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_ABSTRACT

Corn yields were related more strongly to sepasured water use divided by
talculated water needs (WUSE/CAET) than to water use or irrigation., The
WUSE/CAET appears to describe the relative amount of stress assoriated with a
particular irrigation treatment.

Yield camponent analysiz showed seed welght was the most strongly related
to water use of all the yield components. There was considerable yield campern-
eation occuring throughout the season. Increased seed weight sometimes compen-
eated for poor ear or seed set.

Using calculated ET in a water budget for irrigation scheduling gives

acreptable results, ET based tcheduling shows promise in limited irrigation
alsp.

INTRODUCTION

Diminishing water supplies and increasing pumping costs have increased the
need for efficient use and conservation of water and energy. Production costs
have risen sharply and many farmers are facing a steadily decreasing prafit
margin. It is well documented that irrigation scheduling saves water and
energy but many methods have met little farmer acceptance. Some of the methods
are complicated and others are tao time consuming.

The Kansas Btate University Northwest Area Extension Office has been
reporting daily evapotranspiration (ET) éor carn, grain sorghum and soybeans
for farmers to use in a water budget for irrigation scheduling. The method i
simple and similar Lo balancing a checkhook,

In 1982 the KS5U Colby Branch Expgeriment Station and the KBU Northwest frez
Extension Office entered into a joint project with the Northwest Kansas Bround-
water Management District #4. (One of the objectives of the sludy was tg
Fompare corn yield response ko differert ET-based irrigation regimes.

PROCEDURE

The project wWas conducted from 1982-1984 on the Lolby Branch Experiment
Station at Colby, Kansas, on a deep, well drained, loessial Keith silt lgag.
Thie medium-textured =oil, typical of many western Kansas so1ls, is descrihed
in more detail by Bidwell et al. C1%B0). The 1.5 m (S5-4t.] =oil profile will
hold zpproximataly 250 mm (10 inches!) of avallable water at field capacity,
This corresponds to a volumetric sgil maisture EuntEn§ of approximately 0,30
and 2 profile bulk density of dgpraximately 1,3 gm/cm™,

The climate can be described as semi-arid, with an average annual precipi-

tation af 472 ma (18.4& in) and appraoximate annual lake evaporation of 1490 amn
155 ind, :

torn was grawa in a level basin 183 a (600 §i.) by 30 m (100 +t.) with the



LAMM- 2

plots arranged in a tomplete randoaized block design with & irrigation treat-
ments and 3 replications, The plats, approximately 30 a (100 §t.) By 3 m (18
ft.)y were apldbhoard Plowed and/or double disked in the fall. 1In the SATLING
the plots were doubled diskeg and tirmed before planting., The corn was ferti-
lized preplant incorparated with ammonia nitrate at a rate pf 213 kgfha, {184
Ibs/a) of actual nitrogen. The corn (Pioneer 3183) was planted respectively on
May 4, 1982, April 26, 19B3 and May 14, 1984 with & target population of
approximately 54300 plantc/ha (22000 plants/al.

Each replication was instrumented with a neutron access tube to g depth of
1.5 m (5-4t,) $ar soil moisture determinations., Sail moisture was measured on
an dppraximalely weekly basis in 0.3 g (1-ft.) increments.

Fotential ET (PET) was taleculated using a modified Penman appraach as uspd
by the USBR with climatic Hata pbtained at the Experiment Statian. The actual
ET (HET) was deteramined by multiplying PET by 3 crop coefficient (Keol. Crap
toefticients werz gensrated by eguations developed by Kincaid and Heerman,
(1974) based on wark by Jensen (1949} and Jenser at al. (I970, 1971). The
procedure far selecting crog casfficients Was to aszume 70 days fran BERFgRRCHE
to full canapy far corn with phyziplaogical maturity at 130 days.

Irrigation regines from very heavy irrigation ta very limited were devised
by multiplyving the daily AET wvalue by a factor. The treatments were
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with 1,4 ET representing very heavy trrigaticn, 1.0 ET representing normal
irrigation, and 0.2 E7 representing very limited irrigatinn,

Each plol (replication) was separatad by small borders so that each tould
Ee irrigated geparately. Irrigation was metered on sach replicatian through
gated pipe. To scheduls irrigation, an initialization paint (IF) for sail
molsture depletion was selected, field tapacity having a IP of zero., The
sumgation of all ET since the last irrigation was then subtracted trom the IP,
The summation af all Arecipitation since the last irrigation was added to the
IP. Values of IP greater than field capacity were truncated back to tield
capacity. Irrigaltion was initiated when IF reached a range of -7.& to -12_.7 enq
(=3 to -5 in.) depletion. ‘his floating depletion range was used strictly tg
help manage the period between irrigations. This allowed dates for the irriga-
tion trealments ta be shifted slightly to accomodate irrigatian needs of other

studies. In all tases, the irrigation amount was equal to the ampunt Fequired
to bring IF to zero again.

Tuwenty row-feet from the cpnter of each plot was hand harvested for yigld

component analysis on Jctaher i, 1982, Septemher 43, 1981, and Geptemher 21,
1984 resperctively,
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RESULTS AND DISCUSSION

Crop Years 1207-1984

The years were very different in terms of climatic factars (Table 1),
easonal precipitation varied from a high of 487 mm (19.14 1in) in 1982 tg a2 law
of 228 mm (8.9 in) in 19B3. Though 1982 had seasonal iHay-Beptember! rainfall
above the 70 year averaoe annual precipitation at Colby, it was umevenly dis-
tributed. There was even a drought period beginning July 15, running through
August 30, 1982, when a freak rainstarn dumped 7.% am (3,10 inches). During
1982 thare was one day during the season with temperatures over 27.7 © (100 Fl
pccuring on July 2. In 1983, there was a lengthy period of high temperatures
and low rainfall during July and August. Temperatures reached or exceeded 37.7
C (100 F) eight times during this periocd. Buring 1984 & lengthy dry period
occurred from the middle of June through the middle af August. There were 4
days with 37.7 L (100 F) temperatures or greater in 1984,

Calculated ET during the |25 day period from May 15 to Septesber 14 varied
from a high of 705 mam (27.77 in) in 1983 ta a low of 872 mm [1B.39 in} in 1982.
The high temperatures and laow humidities during the peak water use periods July
and Aupgust in 1983 and (984 resulted in high ralculated water use. Calculated

water use for 19B3 and 1584 were the highest on record for the six years 1979
to 1534 far which records are availzble,

Water Use and Irrigalion

Irrigation dates and amounts are shown in Table 2. Using a 75 mm (3 inch)
depletion level before irrigation i= initiated resulted in no irrigation needs
before the =ecand week in July in this study. This is somewhat different than
Lthe narmal practice of farmers, whao generally irrigate their furrow irrigated
corn immediately after the last corrugation in late Jume. This is to alleviate
the siress caused hy root pruning during the corrugatiaon process. In this

study we made no attempt to alleviate this tress until calculated depletions
reached the preset lavel.

Water vuse ot the various treatments is shaown in Table 3, As might hbe
expected the measured water use was much nigher for the heavier irrigated
plats. The measured water use was the sum of soil moisture depletion, and all
irrigation and rainfall. Therefore any excess irrigaticon or raintall would
still be included in the measured water use, even if 1t's ultimate fate was
deep percolation. 1L is prabable that a sizable partivn of the higher water
use of the heavier irrigated treatments was water unavailable for plant use.

The measured water use (WUSE) far a particular treatment divided by the
calculated water use (CACT) for 1.0 ET rcan ne used &% a term to describe the
relative amount of stress incurred by a particular treatment. WUSE/CAET values
greater than unity express the potential for maximum vield, where little stress
nccurs, even though there may be considerahle water losses due to percolation.
This expression is a simplification as 1t ignorec the farct that excess rainfall
may nat be timely and may unduely raise WUSE. Indeed, in L9B2, all the rainp-
fall in May and June may not have translataed into decreased water stress
throughout the entire sezcon. However the WUSE/CRET term may explain some nf
the yearly variation 1n corn yields.
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The mean calculated ET rale (AET) far the three vears of the study is
shown in Fiqure 1. This figure was constructed using a maoving average (n=5) of
AET for each day since emergence. Even with using the moving average there are
considerable amounts af peaks and valleys in the AET rate. Peak BET rates for
the three year study were in the 7 mm/day (0.30 in/day) range. However rates

belween the years varied widely as can be inferred by the slopes ot the
cunmulative AET in Figure 2.

Yield Lomponent #Analysis

Corn yields and yield components are shown in Table 3 and 4. In 1582
Lhere was no significant differences (0.05 confidence level) in yields hetween
the varigus treatments. There was a trend toward lower yields when irrigation
was reduced below 1.0 ET. However, with the good seasonal precipitaticn and
low ET, even the linmited irrigation treatmente vielded well. 1In 1983 and 1984,
there were significant differences in yield due to irrigatian regime. 1In 1983,
the normal irrigation treatment (1,0 ET) gave lower yields than the heavy
irrigation treatment. However the irrigation requirements af the heavy treat-
ments are not practical with the design of typical irrigation systems in
western Kansas, In two out of the three years, the pormal irrigation treatment
gave yields as gpod as the heavier irrtgatian treatments. The average irriga-
tion amount of 378 mm (18,9 inches) for the normal treatment compares favorably
with the SCS5 Kansas Irrigation Guide requirements which state &z need foar 391 an

(13.4 inches) of water tao satisfy the needs of coarn in Thomas County, Kansas
far BOY of the vears.

The overall 3 year average yields werp highly related to the 3 year
average water use and also to Lhe 3 year average irrigation levels for the
various treatments as shown in Figure 3. However, the correlations between
vield and water use, and yield and irrigation for all treatments, replicatiaons
and years are nal vary goad (Figure 4 and 5). The responses are much flatter
due to yearly differences in water nepds, Whersas 76 am (¥ inl of irrigatiaon
resulted in a2 yield of 10443 kg/ha (166.7 bu/al in 782, there was a 574 mn
{22.6 in) irrigation reguirement in 1983 to produce a similar yield of 10420
kg/ha (169.2 bu/al. The yield was much more related tao WUBE/CRET, the r=lative

measure of stress discussed in the preceding sectian. an expanential functian
was fount to fit the data well, being of the type

Y = YMAK ¥ (1 - (o l"AHIMUSE/CRET)Y, ;

whore ¥ is the actual yield, and where YHMAYX, the maximum =ttainable vield, and
fi the exponential decay coefficient can be found by iterative technigues to
minimize the sum of squares of Lhe deviations in predicted and measured yields,

A comparison of the different reqression equations and associated statistics is
given in Table 5.

Uver the thres years af this study highest water use efficiencie were
obtained with the limited 0.4 ET irrigatiaon trealment and the lowest water use
efficiencies were obtained with the heavy L.4 ET irrigation treatment.
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The yield of corn can be Expressed as
Y=P+E#§ ¥ 2

where Y is the actual yield,  is the plant population, E is the number of
gars/plant, § is the number of seegds/ear, and W is the weight of an individual
seed. Recognizing this fact, we can examine how the different components are
aftected by irrigation level (Table &). The plant population was nearly the
same for all treatments and the differences that arise are mainly due tno
planting variations, The potential ears/plant and seeds/par is set early in
the plant's life. The number of seed producing ears and the number of
seeds/harvested sar, ac expressed in Table b, can be reduced by stress during
poellination. This is probably why there weres csignificant differences in
garsfplant in 1983 and seeds/ear in 1984, fAs with many bioclogical systems,
there is considerabtle compensation occuring throughout the season. An unfavor-
able condition for ear or seed set can ta an extent be compensated by higher
seed weight, 14 climatic canditions improve later in the seasan. Likewise,
early favorable climatic conditions produce good ear and seed set may be
coupled with unfavorable climatic ronditians later in the =seasan and result in
reduced seed weight. Regression of the varioue vield components with water use
showed seed weight to be most strongly related. As was the case with vield,
seed weight was mare strongly related with WUSE/CAET than with water use
(Figure 7). The ather components plants/ha, ears/plant and seeds/ear were
weakly related. This is prabably hecause much of the potential is set parly in
the seasan, when water stress was not ac severe. Even bhough they are weakly
related, ears/plant and seeds/par tended to decresse with irrigation amount.
The individual factors in Equation ? can be multiplied together to give pro-
ducts espressed on 2 unit area basiz, for example plants/ha multiplied by
ears/plant gives ears/ha. In this respect, weak relationships tfollowing the
sane trend, when multiplied together, give stronger trends. These ideas are
gxgressed in Figure 8 shawing the relative values of these intermediate aro-

ducts ac affected by irrigation treatment. The effect of decreased ears/plant
and seeds/ear doss indeed have i pranounced affect on yield.

EONCLUSIONS

Lorn yields increased with inctreasing irrigatian. In two of three years
highest yields wers obtained at ur near the normai (1.0 ET! irrigation level.
Uverall yields correlated well with irrigation and totsl water uze. Hpwever
due to the difference in yeare, regression of individual yields and irrigation
or water use gave poor correlations. Yields correlated relatively well with
measured water use divided by calculated water needs (WUSE/CAET). The

WUSE/CRET appears to be a term to describe the relative amount of stress
experienced by corn on this well drained soil.

Yield component analysis showed zesd weight tp he the most straongly
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influenced by irrigatian treatment, decreasing with decreased water use. The
ogther vield compunents, ears/plant and seeds/ear also were influenced tending
to decresse with decreased water uge. There was a considerable amsunt of

compensation osccurring an throughout *the season. It appears that compensation

through incressed seed Wwelght can partially offset some of the groblems caused
by poor ear or seed set,

Scheduling irrigation with caleculated ET water budget appears to be a

reliable method. 1t alsp dppears to show promise in scheduling limited irriga-

tian,
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Table 1. Summary of Climatic Data from an Irrigatian Scheduling Study
€50 Colby Branch Experiment Station. 1982-1%84

Hanth fAverage Temperature, Precipitation, nm Cumulative AET, ma
182 1983 1984 HEsW L1982 19B3 1984 MEAN 1982 1983 1584 HEAN

MaY 14.4 12.2 15,0 13.9 133 93 iz 100 14 L& 25 18
JUHE 17.8 18.% 21.1 19.3 144 45 a0 B3 gy a3 L33 ag
JULY 24.4 25.46 25.0 25.0 79 &9 1t a2 l&3 257 240 224
AUG 23,9 24,7 24.4 25,0 a4 13 73 a7 1B3 255 223 2240
SEPRT 18.3 20.0 1&.7 18.3 43 13 La 24 &l i B3 Bo

Beason 19.8B 20.7 20.4 20.3 187 228 233 314 472 1056 £74 1B

Table 2. Irrigation Dates and Amaunts, mm.
KSU Colbv Branch Experiment Station. 17B2-19B4,

Date Dave since ET Factor
Emergence 0.4 0.4 0.8 1.0 L2 1.4

19B2 Data
1424 73 = - - ga 115 142
B/09 a7 = A3 122 7 94 111
8720 o8 77 - - = 72 B3
8/30 108 - - a4 i1 = .
TOTAL 77 B3 210 277 281 33B

1283 paTR
7/04 5a - = 76 7B 122 147
T/20 &7 = 8H ) & 92 113
/03 81 41 -~ 124 10G 125 149
as12 9o - 1403 = bk 79 93
8/18 Q4 = 5 162 = 74 g7
B/2& 104 71 a9 = 127 BI ¥a
TAOTAL 185 234 Tod 453 74 hB&

L7834 DATR
7409 48 - - - g1 112 133
il 97 = g0 113 = - g1
74264 &5 - - 140 144 91
gs01 71 du - /8 £ = -
a/08 78 - - - - B2 104G
B/1I B3 - 87 = 28 - rx
Brag 7 = - 23 = 110 129
Br3] 101 - = o 70 2B 133

TDTAL a0 Lgs 285 39 334 a37




Table 3. Susmary of yields and mater use data fros an irrigation scheduling study.
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KU Colby Branch Experisent Station. 1982-1984
ET FACTOR Irrigation, ma. Hater Use, oa. Yield, Ko/Ha HUE, KgfHa-mm
1962 1983 1984 MEEN 1982 1981 {584 NEAN 1980 1983 1984 NEAM 162 1983 1984 NERN
1.4 33 s TR 504 63 %1% 879 8s3 11938 11381 BCBSY 11384 15.6 12.4 12,3 133
1.2 282 574 5IE A4S 721 B} Bob  7AS 11926 10620 16752 11097 1.3 1.7 13.4 14,
1.0 77 M I 3 ELO R B T T L2047 8775 16790 10539 1.2 12,4 15,3 15.0
0.8 L 3% I 7 (T S B v L0401 8374 10765 9911 15.1 141 1B.7 15.9
0.6 BY 254 lsB 144 97§ 4@z 5 L0gI7 8204 7105 AT 18.1 15.4 14,7 14,2
0.4 LT R L 8% AR} 61T B L08AT 4999  T73L2 AR LA 153 1.8 149
LS50 5 &l i3 83 N8 1807 1450 45 WS 2.3
Table 4. Gumsary of Yield Cospanent Data for Carn froa an Irrigation Scheduling Study
K5l Colby Branch Experiment 5tation. 15B2-1943
ET FACTOR  PLAMTS/HA (1000) EARS/FLANT BEEDS/EAR SEEDMT., g/i00 seeds YIELD, Kg/Ha
1932 1993 1984 MEAW 1937 1987 1964 NEAN 1982 L83 1984 NEAN 587 1983 1984 MEAN 1982 983 1984 mEeN
4 35.8 51,6 86.0 57,8 1.0 1,11 1,00 £.08 855 £74 &05 845  32.3 29.4 27.0 9.4 L1938 11361 10853 11384
1.2 324 51.9 63.3 B6.6 1,08 1.04 0.98 1,05 &40 gkt A20 B3 37,9 28.7 .0 79.9 1197 10620 10752 11097
I.0 331 96,1 65.2 8B.1 1,05 .BO 0.99 0,94 494 740 512 &83  31.7 7.5 77.3 %6.8 12043 B773 10790 10539
0.6 37,3 56,1 65.2 59.6 0.9 0.B5 0,97 0.95  A13 626 S11 617 0.6 79, 5 29.2 L1040 BS74 1075 BRIl
0.6 0.2 58,8 65,7 58,1 1.0 .61 0,97 0,95 4BZ 486 525 A3l 31.2 15.4 20.5 %61 L0BZT E204 TI05 B2
0.4 3.4 51,1 65,2 5.6 0.99 0.B2 0.9 0,92 577 607 499 559  30.7 27.4 214 28,0 104ET 6999 7312 260
LSh g== 3.5 NS NS WG .22 M5 62 N5 79 LE W 21 WE 1607 1450
Tahle 3. Regression Egquations and Statistics for Relationships betwean
Yield and Water Use Factars. Yield expressed in Kgf/Ha and
Water Use and Irrigation expressed in mm,
3 Year Average, Yield vs. Water Use n=h gBE=105 R2=0, 599
Y= -2087 + (ZB.05% # WUSE) - i0,0014343 + NaJEEZI
I Year Average, VYield vs. Irrigatian n=4 SE=147 R%=0.840
¥= 7033 ¢+ (12,5784 # [) - {0,2143128¢ I}
A11 Data Peinte, VYield vs, Water Use n=54  §5E=927 R2=0.531
Y= -7084 + (44.533 + WUSE) - (0.027151 + WUSEZ)
All Data Points, Yield vs, Irrigatian 54 SE= 1707 RZ%=0,139
¥= BE25 + (3,607 ¥ 1)
"
ta Poi ¥i - WUSE/ =31 E=B40 T=0,470
All Data Points, %E%d vi . ?Eﬁsﬁﬁ n S R==0,4&7

5 T
¥= 13IBOT # (1 - e Lib E 5 CAET)I,
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CORN ET SCHEDULING STUDY 1982-1984
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! Figure {. Averape evapotranspiration rate for carn (1982-1984) for each day
| since emergence using a daily moving average {n=5). QET was calculated with a
i moditied Penman approach.
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Figure 2. Cumulative Bvapntranspiration (AET) for curn as related ta days
since emergsnre for Calby, Kansas, AET was talculated with a modified Penman
approach,
I
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CORN ET SCHEDULING STUDY 1982-1984
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ﬁ Figure 3. Average yield respanse (19B2-19B4) of corn to irrigation and tptal
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CORN ET SCHEDULING STUDY 1982-1984
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Figure 4. Yield response of corn to total measured water use in a irrigatinon
scheduling study, Calby, Kansas, 19B2-1984,
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1y the calculated water need (WUSE/CAET) in
Colby, Kansas, 1982-1984,

CORN ET SCHEDULING STUDY 1982-1984
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Figure 5. The wealk relationship between corn yield and irrigation amaunt in a
irrigation scheduling study, Colby, Kansas, 1582-1584,
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Frgure &. Yield response of carn as related to the apasured water use divided

@ irrigation scheduling study,
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CORN ET SCHEDULING STUDY 1982-1984
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Figure 7. Relationship between corn seed weight and measured water use divided
by calculated water needs in a irrigatiaon scheduling study, Colby, Kansas,

1982-1984.
CORN ET SCHEDULING STUDY 1982-1984
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Figure 8. The effect nf the irrigation regime (ET Facter! an the relative
value of the various yield components expressed on a unit arsa hasis. Data
from an irrigation sctheduling study, Colby, Kansas, 1987-1984.




