads (ears) 
per acre, number of kernels per head and the weight per kernel. 
Environmental conditions hav~ a large influence on these components of yield 
at different stages in a plant's life cycle. Germination, tillering or 
branching, floral initiation, pollination, and filling are stages of the 
life cycle that occur at different times during the growing season for 
various crops. Table 5, "Critical moisture period analysis," is an attempt 
to evaluate the effect of moisture shortages on numerous crops at the 
different stages. The factors considered in assigning a "risk" value for 
each stage is given in Table 6. A couple of comparisons from Table 5 
illustrate how it may be used to evaluate crop choices. 

From Table 5 there is a greater risk during the germination period of winter 
wheat or rye than for spring wheat. Moisture usu~lly is adequate in early 
spring when spring wheat is sown whereas quite often moisture is limited in 
the fall. Germination is less of a risk for corn than soybeans, both 
planted somewhat later than wheat when the soil could be drier but corn can 
be planted deeper in moisture. Buckwheat normally is planted late when 
moisture may be lacking but quite often planting is delayed until after a 
rain when adequate moisture is available. The short maturity of the crop 
permits the delay until moisture condition is suitable. 

In making the choice between two crops one would have to estimate what the 
planting date would be and then each of the subsequent stages of plant 
growth. If a moisture shortage is expected at the time when it would have a 
serious effect on crop yield another crop may be a better choice or a 
different planting date used. In general, earlier planting dates are to be 
preferred under most situations. 



Table 1. Peremat weight loat before plaata reach the pez.eaent wilting 
point (PVP). 

Percent weight lost 
Plant type before reaching PWP 

MESOPHYTES 25 
Most common annual crops 

XEROPHYTIC MESOPHYTES 
bromus, festuca, lolium 
bromegrass, fescues, ryegrass 

XEROPHYTES 
erogrostia, buchloa 
lovegrass, buffalo grass 

TRUE XEROPHYTES 
agropyron, phalaria, 
wheatgrasses, reed canarygrass 
( quackgraaa) 

25-50 

50-75 

75 

Table 2. Vater reqaire~~mat of plaata. 

Species Pounds of water/pound of dry matter 

LOW WATER REQUIREMENT 
millet 
sorghum 
corn 
sugarbeet 
sudangrass 

MEDIUM WATER REQUIREMENT 
potatoes 
barley 
buckwheat 
wheat 
oats 
rye 
soybeans 

HIGH WATER REQUIREMENT 
red clover 
sweet clover 
flax 
alfalfa 
bromegrasa 
quackgrass 

(400 lbs water/lb dry plant weight) 
274 
274 
361 
377 
380 

(400-700 lbs water/lb dry plant weight) 
499 
523 
540 
584 
594 
634 
646 

(700 & UP lba water/lb dry plant weight) 
759 
784 
835 
866 
977 

1000 

It gallon of water,. 8.33 lbs; l acre inch of water,. 27,200 gals; harvest 
index of most crops,. 0.5 or lower,. grain ratio. (J. Agr. Res. 34:1093). 

straw 
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Table 3. Vater requireaeot of cropa baaed oa. yield. 

Inches of water 
Crop Yt'eld/acre per acre neededl 

Corn 100 bu 17.8 
Soybeans 36 bu 12.3 
Wheat 50 bu 15.5 
Barley 50 bu 11.1 
Oats 80 bu 13.4 
Flax 30 bu 12.4 
Alfalfa 7,000 lbs 26.8 
Sunflower3 1,700 lbs 8.7 
Buckwheat t,soo lbs 7.2 
Millet (proso) 2,500 lbs 6.0 
Sorghum (grain) 4,200 lbs 10.2 
Sorghum-sudan 5,000 lbs 6.6 

lstored soil moisture plus rainfall. 

Table 4. Crop claaaifieatioa. for: drought realatauce. 

DROUGHT ESCAPING MECHANISMS 

1. Early Maturity 
- winter wheat 
- rye 
- early oats 
- barley 

2. Short Season 
- millet 
- beans (susceptible to high temperatures) 

3. Extensive Root System 
- sunflowers 
- wheat 

4. Prolonged Flowering Period 
- soybeans 
- buckwheat 
- pinto beans 

5. Recovery After "Dormant" Period 
- sorghum 

6. Unclassified 
- corn (critical period) 
- oats 
• flax 



Table 5. Critical aoiature period aualyaia. 

Risk factor for crop yield being 
affected by moisture short& gel 

S ta~e of develo2ment 

Crop Germ2 Till Floral I Poll 

Wheat or rye, winter 1 3 3 3 
Wheat, spring 3 1 2 2 
Barley 3 2 1 2 
Oats 3 2 2 2 
Corn 2 2 1 
Soybeans 1 (2) 3 1-2 
Sunflower 2 2 l 
Sorghum 2-1 2 1 3 
Beans, navy 1 3 1 

pinto 2 (2) 3 2 
Buckwheat 3 3 1 
Millet 2 2 1 1 
Flax 1 (2) 2 1 
Alfalfa 1 

1 l•serioua; 2•moderate; 3•little consequence. 
2 Germ•germination; Till•tillering; Floral I.•foral initiation; 

Poll•pollination; Fill•filling. 

Table 6. Critical •oiature period aualyeia. 

CONSIDERATIONS USED IN ASSIGNING A RISK FACTOR FOR REDUCED CROP YIELDS 

l. Germination 
- time of season 
- seed size 
- planting depth 
- effect of low population 

2. Tillering or Branching 
- time of season 
- capacity of crop to produce tillers or branches 

3. Floral Initiation 
- time of season 
- number of seeds developed per floral unit 

- wheat and oats - more than 1 kernel/floret 
- barley, corn, rye - only 1 kernel 

- time spread for floral initiation 

4. Pollination 
- time of season 
- compensating effect for poor pollination 
- method of pollination - cross or self pollinated 
- spread of pollinating time 

5. Filling 
- time of season 
- rooting depth 
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Fill 

2 
2 
2 
1 
2 
1 
2 
2 
2 
2 
2 
2 
2 
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EIIEBGERCT ClOPS lOB. DROUGHT STB.ESSED AJlEAS IB MIBliESOTA. 

E.A. Oelke and N.P. Hartin 
Extension Agronomists 

University of Minnesota 

In most situations where soil moisture was limiting for a previous crop, 
soil moisture will also be limiting for germination and growth of a second 
crop. If no moisture is received before the last possible planting date of 
an emergency crop, it may be desirable to leave the drought damaged crop in 
the field for ground cover or leave the field·fallow if weeds are a problem. 
Only if after there is sufficient moisture should an emergency crop be 
considered. Also, consideration should be given to planting into old 
stubble without tillage to conserve as much topsoil moisture as possible. 
In determining which emergency crop to plant, consideration must also be 
given to the herbicides used on the previous crop. Herbicide residue 
problems are often more acute when soils are dry. 

Soybeans are a possibility as an emergency crop during the first part of 
June; however, the choice of emergency crops for grain is very limited after 
June 30. The best possibilities are buckwheat and millet if they can be 
planted during the first week of July. The other crop possibilities would 
be forage crops such as sudangrass or sorghum-sudangrass hybrid and forage 
millets. Soybeans could also be planted as a hay crop during the first week 
of July, particularly on fields previously treated with Treflan. Late 
varieties would produce more hay than early ones. All of these crops would 
require sufficient rainfall during July and August to produce reasonable 
good yields. To obtain average yields of buckwheat and millet, about 10 
acre inches of moisture are needed. The forage crops would also need this 
amount for reasonably good forage yields. 

If some fields are tilled to control weeds and are left fallow, planting a 
cover crop later in the summer may be useful to prevent wind erosion. 
Winter wheat or rye could be used for this purpose. Some farmers often will 
plant barley as a cover crop. This allows them to plant a spring crop on 
these fields since the barley will winter-kill. 

Attached are reprints that may provide assistance in advising crop producers 
on emergency crops if the decision is made to plant a crop. 



South Dakota 
FS 312 

Lmergency and Late-planted Crops 
for that piece of land ... 

Each year winter kill, frost, blow-out, Jrought, 
msc:cts, etc. cause: many South Dakota farmers to 
chang-e wdl-maJc: cropping plans. When plans have 
ro be chanKc:J because: of climate or failure to make 
the ori!{inal seeding, four courses of action arc: open 
co most farmers: 
r ) Replant a shore season emergency crop. 

Replant, if possible, with the: original crops. 
J) Utilize: the crop Ide by using altc:rnatc: harvesting 

merhoJs, such as harvesting small grain or row 
crops for hay or silage:. 

4) Leave the land as is. 

USE GOOD PRACTICES 

Whcn rl-pl:llltinl{ the ol(l crop or stcding as an 
emergency crop, sc:lect g<X)(I seed and prepare the 
~eccllwd in the normal manner. There is little reason 
{or rcpl:wting or seeding when moisture is inadt·quatc 
for germination and growth or when thc:n• is too 
mU<.:h moi~turc fur ~c.x.xl ~cdbc:d preparation. 

Adjust planting rates and fertilizer application of 
late-ptlllted crops to fit the fertility level and the mois
turt· supply of rht· soil. 

Ont· of rlw bc:st mc:rhods of insurin~ lJUality livc:
~Cix:k ft-nl is to sdt·l."t an altc:rnatt· methcxl of h;lrvest
lllg l rops. Must aups ran be harvt·sred as silagt· if pas
run· aud hay stTdings fail. All tht· small grains, sur
ghum, and suybc:ans can be harvc:stc:d as silage or as 
hay. 

LATE-PLANTED CROPS 

The following crops may l{ive satisfactory results 
·d~t·n planted late if conditions arc f;1vorablc for rapid 
.:rmination .md growth. Some arc high risk crops in 

South· Dakota bt·cause of natural climatic condi~ons. 
For imtaiiC:l", .myhc::ms would lx· vny risk)' in soml' . 
areas. The: millets, while they mtuirc: vc:ry linlc: mois-

. .. "that was nailed out." 

... "where winter groin was 
killed." 

... "that was too wet to be 
worked with the reS! of the 
tield." 

... "that wa" blown out." 

... "where the crop was frost 
killed." 

... "where insects got the crop." 

... "where early-planted crop 
failed because of drought." 

turt·, arc: high risk crops because they arc "middle of 
rhe summer" crops (with a shallow root system) that 
nec:d frc4uent rains in July and August. 

Sorghum 

Sorghums can be grown fur grain, forage or silage. 
They have: an advanragt· over corn durin~-: pc:riod.s of 
drought because tht·y tend to become semi-dormant 
and "wait it out" until rain comes, then resume nor
mal growth and devc:lopment. In addition, they arc: 
:tble to withstand heat anJ grasshoppers. H ybml sor
ghums :trc generally prdc:rred to open-pollinated 
varit·ties because of their greater yielding potencial. 
Tht· dc\'clopmcnt of grain and forage sorghum hy
brid~ has done much to meet the pressure of more d
ficimt producrion, much as hybrid corn did )'5 yean 
ago. 

Tht· sorghum crop is n·:1dy for .\ilage wlwn thl· 
grain is in the medium to h:tnl dough stage, ar whid1 
timL· tht· moi\ture and sugar conrcnr of rlw for:~ge i~ 
hl'$t for a dt·sar:1bk silage. It is import:ant ro pl:anr .1 
varic·cy whirh can lx· L"Xl><:Ctr.:d to mature suthClt:11tly 
t·arly ro bt• rt·ady for silagc !><:fore frost. On a pound 
for pound basis, sorghum silage ranks about ~'5 per
n·m as valuabk as rorn silagL Combuw·typ<.: gr:1111 
sorghums ~·an lx· ust·d for silage.:. but tht·y u~ually yidd 
only '50-70 pt·n·L·nt as mud1 as tiK· tJikr forJge 
sorghums. 

Sudangrau or Sorghum-Sudangrau Hybrids 

Thc:~e tjUick-growing annual gr:ts~cs :m· South 
Dakota's best suppkmc:nt:tl fora~o:c crops. They m:1ke 
high yualicy hay and an· outsr;mding for July and 
August supplementary pasture. Undt·r bvorablc con· 
ditions reasun:1ble yields c::111 be: ex1x·ctr.:d from ~r.:ed
ing as latl" as August I. If grazu1g is rhc m:qor go;d, 
Pi1><:r sudangr.ass is the first dwi~.:c variety bccJUSt: of 
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irs low pru~ic ~cid content. Let :;udangr:as muc:. a 
growth of about 18 to 24 inches before grazing. Sudan· 
·~ass is usually nor considered a silage: crop. If it is 
.ed for silage:, however, harvest wbc:n tbe seed is in 

the medium to hard dough stage:. 
True sudangr:w hybrids are those resulting from 

crossing two sudangrass varieties or strains. Presently 
there: arc: only a few of these hybridJ on the market. 
The true sudangrass hybrids have more tillers, finer 
stems, faster regrowth, and lower prussic acid than 
the sorghum-sudangrass hybrids. Under grazing, 
green chop, or haylage harvesting, me sudangra.ss hy
brids produce as much dry matter per acre as many of 
the sorghum-sudangras.s hybrids. 

A combination of sudangrass and soybeans seeded 
together makes excdlenc sil4ge and one of the best 
.:magew:y hay crops under irrigation. in higher ron
fall areas, or well-watered .fields. They grow well to
gether and are easy to harvest and cure. To obtain the 
most satisfactory results, plane soybeans first with a 
drill and then drill in the sudangrass when the soy
beans are about 2 inches tall. Seed the sudangr:w pal'· 
allel to the soybean rows. There: will be little injury to 
the soybean seedlings. 

Numerous sorghum-sudangrass hybrids arc: now 
available. They arc: warm season annuals that usually 
resemble sudangr~ They can be grown anywhere: 
hat sudangrass is recommended. Practices for grow

.ng sorghum-sudangras.s hybrids arc: simiW- to those: 
for sudangrass. However, ic is usually best to usc: a 
higher seeding rate than for sudangrass bcc4usc: the 
seeds are larger. The: sorghum-sudangra.ss hybrids are 
generally intermediate between sorghum and sudan
grass in leaf width, stem size, and number of tillers 
per plant. They possess vigorous, early growth and mt 
recovery after being cut or grazed. They are generally 
later in maturity than Piper sudangrass, but earlier 
than most of the: forage sorghums. Their chief advan
tage over SQndard Tarif!ties of sudaug1 ass is their great 
yield potential. This greater yield potential is express
ed when they arc: used for grc:c:n chop, hay, haylagc:, 
or pasture. However, these: hybrid.t may noc be aa suit
able for pastures as sudangrass bc:cawe of coancr 
seems and higher prussic acid pocc:nt.ial. 

Plane in rows for either pas cure or other uses; this 
gives you a. chance: to control weeds and reduces the 
amount of feed that cattle trample when pastur
ing. Delay grazing until plants have: reached a mini
mum height of 24-30 inches. Bat results are obtained 
when the crop is grazed heavily enough to keep it vig
orous and leafy until frost. For most rapid regrowth 
do not graze or clip below 6 inches high. Sorghum
sudangrass hybrids make reasonably good bay if cut 
when growth is about waist high and if a crimper or 
hay conditioner is used to spc:c:d drying. Sorghum
sudangrass hybrids can also be used for silage. They 
may exceed the regular forage sorghums or corn in 
tons of silage per acre, but may fall short of these: two 

crops in quality of silage: because of low grain content 
and high crude fiber content at maturity. 

The South Dakota Experiment Station may not 
recommend any of the: commercial sudangrass hy
brids or sorghum-sudangrass hybrids for pasture use. 
However, any hybrid known to be low in prussic acid 
is suitable. 

Com 

Corn normaJly gives good yields of forage when . 
planted late: at fairly heavy seeding rates. Plant short
season hybrids or early, open-pollinated varieties such 
as Minn. 13, Gchu, Rainbow flint, or Early white. 
Sometimes they can be planted as late as June 15 to 
July 1 and still make a reasonable crop. However, ma
ture grain yields from late-planted corn are not to be 
expected. Flint corn has C!)nsiderable grasshopper re
sistance. In some areas stockmen pl~c tiint corn and 
utilize it by "hogging it otf" in the fall. 

Soybeans 

Soybeans offer a good possibility for planting late: 
and still yidding a crop. For replanting, use a slightly 
earlier maturing variety than that recommended for 
normal date of planting. Traverse:, Grant, Chippewa 
and Chippewa 64 are early varieties. Do not plant for 
bean production later chan June: 10, even if early var
ieties arc used. 

Soybeans make excellent hay. However, the: hay is 
difficult to cure bcc4usc: of the large stems and leaf loss 
is always a problem. For hay or silage any variety 
available: may be planted up to June 15 if moisture 
conditions are favor.~ble. They may be seeded in rows 
or broadcast. Cut for hay or silage when the .first pods 
are well .filled. 

Millet 

Both the grain and foxtail or bay millets oiler 
possibilities for emergency usc: in South Dakota. The 
·millets ltave-·-a -stuttcw-roor sysmn,· and while they 
have: low moisture requirements they need frequent 
rains. They cannot stand prolonged droughc like sor
ghum. 

Proso is a grain millet. It is raced nearly as valu
able as corn for feed and is an excellent feed for 
catdc, sheep, hogs and poultry. However, it should 
be finely ground before being fed to livestock. It is 
not a hay crop and should not be: grown for chis pur
pose:. Its coarse, hairy stems are poor fc:ed whether cut 
early or late. It requires only 60 co 85 days to mature, 
so it can be planted as late as July 5 if moisture is 
favorable. Seed one: inch deep in warm soil any time 
in June and as late as July 5. Proso millet holds its 
grain until maturity and then shatten badly if harvest 
is delayed more than a few days. Of the varieties 
recommended for South Dakota, Early Fortune and 
White Proso are the earliest. Under favorable mois
ture conditions, these: varieties may be ready tq harvest 
in 60 days. Others arc: Red Turgha.i, a mc:Jium-early 



variety, which matures in about 70 days and Crown, a 
lace-maturing variety chat requires approximately 85 
1'\ys to mature. 

The foxtail or hay millets are finer stemmed and 
more leafy than the proso millets. They are Iacer 
maturing, the seeu is proouceu on a spike (as com
pared co the open, spreading panicle of proso), they 
shatter less easily, and dry more slowly th:1n proso. 
The seed has a feed value: about 83 percent of that of 
corn. It should be ground before being fed to live
stock. 

Manta and German are the two recommended 
v;uieties of hay millet. Manta is the earliest and is best 
:alapced to the low rainfall areas. It will mature in 
about 70 days; however, it requires only 50 days co 
mature sufficiently for hay. Sc:ed 1 inch deep in warm 
~oil any time in June and as late as July 10. German 
miller is abouc 2 weeks l:m:r than M:mca; seed noc 
later than July 1. 

Rape 

Rape is an excellent pasture: crop for hogs and 
)hccp. It grows rapidly and continues growth very 
late: in the: season. Be sure co plant the biennial kind; 
Dwarf Essex is a principal variety. Rape can be plant
ed as late as July 20. Highest pasture yields are ob
tained when the: seeding is allowed to make a growth 
of 10 inches or more before grazing. 

luclcwheat 

Buckwhe:u is better adapted co the cool, moist 
climate of the northeastern part of the United Scares 

th:•n to Souch DakOfa. However, it only takt·s 7'i to 
80 Jays co mature:, and ic may produce a crop in our 
state if seeded as late: as July 10 an(l if weather condi
tions (cool and moist) are favorable for its growrh. 
Buckwheat lodges badly; in South Dakota it is a com
mon practice ro mix seed of the two recommcnJcJ 
varieties, Japanese: and Silvc:rhull. The shorter Silvr:r
hull supports the taller Japanese plants, anJ in turn 
the taller planu help shade the shorter Silverhull 
preventing heat injury. 

There: is only limited demand for buckwheat 
grain. Buckwheat can be used as a plow-<lown crop 
for grc:c:n manure: and as a wc:c:d-controlling crop. Ic 
is satisfactory for smothering weeds such as quack
grass, provided rhc: seetlbcd is well prepareJ anJ rhe 
buckwheat is given a chance to get started aheaJ of 
the quackgrass. 

Winter Rye 

When it is too lace to plant anything else, winter 
rye may be scc:t.ied far early fall pasture: and, if condi
tions are favorable:, ir may make: a gooJ early spring 
pasture: and Iacer a crap of hay or grain. As an extra 
early spring pasture crop, no other plant is superior 
from the standpoint of earliness ami abundance of 
grazing. When a grain crop is desired, grazing in 
the spring must be moderate: and should be discon
tinued when the plants show a strong tendency co 
make c:rc:ct growth. The: earliest date to seed rye for 
c:arly fall pasture is July 15. If early fall pasture: is nur 
not urgent, delay the: sc:c:Jing until September !5. 

Emergency and Late Planting POMibilh'-

Appn>aimac.c 
LaJnc O.IC Scrdi.D& lla&e Dqltla &cady !Of 

Crop Uac to Pbot (U... Pa- Acre) oi Sccdial Uac 

Sorghum Silage:, Green Feed Junc:25 8-12 1"-1 !lz, Cirain-Mc:u. w Houu Ouugh 
G~in -· June 15 3~ 1"-l !lz" Mature 

SuJangrass and Pasture, Green Feed July I 6-8 (18"-H" Rows) 1" Pasture:· I R"-2-4" 
Sudan~r;ISs Hybrids I '5-2'5 (Drilled) Green Chop-He:~din~o: 

4-6 (36"-·U" Rows) 
Suuanwass-Soybc:an Silage June: 15 00 Soybeans (Solid) 1" Suuangrau-1 ieauin~o: 
Combination I~ Sulbngrass 
Surghum-Sud.1ngr:w Pasture:, ( ;reen Chup, July 1-15 10-16 (Orillc:d) l"·l Yz" P:lSlurc-2'1"· ~ll" 
Hybrids Hay or Haylagc: 6-8 (20" Rows) (.;reen Chop-Hcadinl( 

4~ ( 40" Rows) lby-W;~iat High 
Soybc:aw Hay June 15 (,0.9() 1" First Pods Well Filled 

Sc:ed June: 10 60 1"·1 !lz" Mature 
Corn Grain or Silage June: 15-July I 5-10 1"-2'' Early IXnt 
Millet Grain Type July 5 20 l" Seed Hard 

Hay Type July 10 15 I" Heading 
Rape: Pasture: July 20 5 Yz"-Y., When 10'' Tall 
"··dcwhc:at Grain July 10 35-40 Yz"·l" Mature: 

Pasture: ( F aU) July 15 65-70 I" Plants Well E.n.;~blishcd 
Grain September 15 65-70 1" Mature 

1.25 
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AGRONOMY NO. 7 

J. R. JUSTIN and H. J. OTTO 

Each year, excessive rains, frost, hail, 
floods, drought, winte rkilling, and other nat-
ural disasters cause Minnesota farmers to change 
crop planting or utilization plans. 

Do not destroy damaged crops too soon--a 
crop that appears to be a total loss one day may 
be recovered a week later. If recove.ry does not 
occur, you can: 

l. 

3. 

4. 

:J. 

Crap 

Corn. 

Utilize what is left as forage if it 
will not produce a good grain crop. 

Replant with original crops--you may 
have to use early maturing varieties or 
hybrids. 

Plant short season emergency crops. 

Utilize what is left for the original purpose. 

Fallow the land if the crop is a complete 
failure and the season is late. 

Emer~ency and late planting possibilities 

lise Latest Rate 
date (pounds per acre) 

Silage July 10-18 

Soybeans . , Seed July 60 
Hay or July 15 90-100 (solid 
silage drilled) 

Sudangrass Pasture, Aug. 1 25-30 
silage 

Forage 
;orghum. Silage Aug. 8- 12 

:V1il1et . Silage Aug. 20-30 
or hay 

Rape. Pasture June 20 5-7 

Buckwheat . Seed July 1 50 

W1nter rye . Pasture After 120 
Aug. 1 

'~lia· 

ne Pasture, Before 8 alfalfa, 
silage, Aug. 15 6 brome 
or hay 

.... ,4... --""' ..... ,~-W"'"'-····~. 

Emergency Crops 

Replanting 

The same considerations apply to replanting 
a crop or planting an emergency crop as apply to 
original planting. Prepare a good seedbed and 
select high quality seed of adapted varieties. 
Do not plant if moisture is insufficient for ger
mination and good growth or if it is excessive 
for good seedbed preparation, 

Alternative Uses 

Most grain crops can be harvested for for
age if pasture or hay crops fail. Small grains, 
corn, or soybeans can be grown for silage, and 
silage can be made from these crops after hail 
damage. Small grains and soybeans can be 
harvested as hay. Add preservatives when 
ensiling high moisture, low carbohydrate crops. 

Late Planted Creps 

Many crops give satisfactory results when 
planted late if conditions are favorable for 
germination and fast growth. However, late 
planted crops usually are inferior to those plar.ted 
at normal dates. 

Corn 

Short season corn hybrids normally will 
produce good forage yields when planted late at 
slightly heavier than normal rates. You will 
get a higher quality silage if corn is fully dented 
when you harvest it than if it is at an immature 
stage. Do not expect normal grain yields with 
late planted corn. 

Soybeans 

Soybeans offer a good possibility for late 
planting. Use earlier maturing varieties chan 
are normally planted in your area. Any variety 
can be planted for hay or silage until July 1 S. 

Harvest soybeans for hay or silage when the 
lower leaves start to drop and pods are partly 
filled. Heavy stems make soybeans hard to 
cure--use a crusher or crimper to improve hay 
quality. 

Issued in furtherance of cooperative extension work in agriculture and home economics, acts ot 
May 8 and June 30, 1914, in cooperation with the U.S. Oeparlment of Agriculture. Roland H. 
Abraham, Director of A&ricultural Extension Service, University of Minnesota, St. Paul, Minnesota 
55101 



:\ cr0o ~cc·dt:d wi.th a mixture oi lO to 15 
r · ·nds oi ~udanL';ra~ s and up to I bushel oi ,;oy

makcs ~-:oud ~ilaL';c: or grc:cn chop. Seed each 
in alto.! rnate row~, altc:rnate drill strips, or 

in sorne other way to obtain a mixed field. 

Trials have shown a yield advantage for 
30-inch row spacing over -!0-inch row spacing. 
Full ~<ea:;on varic:Lic:~ plantc:d on lil111! yield bc:;t, 
but when planting is delayed, short season· 
varieties in narrow rows respond best. When 
planting is vc:ry latl! and weeds have been well 
controlled with tillage, solid drilling may be 
advantageous for hay or silage production. 

Sudan:;rass and sorghum-sudan hybrids 

These fast growing annual grasses produce 
high yields ior pasture or green chop. When 
conditions are favorable, they can be seeded as 
late as _.l,.ugust 1. They should not be planted 
bdore late May. Allow at least 18 to 20 inches 
of growth before graz{ng or green chopping to 
iHevent prussic acid poisoning. The variety 
Piper is low in prussic acid and is especially 
desirable for pasture. Plant in 40-inch rows 
for cattle pasture to reduce feed wasted by 
trampling. Solid drilling works well for sheep. 

These crops have thick stems and are hard 
to cure for hay. Start harvest when heads begin 
t" appear. Use of a hay conditioner is essential. 

Silage made from these crops does not have 
the fet:ding value of silage made from well eared 
corn. To obtain best quality silage, harvest when 
seed is in the dough stage. If you harvest earlier, 
wilt before ensiling. For further information, 
see Sorghum-Sudangrass Hybrids, Agronomy Fact 
Sheet ::--/o. 15. 

Forage sorghums 

These crops give large yields of palatable, 
nutritious silage. Silage quality can be expected 
to excet:d that of :;udangrass or sorghum-sudan
grass hybrids, but not that of fully dented corn. 
Harvest when seeds in the upper part of the head 
are in the dough stage. Do not graze them, as 
they are very high in prussic acid. 

:V1ille t 

Foxtail millets can be seeded in June for 
hay. Good quality hay can be produced, but millet 
should be conditioned because of its fairly large 
stem;;. Seed 20 to 30 pounds per acre. Harvest 
for hay when grain is filling or before. 

Grain oi proso or hog millet is comparable 
to barley or oats for livestock feed. Seeded at 
30 to 40 pounds per acre, proso can be planted 

July I in northern :vfinnesota and still pro
grain. In other areas, it can be seeded 

~mlll Jul)' 15. For further information, see 
·),!illd, Bu<.:kwheat, and Annual Canarygrass 
Production in Minnesota, Extension Bulletin 302. 

Oats 

Early ,;ceded oats can provide: c;uod ltav, 
~ilage, or pasture. For hay or silage:, han·..:st 
in the late milk to mid-dough stage. A con<.iit:on.
er will help speed hay curing. For pa~turc:, ~r<i..:c: 
when 8 to lO inches tall. Strip "razing will ·•:·.·e: 
better utilization of the crop tha~ continuou;;"' 
gra~in~,;. If undcr:;c~,;ded with tora~,;e .c:ra:;;;..,:; anu 
legumes, do not graze too closely or -.vhen soil ~s 
wet. Early removal of oats for hay or ;;ilage or 
by grazing usually aids seeding establi,;hmc:r:t. 

Silage can be made irom a mi:~tur" oi oats a:1c 
pt:as. This mixture can provide l to 3 tot::; or' C.::-·: 
matter with higher protein than oats alone. r: r 
more information, see Field Peas Cor Se<:C: 3-:::i 
Forage, Extension Bullt.:tin 300. 

For hog or sheep pasture, rape ,.;cow~ :-ap:Li
ly and continues to grow late in the seasor.. For 
highest yields, allow at lea:;t 10 inc!:'":; oi ;;:-o·.•;t" 
before grazing starts. 

Buckwheat 

Buckwheat is a good emergency grain crop 
when seeded in June or early July. Yields •:ar·.: 
greatly, but yields of 500 to 800 pound:;; p.: r ac rc: 
are not unusual. Demand for buckwheat grain 
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is limited. Though it is a good grec:n mamtrc: 
crop, it does not fix nitrogen as legumes cio. 
Shattered buckwheat ,;eed ma1· \'Oluntce r 'he 
following year. 

Winter rye 

Winter rye can be seeded dur:ng Auc;a,;r :0:
fall or spring pasture and for grain the iollow:::_ 
year. If seeded before the lst o( Au>.!U:H. :-~..:~' 
can be harmful. Do not seed before -late: A.:;; .. ~~ 
if rye will not be pastured in the iall. 

Other possibilities 

If you can avoid it, do not chhn>.!e ,·our 
rotations because of crop failure. Keep p~.::-

ennial craps in the same place in the rotat:-:>t: 
if at all possible. 

Late summer seeding of alfalfa anu ;;ra5S<.:5 
without a companion crop after Augu:;t l jc:t 

before Augu:;t 15 has been very succc:S5tul :n 
Minnesota. This schedule offers a chanc<e to 
e:;;tablish needed pasture and hay crop~. 

A crop failure may afford the opportunit,· 'v 
control weeds without crop interierc::1ce. Har<.i-:v
control weeds such as.quackgras5 and Cana~a t::!~
tles are easier to control when no crop is pre:;;..,:'.l. 

Most crops can be seeded during 5umrner i0r 
tall plow down expressly to add orgamc matt~.:r. 
For varietal recommendations, sec :'-.lisc..:llaJ:<.:o::~ 

Report 2.-t, Varietal Trials oi Farm C ro~'"· 
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Miscellaneous Report 147-1977 

R. G. Robinson. W. W. Nelson. J. H. Ford, and D. D. Warnes 

Farmers on the hot. dry plains from Texas to South 
Dakota use grain sorghum like Com Belt farmers use com. 
Wc:stc:m Minnesota's summer climate has started to re
semble that of the western plains. Does this mean that 
1977 is the year for grain sorghum in Minnesota'! 

Water Requirements 
The! common opinion that sorghum has a lower water 

requirement than com is true but unimportant. Water 

Above: the Min-UI Agricultu,.l Expwiment Station h• daveloped 
two grain sorghum hybrids-Min-t• 1 and tha IMIW RS 455 relea-.1 
regionally in 1976. Below: thrH types of sorghum for Minnesota: 
grain sorghum, sweet sorghum, and some sudangrus hybrids have naked 
seed like corn. The oldw sweet sorghum and sudangrus varieties pic· 
tured have seed with hulls or mixtures of seed with and without hulls. 

~ ~ ~ '\# ~ ... 

.,•"'->(J~ 
til~ vw-. 

Agricultural Experiment Station· 
University of Minnesota 

requirement (pounds of water used per pound of dry mat
ter produced) shows the crop's efficiency in using watc:r 
when soil moisture is at an optimum level. Comparable 
water requirements for various crops are 304 for sorghum. 
349 for com, 267 for proso millet. 583 for oats. 557 for 
wheat. 646 for soybeans. and 700 for field beans. The! 304 
pounds of water needed to produce a pound of sorghum 
costs nearly 2 cents through a Minneapolis water meter. 
Assuming that the plant is 45 percent grain. the water .:ost 
of I pound of grain is 4.3 cents plus the water lost by runoff 
and by evaporation from the soil surface. While su\:h 
figures are interesting, water requirement and drought 
tolerance are unrelated. 

Drought Tolerance 

Three characteristics of sorghum give it a potential 
advantage over com in dry areas: 
• Com is cross-pollinated. Severe drought at silking time 
may cause barren (no kernels) ears. Sorghum is self-polli
nated and because of tillering produces heads over a long 
time. Consequently short periods of drought do not seri
ously damage the crop. In a long drought. sorghum pro
duces fewer and smaller heads but they are rarely without 
kernels. 
• An optimum relationship between plant population and 
moisture supply is often critical with com but unimportant 
with sorghum. When soil moisture is plentiful. sorghum 
heads grow large and tillers produce heads. But if drought 
occurs. heads are small and fewer tillers develop. Cunsc:
quently, sorghum growers can plant high populations fur 
potentially high yields. Com growers can choose betwec:n 
high populations for maximum yields or lower populations 
with less chance of serious loss from drought. 
• Sorghum foliage resists drying. At t!qual moisture 
stress. com leaves lose a greater percentagl! of their water 
content than do sorghum leaves. The waxy coating on 
sorghum leaves and stems may be an important cause. 
This coating often gives the leaf sheaths a sticky. frosty 
appearance. 

Adaptation in Minnesota 

Early maturing grain sorghum hybrids are adapted to 
southern and parts of central Minnesota. Low tempera
ture. not length of growing season. is the limiting factor for 
grain sorghum. Mean 1 temperatures during July should be 
at least 80°F for maximum yields. Daytime temperatures 
of over 90°F are needed for maximum photosynthesis. 
Normal mean temperatures for July are about 74°F for 

'The average of the high (usually 1n daytime) and low (usually at 
mght) temperatures for each day. 



Lamberton and Rosemount, 71 oF at Monis. and 69°F in 
-rthwestern Minnesota. 

Night temperatures below 55°F for a week at the head
ing and pollination stage may result in heads without much 
grain. Nonnal night temperatures during August range 
from about 65°F in southern to 60°F in northwestern Min
nesota. In September. the range is from 56°F in southern 
to 50°F in northwestern Minnesota. Consequently. low 
temperatures prevent successful production of grain sor
ghum in northern Minnesota or as a late-planted emergen
cy grain crop in southern Minnesota. When plants com
plete heading by early August. grain set is usually excel
len!. 

Another critical temperature is soil temperature at 
planting time. Sorghum seed may genninate at 50°F or 
even less. but the seedlings do not emerge. Soil tempera
tures of 65°F are needed for good emergence. Average 
mean May temperatures in Minnesota are less than 65°F 
but average !:l..!!Y temperdtures are about 65°F in southern 
Minnesota. It is risky to plant grain sorghum before mid
May in a nonnal year. 

Sorghum is more tolerant of wet soils and flooding than 
any of the common field crops-an interesting paradox to 
its drought tolerance. Unfortunately. many of the chroni
cally wet soils of Minnesota are too cold for sorghum. 

In southern Minnesota, grain sorghum exceeds all 
crops except corn in grain yield per acre. Corn has yielded 
more than sorghum when the crops were compared in 
replicated trials on the same field (table I). Fair compari-

ns cannot be made by planting corn and grain sorghum 
. the same day because the optimum dates of planting f<;>r 

the two crops are 3 weeks apart. Therefore. crops were 
planted at the best time for each crop, and this varied with 
the weather and soil conditions for each trial. The early 
date in table I was optimum for com and ranged from April 
26 to May 20. The late date was optimum for grain sor
ghum and ranged from May 15 to June 4. A short-season 
wrn hybrid was often used for late planting. 

In these trials, sorghum was consistently low in both 
yield and moisture percentage at harvest. However in 
parts of southern and centrdl Minnesota where soil mois
ture reserve is low from drought or from a preceding crop 
of alfalfa, sorghum is a conservative alternative to corn. 
For example, in 1976 at Lamberton in drought-stricken 
southwestern Minnesota, the experiment station harvest
ed 40 bushels per acre from its large grain sorghum field 
compared with only 21 bushels per acre from its corn 
fields. 

Sweet sorghum vari.rin are grown for silage. A f- Minnesota acres 
are used for sorghum sirup which is pressed out of the stalks. 

Sorghum's tolerance to atrazine herbicide makes it a 
safe rotation crop on soils where atrazine residues might 
injure soybeans. sunflowers. or small grains. Anu. in
creasing the number of years between corn crops helps in 
control of corn rootwonns. 

Grain sorghum is inferior to corn as a livestock feeu. 
Yet. grain sorghum is grown on 15 million acres in the 
U.S .. and its major use is feed gmin for cattle. A common 
rule-of-thumb is that its value is 95 percent that of corn. 
The grain should be cracked or rolled for cattle. 

Grain Sorghum for Silage 

Many corn growers in urought areas are interested in 
sorghum for silage. Both corn and grain sorghum hav..: ury 
matter about evenly divided between ears or heatls anu 
stems plus leaves. Grain sorghum has a close relati>e, 
sweet sorghum. that was developed for a silage crop. 
Sweet sorghum grows tall and its heads usually comprise 
less than one-third of its dry matter yield. Comparison~ of 
these crops at Rosemount and Elk River ~how that grain 

Table 1. Comparative yields and moisture percentages of corn and grain sorghum in southern Minnesota, 1969-76 

Grain yields/acre, bushels1 

Ear or 
Elk River Rosemount Lamberton Morris head 

Date irrigated dry land dryland dryland dryland moisture 
Crop planted 196!}-74 1969-70 1973-74, 1976 1972-74 1974-75 percent 

Corn early 124 26 101 101 111 28 
~'"'orn late 1262 87 34 

ain sorghum late 88 24 65 81 72 20 
LSD 5% 17 8 11 6 14 

115% moisture. 
21973-74. Adjusted to be comparable With 1969-74 data. 

129 



13() 

Table 2. Comparative yields of corn and sorghum for silage at Elk River and Rosemount, 1973·76 

Total dry matter 
yields/acre, tons 

Elk River Rosemount Ears or 
heads 

percent 
Date irrigated 

Crop planted 1973-74 

Cor early 6.6 
Corr late 6.8 
Gram sorghum late 3.7 
Sweet sorghum late 8.8 

LSD 5~·o 1.9 

'Ranged from 8·39 percent. 

-,orghum is low and sweet sorghum is high in yield of 
furage (table~). 

The high yield of sweet sorghum may be offset by its 
low feeJ quality. The feeding value of sweet sorghum 
silage may range from 60 to nearly 100 percent that ofgooJ 
..:om silage depending on its proportion of the ration and 
the kind of livestock. Grain sorghum silage is considered 
only slightly inferior to good com silage. lt may need 
crushing to prevent grain loss in the feces. 

Early lodgin; from st•lk rot. 

dry land 
1973-74, 1976 

7.5 
5.7 
4.4 
8.1 

.8 

Important Production Practices 

48 
44 
56 _, 

4 

• Varietal choice-Many hybrids are available. Most are 
too late for Minnesota. Even the earliest hybrius genc:rally 
require drying after combine harvest. Comparisuns uf hy
brids are given in Minnesota Agricultural Experiment Sta
tion Miscellaneous Report 24. ··varietal Trials uf Farm 
Crops." 

• W<!ed control-Cultivation alune will usually not give 
satisfactory control except un dryland sand. Herbi.:iue 
recommendations are given in Minnesota Agricultural Ex
tension Bulletin 400, "Cultural and Chemical Weed Con
trol in Field Crops.·· 

• Rate of planting-Planting rates can vary tremendous
ly without affecting yield. The relationships between 
planting rates and yield components in table 3 show how 
sorghum adapts to different planting rates. Planting rates 
of 135.000 seeds per acre are suggested for most soils and 
100,000 seeds per acre for dry land sands. lf seed germina
tion is not at least 90 percent, rates should be in.:reased. 

• Row width-The yields reported in table I are from 
rows 30 inches apart. Considerably higher yields can be 
obtained from sorghum in rows 12 inches apart, provided 
the herbicides give complete control of weeds (tables 4 . .5). 

• Date of planting-Yields decrease as planting is de
layed from May 15 to June 15. In dry, warm springs. May 
15 plantings are excellent; in cold. wet springs. late May 
plantings are best. Planting after June 5 usually results in 
lower yields (tables 5, 6). 

• Harvesting-Combining at about 20 percent moisture 
and drying in storage to 13 percent is often necessary to 

Table 3. Rate of planting effects on dryland grain sorghum in southern Minnesota! 

Seeds Heads/acre Seeds/head Seed weight Head moisture Grain yields/acre 
sown/acre number number grams percent pounds 

78,000 75,000 1228 .023 27 4676 
'57.000 116,000 845 .022 25 4738 
J14,000 192,000 517 .021 25 4592 

LSD 5% 1 235 

'Average of 7 tnals on silt loam soil. 



-·ain sorghum can be dru1d in the 
draw but it IS usually combmed 

,,ding . 

.:omplete harvest by early October. In drought years it 
may be possible to dry sorghum in the field before exces
sive lodging occurs. Occasionally plants start lodging from 

Table 4. Row width effects on dryland grain sorghum in 
southern Minnesota 1 

Row width Head moisture Grain yields/acre 
inches percent pounds 

40 24 4110 
30 24 4542 
20 26 4631 
10 28 5387 

LSD 5% 2 342 

'Average of 7 tnals on Sill loam so1J. 

Table 5. Row width and date of planting effects on irrigated 
grain sorghum in 1971 on sandy soil at Elk River 

Date 
planted 

May 13 
May 26 
June 3 
June 14 

LSD 5% 

Row width inches 

30 12 30 12 

Head mo1sture. percent Grain y1eldlacre pounds 

25 
26 
30 
53 

2 

24 
24 
30 
53 

2 

5263 
5155 
4842 
2022 

570 

5744 
5867 
5699 
2323 

570 

Table 6. Date of planting effects on dryland grain sorghum 
at Lamberton, 1970·72 

Date Head moisture Grain yield/acre 
planted percent pounds 

May 14 20 5761 
1y 28 20 5678 
.ne 9 26 5070 

June 16 35 400.1 
LSD 5% 289 
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stalk rot in early September. Such fields can be wind
rowed when they reach maturity and allowed to dry in the 
windrow before combining. Grain sorghum for whole
plant silage should be harvested when very mature. Feed
ing value increases with maturity: the leaves and stalks 
usually remain green until frozen. Crushing may be neces
sary to prevent grain loss in the feces. 

Corn and grain sorghum growing on dry land sand. 

Summary 

When both feed value and yield are considered. an a.:re 
of grain sorghum will produce about two-thirds that of an 
acre of corn in normal years. But in drought years. sor
ghum may equal or exceed corn in value of feed grain per 
acre. Furthermore. sorghum can be a rotation crop in the 
common continuous corn or corn-soybean sequences 
used in southern Minnesota. 

The authors are agronomists: R. G. Robmson. Department of Agro
nomy and Plant Genetics. St. Paul: W. W. Nelson and J. H. Ford. 
Southwest Expenment Stat1on, Lamberton: D. D. Warnes. West Ccn-. 
tral Expenment Station, Morns. 
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When is it too late to replant 7 

CORN 

CORN-S I LAG£ 

SOYBEAIIS 

BARLEY 

'oiHEAf 

FL•• 
OATS 

PLANTING DATE GUIDE FOR CROPS 
<NORTHERN AREA OF MINNESOTA) 
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----·111111111 
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11111111111111 
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PLANTING DATE GUIDE FOR CROPS 
<SOUTHERN AREA OF IIINNESOTAl 
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I I I I 
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SOYBEANS -1111111111111111111111111 
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FLAK -111111111 
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SORGHU" -111111111 
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111111111111111 RISK 

1 
Ju~ v , 1 ~uG~s\ 1 , se;T ', 

PRO SO Ml LLET 1111 Ill 
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SuNF~OwER 

SuCAN 
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-111111 
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-1111111111111111 

The risk of planting early is frost, or soil-borne pathogens 
which overtake seedlings in cold soils. The risk of late planting 
is usually frost before the crop can mature. Also, late seedbeds 
are sometimes dry and do not provide satisfactory stands. 



News Release 
May 27, 1988 

r.inne~cta Exten~ion Service 

IRRIGATION or DROUGHT 
SHOULD I INVEST 

Source: Jerry Wright 
Area Ext. Agr. Engineer 

WCES- Morris 
<612> 589-1711 

Irrigation is a long term crop management practice. Investing in 

irrigation to save a crop because of a single year drought is not a sound 

economical decision. An irrigation investment may cost $300 to over $500 

per acre dependent on location of vater supply and $30 to $50 additional 

annual cash costs per acre. 

To study the feasibility of adding irrigation to a given field· 

several facts need to be invested such as soil drainage, vater supply 

availability, potential yield increase, equipment ~osts and economic 

feasibility. Some of the first questions that need to be answered are: 

1. Do I have an adequate water supply to meet the crops vater 
needs for maximum economical yields? 

- Past research and farmer experiences suggest a sprinkler 
irrigation system operating 24 hours per days needs 5.5 to 
7.0 gallons of vater per ~inute per irrigated acre for loamy 
sandy loam soils. For 130 acre center pivot this is 700 to 
900 GPr.. 

io determine if you have enough water the water supply 
should be tested pumped for at least 24 hours and sometime 
up to 72 hours by a well driller or a equipment dealer. An 
approved water appropriation permit is also required from 
the MN Department of Natural Resources. 

2. What is the long term crop yield increase that can be 
expected over average dry conditions? 

- Irrigators in central r.innesota generally average 130-150 
bus o! corn, 35-45 bus. o! soybeans and 5-6 tons o! alfalfa. 
Yields may be higher in some years because of longer graving 
seasons. It also generally takes nev irrigators 2 to 3 
years to detain the high~r yields. 

133 



134 

3. Do the increased yield ret~rns cover all o! th~ costa o! 
operating and the investment and hov does the investment fit 
into present farm financial plan? 

Answer to this can be obtained only after the prc~osed costs 
for the irrigation system, increase production inputs, and 
increase returns have been estimated. 

Determining the feasibility of irrigating a given field takes much 

more time than the 20 to 40 days to install an irrigation system. Begin 

your investigation by consulting with several people in making your 

decision such as an irrigation s~pplier, vell driller, ~DNR hydrologist, 

County Extension Agent, Soil Conservation Service and irrigating 

neighbors. Assistance can also be obtained from Jerry Wright, Area 

Extension Agricultural Engineer at ~orris, ~innesota <612-589-1711). 



~INNESOTA EX7ESSION SERVICE 

Me~s Release 
~ay 27, 1968 

IRRIGATING ALFALFA 

Source/Writer: Jerry Wright 
Area Ext.Agr. Engineer 

WCES- Morris 
<612> 569-1711 

A healthy alfalfa stand can use 4 to 5 inches of soil ~ater to 

produce a ton of dry forage. Daily crop ~ater usage during June and July 

will range !rom 0.10 inches to over 0.30 inches depending on the climatic 

conditions and time after last cutting. Daytime air temperatures in the 

80's vill cause alfalfa plants to transpire 0.20 to 0.25 inches of vater 

per day beginning in the 3rd week a!ter cutting until next harvest. 

Maintaining a soil moisture depletion of less than 40-50 percent of 

the plant's available soil vater in the total tvo feet of roots should 

provide adequate soil moisture for good plant grovth. For most sandy 

soils this means irrigating vhenever the soil moisture has had 1 to 1.25 

inches depleted. 

Regular monitoring of the soil moisture by a soil probe and the 

checkbook method can be an effective practice to assist an irrigator in 

making a timely application. 

A complete description of the checkbook and soil probe scheduling 

method is outlined in Minnesota Extension Bulletin IAG-F0-1322 'Irrigation 

Scheduling vhich is available at your local County Extension Office. 

Bulletin ~lso contains crop vater use estimation tables for other crops 

!!ke corn, soybeans, potatoes and field beans. 

l3S 
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~I~NESCTA EXTE9SICH SERVrCZ - UNIVERS:TY OF MINNESOTA 

r.~y 27, 1988 

IRRIGATION TIH!NG 

Writer/Source: Jerry Wright 
Area Ext. Agr. Engineer 

WCES - ~orris 
(612) 589-1711 

Regular monitoring of an irrigated crop's soil moisture is necessary 

by the o~.erator to produce effective and timely irrigations. Waiting too 

lcng before irrigating can cause yield reducing stress. While, initiating 

an irrigation too soon a!ter the l~st irrigation or a rain event may cause 

some nitrates or other agricultural chemicals to move below the plants 

root zone tovard the groundwater. 

Several soil moisture monitoring tools are available to assist an 

operator in scheduling an irrigation system. Some of these include soil 

prcbe, tensiometers resistance sensors, soil water accounting <checkbookl, 

and private crop consultant. 

The most effective scheduling method is a combination of at least tva 

soil moisture monitoring tools. Minnesota Extension Service Bulletin lAg-

F0-1322 "Irrigation Scheduling Checkbook Method" describes how to use 

several of these tools. A copy of this bulletin can be obtained !rom your 

local County Extension office or Jerry Wright, Area Extension Agricultural 

Engineer <612-589-1711). 


