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ABSTRACT: Yield and developmental characteristics of crop genotypes grown at different levels of water availability
are often used o select penotypes that are adapted to variable moisture environments. Field siudies were conducted at
Aberdeen, Idaho, USA in 1992 and 1992 to evaluate the effects of varying moisture supply on grain yield and yield
components of spring wheat genotypes. In both years, 12 spring wheat (Triticum aestivum L.} genotypes were grown
under three irrigation levels (well-watered, moderate water-stress and severs water-stress) imposed during the periods
from mid-tillering to anthesis with a line source sprinkler irrigation system. Grain yield and yield components (spikes
m?, spikelets spike”, kernels spikelet', kernels spike” and kernel weight) were used (o evaluate the genotypic response
to water siress, Overall, water stress caused a reduction in grain vield and vield components. Genotypes exhibited a large
year-to-year variation in their ranks for grain yield. Medium-tall growing genotypes (IDO 367, 1DO 369 and Rick)
generally produced high yields under water stress conditions in 1992 (refatively dry year}, while short -medium genotypes
{WPB 926, Yecora Rojo and Pondera) produced high vislds under water stress conditions in 1993 {relatively wetl year).
Chris and Serra were the lowest vielding genotypes under water stress conditions in both years. Under moderate stress
conditions, 1RO 367 and Yecera Rojo had consistently high yvields. Genotypic yield differences under water stress
conditions were primarily related to the differences in the numbers of spikes m”. Therefore, a tendency for high plasticity
for spikes per unit area could be used o select wheat genotypes for improved drought tolerznce

rought resistance of a plant genotype cannot be Thus, grain yield and yield components remain a major
defined physiologically (Blum er al., 1981}, and selection criterion for improved adaptation to stress in
there seems to be no simple method to quantify drought many wheat breeding programs. Keim and Kronstad
tolerance in a physiological sense (Clarke ef al., 1992). (1979) proposed that an ideal cultivar for stressed

*Corresponding Author.
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environments should have a high vield in the most
severely stressed environments and a strong response to
more favorable environments. Bruckner and Frohberg
{1987) used mean yield in stressed environments to
estimate stress performance per se of spring wheat
genotvpes. Large differences in grain yield of spring
wheat genotypes grown under drought conditions have
been observed by Fischer and Maurer (1978), Ehdaie
et al. (1988) and Mogensen et al. (1985)

Selection of wheat varieties with high plasticity
for various yield components could reduce yield
variation due to drought stress. Sidwell er al. {1976)
and Knott and Talukdar (1971) suggested that yield
improvement in wheat may be accompanied by
manipulating the components of vield, such as spikes
per unit area, kernel number per spike, and kernel
weight.  Agpgarwal and Sinha (1987) reported that
maintaining the number of spikes per unit area provides
an advantage to wheat in environments varying in soil
water availability. Differential production of various
vield components in wheat in response to water
availability has been reported in many studies (Bansal
and Sinha, 1991; Ehdaie er al.,1988. Fischer and
Maurer, 1978; Mogensen, 1985; Begg and Turner,
1u7a).

The objectives of this study were (1) to measure
the effect of water stress on grain yield and yield
components in 12 spring wheat genotypes, and (ii) to
characterize these genotypes for stress tolerance and
adaptation to stress-prone environments using vield and
vield component responses.

TABLE |

Relative maturity and height of spring wheat genotypes used
Jor evaluation of drought tolerance

Genotype Relative Maturity Helative Fleight'
Amidon Mid T
Bannock Mid T
Chris Late T
Rick Late I-T
1D 367 Late I-T
Pondera % E I-T
110 3649 Late I-T
K lasic Early 5
Serra Farly 1
WPB 926 Mid |
Yecora Rojo Farly 5
Vandal Late I

" Relative height: T = Tall, T = Intermediate, 5 = Short.

Materials and Methods

Twelve hard red spring wheat genotypes were
arown in 1992 and 1993 at the Aberdeen Research and
Extension Center, Aberdeen, Idaho, U.S A under
three irrigation levels (well-watered, moderate stress
and severe stress).  The |2 genotypes represent a
relatively wide range of maturity and plant height
characteristics (Table 1). Wheat was planted on 13
May 1992 and 10 May 1993, on a Delco silt loam
{coarse-loamy, mixed, mesic Xerollic Calciothid).
Both experiments were seeded at 85-90 kg.ha ' with an
| & cm row spacing. Each field received a pre-planting
broadcast application of 110 kg N ha”' as ammonium
nitrate.  All other nutrients were determined to be
present in adequate amounts.

A line-source sprinkler system (Hanks et al.,
1976} was used to apply different amounts of water to
three 143 m long vertical strips on each side of the
sprinkler line. Horizontal strips of each genotype were
21 rows (37 m) wide and 31.7 m long and was
oriented at right angles to the sprinkler line and the
irrigation strips.  Plots were arranged in a design
similar to the split-block design with six replications
{three on each side of the line source). Water stress
was imposed at the beginning of tillering and continued
until the completion of anthesis. All plots received the
same amount of irrigation for the remainder of the
growing season.  [rrigation was scheduled to apply
sufficient water o fully meet the water requirements of
the well-watered plots while maintaining available soil
moisture in the root zone at least above 50%. The
daily crop water use was estimated using a modified
Penman equation {Doorenbos and Pruitt, 1977). The
frequency of irrigation was dependent upon the amount
of rainfall, daily crop water use and the rate of soil
water extraction.

Catch cans were placed 60 cm above the ground
in the middle of each irrigation strip to measure the
amount of water applied. Precipitation and other
weather data were taken from the weather station at
Aberdeen Research Center. Gravimetric soil water
contents for the 0 to 90 cm depth were determined at
the beginning and end of the stress period.  Total
evapotranspiration (ET) from each irrigation level
during the differential stress period was calculated from
the water balance equation:

ET=F +1- AD
Where P is the rainfall amount, 1 is the irrigation
amount and AD is the change in s01l moisture storage
to the 0.9 m depth. Runoff and drainage were both
considered to be negligible. The amount of water
applied (I + P) to severely stressed plots was 197 mm
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TABLE 2
May-August  precipitation,  mean  maximum _ and  minimum__ temperatures _at__ Aberdeen,  ldaho, USA
1992 1543

Month M T i P Tiw: g e
mm “C “C mim C C

May 0.3 238 4.4 in6 21.6 5
June 25.1 260.1 7.7 678 21.6 fr.1
July 15 27.7 7.2 15 233 0.7
Augusl i 322 fi.1 I8 2.7 1.2
Mean 1.1 7.5 fr.d 48 233 .3

P = Precipitation, © T = Mean maximum temperature, T = Mean minimum temperatre.

and 286 mm in 1992 and 1993, respectively. Plots with
moderate stress received 319 mm and 403 mm, while
well-watered plots received 363 and 439 mm,
respectively.

At maturity, a 0.4 m” area selected randomly from
each plot was used to determine the number of spikes
per unit area, Fifteen spikes from each plot were
randomly sampled for the measurements of spikelets
per spike, kernels per spikelet and kernel weight,
Spikes were threshed and a random sample of 200
kernels were weighed to determine kernel weight (mg),
kernel number per spike and kernels per spikelet. The
plots were harvested with a small-plot combine at
maturity in mid-September of both years. An area of
34 m’in 1992 and 4.6 m® in 1993 was harvested from
the center of each plot for measurements of grain yield.

TABLE 3

Mean square values and significance levels for the yield of
twelve spring wheat genotypes grown al three irrigation
levels in 1992 and 1993

Year
Source af 14992 1993
{3 LW} (% 1CHNI)
Block (B} 5 4135 10433
Genotypes (G) 1t H760" 15158+
Error a (GxH) 55 213 BNE]
Irrigaticen {1} 2 Riday NY 42061 NV
Error b (1xB} 10 TH) 2208
IxG 22 H21* TR
Error ¢ (IxGxB) 110 114 335
Toeal 214

= Significant at P=0.01
MY Tests are not valid because reatments can not be randomized.

Environmental stress intensity was calculated as 1-
{mean vield of all genotypes under drought/mean yield
of all genotypes under well-watered conditions).
Analyses of variance were performed on the grain yield
and vield component data within years using a design
similar to the split-block design described by Hanks ef
al, (19807 with cultivars as horizontal strips and
irrigation levels as vertical strips. Fisher’s protected
LSD at the 5% probability level was calculated
separately for each irrigation level as well as
collectively for genotype x irrigation interactions.

Results

The 1992 growing season was substantially drier
than normal and certainly drier than the summer of
1993 (Table 2). Weather conditions were markedly
different from May to Auvgust in 1992 and 1993
growing seasons. Total precipitation for the period was
40 mm in 1992 and 179 mm in 1993, Mean maximum
temperature was 27.5°C in 1992 and 23.3°C in 1993.
There was a greater potential for water and heat stress
in 1992 than in 1993

Differences among genotypes and genotype X
irrigation interactions for grain yield were highly
significant in 1992 and 1993 (Table 3). The moisture
stress treatments reduced grain yields in both years
(Table 4). The 1992 yields for all genotypes at each
irrigation level were lower than the corresponding 1993
yields. All genotypes exhibited differences in mean
grain yvield across the three moisture levels (Table 4).
In 1992, genotypes IDO 367, and DO 369 produced
the highest vields in the severe stress environment, and
Chris, Vandal, WPB 926 and Serra produced the lower
mean yields. In 1993, WPB 926, IDO 367, Yecora
Rojo and Pondera produced the highest yields under the
severe stress environment and Chris, Bannock, Klasic
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TABLE 4

Yield response of twelve spring wheat genotvpes grown under different irrigation levels in 1992 and 1993

1942 1943
R R e ek Irrigation level- - - - - - - - - - - - e e

Genotypes 1 2 3 | 2 3
-------------------------------- kgeha - e e
Amidon 4404 3521 240k 28 307 5132
Bannock IKTS 32496 2341 5476 RES L 4813
Chris 2245 2133 1548 JHUA 3613 3088
Rick 4689 3541 2enT 072 651k 5136
IB0 367 5204 4520 ns 7851 Tk 5915
Pondera S02 3650 2503 fHE R M 5643
10 369 5153 w73 323 7112 0437 S0
Klasic 5725 4378 2407 GEAD n3RY 4840
Serra Si4HE 3967 2372 LEH ntdd 4948
WPE 926 4254 3398 2150 nH43 fiv 1% 5959
Yecora Rojo RE ] 4175 25a4 TIAIE a2 Shak
Wandal 4034 3027 2184y TE] Gkl S99
Mean 45u2 36312 2dR1] H7lA H24d 5123
LED, e 397 387 53l 336 751 1061

" Irrigation levels: | = well-watered, 2 = moderate stress and 3 = severe stress,
* LSDy, s for genotype x irrigation level was 383 for 1992 and 663 for 1993,
TABLE 5

Mean square values and significance levels for vield components of twelve spring wheat genotypes grown al three
irrigation levels in 1992

Source df Spikes Spikelers Rernels Kernel wt.
m* Spike’! Spikelet {mg)
Block (H) 5 11915 4.4 (L0 75.1
Genotypes (G 11 ThHA4R* 5.0 (h.72* 237.3% Qg 7=
Error a (GxB) 55 2453 07 15 135 1.7
Irrigation (1) 2 AGIA0Y WY 22 6 NV .01 NV 1533 MY 1026 MY
Error b (1xB) ] 5399 0.5 [ 17.9 16.1
11X G 22 TRTI® (1.9 NS 012 NS I WS 4.7 NS
Error ¢ (IxGixB) 1 16015 0.7 (.09 103 L]
Tntal 215

* Significant at P = 0.01, NS nor significant at P = 0.01 or 0,05, NV Tests are not valid because treatments can not be randomized.

TABLE &

Mean square values and significance levels for yield components of twelve spring wheat genotypes grown at three
irrigation levels in 1993

Source di Smkes Spikelets Kernels Kernels Kernel wi.
m* Spike’! Spikelet’ Sk (mg}
Block (B} 5 13196 6.3 10 12.6 54.5
Genotypes (G) Il 53059# e 12= 3 2% K R
Error a (GxB) 55 5382 0.4 104 134 7.1
Lerigation (1) 2 ST101 XY 14 WV 0417 WY 9 MV 160.3 NV
Error b (IxB) 0 2799 0.4 17 17 0.8
1XG 21 3515 NS 2 NS 0.3 NS KT NS 20.3*
Error ¢ (IxGxB) 110 2158 (.2 ninz 7 4.8
Tatal 215

* Significant at P = .01,

M8 not significant at P = 0,00 or (.04,

NW Tests are not valid because treatments can

not b randontized.
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and Serra rthe lowest mean vields. There were
substantial vear-to-year shifts in genotypic ranks for
yields under severe stress conditions, particularly for
WPB 926 (11" in 1992 and 1* in 1993), Vandal (10" in
1992 and 5" in 1993) and Klasic (6" in 1992 and 10" in
1993). Under moderate stress conditions, IDO 367 and
Yecora Rojo had consistently high vields and were
among the four highest yielding genotypes in both
vears, All other genotypes exhibited considerable
variability in their yield ranking under moderate stress
in both years of the study.

There were highly significant genotype effects for
all yield components studied in 1992 and 1993 (Tables
5 and 6). However, genotype ¥ irrigation interactions
were significant only for spikes m* in 1992 and kernel
weight in 1993, Mean numbers of spikes m* under
well-watered and moderate stress conditions were
higher in 1992 than in 1993 (Tables 7 and 8).
However, mean spikes m™ were higher under severe
moisture stress conditions in 1993 than in 1992, The
reduction in mean spikes m” under severe moisture
stress conditions were 30 and 10% of the well-watered
control in 1992 and 1993, respectively. Moderate
stress did not have much effect on mean spikes m™ in
both years. Reductions in mean spikes m™ under
moderate stress were only 10 and 7% in 1992 and
1993, respectively.

There was a wide range of variability for spikes

m~ among genotypes for both years. In 1992, Rick,
Chris, Amidon, Yecora Rojo and IDO 367 produced
the highest number of spikes m” under severe water
stress, while WPB 926 and Vandal produced the lowest
spikes m=. In 1993, Yecora Rojo, Klasic, Bannock and
Amidon produced the highest spokes m”, while WPB
926 and Vandal produced the lowest spikes m™ under
severs waler Stress.

[rrigation (reatments had lile effect on mean
number of spikelets spike ', kernel spikelets', kernel
spike ', and kernel weight in each vear (Table 7 and 8).
Mean number of spikelets spike ', kernel spike’ and
kernel weight were higher in the most favorable
environmental conditions of 993,

Discussion

Comparison of yield performance of wheat
genotypes - drought-stressed and more favorable
environments is a reasonable starting point in the
selection of drought tolerunt genotypes (Clarke er al.,
1992y, The results of this study show that the 1992
vields under all moisture regimes were lower than the
1993 vyields. Hot, dry weather conditions in 1992
during the later halt of the grain filling period could be
a reason for these differences. Mean maximum
temperatures during the grain filling period in 1992
were 4-6°C higher than those observed in 1993 (Table

TABLE 7

Yield components of twelve spring wheat genotypes as affected by different trrigation levels in {992

Spikes Sprkelets Kernels Kernels Kernel wi.
m” Spike Spikeler Spike (g}

------------------------------ Irrigaton level’ s e
Genolype 1 2 3 I 2 i 1 2 3 1 2 | 2 3
Amidon 67 5BS 475 14.7 13.7 13.2 1 2 ] 13 Y] 25 24 10 5
Bannock 593 533 445 15.2 15.2 3.8 2 2 2 24 2 M 17 13 32
Chris 67 655 a0l 15.7 15.7 1k 2 (I 2 24 15 24 7 i) 6
Rick H(59 ] S0 14.3 13,7 13.2 2 2.2 2.2 13 M il Wi 27 26
10 367 5491 637 454 14.7 14.7 14 2 2 2.3 2 4 i | 29 3l
Pandera iR 551 432 15.3 15.5 148 2 2 2.2 33 34 3 27 2 26
D0 364 [ L] 523 Aty 15.3 15 13.8 2 2 1.8 i4 32 28 4 an 32
Klasic [it:] Ak 447 133 138 133 2 2 1.4 29 28 Rl 17 13 il
Serra Hisl 533 369 15.5 15.3 14.5 2 2 2 35 il 2 i 32 30
WPB 9216 4493 446 3049 15.2 14.8 14.2 2 2.2 2.3 K] 34 2 0] 14 14
Yecora Rojo 582 584 435 14 15 14 2 2 2 9 7 17 K 34 35
Vandal 453 41l 311 15.5 14.8 13.7 3 2.8 2.5 KR KL n 24 8 26
Mean GlE 559 41] 149 14,4 13.9 2 2.1 2.1 3z il 20 32 a0 ]
LD, 44 53 59 1 | 0.4 NS 03 04 4 ki 4 3 1 4

Mlrrigation levels: | = well watered, 2 =moderate stress, 3 = severe siress, © LS, . for moisture & genotype interaction for spikes ni’ was S0

NS not significant at P o= 005,
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TABLE &
Yield components of twelve spring wheat genotypes as affected by different irrigation levels in 1993
Spikes Spikelets Kernels Fernels Kernel wi,
m*- Spike’ Spikeler’ Spike ! {mg)
............................. - Irrigation level - - - - - - - - - - - - - - - -
Genotype 1 2 ki 2 3 1 2 3 1 2 i 2 3
Amidon 562 517 Sed) 15.4 15.49 158 2 2.2 2 33 a5 1 3T 3T kr)
Bannock 582 03 568 15.8 159 16.2 2 ] 1.8 29 29 1y 4 44 43
Chris hl5 617 543 17.3 Hy 17.1 2 I.4 1.7 32 il 2 4 i3 a4
Rick 572 53 At 144 5.2 15.2 3 2.4 2.4 2 ) Kl i 43 42 4il
D0 367 536 483 433 15.6 15.7 15.7 El 2.5 2.6 ETH 9 di 42 42 41
Pondera 542 s01 545 17.4 17.3 17.3 3 24 2.3 44 42 41 V7 38 7
DO 369 535 SUl 456 1.8 i & 17.2 2 24 2.2 40 39 i 43 42 4
Klasic 617 L] S04 15.6 5.6 15.6 2 7 1.8 27 2 27 S0 i 43
Serra 57 42 44 16.7 16.5 16.4 2 2.2 2.1 7 Rl is 45 A4 kh
WIPH 926 441 414 Al 16.7 LR 17 2 2.3 2.4 e s <0 L 44 a4
Yecors Hojo bl 563 hlit) 14, I H 16.4 2 1.7 1.8 30 29 1 44 S0 43
Vandal 527 445 434 17.1 17.2 17 3 2.8 2.8 £l 48 17 s 37 36
Mean Rl 524 S04 16.3 16,4 16.4 2 22 2.2 G Rl 15 42 42 40
LED . fd 65 it 06 0.7 0.4 il 0z 0.2 4 4 3 2 3 4
Urrigation levels: 1 = well watered; 2 =muoderate stress; 3 = severe siress,” LED,, for moisture s genutype interaction for kernel weight was 3.

2y, Sofield er al. (1977) reported reductions in wheat
grain yields with increased temperatures during grain
filling periods. They attributed this reduction to the
effect of high temperature on the duration of grain-fill.
The genotype ranking for grain yield under moisture
stress showed substantial year-to-year shifts between
1992 and 1993. In the severe environment of 1992,
medium-tall wheat genotypes generally produced the
highest yields, whereas in the favorable environment of
1993 short-medium and medium-tall genotvpes had
similar yvields. Plants were subjected to a more severe
water stress in 1992 than in 1993, Environmental stress
intensity for the severe stress treatment in 1993 was
about the same as that for the moderate stress level in
1992 (0.21 for 12 in 1992 and 0.24 for 13 in 1993).
The results of this study are consistent with those of
Laing and Fisher (1979) who found that semi-dwart
wheat lines selected under optimum moisture conditions
vielded well under moderate stress.

Drought can reduce grain yield through its
influgnce upon one or more yield components.
Moisture stress during the period from tillering through
anthesis in 1992 reduced number of spikes up to 30%.
The number of spikes m™ was determined during the
period from late tillering through stem elongation, a
process which should have allowed a valid estimation of
the effect of stress on this component. However, in
1993, as the stress period was interrupted by frequent

rains, plants did not experience sufficient stress to show
significant genotype X irrigation interactions for this
vield component.

Water deficit during reproductive growth affects
most aspects of kernel growth.  Since kernel
development was determined outside the stress periods,
walter stress should not have affected kernel number and
kernel weight. However, there is a significant genotype
X irrigation interaction for mean kernel weight in 1993,
Large variability in mean kernel weight to grain weight
across irrigation levels in some genotypes due to
lodging or the differential contribution of parenthesis
assimilates, stored in stem, may be the reason for this
significant interaction.

Highly significant genotype effects for all the
vield components could be due to differences in the
genotypic potential of these components (Bruckner and
Frohberg, 1987). The timing of water stress in relation
to genotypic maturity and drought susceptibility could
also be accountable for the differences occurred in yield
components.  The results of this study are consistent
with those of Bansal and Sinha (1991), Ehdaie er al.
(1988), Fischer and Maurer (1978) and Mogensen
([ 1983).

Genotypic response to drought for the yield of
1992 appears to be determined by the differences in
spikes m”. Therefore, a tendency for high plasticity for
spikes per unit area could be used to select wheat
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genotypes for improved drought tolerance at conditions
of water stress.
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