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Cropping Systems 

Weather and Management Impact on Crop Yield 
Variability in Rotations 
Charles l? Yamoah, Gary E.  Varvel, Charles A. Francis, 
and William J .  Waltman 

Research Question 

Literature Summary 

Study Description 

Applied Questions 

Crop rotations are designed to increase productivity and reduce costs. These 
advantages are contingent upon favorable weather and require appropriate man- 
agement. Unpredictable weather poses risks to dryland crop production. In- 
formation on how weather affects yields in different cropping systems and how 
farmers could respond with management would help minimize risk and stabilize 
yield and income. We evaluated the effects of preseason and growing season 
weather variability on continuous and sequential cropping of corn, sorghum, 
and soybean in a 12-yr span, and suggest how management decisions could 
influence cropping system performance. 

Models of different levels of sophistication have been developed to link yields 
of individual crops with weather factors. But there is a paucity of information 
on how weather and management affect yields in whole cropping systems. 
Furthermore, many models demand a large amount of input data, which is a 
major limitation to routine application by potential users. This study developed 
simple empirical models to relate yield and management with a combined index 
of composite weather variables in whole cropping systems. 

The study was conducted from 1984 to 1995 at the Agricultural Research and 
Development Center near Mead, NE. Correlation and regression analyses were 
used to relate system performance to weather. Yield was the dependent variable 
and several combined indices of weather factors were predictor variables. The 
combined indices of weather or composite weather variables were biological 
windows (BW) and standardized precipitation index (SPI). Biological windows 
represent the time during the entire year during which rainfall and air tempera- 
ture favor biological activities. The biological windows are derived from the 
mean monthly precipitation and temperature data. The SPI is the difference of 
precipitation from the long-term average (>30 yr) divided by the standard devi- 
ation, a measure used to determine how wet or dry a period of time is compared 
with average weather patterns, up to a certain date. Both BW and SPI are calcu- 
lated with simple computer programs. Standard deviation was used as a mea- 
sure of yieldincome variability. Weather effects on yield and income fluctua- 
tions of the cropping systems are discussed, along with potentials for the farmer 
to influence this variability through management. 

Which weather factors greatly influence year-to-year variability of crop 
yields? Are certain crops and cropping systems more resilient to these vari- 
able climatic conditions? 

Temperature and soil moisture are the two most critical factors for crop yields. 
Three BW are defined that influence crop growth and development. Biological 
window 1 is the number of days in the entire year when the soil moisture is dry 

Full scientific article from which this summary was written begins on page 219 of this issue. 
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and temperature > 41°F. Biological window 2 is the number of days the soil is 
moist (between permanent wilting point and field capacity) and temperature > 
41"F, and BW 3 represents number of days that soil is moist with a temperature 
> 47°F. These three BW correlated strongly and consistently with yields of corn 
and soybean but not with grain sorghum yields. Yields decreased as number of 
dry days increased, while elevated temperature during August also reduced 
yields. Corn in the 4-yr rotation of oatklover-sorghum-soybean-corn, and soy- 
bean in both 4-yr rotations, were least affected by high August temperature. 
Corn in the 4-yr rotation of soybean-sorghum-oatlover-corn and continuous 
soybean benefitted more than other systems from increased days in BW2. In 
general, yields of corn and soybean were reduced by drought (BW1) and 
increased in years with favorable rainfall and temperatures (BW2, BW3). 
Preseason temperature in April correlated positively with sorghum yield. Also, 
SPI for the 7 to 9 mo preceding planting influenced yield of the following sea- 
son's corn crop, especially in the rotational systems. In general, yields of all 
crops in rotations were consistently higher than in continuous cropping systems, 
especially at lower N rates. Risk as measured by income variation generally 
was higher for corn, similar for soybean, and lower for sorghum in rotations 
compared to continuous cropping. 

Management decisions based on BW include the type of system (continuous vs. 
rotations) best suited to a given location and the most profitable levels of N fer- 
tilizer based on long-term experience. Specific precipitation index for the 
months before planting could be used to decide the appropriate N rate, or more 
importantly whether to break the rotation cycle and plant corn if the rainfall is 
highly favorable or grain sorghum if there is low rainfall and below average 
stored soil moisture. Although these weather variables are useful as manage- 
ment guides, the farmer must also consider relative crop prices, machinery 
requirements, needs on the farm for specific commodities, and other factors in 
deciding which crop, systems, and N rates will be most profitable in a given 
year, as well as contribute to long-term stability. 
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Cropping Systems 
Weather and Management Impact on Crop Yield 

Variability in Rotations 
Charles E Yamoah, Gary E. Varvel, Charles A. Francis,* and William J. Waltman 

Crop rotation offers several advantages to improve farm- 
ers’ systems worldwide. The positive attributes of rotations are 
usually dependent upon crop choices, cropping sequence, soil 
fertility management, and weather factors. Of these, weather is 
most uncontrollable, but its effects can be partially manipulat- 
ed through management. This study presents information on 
how weather affected cropping systems in a 12-yr span. The 
study also illustrates the use of indices of weather (composite) 
variables to predict yields. The composite variables are three 
biological windows (BW) and a standardized precipitation 
index (SPI). Biological windows based on soil temperature and 
soil moisture indicate the number of days favorable for or 
detrimental to crop growth. Biological window 2 (temperature 
> 41”F+moist soil) in combination with May temperature 
explained more than 80% of the variability in corn (Zeu mays) 
and soybean (Glycine mar) yields. August temperature nega- 
tively affected corn and soybean yields, especially in mntinu- 
ous monocrops. Preseason 9-mo SPI (September-May) 
explained up to 50% of the subsequent season’s corn yields, 
and this information could influence crop choice. Overall, 
yields in rotations were higher than in continuous monocrop- 
ping systems. Nitrogen fertilization increased cereal yields 
more in continuous monocropping than in rotations with 
legumes. Corn and soybean appeared more sensitive to soil 
moisture and temperature variability (P c 0.0001) than 
sorghum (Sorghum bicolor b] Moench) (P > 0.05). Risk as 
measured by standard deviation in yields or incomes did not 
differ significantly among systems. 

ROP ROTATION increases productivity by improving soil C fertility (Hesterman et al., 1987; Varvel, 1994), control- 
ling weeds (Liebman and Ohno, 1997; Jordan et al., 1995), 
and reducing insect pest infestation and diseases (Koenning 
et al., 1995; McSorley et al., 1994; Hendrix et al., 1992). 
Additionally, growing crops in rotation stabilizes yields 
(Fribourg and Bartholomew, 1956; Franzleubers et al., 
1994; Peterson and Varvel, 1989a,b,c) and income (Crook- 
ston, 1984; Peterson et al., 1991; Helmers et al., 1986). 
Economic gains are possible because crop rotations in gen- 
eral reduce the costs of production. 

Success of rotations as a result of the above attributes is 
a function of weather, crop choices, and management. By its 
stochastic nature, weather variability introduces risk to pro- 

C.F. Yamoah and C.A. Francis, Cent. for Sustainable Agric. Syst., and G.E. 
Varvel, USDA-ARS, Dep. of Agronomy, Univ. of Nebraska, Lincoln, NE 
68583-0949; W.J. Waltman, USDA-NRCS, Lincoln, NE 68508-3866. Joint 
contribution of Univ. of Nebraska-Lincoln and USDA-ARS-NRCS.Agric. 
Res. Div. J. Series no. 11822. Received 10 Mar. 1997. *Corresponding 
author (csas002@unlvm.unl.edu). 
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duction systems. Knowledge of key weather factors and 
their impacts on major crops and cropping systems may 
therefore be useful in designing strategies to minimize the 
effects of adverse weather events. Of utmost importance for 
the producers’ decisionmaking process, however, is knowl- 
edge about how much of the current season’s potential crop 
performance can be related to the previous season’s climat- 
ic records, crop conditions, and soil fertility. Of course, 
weather after planting is less predictable, but some of the 
effects could be affected by management decisions. 

Several studies relating weather factors to crop yields 
have been conducted in the USA and Canada (Thompson, 
1962; Williams et al., 1975; Dirks and Bolton, 1981; Del- 
court and van Kooten, 1995; Peterson et al., 1990). By 
means of correlations and regression analysis in a 13-yr 
field study, Dirks and Bolton (1981) attributed 28 to 80% of 
the variability in corn yields to monthly precipitation and 
temperature. Similarly, Asghari and Hanson (1984) devel- 
oped empirical models to predict corn yields with monthly 
heat units and precipitation as independent variables. 
Through multiple regression analysis, Teigen and Thomas 
(1995) showed that over 90% of the variability in corn and 
soybean yields in the USA was explained by fluctuations in 
monthly precipitation and temperature. 

As indicated, the influence of weather changes on yield 
and yield stability is somewhat system dependent. Crops 
and varieties behave differently in adverse weather under 
different input levels and management practices such as fer- 
tilization, cropping patterns, and rotations. There are sever- 
al models available with varying levels of complexity that 
have the potential to predict crop yields, but only a few 
models (Stockle et al., 1994) focus on impact of climate and 
management factors on whole cropping systems. Besides 
being complex, the large input variable requirements of 
some of the earlier models limit their routine applicability 
by potential users. Thus, in the view of Passioura (1973), a 
model is useful insofar as the input parameters are few and 
easily obtainable. Our objective for this study was to evalu- 
ate the impact of preseason and growing season weather 
variability on component crops in different cropping sys- 
tems over 12 yr with corn, sorghum, and soybean at differ- 
ent fertility levels. Specifically, we developed simple empir- 
ical relationships with a limited number of individual and 
composite weather variables to estimate differences in 
yields and risks associated with crops grown in rotations as 
compared with monoculture. To relate weather effects on 
crop yield and variability to management, we discuss the 

Abbreviations: BW, biological windows; SPI, standardized precipitation 
index. 
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Table 1. Cropping systems, current crops, and current crop N rates 
used in the study, 19W1995t 

Table 2. Weather variables and indices used in the study and average 
statistics for 12 yr (198&1995). 

N o N  Medium HighN, 
Cropping system (current crop) fertilizer N, Ib/acre Ib/acre 

Continuous crops and 2-yr rotations 

Continuous corn (corn) 0 80 160 
Continuous soybean (soybean) 0 30 60 
Continuous sorghum (sorghum) 0 80 160 
Corn-soybean (soybean) 0 30 60 
Soybeancorn (corn) 0 80 160 
Soybean-sorghum (sorghum) 0 80 160 
Sorghum-soybean (soybean) 0 30 60 

O/Clover-sorghum-soybean-(corn) 0 80 160 
Soybean-sorghurn-o/clover-(corn) 0 80 160 
Corn-o/clover-sorghum-(soybean) 0 30 60 
Sorghum-o/clovercorn-(soy bean) 0 30 60 
Soybeancorn-o/clover-(sorghum) 0 80 160 
OIClovercom-soy bean-Isorghum) 0 80 160 

4-yr rotations 

~~~ 

Variable Symbol Mean Standard dev. Minimum Maximum 

0.0 58.0 Bio window, dry, >41”F BWI 13.6 21.0 
Bio window, wet, A I ° F  BW2 165.3 62.5 75.0 227.0 
Bio window, wet, A7”F BW3 171.9 52.3 75.0 214.0 
April temperature,”F APT 50.6 2.9 46.7 54.6 
May temperature,”F MAT 62.0 3.5 56.5 67.0 

July temperature, “F J Y T  75.1 2.1 71.3 78.4 

April precipitation, in. APP 2.9 1.7 0.52 6.2 
0.56 8.0 May precipitation, in. MAP 4.4 2.3 

June precipitation, in. JUP 4.0 2.2 1.62 8.7 
July precipitation, in. JYP 4.9 3.9 1.16 15.8 

June temperature,”F J U T  72.3 3.0 68.3 77.1 

August temperature,”F ACT 73.5 3.5 68.2 79.7 

Aug. precipitation, in. AGP 3.8 3.5 1.01 11.9 
SPI for Jun-Aug AGS 0.18 1.24 -1.52 2.88 
SPI for Sept-Mar MRS 0.17 0.91 -1.04 2.52 
SPI for Sept-Apr APS 0.27 1.09 -1.57 2.05 
SPI for Sept-May MAS 0.18 1.18 -1.98 1.51 

t Long-term average N rates for 2-yr and 4-yr rotations were 55 Ib/acre (medium rate) 
and 110 Ib/acre (high rate). 

potential producer decisions that could increase or mitigate 
the possible risk from an unpredictable growing season. 
These analyses extend the evaluation of crop yields in 
response to N rates in rotations previously reported by 
Peterson and Varve1 (1989a,b,c). 

MATERIALS AND METHODS 

The experiment was conducted from 1984 to 1995 under 
rainfed farming conditions at the Agricultural Research and 
Development Center near Mead, NE, a site typical for the 
rainfed portion of eastern Nebraska. The site, situated at the 
western edge of the U.S. Corn Belt, has been subjected to 
frequent shifts in soil moisture regimes. The soils are classi- 
fied and mapped as the Sharpsburg clay loam (fine, smec- 
titic, mesic Typic Argiudoll) with 3.1% organic matter con- 
tent in the upper 3 in. The experimental design was a split 
plot with five replications. Main plots were (i) continuous 
monocropping of corn, sorghum, or soybean; (ii) a 2-yr soy- 
bean-corn or soybean-sorghum rotation; (iii) a 4-yr soy- 
bean-sorghum-oat (Avena sativa L.)/clover-corn rotation, 
and (iv) a 4-yr oat/clover-sorghum-soybean-corn rotation. 
Subplots were N levels of 0, 80, or 160 lb/acre for corn and 
sorghum and N levels of 0,30, or 60 lb/acre for soybean and 
oat/clover. Main plot size was 29.5 ft by 105 ft  and subplot 
size was 29.5 ft by 32.8 ft. 

Corn (‘Asgrow Rx717’, 1984-1987; ‘Pioneer 3377’, 
1988-1991; ‘Pioneer 3379’, 1992-1995) was planted at 
19 000 seeddacre in the first week of May. Grain sorghum 
(‘NKZ?M’, 1984-1987; ‘Pioneer 8358’, 1988-1995) was 
planted at 69 000 seeddacre in the last week of May or first 
week of June. Seeding rate of soybean (‘Pella’, 1984-1987; 
‘Pella 86’, 1988-1991; ‘Dunbar’, 1992-1995) was 61 000 
seeds/acre for sowing between mid-May and early June, 
depending on conditions each year. Hybrid and variety eval- 
uations were made every 4 yr to assure that those planted 
were consistent with plantings by local farmers, and to seek 
the best genetic potential for the area. Hybrid and variety 
effects were confounded with year. A mixture of sweet- 
clover (Melilotus officinalis L.) and red clover (Trifolium 
prarense L.) (‘Madison’ sweet clover [80%]; ‘Common’ red 
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clover [20%]) was sown with the oats (Bates, 1984-1987; 
‘Ogle’, 1988-1995) in the 4-yr rotations. The oat/clover was 
sown usually in the last week of March at a rate of 64 lb/acre 
(2 bu/acre) of oats and 20 lb/acre of clover mix. The clover 
biomass from the preceding spring oat/clover plots was 
incorporated into the soil with a tandem disk in mid to late 
April. Seeding of summer crops was done with a six-row 
planter and each crop in every rotation was in the field in 
each of the 12 yr. Weeds in the corn and soybean plots were 
controlled with a pre-emergence application of either 
alachlor or metolachlor along with atrazine (corn only), 
cyanazine (corn only), and linuron (soybean only). Weeds in 
the sorghum plots were controlled with pre-emergence 
application of propachlor and cyanazine. All herbicides 
were used at recommended rates. Crops were harvested in 
October with a plot combine. A summary of cropping sys- 
tems investigated is found in Table 1. 

Crop yield responses to growing conditions were 
assessed using regression analysis. The weather variables 
explored in our regression equations are combined indices 
of rainfall and soil temperature called BW, cumulative 
indices of rainfall prior to planting referred to as SPI, and 
individual monthly growing season temperatures and rain- 
fall amounts. These variables and others used in the analy- 
ses are found in Table 2. Biological windows were deter- 
mined with average monthly precipitation and temperature 
as input variables in the Newhall Simulation Model (Van 
Wambeke et al., 1992). The Newhall Simulation Model fol- 
lows a fixed time-step to distribute monthly rainfall and cal- 
culate a moisture condition calendar to approximate days 
that the soil moisture control section is dry, parts moist and 
dry, or the entire profile moist. The monthly precipitation is 
re-apportioned into three parts: a 15-d period of light pre- 
cipitation, a heavy precipitation event occurring between the 
15th and 16th of the month, and followed by another period 
of light precipitation. Heavy precipitation events are 
assumed to represent 50% of monthly precipitation (van 
Wambeke, 1987). For each of three events the precipitation 
is added to the soil profile, the soil moisture condition or sta- 
tus is calculated for the number of days during which each 
condition (dry, moist/dry, and moist) prevailed in the soil 
moisture control section (from about 10 in. to 40 in.). The 
Newhall Simulation Model calculates soil moisture across a 
soil moisture control section, which approximates an effec- 



tive rooting depth in the soil profile. The Newhall 
Simulation Model is adapted to flexible soil moisture stor- 
age, so the rooting zone available water-holding capacity 
can be varied for specific soils. Soil temperatures are calcu- 
lated at 20 in. and derived from monthly air temperatures. 
Soil temperature thresholds are set for cumulative days less 
than 41"F, days where soil temperature is > 41"F, but less 
than 47"F, and days above 47°F. By definition, BW1 repre- 
sents the cumulative number of days in the entire year when 
the soil moisture level was below permanent wilting point 
(dry) and the soil temperature was greater than 41°F; BW2 
represents the cumulative number of days when the soil 
moisture level in the root zone was between field capacity 
and permanent wilting point (moist) and temperature was 
greater than 41°F; and BW3 represents the cumulative num- 
ber of days when the soil moisture level in some of the root 
zone was between field capacity and permanent wilting 
point (moist) and temperature was greater than 47°F. 
Biological windows represent moisture and soil tempera- 
tures that are unfavorable (BW1) or favorable (BW2, BW3) 
for soil biological activities, root growth, and soil mineral- 
ization (Waltman et al., 1997). 

The SPI for any period is the difference between precip- 
itation received and the long-term mean (>30 yr) divided by 
the standard deviation. Four important intervals are identi- 
fied: AGS is the June-August SPI for the current growing 
season; MRS is the September-March, or preseason index 
up to planting oat/clover; APS is the September-April, or 
preseason index up to planting corn; MAS is the 
September-May SPI, or preseason up to planting soybean 
and sorghum. A SPI value for a given period >O indicates 
above average soil moisture, and <O signifies below average 
soil moisture; an SPI of -2 or less is indicative of extreme 
drought (McKee et al., 1992). A statistical summary of these 
variables is shown in Table 2. 

Correlations and multiple regressions were run with crop 
yields as dependent variables and weather factors as predic- 
tor variables. Correlations among the predictor variables 
were examined to check for multicollinearity @e., signifi- 
cant correlations among predictor variables). As expected, 
variables based on the same weather data were significantly 
correlated (results not shown). Yield standard deviations 
were multiplied by the average prices of corn ($2.24/bu), 
sorghum ($1.97/bu), and soybean ($5.94/bu) to provide an 
indication of income variability or risk associated with each 
system (Helmers et al., 1986). Differences among standard 
deviations were evaluated using the Hartley test (0.05 prob- 
ability level; Nester and Wasserman, 1974). A functional 
form of elasticity (E,) was calculated as a measure of rela- 
tive sensitivity of crop yield (dependent variable) to signifi- 
cant weather factors. The formula is E, =(dy/u!x)*(XIy) 
where dy/& is the regression coefficient for the significant 
weather factors, and X and Yare the respective means of the 
weather variable and crop yield. In practical terms, E, is the 
percentage change in yield due to 1 d change in a BW, or 
1"F, or 1 in. of precipitation. 

A minimum of 4:l ratio of observations per predictor 
variable was suggested for studies of this nature by 
Tabachnick and Fidel1 (1983). Draper and Smith (1966) rec- 
ommend at least 10 observations for each predictor variable. 
This study used 12 complete sets of yield and climatic 

Table 3a. Yield and risk assessment of corn in cropping systems in east- 
ern Nebraska, 1984-1995. 

160 Ib N/acre 

Yield, Risk, Yield, Risk, Yield, Risk, 
System? bdacre $/acre' bdacre $/acre bdacre $/acre 

ON 80 Ib N/acre 

cc 63 43 108 73 125 82 
s-c 102 56 132 92 131 83 

137 68 om-G-S-C 121 69 
S-G-Om-C 114 105 124 100 135 100 

* Risk=yield standard deviation x $2.24 (corn priceibu); Hartley test at 0.05 proba- 
bility level is 2.4 and nonsignificant. 

t CC=continuous corn; S-C = soybean-corn; O/CI-G-S-C = clover-sorghum-soybean- 
corn; S-G-O/CI-C = soybean-sorghum-clover-corn. LSD (0.05) for yield =I59  
bdacre. 

143 86 

Table 3b.Yield and risk assessment of sorghum in cropping systems in 
eastern Nebraska, 1984-1995. 

ON 80 IbN/acre 160 IbN/acre 

Yield, Risk, Yield, Risk, Yield, Risk, 
System? bdacre $/acre* bdacre $/acre bu/acre $/acre 

CG 50 49 95 68 104 62 
S-G 89 50 102 54 105 44 
S-C-O/CI-G 90 58 101 58 101 61 
O/CI-C-S-G 90 52 104 52 106 51 

* Risk=yield standard deviation x $1.97 (sorghum priceibu); Hartley test at 0.05 prob- 
ability level is 1.5 and nonsignificant. 

t CG = continuous sorghum; S-G = soybean-sorghum; S-C-O/CI-G = clover-corn- 
soybean-sorghum; O/CI-C-S-G = soybean-corn-clover-sorghum. LSD (0.05) for 
yield = 11.3 bdacre. 

Table 3c. Yield and risk assessment of soybean in cropping systems in 
eastern Nebraska, 1984-1995. 

ON 30 IbN/acre 60 IbN/acre 

Yield, Risk, Yield, Risk, Yield, Risk, 
System? bdacre $/acre* bdacre $/acre bdacre $/acre 

cs 36 60 35 59 35 56 
c - s  39 62 34 64 37 61 
G-S 38 55 38 54 40 59 
C-Om-G-S 40 56 40 65 42 60 
G-O/CI-C-S 4 0 6 8  38 63 39 68 

* Risk=yield standard deviation x $5.94 (soybean pricebu) Hartley test at 0.05 prob- 
ability level is 1.3 and nonsignificant. 

t CS = continuous soybean; C-S = corn-soybean; G-S = sorghum-soybean; C-O/CI- 
G-S = cornclover-sorghum-soybean; G-O/CI-C-S = sorghum-corn-clover-soybean. 
LSD (0.05) for yield = 1.4 bdacre. 

observations in 12 yr. Given the high expense and logistical 
challenges involved in conducting long-term and multi-site 
experiments, the creation of composite variables becomes a 
useful strategy in the development of prediction equations 
with fewer, but important, explanatory variables. 

RESULTS AND DISCUSSION 

Yield and Income Variability 

Ideal cropping systems combine high yield with mini- 
mum variability or risk. The problem with variability is that 
below average yields represent a measure of potential loss in 
income; consequently, major farm management decisions 
are based on reducing variability. Risk may be reduced if 
some cropping systems have smaller fluctuations in yield 
and income than other systems. Producers may view risk 
differently based on their resource endowments. 

lkelve-year average yields are shown for corn (Table 
3a), sorghum (Table 3b), and soybean (Table 3c) at three N 
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Table 4. Correlation of selected weather variables with crop yields in 
Eastern Nebraska. 

~ ~ ~ ~~ ~~ 

N fert., 
Previous Current Ib/acre 
crop# crop (kgha) BWl BW2 BW3 AGT AGP 

Corn Corn 
Corn Corn 
Corn Corn 
Soybean Corn 
Soybean Corn 
Soybean Corn 
O/Cl-0-S Corn 
O/CI-G-S Corn 
O/Cl-G-S Corn 
S-G-O/Cl Corn 
S-G-O/Cl Corn 
S-G-OK1 Corn 
Soybean Soybean 
Soybean Soybean 
Soybean Soybean 
Corn Soybean 
Corn Soybean 
Corn Soybean 
Sorghum Soybean 
Sorghum Soybean 
Sorghum Soybean 
C-OM-G Soybean 
C-O/Cl-G Soybean 
C-O/CI-G Soybean 
G-O/CI-C Soybean 
G-O/Cl-C Soybean 
G,O/CI-C Soybean 
Sorghum Sorghum 
Sorghum Sorghum 
Sorghum Sorghum 
Soybean Sorghum 
Soybean sorghum 
Soybean Sorghum 
s-c-o/Cl Sorghum 
S-C-O/Cl Sorghum 
S-C-O/Cl Sorghum 
om-c-s Sorghum 
o/Cl-c-s Sordlum 

0 
80 

160 
0 
80 

160 
0 
80 

160 
0 
80 

160 
0 

30 
60 
0 

30 
60 
0 

30 
60 
0 

30 
60 
0 

30 
60 
0 
80 

160 
0 
80 

160 
0 
80 

160 
0 
80 

-0.57' 
-0.68.. 
-0.63. 
-0.55t 
-0.65' 
-0.79- 

NS 
-0.67** 
-0.5lt 
-0.68" 
-0.778. 
-0.64' 
-0.70.' 
-0.72.' 
-0.72;' 
-0.74. 
-0.77.' 
-0.76'. 
-0.70** 
-0.57. 
-0.64. 
-0.63' 
-0.5lt 

NS 
-0.63. 
-0.61 * 
-0.69.. 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

0.68** 
0.72.' 
0.78. * 
0.77.. 
0.86** 
0.94" 
0.66' 
0.85** 
0.81'' 
0.88.' 
0.92.' 
0.88'. 
0.91'. 
OX!** 
0.87" 
0.83** 
0.86** 
0.81** 
0.848. 
0.77'. 
0.76" 
0.80.. 
0.72.' 
0.61. 
0.80** 
0.77.. 
0.72'' 
NS 
NS 
NS 
NS 
NS 
NS 

0.55t 
NS 
NS 
NS 
NS 
NS 

0.66.' 
0.70'. 
0.66- 
0.64' 
0.75'. 
0.84.. 
053t  
0.75.. 
0.608 
0.75" 
0.85.. 
0.75.. 
0.75" 
0.77.. 
0.76'' 
0.82** 
0.81** 
0.828. 
0.78'. 
0.68.. 
0.72" 
0.72** 
0.60. 
053t  
0.71.. 
0.70.. 
0.72'' 
NS 
NS 
NS 
NS 
NS 
NS 
0.63. 
NS 
NS 
NS 
NS 
NS 

-0.82'' 
-0.94'8 
-0.92'. 
-0.76** 
-0.76.. 
-0.898' 
-0.67' 
-0.84. 
-0.77'. 
-0.87'' 
-0.86** 
-0.84.. 
-0.71.. 
-0.73- 
-0.67** 
-0.61. 
-0.65. 
-0.61. 
-0.65. 
-0.50.t 

NS 
-0.61 * 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
-0.58. 
-0.61. 
NS 

-0.67'. 
NS 
NS 

-052t 
-0.36 
-0.52t 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
0.60. 
0.53t 
0.56' 
0.51t 
NS 
NS 

0.57. 
NS 

0.53t 
O S O t  

NS 
NS 

0.61* 
0.54t 
0.68.' 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS .. 

t, *, ** denote significance at 0.10,0.05 and 0.01 probability levels respectively. * C =corn, S = soybean, G = sorghum, O/Cl = oat + clover. 

levels. Yield standard deviations are multiplied by average 
crop prices to provide a measure of income variation, or 
economic risk. Corn in either a 2- or 4-yr rotation produced 
higher yields than continuously grown corn with 0 and 80 lb 
N/acre (Table 3a), and only with 160 lb N/acre did continu- 
ous corn approach yields of corn in rotation. Corn in a 4-yr 
rotation (oat/clover-sorghum-soybean-corn) with 80 lb 
N/acre yielded 143 bu/acre, the highest in the trial. It is 
apparent from the results that a high (160 lb N/acre) fertiliz- 
er rate is essential in continuous corn to obtain yields equal 
to corn in rotation at a modest rate of N application. In spite 
of a wide variation in risk as measured by crop income 
(standard deviation x crop price), risk values did not differ 
significantly, and thus gross incomes were equally stable 
according to the Hartley test (Nester and Wasserman, 1974). 
Nitrogen fertilization resulted in significantly higher yields 
for each increment of N added in continuous corn but only 
for the F i t  80 lb N/acre in two of the rotations. Growing 
corn continuously without N fertilizer recorded signifcant- 
ly lower yield (63 bu/acre), with half the variation in income 
compared with the high N rate, similar to results of Dirks 
and Bolton (1981). Such a low-yielding system will not be 
attractive to farmers in nonsubsistence agricultural settings 
where land prices are high and profit maximization is the 
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primary consideration. For environmental and economic 
reasons, corn in the four year O/Cl-G-S-C or the two-year S- 
C with 80 N lb/acre is preferred to the O/Cl-G-S-C and S-C 
with 160 lb N because it uses 50% less N for the same yield. 
In contrast, corn in the S-G-O/Cl-C system had increased 
yield in response to each increment of added N fertilizer. 
Based on these results farmers would no doubt choose rota- 
tions over corn continuous cropping, and would apply mod- 
erate levels of N fertilizer to cut production costs and mini- 
mize potential for N loss from the system. 

Sorghum in rotations produced higher yields than in con- 
tinuous systems with no added N fertilizer, but there were no 
significant differences at the medium and high N rates 
(Table 3b). Sorghum preceded by soybean in a 2-yr or 4-yr 
rotation responded to the first increment with higher yield, 
but not to additional N fertilizer. In contrast to continuous 
sorghum, there was no apparent yield response by sorghum 
in rotation to the second increment of added N fertilizer. 
Yield of continuous sorghum without N was 50 bu/acre and 
was significantly less than yields in all the rotations. Across 
all systems and N levels, there were no significant differer- 
ences in yield variability and risk. Based on these results, 
farmers would be likely to apply a moderate rate of N to 
sorghum in rotations, and might apply a higher rate to con- 
tinuous sorghum in order to maximize profits. 

Soybean yields were significantly higher in rotations in 
three of four comparisons within the 0 and medium N lev- 
els, and in four comparisons at the high N level, compared 
with continuous soybean. There was no significant differ- 
ence among standard deviations or income risk among the 
treatments. What is noteworthy is the small range from the 
lowest (34 bu/acre) to highest (42 bu/acre) yields in soybean 
(about 20%); in contrast the range from the lowest to high- 
est cereal yields was over 100%. Soybean is definitely a 
more stable yielding crop across a wide range of year to year 
changes in weather and management. 

Correlation analyses 

Correlations were explored as an initial step to identify 
relationships between weather variables and yield as well as 
among the explanatory variables used in the subsequent 
regression analysis (data not shown) . For corn, BW (BW1, 
BW2, BW3) and August temperature (AGT) indicated 
strong and significant linear association with yields in all the 
rotational. sequences and fertilizer levels (Table 4). The 
other variables were not significantly related to corn yields. 
Negative correlation coefficients of corn yields with BW1 
and AGT show the negative effects of moisture shortage 
through the season and high August temperature, respec- 
tively. Conversely, corn yields improved in direct proportion 
to the cumulative number of days in the year when the soil 
root zone was moist and temperature was above 41"F, posi- 
tive conditions for corn growth and development as well as 
soil biological activity. 

Sorghum was less sensitive to the same weather variables 
that influenced corn yields (Table 4). April temperature 
(APT, data not shown) was positively correlated with 
sorghum yields in several systems, probably due to a favor- 
able soil environment for seed germination and early crop 
establishment. The resilience of sorghum to weather fluctu- 



Table 5. Correlations (r-values) of preseason standardized precipita- 
tion indices (SPIs) with current season corn yield. 

System$ 

cc-o 
cc-80 
cc-160 

s-c-0 
s-c-80 
s-c-160 
O/CI-G-S-C-0 
OICI-G-S-C-80 
O/CI-G-S-C-IM) 

S-G-OICI-C-80 
S-G-O/CI-C- 160 

S-G-O/CI-C-0 

Sept.- March 
SPI (MRS) 

0.40 
0.35 
0.31 

0.66' 
0.65. 
0.561. 

0.61' 
0.44 
0.66' 

0.521. 
0.511. 
0.61. 

Sept.- April SPI Sept.- May SPI 
(Aw (MAS) 

0.43 0.611. 
0.42 0.40 
0.35 0.24 

0.50 0.53 
0.61' 0.71' 
0.581. 0.W 
0.70** 0.73" 
0.61; 0.45 
0.521. 0.43 

0.531. 0.41 
0.531. 0.541. 
0.48 0.42 

1. , *, ** denote significance at 0.10, 0.05, and 0.01 probability levels respectively, 
$ C = Corn, S = soybean, 0 = sorghum, O/CI = oatlclover. 

ations and adverse weather, in particular below average pre- 
cipatation or reduced soil moisture is widely reported 
(Doggett, 1970; Wall and Ross, 1970). Continuous sorghum 
is less affected by elevated August temperature (two signif- 
icant out of six comparisons) than sorghum in rotations 
(four significant out of six comparisons). 

Correlations of soybean yields to weather variables were 
similar to those of corn, in that they were affected by August 
temperature and precipitation. Soybean yields were corre- 
lated positively with days of good growing conditions 
(BW2, BW3) and negatively with days with dry soil (BW1). 
Soybeans were less affected by August temperature when 
following sorghum; our results provide no explanation for 
this. 

A set of composite variables representing preseason 7-, 
8-, and 9-month SPI beginning September 1 correlated pos- 
itively and significantly with the following season's yield in 
the majority of the rotational systems (Table 5). Yields of 
continuous corn were unaffected by the preseason SPI. 
These preseason SPI variables explained between 17 and 
53% of corn yields (based on r-square values) in rotation in 
the subsequent season, but were less valuable in predicting 
continuous corn yields. A preseason moisture shortage from 
September to May may negatively affect the next seasons' 
corn yield in rotation systems due to below average water 
storage in the profile. 

Regression analyses 

"bo regression models were developed to associate corn 
yields with weather factors. The models performed differ- 
ently in the various cropping systems. The variables in the 
first model were Biological Window 2 (BW2) and May tem- 
perature (MAT). In model 2 explanatory variables were 
August temperature (AGT) and June-August SPI (AGS). 
The second model accounted for a higher percentage of 
variability in corn yield in the continuous systems than 
model 1 (Table 6). In contrast, model 1 was more appropri- 
ate than model 2 in predicting fluctuations in soybean yields 
in continuous systems (Table 7). Both models explained 
more variation in soybean (R2 = 0.73, 0.83) than in corn 
yields ( R2 = 0.32, 0.42). 

High temperature at planting in May (MAT) was associ- 
ated with increased corn yields in the 2-yr and 4-yr rotations 

Table 6. Corn yield response to weather variables in eastern Nebraska. 

Reg. Std. Pmba- 
System$ Model Variable Coeff. error R-square bility 

cc 1 BW2 0.29** 0.08 0.32 0.0015 
May temp. 2.28 1.53 

2 August temp. -6.74.. 1.39 0.42 O.OOO1 
Jun-Aug SPI 1.01 3.92 

s-c 1 BW2 0.40.' 0.05 0.71 O.ooO1 
May temp. 3.15.. 0.93 

2 August temp. -6.77** 1.08 0.61 0.MX)l 
Jun-Aug SPI 7.63' 3.03 

OICI-G-S-C 1 BW2 0.35** 0.06 0.60 O.ooO1 
May temp. 1.8W 1.01 

2 August temp. -6.19.' 0.98 0.61 O.oOo1 
Jun-Aug SPI 7.05' 2.77 

SG-O/CI-C 1 BW2 0.56.' 0.05 0.80 O.OOO1 
May temp. 2.43.' 0.94 

2 August temp. -9.59" 0.98 0.78 O.ooO1 
Jun-Aug SPI 9.07'. 2.77 

1.. *, ** denote significance at 0.10,0.05, and 0.01 probability levels respectively. 
$ CC = continuous corn, S = soybean, G = sorghum, O/CI = oat t clover. 

'Igble 7. Soybean yield response to weather variables in eastern 

Reg. Std. Pmba- 
System$ Model Variable Coeff. e m r  R-square bility 

Nebraska. 

cs 1 

2 

c-s 1 

2 

G-S 1 

2 

C-OICI-G-S 1 

2 

G-O/CI-C-S 1 

2 

BW2 
May temp. 
Aug temp. 
Jun-Aug SPI 

BW2 
May temp. 
Aug temp. 
Jun-Aug SPI 

BW2 
May temp. 
Aug temp. 
Jun-Aug SPI 

BW2 
May temp. 
Aug temp. 
Jun-Aug SPI 

BW2 
May temp. 
Aug temp. 
Jun-Aug SPI 

0.13'. 
0.44. 

-1.69'. 
3.79'. 

0.13.. 
0.21 

-1.59.' 
3.80.' 

0.11- 
0.60* 

-1.26,. 
3.86** 

0.11.' 
0.77' 

-1.21- 
3.22" 

0.12- 
0.45 

-1.09.' 
4.349' 

0.01 0.83 
0.20 
0.24 0.73 
0.69 

0.02 0.69 
0.29 
0.33 0.59 
0.92 
0.02 0.67 
0.28 
0.33 0.52 
0.94 

0.02 0.57 
0.33 
0.40 0.38 
1.12 

0.02 0.60 
0.34 
0.39 0.45 
1.10 

o.ooo1 

o.ooo1 

o.ooo1 

o.ooo1 

o.ooo1 

o.ooo1 

o.ooo1 

O.OOO4 

o.ooo1 

o.ooo1 

*, ** denote significance at 0.05 and 0.01 probability levels respectively. 
$ CS = continuous soybean, S = soybean, G = sorghum, O/CI = oat t clover. 

systems but not in continuous monoculture (Table 6). High 
temperatures at planting may stimulate soil biological 
processes such as breakdown of crop residues, seedling 
emergence, and enhanced root activity to better exploit soil 
nutrients. High August temperature in model 2 was detri- 
mental to corn and soybean yields in all the systems as indi- 
cated by the negative regression coefficients (Tables 6 and 
7). Among the variables tested in the two models, August 
temperature appeared to have the most deleterious effect on 
corn (regression coefficient= -6.19 to -9.59, P = 0.OOOl). 
Stooksbury and Michaels (1994) and Teigen and Thomas 
(1995) associated reduction in corn yields with high tem- 
peratures in August; this is the period of the end of corn pol- 
lination and the time of maximum grain fill in Nebraska. 
Dirks and Bolton (1981) reported an insignificant response 
by corn to changes in climatic factors under low manage- 
ment and fertility levels; in our study the low cereal yields 
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Table 8. Multiple regression models associating sorghum yields with
key weather variables in individual cropping and fertilization sys-
tems.

Regression Std. R- Proba-
Systemi Variable coeff error Elasticity square bility

CG-0

CG-80

CG-160

S-G-0

S-G-80

S-G-160

S-C-C1-G-0

S-C-Q-G-80

S-C-C1-G-160

a-c-s-G-o

Cl-C-S-G-80

a-C-S-G-160

April temp.
May rain.
April temp.
May rain.
April temp
May rain
April temp.
May rain.
April temp.
May rain.
April temp.
May rain-
April temp.
May rain.
April temp.
May rain.
April temp.
May rain.
April temp.
May rain.
April temp.
May rain.
April temp.
May rain

3.03
0.36
5.78'

-3.00

5.77«*
-3.05

4.39*
-2.43

5.60"
-2.08

2.84f
-3.27f

3.61
-2.82

3.23
-1.69

2.58
-0.10

4.76*
-2.92
3.14

-3.52

3.54t
-3.19

2.17
2.74

2.43
3.07
1.98
2.50

1.69
2.13
1.73
2.19
1.57
1.98

2.45
3.09

2.51
3.17

2.84
3.59

1.66
2.09
1.99
2.51

1.87
2.37

NS
NS
3.7
NS
3.3
NS

2.95
NS

3.14
NS
1.62
0.15

NS
NS
NS
NS

NS
NS

3.16
NS

NS
NS
1.99
NS

0.17

0.47

0.57

0.52

0.58

0.46

0.30

0.20

0.10

0.57

0.38

0.42

0.4

0.06

0.02

0.04

0.02

0.06

0.21

0.35

0.65

0.02

0.11

0.08

t, *, ** denote significance at 0.10, 0.05, and 0.01 probability levels respectively.
$ C = corn, G = sorghum, S = soybean, Cl = clover.

with zero N in continuous cropping could explain the low R-
square values in corn (Tables 6) and in sorghum (Table 8).

Model 1 explained more variability in soybean yields
than model 2 across all systems (Table 7). Predictive power
of the models was lowest in the 4-yr rotational systems and
lower in 2-yr rotation than in continuous sorghum, as evi-
denced by R-square values. The damaging effect of August
temperature (AGT) was seen all soybean systems (Table 7).
The June-August SPI for August was beneficial to soybean
yields in all the systems, and significant in four of five of
them (Table 7).

As previously described, sorghum has been reported as
less sensitive to weather variability than corn and soybean
(Table 4). However, preplan! temperature in April (APT)
was positively related to sorghum yield in the fertilized
monoculture and several rotation systems (Table 8). April
temperature and May rainfall accounted for between 10 and
58% (based on R-square values) of the variability in
sorghum yields in the individual cropping and N-level com-
binations. Factors such as diseases, pests, and weeds were
not considered in our study and may explain additional vari-
ability in sorghum yields. The elasticities in Table 8 show
that seven out of 12 sorghum systems had higher yields due
to higher April temperature. The present findings corrobo-
rate results of others (Peterson et al., 1990) that emphasize
the resilience of sorghum to changing climatic conditions.
Thus, sorghum may be an appropriate crop to grow under
circumstances where past climatic information helps us
measure a negative preseason SPI, but favorable April tem-
perature. Elasticities for corn and soybean were less signifi-
cant, and thus were not reported.

224 J. Prod. Agric., Vol. 11, no. 2,1998

CONCLUSIONS

Results of this study demonstrate the potential of both 2-
yr and 4-yr crop rotations in enhancing crop yields in east-
ern Nebraska. Overall, corn and soybean yields were more
sensitive than sorghum yields to variable weather patterns,
thus making sorghum a more suitable crop to grow where
we have limited preseason rainfall and favorable April tem-
peratures. The first increment of N fertilizer (80 Ib N/acre)
greatly increased yield in corn and sorghum. In general,
higher N fertilization (160 Ib N/acre) increased yields to
higher levels in monoculture systems but not in rotations.
There were no significant differences in component crop
yield variability (reported as economic risk) among systems
or N levels. The use of composite weather variables (BW
and SPI) derived from simple computer programs and cli-
matic data to evaluate long-term yield variability in rota-
tions was also illustrated. Two empirical models developed
with BW and August temperature as key predictor variables
explained between 32 and 80% of the yield variability in
com cropping systems and between 38 and 83% in soybean
cropping systems. Values were lower for grain sorghum.

The most valuable information for management deci-
sions is the crop reaction to preseason soil moisture (repre-
sented by SPI) and the response to applied N fertilizer.
These data allow manipulation of the crop environment
(e.g., maximize moisture availability by minimum tillage)
and allocation of resources from inputs (e.g., purchase and
apply moderate amounts of N fertilizer). The BW and grow-
ing season SPI values are useful in predicting the longer
term potential performance of these crops in a given loca-
tion, and in planning an optimum rotation sequence. In com-
bination, these indices and weather variables could be used
to decide to break rotation sequence in response to extreme-
ly favorable or adverse weather conditions just as one would
respond to changes in relative prices for the different com-
modities in the marketplace. The analyses contribute to our
understanding of how continuous cropping contrasts with
rotation systems, and how both respond to variations in
weather.
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