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Abstract

Cropping sequence effects on sorghum (Sorghum bicolor L. Moench) response to nitrogen fertilizer under different
rainfall and temperature regimes were evaluated in eastern Nebraska. The Standardized Precipitation Index (SPI) and
temperature Z-scores were used to characterize the 18-yr cropping period into eight sets of contrasting cropping
environments. Mean sorghum yields ranged from 4050 to 6260 kg/ha in continuous cropping, and from 5130 to 7120
kg/hain rotation with soybean (Glycine max), a significant increase with crop rotation. Yields were lower in dry years with
hot April temperatures than in dry years with cool April temperatures. Hot April temperatures improved yields in wet years.
April temperature did not affect yield if a wet pre-season was followed by a dry cropping season. Sorghum responded more
to fertilizer N in dry than in wet years, reflecting less available N from soybean and the soil nutrient complex in the previous
year. Sorghum grown in rotation with soybean did not generally respond to fertilizer N, suggesting that high fertilizer N
rates are unnecessary in rotation systems. Low September temperatures reduced final yields. Given the high probability of
confronting adverse cropping conditions, it is strongly recommended that sorghum be considered as an important component
of rainfed cropping systems in eastern Nebraska to ensure minimum crop loss to farmers. Greater economic gains can be
achieved by using rotations with soybean because of higher sorghum yields and lower fertilizer costs, and these are most
likely under the favorable rainfall and temperature regimes identified in this study. The results provide useful information for
fine-tuning management options to maximize sorghum yields and reduce input costs in atypical years. © 1998 Elsevier
Science B.V.
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1. Introduction

Rotation of cereals and legumes is usually pre-
ferred to sole cropping of either crop because yields
are higher (Adams, 1974; Baldock et al., 1981,
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Shrader et al., 1966) and production costs are lower
(Helmers et al., 1986; Higgs et a., 1990; Zentner et
al., 1984). Sail fertility improvement and pest con-
trol are ancillary benefits from legume—cereal rota-
tions or mixing crops with unrelated growth charac-
teristics. Examples of systems involving crops with
dissimilar resource requirements are corn—soybean
and sorghum—soybean sequentia cropping, and these
rotations are commonplace in eastern Nebraska. Ear-
lier studies in this area have established significant
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yield advantage to sorghum following soybean
(Clegg, 1982; Gakale and Clegg, 1987; Bagayoko et
al., 1992; Franzleubbers et al., 1994).

Clegg (1982) reported that a system with soybean
preceding sorghum supplied about 76 kg N /ha and
raised sorghum yield by 42%. Also, Bagayoko et al.
(1992) noted residual soil nitrate nitrogen up to 53
kg/ha after soybean, which increased subsequent
sorghum yield between 0.1 and 2.0 Mg/ha com-
pared to continuous cropping of sorghum. The low
inorganic nitrogen requirement of crops grown in
rotations has added to recent recognition of the
system as a means to curb groundwater pollution by
fertilizer nitrogen in high-input farming systems
(Keeney, 1982). However, as shown by Peterson et
al. (1990), the observed gains from rotations are
contingent upon crop types and sequencing as well
as climate. Findings from recent studies of Peterson
et a. (1990), Gakale and Clegg (1987), and Claassen
and Kissel (1984) substantiate the existing notion
that sorghum is more tolerant than corn to extreme
weather conditions (Doggett, 1970; Wall and Ross,
1970). Doggett (1970) summarized physiological
characteristics enabling sorghum to withstand ex-
treme climates as: (1) deposition of silica in the
endodermis of the roots, (2) large root system and a
high root-to-leaf ratio, and (3) quick recovery of the
stomata after prolonged drought. Thus, apart from
limitations imposed by low soil fertility, sorghum
can be grown successfully in seasons and areas
where corn and soybean will normally be less pro-
ductive (Doggett, 1970; Wall and Ross, 1970). A
low fertility constraint can be removed through inor-
ganic fertilization and /or use of rotations; therefore,
the resilience of sorghum to adverse climatic condi-
tions allows farmers to crop continuously their fields
to corn and soybean in good years and sorghum in
abnormal years if these can be adequately predicted.

From an agricultural production standpoint, ab-
normal years are typicaly characterized by drought
conditions that may occur before planting, in the
course of the growing season, or during both pre-
planting and growing seasons (Wilhite and Glantz,
1985). Furthermore, in some years, extreme tempera-
tures alone or in concert with rainfal irregularities
create more unfavorable growing environments for
field crops. Elevated July and August temperatures
are harmful to corn and soybean yield (Teigen and

Thomas, 1995; Stooksbury and Michaels, 1994);
whereas, warm April and May positively affect
sorghum yield (Adams, 1962; Y amoah et al., 1997b).
The hypothesis here is that sorghum’s response to N
fertilizer and potential legume nitrogen contribution
in cropping systems will vary based on prevailing
climatic factors. The present study evaluates long-
term performance of sorghum under different tem-
perature and moisture stress conditions in relation to
N fertilizer response in rotations and continuous
cropping systems.

2. Materials and methods

The experiment was carried out from 1974 to
1994 at the Agricultural Research and Development
Center (ARDC) near Mead in eastern Nebraska.
Eighteen years were included in the analyses; those
years had complete data available. The soils of the
experimental site are Argiudolls with high calcium
and magnesium in the exchange complex. Feldspar,
a component of the parent material, makes the soils
sufficient in potassium. Table 1 presents data on
long-term precipitation and temperature at the Mead
area in eastern Nebraska. The shaded area in Fig. 1
delineates agroecological zones of crop districts
where findings of this study may be applicable (W.J.
Waltman and C.F. Yamoah, persona communica
tion). The treatments consisted of continuous
sorghum or a 2-yr sorghum—soybean rotation, each
receiving 0, 50, 100, and 150 kg N fertilizer /ha
applied to sorghum. The rotations were designed
such that each crop appeared every year. There were
six rows of crops in plots measuring 3.8 X 12 m;
yield calculation was based on 3 m of the center two
rows to prevent soil mixing (all tillage practices were
in the direction of the longer plot dimension) and
reported at 13% seed moisture. The experiment was
laid out as a randomized complete block design with
four replications. Sorghum hybrids used in the study
were RS-626 (1974-1975), DKE5S7 (1976-1977),
DKE57 + (1978-1979), DK59 + (1982-1987),
DK48 (1988-1990), and DK41Y (1991-1995). Soy-
bean varieties were Amsoy (1974-1975), Amsoy 71
(1976-1986), Hack (1987), Winchester (1988-
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Table 1
Long-term precipitation and temperature in eastern Nebraska, 1969—1995
Month Precipitation (mm) Temperature (°C)

Mean Minimum Maximum Mean Minimum Maximum
January 12 0 28 —-6.7 —13.8 0.5
February 12 2 32 -33 -110 33
March 46 0.2 129 34 =17 8.3
April 67 9 166 104 7.2 154
May 104 22 224 16.5 12.7 19.8
June 95 26 252 21.9 19.3 25.3
July 82 3 250 24.2 20.9 27.0
August 86 13 220 22.8 19.3 27.0
September 75 4 193 18.0 149 20.4
October 59 0 141 110 8.3 138
November 37 0 89 30 =17 6.6
December 20 0 83 -35 —-121 0.0

1990), Hamilton (1991-1994), and Dunbar (1995).
Changes in cultivar were made when appropriate to
keep up with genetic advances by breeders in both
crops. The seeding rate was 125,000 plants/ha for
sorghum and 513,000 plants/ha for soybean.
Seedbed preparation was disking followed by har-
rowing. Pre-emergence herbicide for soybean was
the recommended rate of chloramben (3-amino-2,5-
dichlorobenzoic acid); for sorghum, it was atrazine
(2-chloro-4-ethylamino-6-isopropylamine-6-
triazine) /propachlor  (2-chloro-N-isopropyl-acetani-
lide). Later the herbicide dual (2-chloro-N-(2-ethyl-
6-methylphenyl)-N-(2-methoxy-1-methylethyl) ac-
etamide) was used as it was compatible with both
crops. Seeding was in the last two weeks of May or
first week in June.

Growing years were classified into eight drought
categories based on the standardized precipitation
index (SPlI) (McKee et a., 1993) and temperature
Z-scores. Standardized precipitation index and tem-
perature Z-scores were calculated as the difference
of precipitation or temperature from the long-term
mean (> 30 yr) divided by the standard deviation.
The SPI values were adjusted for normality using the
gamma function, whereas the temperature Z-scores
were not. Values of SPI greater than zero indicate
wetter than average conditions, and values less than
zero signify potential for drought conditions. Stan-
dardized precipitation indices of less than —2.0 or
greater than 2.0 represent extreme dry and wet sea
sons. The moisture classes based on SPI were de-

fined as: (1) negative pre-season (dry September to
April) and negative growing season (dry May to
August), (2) positive pre-season (wet) and positive
growing season, (3) positive pre-season and negative
growing season, and (4) negative pre-season and
positive growing season. Major crop management
decisions such as crop choice are made before plant-
ing in May. Therefore, pre-season temperatures and
precipitation that appear to influence sorghum yield
are important (Adams, 1962). April temperature was
chosen based on results of previous studies (Adams,
1962; Yamoah et al., 1997b). Temperatures before
and after physiologica maturity are purported to
affect final sorghum yield as well (Clegg, personal
communication). The authors used correlations to
identify the temperature Z-score that had the greatest
effect on final yield after physiological maturity. As
with the SPI, negative temperature Z-scores are be-
low normal or cool, and positive Z-scores, are above
norma or hot.

The data were analyzed using the full data set
followed by second-order regressions with yield (Y)
as the dependent and N(x), N? the independent
variables in the rainfall temperature categories. Fur-
thermore, N fertilizer was transformed logarithmi-
cally and regressed with yield as Y =log,, (N + 1).
This transformation was done to linearize the sec-
ond-order relations and allow statistical comparisons
of slopes and intercepts between rainfall /tempera
ture environments and cropping systems. Maximum
yield and optimum N rate to achieve the maximum
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yield were determined by rewriting the conventional
form of the quadratic function:

Y =a+ bx + cx? (D
as
Y=k+c(B+x)° (2)

where k= a— b?/4c, i.e., the maximum yield; —B
= —bh/2c, i.e, the optimum x; c=the rate of
change of yield as N deviates from the optimum.
Nitrogen contribution of the soybean rotation system
was estimated using regressions, and the amounts
were added to the N fertilizer rates to develop com-
mon N response models for sorghum (Shrader et .,
1966; Badock and Musgrave, 1980; Clegg, 1982).
The SAS system for regression (Freund and Littell,
1991) was used for the statistical analysis.

3. Results and discussion
3.1. Yields in cropping environments

A classification of the 18 growing seasons based
on SPI and April temperature Z-scores alowed
grouping them into eight rainfall /temperature envi-
ronments (Table 2). In addition, there was a total of
16 cropping environments within a year depending
on whether sorghum was monocropped or grown in
rotation with soybean. During the 18-yr time span,
60% of the period had wet pre-plant seasons or SPI
values > 0, and 55% of the same period had cool
pre-plant temperatures, or April temperature Z-
scores< 0. Thus, the probability of encountering

each of the rainfall /temperature conditions is almost
equal and quite high. The authors think this confirms
the need for an in-depth analysis of sorghum perfor-
mance in distinct growing environments. The degree
of wetness, dryness or coolness obviously varied
from year to year, but the general effects of weather
on sorghum yield followed a consistent pattern (Ta-
ble 3). In general, sorghum in rotation produced
higher yields than continuous sorghum; mean yields
ranged from 4050 to 6260 kg/ha in continuous
sorghum and from 5130 to 7120 kg/ha in rotation
with soybean.

Yiddsdiffered (P < 0.0001) with respect to years,
cropping systems and N fertilization (Table 3). There
were significant interactions (P < 0.0001) between
cropping systems and years, N fertilization and years,
as well as N fertilization and cropping systems.
There was also a three-way interaction of cropping
system, years and N fertilization (P = 0.023). The
significant yield differences described above are ex-
pected, given the various rainfall and temperature
environments depicted in Table 2. Table 3 gives
mean yields in the rainfall /temperature categories
for continuous cropping and rotations. Generaly, a
cool pre-plant season improved sorghum yield in
monaocrop and rotation systems when both pre-sea-
son and growing season were dry. A hot pre-plant
season became advantageous when the pre-season
and growing season were both wet. Pre-plant temper-
ature did not appear to have any consistent pattern
on yield when a wet pre-season was followed by a
dry growing season. However, a cool pre-plant sea-
son resulted in high yields when the pre-season was
dry and the growing season wet. In aimost all cases,

Table 2

Drought classification based on preseason and growing season standardized precipitation index and April temperature Z-scores near Mead,
NE, 1975-1994

Class Pre-season SPI Growing season SPI April temperature Z Year

1A Dry Dry Cool 1975, 1988

1B Dry Dry Hot 1989

2A Wet Wet Cool 1982, 1993

2B Wet Wet Hot 1985, 1986, 1987

3A Wet Dry Hot 1978, 1991

3B Wet Dry Cool 1979, 1983, 1984, 1992
4A Dry Wet Hot 1980, 1981

4B Dry Wet Cool 1990, 1994
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Table 3

Sorghum vyield (kg/ha) as influenced by pre-season and growing season rainfall /temperature environments and cropping Systems near

Mead, NE, 1975-1994

Environment Continuous sorghum Sorghum in rotation with soybean
Cool years(—2) Hot years (+2) Cool years(—2) Hot years (+2)

Dry—dry? 6080 5360 6580 5140

Wet—wet 4050 6160 5130 7120

Wet—dry 5980 6145 7050 6735

Dry—wet 6260 5820 6820 6490

LSD (0.05) for cropping systems X cropping years = 457 kg/ha

Analysis of variance

Source of variation df Mean squares Probability

Cropping system (CS) 1 77,840,226 0.0001

Year (Y) 17 26,198,396 0.0001

CSxY 17 1,691,958 0.0001

Nitrogen fertilizer (N) 3 12,021,415 0.0001

CSXN 3 51,093,588 0.0001

YXN 51 1,130,168 0.0001

CSXYXN 51 617,885 0.0230

#Dry—dry = dry pre-season followed by a dry growing season; wet—wet = wet pre-season followed by awet growing season; dry—wet = dry

pre-season followed by a wet growing season; wet—dry = wet pre-season followed by a dry growing season.

yields in rotations were superior to their continuous
cropped counterparts.

Knowledge of the effects of pre-plant moisture
conditions and temperature may be useful for farm
management. Corn and sorghum dominate the ce-
real-based systems in eastern Nebraska, but corn is
less able than sorghum to withstand low moisture
conditions (Peterson et a., 1990; Claassen and Kissel,
1984; Doggett, 1970; Wall and Ross, 1970; Yamoah
et al., 1997a). The results here confirm that sorghum
maintains reasonable yields in a wide range of grow-
ing season moisture conditions. Therefore, it would
be appropriate to grow sorghum if there is a pre-sea-
son moisture deficit, especialy in years with cool
April temperatures. High yields can still be expected
even if the growing season becomes wet. Sorghum
and/or corn may be grown in years with adequate
pre-season moisture. A diversification of corn and
sorghum from knowledge of pre-season westher
therefore insures against crop loss, given an almost
equal probability of confronting an adverse or a
favorable growing season. These conclusions are
based on sorghum yields under a range of climatic
conditions, and not on the sorghum—corn compari-
son in this experiment.

3.2. Yield response to N fertilizer in cropping envi-
ronments

Sorghum responded differently to N fertilizer in
the various growing environments (Table 4). Slopes
and intercepts were different in the continuous crop-
ping systems, whereas only the intercepts varied in
rotations. Yield response to N fertilizer was similar
in rotations and continuous cropping systemsin years
with both dry pre-season and growing season. How-
ever, the responses differed in the other years de-

Table 4

Comparison of slopes and intercepts (probabilities of statistical
significance) of sorghum yield response to N in different pre-sea
son temperatures for given rainfal classes, near Mead, NE, 1975—
1994

Classes Continuous sorghum  Sorghum in rotation
with soybean
Slope Intercept  Slope  Intercept
DDC vs. DDH ns 0.01 ns 0.01
WWCvs. WWH  0.01 0.01 ns 0.01
WDH vs. WDC ns ns ns 0.10
DWH vs. DWC 0.05 0.05 ns ns

D =dry, W= wet, C = cool, H = hot (see Table 1).
ns. non-significant.
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Fig. 2. (a) Slopes and intercepts of sorghum response to N in pre-season and growing season drought environments—continuous sorghum;
(b) Slopes and intercepts of sorghum response to N in pre-season and growing season drought environments—sorghum in rotation.

pending on whether the pre-season was cool or hot.
In situations where a wet pre-season preceded a dry
growing season, sorghum response to N was almost
the same in the cropping systems irrespective of
pre-season temperature. The non-significant differ-
ences for slopes and intercepts between pre-plant
temperatures suggest a common N fertilizer response
function for yields in this rainfall /temperature envi-
ronment.

Fig. 2a,b show the yield response to N fertilizer
averaged across pre-season temperatures. The re-
sponse lines are paralel, signifying that they have
equal slopes but different intercepts. In relative terms,
the lowest intercept was when sorghum was continu-
ously cropped in years with wet pre-season and
growing seasons. Sorghum is valued primarily for its
ability to withstand moisture stress, but it is known
also to be able to tolerate some degree of wetness
(Doggett, 1970). Yields were higher in rotations
(Fig. 2b), but a succession of wetness (wet—wet) or
dryness (dry—dry) in a growing year resulted in
lower intercepts than in situations where either the
pre-season or growing season was wet and the other
dry. It is difficult to predict growing season weather
conditions; therefore, the high performance of
sorghum under dry pre-season conditions in both
cropping systems is noteworthy. The observed re-
silience of sorghum to low pre-season moisture re-

duces the probability of atota crop loss if sorghum
is part of a cropping system. Planting sorghum al-
lows farmers to make gains in the event of inade-
guate or excessive growing season precipitation that
could destroy other susceptible crops. Pre-season
drought decreases germination rate, restricts root
growth, and causes poor crop establishment. These
are known to depress crop yield more than growing
season moisture deficits (Wilhite and Glantz, 1985).

Fig. 3a—d compare sorghum response to N fertil-
izer between cropping systems in four weather pat-
terns. Slopes and intercepts differed between contin-
uous cropping and rotations in all environments.
Overall, sorghum in rotations outyielded the continu-
ous crop at low N fertilizer rates. Yields of continu-
ous sorghum surpassed those in rotations at the
highest N fertilizer rate in the continuous crop under
continuous dry moisture conditions (Fig. 3a). Under
dry conditions, the yield response lines of continuous
vs. rotated intersected at alower N fertilizer rate than
under wet conditions (Fig. 3b). Specificaly, the
crossing point was 50 kg N /ha for both dry pre-sea-
son and growing season and > 150 kg N/ha in
seasons when they were both wet. The response line
for the continuous cropping system intersected that
of the rotation at a point slightly beyond the 100 kg
N fertilizer during wet pre-season and dry growing
season. However, the two response lines met at the
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Fig. 3. (a) Slopes and intercepts of sorghum response to N as affected by cropping systems: dry—dry; (b) Slopes and intercepts of sorghum
response to N as affected by cropping systems: wet—wet; (c) Slopes and intercepts of sorghum response to N as affected by cropping
systems: wet—dry; (d) Slopes and intercepts of sorghum response to N as affected by cropping systems. dry—wet.

100 kg N fertilizer increment when a dry period
preceded a wet growing season. It is possible that a
wet pre-season created an ideal environment for N
flush at the onset of the cropping period and en-
hanced crop performance in the rotational systems.
An earlier study revealed a negative correlation be-
tween pre-season precipitation and N use efficiency
in continuous sorghum, but not when planted in
rotation with soybean (Yamoah et a., 1997a).
Sorghum in continuous systems received the re-
quired amount of N fertilizer every year as opposed

to rotations that were fertilized in alternate years.
The large N reserves developed through the years in
the continuous system as a result of the differential
fertilization scheme may have contributed to the
slight yield advantage of the continuous system over
the rotations at high N rates.

The high yield intercept with zero N of the rota-
tional systems is expected and is credited principally
to N supply and other beneficia rotational effects
from the soybean—sorghum rotational sequence. Ni-
trogen contribution of a soybean year to subsequent
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Table 5

Proportion of sorghum yield variability (R?) attributed to N
fertilizer; maximum yield (Y,,,) and optimum N (X,,) (kg/ha)
in different rainfall /temperature environments

Growing environment R? Yoax  Xopt  Ymax: Xopt

Dry—dry, cool, continuous 0.74** 6940 131 53
Dry—dry, hot, continuous  0.99" * * 6482 111 58
Dry—dry, cool, rotation 0.19ns 6967 85 82
Dry—dry, hot, rotation 0.79ns 5448 68 80
Wet—wet, cool, continuous 0.91" * * 4925 128 38
Wet—wet, hot, continuous  0.75* ** 8009 123 65
Wet—wet, cool, rotation 0.29ns 5415 109 50
Wet—wet, hot, rotation 008ns 8150 - -
Wet—dry, continuous 077" ** 7628 152 50
Wet—dry, rotation 01lns 7256 94 77
Dry—wet, cool, continuous 0.93*** 120 120 58
Dry—wet, hot, continuous 093" ** 7169 136 53
Dry—wet, cool, rotation 0.75** 7063 90 78
Dry—wet, hot, rotation 053ns 7118 86 83

, " " denote statistical significance at 0.05, and 0.01 probabil-
ity levels, respectively.
ns. non-significant.

sorghum was previously estimated as 76 kg/ha by
Clegg (1982). Estimates of N contribution in the
rotation from this study is in agreement with Clegg
(1982) and ranged between 34 and 83 kg /ha subject
to rainfall /temperature conditions. The above analy-
ses demonstrate that it is unnecessary to apply addi-
tional high rates of N fertilizer (> 100 kg/ha) to
maximize sorghum yield if it is grown with soybean
in rotation. Application of the low N fertilizer (50
kg/ha) to sorghum obviously is both economical
and more environmentally benign than using high
rates (> 100 kg N /ha) under al climatic scenarios.

Table 5 shows variation of yield attributed to N
fertilizer in the various rainfall and temperature envi-
ronments. Overal, N fertilizer contributed less to
yield in rotations than in continuous systems as
indicated by the high significance of R? for the
continuous systems and non-significance in rotations.
Apparently, there is no difference in maximum yields
among growing environments. However, the amount
of N fertilizer needed to attain maximum yield was
lower for rotations than continuous systems. Conse-
quently, the ratio Yy, Xy, an indicator of N fertil-
izer efficiency, was higher for rotations than continu-
ous systems. Table 6 reveals that the lowest N
contribution of soybean was produced under a com-
bination of drought and high pre-season temperature.

Interestingly, it was under these same conditions that
sorghum exhibited the highest response (R? =
0.99* * *) to N fertilizer probably because the amount
supplied by the soybean—sorghum rotation was inad-
equate (Table 5). Thus, sorghum had to rely heavily
on external N fertilizer for growth and yield. The
comparatively high N contribution of soybean in wet
seasons may be the result of improved mineralization
of residues throughout the cropping season.

Table 6 shows coefficients of determination (R?)
of the combined N response equations relating
sorghum yield to total N supplied under the various
rainfall /temperature regimes were highly significant
(P < 0.003 to 0.0001). This implies that N fertilizer
and N contribution of the soybean—sorghum rota-
tions were both important for sorghum yield. A
practical value of the common response functions is
their use to estimate the potential N contribution of
soybean in the various cropping environments so that
adjustments can be made for additional fertilizer N
required to attain a given yield. Consequently, a
useful agronomic trend that seems to emerge from
the information in Table 6 is that N supply from the
rotation year soybean is relatively low (34 to 61
kg/ha) when the pre-season is dry and moderately
high (63 to 83 kg/ha) when wet. High N fertilizer
may therefore be required in dry pre-seasons to
compensate for the low N supply from the soybean
year; Table 5 shows this with generaly high R?
values for yield response to N fertilizer for continu-
ous sorghum under dry pre-seasons. Additional in-
vestigations are needed to firmly establish this asser-
tion.

Table 6

N contribution of soybean (N, +s.e.) and combined N response
equations for sorghum yield in different rainfall /temperature en-
vironments

Environment N (kg/ha) a b c R?

Dry—dry—cool 55+74 4520 355 013 059
Dry—dry—hot 34+1.0 3539 462 021 0.83
Wet—wet—cool 83+3.7 2370 271 0.07 0.89
Wet—wet—hot 71+49 4286 387 012 0.58
Wet—dry—both  63+3.7 3700 503 017 059
Dry—wet—cool 46+ 3.6 3776 503 019 091
Dry—wet—hot 61+3.0 4762 334 012 089

R? values are al satitically significant at < 0.01 probability
level.
Yield model: Y = a+ bX — cX2.
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Fig. 4. Sorghum yield as affected by September temperature
(Z-score) on cropping systems.

Fig. 4 illustrates the effect of September tempera
ture on fina crop yield. Sorghum in southeast Ne-
braska usually reaches physiological maturity in
mid-September. Therefore, it is assumed that adverse
weather may contribute to further yield losses.
Clearly, sorghum yields are lower in a cool Septem-
ber (—Z-scores) than in a hot September (+Z-
scores). Slopes of continuous cropping and rotations
are paralel, suggesting that yields in both systems
are affected to the same degree by September tem-
perature; but both slopes are significantly different
from zero (P < 0.05). The lower intercept of the
continuous system reflects the overal yield advan-
tage of growing crops in rotations. Early planting
with short season hybrids could bypass or minimize
the negative effect of low September temperatures
on yield, depending on how much potential yield is
reduced in favorable rainfall years by planting the
earlier hybrids. The data here indicate that sorghum
yield changed by about 700 kg/ha (P < 0.001) in
continuous cropping and 620 kg/ha (P < 0.05) in
rotations for a unit change in September temperature
Z-score.

4, Conclusions

Using standardized precipitation index and tem-
perature Z-scores in combination with cropping sys-
tems, 16 different cropping environments were iden-
tified. Sorghum yielded reasonably well in al the
environments. The estimated N contribution of a

soybean year in rotation was generally higher in wet
than dry years. Thus, the N fertilizer response dif-
fered in the cropping environments and was mostly
significant for continuous sorghum in dry years.
Sorghum in rotations, in general, did respond to N
fertilizer regardless of weather factors. Low Septem-
ber temperatures caused a yield reduction. The com-
mon summer row crops in Nebraska are corn,
sorghum and soybean. Based on past experience with
corn and soybean, and the current information on the
effect of rainfall and temperature on sorghum perfor-
mance, the authors strongly recommend that sorghum
be made part of cropping systems to reduce risk of
total crop failure. Yields can be optimized by choos-
ing the appropriate crops and cropping systems that
will respond to prevailing rainfall and temperature
combinations; results of the present analyses can be
used as a guide.
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