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Greater precips t.io‘n use efficiency ‘PU E)and economic returns by ncreasing cropping tequency
th.rough the additIon of summer crops to the dryland winter wheat4allow iWt) cropping system have
hews renorsed .

rh semiarid Central. Great Pesos of USA, However. due to the histhic cv hie nature

of preespitatson wad 000eitasn water avasiabsilty, ‘electiors of a crop ‘wsth assured usitw-e let returns

so add to the 5055cm to ecrease asoppine trequenca 5 a rka,lercse in the ahsessse of reliable seasonal

P t a t hi r th i r c to — I

soceral potent al scnnrner crops at various soil water contents at rrianturg to assess thesr I sientiat use
crea so d Panrtcropp . queney e glas’lvrops p 7eamas ssca1dro ‘ roy)

and proso millet (Particum ntilIaceum L)[ and two forage crops [foxtail millet (Setanu Rolico L. iteauv,) and
spring triticale :X Triticosecale rirnpaui Wittnt)[ for which the Root Zone Water Qcsality Model (RZWQM2)
had been calibrated at Akron, CO and)or Sidney, NE. were selected for investigation through tnodelirg,
The calibrated odel was used to simulate yield responses of the cr0ps to 25, 50, 75 and tOOlS of plant
available water I PAW) in the soil profile at planting using recorded weather data from Akron. CO and
Sidney, NEIl 9483008). Average costs of production and 10-yr average commodity prices for northeast
Colorado evere used to calculate net returns for each 0-i the crops at the varysng PAW levels. All crops
showed signsiicantp<0 55 sisriulated ysetd Ocreases in response to increasing nitial PAW welt wfen
tuose changes occurred in the entrre 0—lSOcm soil profile. The two forage crops stave greater net returns

than the three- arts cmos for all initial PAW levels when caiculrreci mitts fl-yr averaee pr’coa recessed,

/010112 the grain crops, prosu millet was slightly more pro - table tiirar. c’om at Akron, wlrsile co rn seas
least profitahie crop at Sidney, l,lsi ng current commodity prices( 13 Septe.rrtber 2011) resulted in proso
millet being the least profitable crop at Sidney, while corn was, the most profitahle grain crop at Akron
and shoe-ed tact rettt.cns that were similarto those fou.nd for the froragecrops,The results of this study may
guide the selection of a spring- csr summer-planted crop and help farmers assess risk as theycontempiate
intensifying tire WF system hy osing a measure or es mate of PAW at planting.

Published by Elsevier b,V.

1. hatreduction

Successful c,i-rvland agricuitur-al prodcscs:ion in semiarid areas

requires efficient utilization csf the vari.ahle precipitation foe crop

water use (Nielsen et aL 2-005). In the semiarid Cetatral Great Plaint-

of the USA. neatly 30%-’- o-f the annual precipitation is received doting

the spring and ssarnr..er tn.urrt.ils from April to September.-. Fallow
tee r Is rid befo re hc t ctop e at 14 sac ha has

‘rs “

arid ,-sr--icl or’ssan, .5O75 Urawever. even

5 ‘Z ,s
V.rctsse by the rtext crop Nisr1,5ru and Via-si, 21)10). Preciuitation

s.’eeeive-d in the t-wncyear perio-d of a WF rotation (average values

caf8Sl mm- at Akcon, Colorado and 34-6 mm s-it Si-dney, Ne-braska) on

avera ge sup---pliet more waterfhan a sin- gle wheat ctop can use, Conc

seqoently the fotential exists to crov rn-ore fkequently theta on.ce

e-verytw -o ycrars. The economics csf intensifvi-.ng cropping frequency

can be irsos.i tiveiv aftected hss,5nse rjf tVsr I’ noreased I- rrcorne- ifrorti

system has als often been cit-ed as a cause fsr severe soil ert.ssion

‘I ds ‘ -‘Is
50 I 3 al tic

arrd CalderOt-t. 2011: Norwood et al,, 1990; Peterson and Westfall,

21)04)-. Hence, for both economic improven-aent and water and s-oil
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Tab’e 2
ci iaen cit pra ts’rn adopted Fjr s ‘nulatrig ii jcids ot on annl i ‘nd cr0 o n-i Set and or tao pie 0 c xta n’ille ar’° pr rig in ins e at dir in CO and

Sidney, NE.

Crc-p COWan Planting density eedsh’n Planting date Row spacing (cm) N (kg ha’° ( Harvest date

Corn 141(42.4267 35,000 May 19 76 67 Simulated
Canola Wessai[Hvoia 030,000 April 09 19 67 Si..mu.lated
Proso millet Huntsm.an 2,610,000 lone 13 25 17 Simulated
Forage Foxtail millet White Wonder 5,3003)00 June13 25 67 August30
Forag.e tnitinale Tnical 2700 2,580,000 April05 2.5 67 June25

3, Results and discussion

3.1. Crop responses to PAW i

In our lonWterm simulations at both Akron and Sidney with inC
Hal soil water vanations tn the whole profile 1WP), corn, canola
and pros.o millet gram yields, and triticale and foxtail millet forage
yields increased significantly (p <005) in response to all four PAW
levels at planting in all Yeats (Figs.. 2—--6 and Table 4), The model sim
ulated a higher probability of obtaining at least a given grain yield
with increasing initial PAW level, For example, for corn grown at
Akron a grain yield of at least 3763 kg ha’ (the breakeven yield
iden.tified b.y Niel..se.r...et..a..l •.2 OTO)..would be..expeorec[47% the
time w Th initial PAW of 25% and 86% of the time with initial PAW
at i00%(Fig. 2a), Average grain yields (reported at a moisture co
tent of 0,1SS g g1 ) simulated at Akron in response to the four PAW
levels at planting were between 2679kgha- (SD—l2S9kgha
and S8O3kgha (SD—i649kgha’’), respectively (Fig. 2b and
Table 4), Corresponding mean grain yields sim.ulated for Sidney
were between 2416kgha’-’ (SD—i183kgh001)and 4140kgha1
(50 —1460 kg ha- 1) (Fig, 2d and Table 4), The probsbility of obtain
ing at least a yield of 3763 kghat at Sidney was 10% of the tinse
with initial PAW of 25% and 59% of the time with initial PAW of
100% (Fig, 2c), -

The probability of achieving at least the breakeven canola yield
of 1120kg ha as designated by Nielsen et al, (2010), was 26% of
the ti.me with 25% PAW increasing to 91% of the time with 100%
PAW at Akron under the WP scenario (Fig, 3a), Mean canola grain
yields (reported at a moisture content of 0.iOgg-’t)simulated at
Akron increased with increasing PAW at planting from 882 kg ha-’
(SD—Siokgha 1) to i77Okgha (SD—431 kgha 5)(Fig, 3b and
‘table 4), Mean grain yields simulated at Sidney varied between
97skgha (SD—475kgha’)and 1775kgha1(SD—324kgha 1)

Ta114e3

(Fig, 3d and Table 4) linceitainty in yields, due to intei°-annual
weather variability, i-s reflected in the range or spread of percentile
distributions (5 and 95 percentiles) of si.mulated long26erm grain
yields, in the box plots decreased with increasing initial PAW at
Akron but not at Sidney (Fig, 3b and d).

Delgado et al, (2000) reported an average root depth at haca
vest of 76cm for canola grown on loamy sands and sandy loams in
southedentral Colorado, In the current simulations, we had about
80% of the root distr’bution to this depth., With a sh.allow rooting
depth, less stored soil water is available, to the crop for consunity
nyc use and this may explain the lower response of canola to
increasing PAW compared with corn (,Fig, 3 vs. Fig, 2), AdditioW
a.lly, a .C3.r.OCp oc.ucing s.ped.e..guCh as cat. .o1a will...have much.
lower response to water availability than a C4 species such as
corn (Fisher and Turner, 1978; Hanks, 1983; Nielsen et al., 2005),
Nielsen et al, (2010) reported that the corn grain yield response
to water use was 3.33 times the canola grain yield response to
water use, We found the simulated response of corn grain yield
to soil water availability at Akron to be 3,48 times the canola
response (i5,47kgha’ mm1 vs. 4,44kgha---1mm’1), At Sidney
corn grain yield response to PAW was only 2,35 times greater than
the canola response (12,43 kg ha-’1 mm vs, 5,30 kg ha’1 mm---1),
The lower response of corn to PAW at Sidney compared with corn
at Akron is likely a result of differences in rainfall distribution
between the two locations, Akron averaged 10% greater precip
itation in July and August than Sidney (Table 1), Nielsen et al.
(2009) showed how the response of dryland corn grain yield to
PAW at planting increased with increasing amount of precipita
tion between 15 July and 25 August. Additionally, the Cooler and
wetter Conditions during the Canola growing season at Sidney com
pared with Ak’ron (Table 3) likely’ resulted in the increased yield
response of canola to soil water at planting at Sidney relative to
Akron.

Frnduct.ion costs and crop pnites used for calculating net returns of summencrups plantetl atAkron, Colorado and Sidney, Flebraska under notill soil management. Production
nosts are taken from Nielsen i.t al, (2010) and prices come from wwwnasuusdagos (verified 1 March 20-10),,

Operation- Costs

Corn Canola Proso millet Forage foxtail millet Forage tniticale

Planting (S/ha) 24,70 22,30 22,30 2230 2230
Seed (S/ha) 48.13 062 026 026 0,26

Spraying(S/ha) 12,97 123)7 123)7 1237 12,97
Clyphosate(S/ha). 12,35 12,35 1235 1235 1235

Fertilizer N (S/ha) 54.94 5494 5494 S494 v49.4

Fertilizer P(S/ha) 714 714 714 714 714
Swathin.s(S/h.a) -000 1076 19,76 2430 2470
1-larvesting (S/ha) 32.11 32. 11 3-211 3211 3211
(if rorn or proso miflet yield exceeds
1254k4hai’n, additiddal cost of $2137
per l000kgha-°)
(if caoola yield exceeds 11201. g:ha-
add.irional cost of 52,32 per
I000kgh’n°)
fialinghay($/T3 0,00 0.00 0.00 14.70 14.70
Hauling (S/TN 2.07 5,51 2.07 323 323

Average crop price, i9922OO I (Skg°) 110941 0.2147 0,127 110937 110937
Crop price, 13 September 2011 ).Skg-°) 112.831 115S80 0.2701 01653 0.1653

l”orage haling arid hauii’ng charges assume hay at 12% nsoir-ture, Hay hauling charges (‘tdward-s, 2007) assume a 20 mile loaded distance.
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(SD 912 kg ha-1 (Pie, 4h and Table 43 Average yield increase

with eac.h 2W increase i.n initial PAW was 388 kgha’ at Akron

and 293 kg hlr’ at Sidney. These. increases are equivalent to

23.3 kgha ‘:Akron) and 17.6 ku ha-’ (Sdnvy) per mm of PAW

at planting, which are much larger tnan the 8.3 kg ha per mm

resonse reported by both Lyon clal. ‘ 445 and Pc’itr’i ci al. 24fl4’

I e 1 i .9 ‘sa ‘, Ic ,, P — —

and 51.% (Pelter et al.. 2006i of the variation in grain yield was

explained by variation in PAW at planting, Unpublished data from

an analysis of 15. years of proso millet grain yi..eid. and water use

data by D.C. Nielsen at Ak.ron, Colorado indicr ted a preater yield

esponse o water use 134 :g 110 ‘ mm . than renorted ir,

iO’jSi pubi ,hcci sflort.--term Pc ri stun cci 5ia OP ‘c_i et a!,. I

I — 4 —e ,— -‘ ‘4

precipitation in th.e middle of August was high, wind speed during

the week prior to haroest was low (minim.izing shattering losses),

and daily maximum temperatures throughout the growing sea

son rarely exceeded 36 ‘•‘ C Hence greater yield response to PAW
— 92 ‘ or C P r ,, ‘p4 e 0 2

easonahie.
At Akron. average loxtail m,Ilet forage yields repor1ed at a

n o’sture c,nient of lLgg ‘ imulated n espo se to ted ‘oar

PAW at planting levels were between 5515 (SDed372 kg•• ha-’)

and 8353 kg ha’ (5DW571 kg ha) (9.3. Sf and Table 4). The

scmulated forage yIeld response to PA3V was 57kg ha ‘ per mm,

which was greater than i he held—measured foxtail mnllet hiomass

rc1tS l t ,.tir,i adg1 “‘linI cclh

i 9 .9 i P ‘inn Ic -11 c-ni rhO

ill forage yield did not decrease with increases in initial PAW, as

reflected in the similar ranges of percentile distributions (spread

along the vertical axis) in the box plots of Fig. Sf. Average fox

tail millet forage yields simulated at Sidney were between 4600

Sti2’949kpna led 4o4k,, 50— ‘rnkgna ., h

and Table 4.

At Akrnn, in response to the 25. 50.75 and lOOT PAWatplanting

levels,the model sin_iulated meat, triticale forageyields (reported at

a moisture content 010,12 gg’) between 5074 (SD 2284 kg ha--’)

and 7569kgha’ (SD’21 11 kgha 1) (Fig, 6f and Table 4), Aver

age forage triticale yields simulated at Sidney increased from 5239

SD =. ‘.8.28 kg ha’- to 3112 ISP 1653 ha in response to the

If”, 95 25 p’o11g ,fni. ‘vt_i 219(1 laDle 43
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ha I (

a rh p1 n iii tr
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net erurn ‘torn crn us cciarrrcd with 25% PAt-V at uiantrng it Akron

ct as 5znZ For 1c;racce restart mud, 124 lot enrage trrtmcae. xtl lot

or n. Sin liFt: canola, ann $32 rnr r,roso mriieL When comparinrz
toe ‘V-u hoarce crops at Akron, foxtail miller gave near! dentr

cai net clot ns as tnttcale Ibi 25% and 50% PAW, and greater ret

returns than tritic.ale for 7.5% and: 100% PAW. Forage trrtaca genem
ated greater average net returns than foxtail millet at Sidney under
all initial PAW conditions e>.cept under the 100% PAW condition,
When considering only the grain crops, net returns averaged over
all starting water conditions at Akron were hi.ghest for proso millet
($211 followed by corn ($185) and then canola ($1.36), At Sidney
the greatest net returns flrr the grain crops; Iaveraged over al.i start’

r c

Sl15 inliowed hv corn St 031

Net teturn.s of all crops except corn increased significantly
(p <005) with increasing PAW at planting at both Akron and Sidney
under the TP scenario, However, the increases with increasing PAW
at planting were much less than under the WP scenarios (Fig, 8).
SImS arto heWPscenarioat25foPAWThtrr:terttieTRcondftions; all
five crops showed negative net dollar returns in some years. At this
lova 25% PAW starting water content at Akron, the negative returns
were most frecruent for proso millet 26c of the trme followed by

r’ 5 7 ,j “ ta n lIt i 4 n—ms r
lve returns with 25% PAW in the IF were mo.t frequent fur proso
“—rrltrt 43 fo me ‘I rd ay or 4’-’- mm Os
1-all nrriiet tAt, and spring ttiticale . foR, Also, when plantings were

made with 75% or 100% PAW at planting there was a greater than

82% probability for positive net returns br all crops at both loca’
tions except for corn at Sidney where the probability of obtaining
a positive net return was 7075%, At both Akron and Sidney, aver’-
age net returns from crops planted in response to all PAW levels at
planting were much higher for the forage crops (foxtail millet and
triticale) than for the grain crops (corn, ranola, and proso millet),
Foxtail milletshowed similaraverage net returns as triticale for the
25s, 50%, and 75A PAW levels at planting at Akron. Under the 100%

t a i j tar l nat— ,,i

nor recur ns. char, rrircaie At Sidney trot returns were slightly
C to 1 ,_,

Urrder rAe 25% PAW at plantrn condition ‘it Akron rite n_ct rdlrrrrr

1 a ‘-‘‘- “- anc em

Sidney was. highest for canola, Under she 100% PAW at planting
condition average net return for proso millet at Akron was hig-her
than or corn and canola, while at Sidney under th.is high starting
soil vcater conditlo it the average net return svas highest for canola
and lowest for corn with proso millet showing intermediate net
returns,

‘l t

1. na cc the 5’ yr ac-erir e once’ s.c hown 0 tOO 3- 250 tecoorcruts’cr 1510

on 3 ingtntnh’r 2t i 10 1o.-cijeasrn:n c.01:0500 iS a
snaustrut in time to see if there were notable ci itferencesin the

relative cl_op order of net returns, For both Akron and Sidney under
the WA scenario (Fig, 9) forages were still generally more profitable

than tire grain crops, Corn was clearly the roost profitabiegrain crop
at Akron with aver’age net returns under all four starting PAW icy’

els that were vety similar to averag.e net returns for fox-tail millet,

Corn cvas less profitable at Sidney than at Akron under all four PAW
A ardssas°he m r o°mabteo i hR r misc rips I iii
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is a ailable. lot nstfvtng the .hat .allos ssr 0 st trc 0 O5 It

thre ‘ears is riot likAy to greatly tnflueiaco ,sheat t Os follosrnr
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