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ABSTRACT

An analysis of dynamics of dry matter ( DM ), green area index ( GAl ) relative
growth rate ( RGR ) and crop growth rate { CGR ) is presented for rainfed spring
wheat ( Triticum aestivum L.} cv. Gutha and barley { Hordeum vulgare L.) cv.
O' Connor on different soil types of Merredin Research station in the eastern wheatbelt
of Western Australia. RGR of both barley and wheat during the wvegetative phase were
greater on the Meredin sandy clay loam ( MSCL ) than Collgar loamy sand { CLS )
or MNorpa on acid loamy sand ( NALS ). This was associated with higher GAl and
CGR at anthesis and greater dry matter and grain yield at the final harvest The
better growth in MSCL could be attributed to a greater water supply and nutrient
status. The greater GAl and CGR at anthesis lead to higher biomass and grain yield
for barley than for barley on both MSCL and CLS scil types. However, on NALS,
barley had lower GAl and CGR at anthesis and produced less dry matter and grain
yield at final harvest than wheat. This was most lkely due to very acid subsoil of
NALS. The higher growth rate and greater grain yield of barley and wheat in 1988
were attributed to more suitable distribution of rainfall. In general GAl and CGR at

anthesis were positively correlated with final yield.

1- Assistant Professor.
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INTRODUCTION

In the Mediterranean type environment of Western Australia, observations
from cereal varicty trials and research trials have indicated that barley will
outyield wheat on fine — textured soils as opposed to coarse — textured sandy
soils (12). French and Ewing (5) showed that weath and barley grain yields were
low on the Norpa acid loamy sand, most likely due to its very acid subsoil.

Many studies have reported greater biomass and grain yield for wheat
cultivars ( 4, 11, 13 ). The differences between biomass and grain yield of barley
and wheat particularly on different soil types and secasons may be attributed to
differences between relative growth rate (RGR) and crop growth rate (CGR)
during the growing season. Studies reporting differences between soil types in
RGR and CGR have not been published up to date and very little information is
available on this topic. The objective of this study was to determine RGR and
CGR of wheat and barley on different soil types and seasons and to discuss the

observed differences with respect to the final biomass and grain yield.

MATERIALS AND METHODS

The design, layout and methodology used in this paper have been presented
elsewhere (6, 7, 11, 12). However, a summary of the experimental details

relevant to this study is presented here.

Soils

The soil types used in the 1984, 1987, and 1988 experiments were typical of
those in Western Australia, developed from degraded lateritic plateux and
depositional valley floors ( 6 ).

The soils of 1984 experiment were Norpa acid loamy sand ( NALS ) and a
fine textured solonized red duplex soil described by Bettenay ( 1) as Merredin
sandy clay loam ( MSCL ) and known as "Heavy" land. The clay content and pH
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increase with depth with trace of lime below 40 cm (1). In the 1987 experiment,

the soil was a coarse-textured sandy duplex soil described as Collgar loamy
sand ( CLS ) by Bettenay (1) and known as "Light" land. The CLS profile
consisted of 40-50 cm of grey sand overlying a sandy clay with discontinuous

silcrete layer at the surface of the clay B horizon (11). The soil types of 1988

experiment were MSCL and CLS which were very similar to MSCL of 1984 and

CLS of 1987 experiments. For further details of the soil properties see Table 1.

Table 1, Some soil properties for. Merredin experimental sites.

NALS CLS MSCL

Texture

Surface Loamy sand Coarse loamy sand Sandy loam

Subsoil Loamy sand sandyclay Fine sandy clay
pH (1:5) in water

Surface 4.5 a2 55

Subsurface 472 5.0 8.7
Clay (%)

Surface 28 94 200

Subsurface- 36 330 39.0
Organic carbon (%)

0-10 cm 0.55 0.65 092
Water-holding 130 170(0-0.7 m) 180(0-0.2 m)
capacity at —0.01 200(0.7-2.0 m) 260(0.2-1.5 m)

MPa (mm mm-1)




Field Procedures

Growth indices of rainfed wheat.,' cv. Guthya and barley, cv. O'Connor were
compared on different soil types and seasons at the Merredin Research Station
(latitude: 31° 27" S, longifude: 118" 17 E, elevation: 315 m) in the eastern wheat
belt of Western Australia.

The cultivars were sown in a randomized block design with four feplicates.
The plots were sown during the last week of May each year at a seed rate of
50 kgxha™!, Plot size in the 1984 experiment was 40 m long by 5 m wide in two
drill widths, with rows at 18 cm spacing. In 1987 and 1988 experiments, plots
were 2.16 m wide ( 16 rows, 18 cm apart ) and 40 m long. Plant densities at final
harvest were about 100, 94, and 80 plants m~2 for 1984, 1987, and 1988,
respectively.

Sampling Procedures

Plots were sampled at 2-weekly intervals from about 4 week after emergence
to final harvest. In 1988, samples were taken weekly around the anthesis. Dry
matter determination of 1984 and 1987 experiments were based on 1 m?® quadrats
harvested at ground level and 05 m’ in 1988. Samples were dried in a
forced-draft oven at 60°C and weighed. Concurrently twelve adjacent plants were
taken for laboratory measurements of green area using an electronic planimeter.
Total green area was calculated by adding the projected area of leaves, stems and
emerged ears. Senesced and yellow leaves were excluded. The green area of
1 m? samples. The total green area of 1 m? samples. The total green area of the
bulk samples was expressed as green area index ( GAI ). At final harvest, an
undisturbed area of 4 m? in 1984 and 1 m? in 1987 and 1988 were harvested.
Samples were oven dried, weighed and threshed and yield expressed on an
oven-dry basis. Harvest index ( HI ) was calculated as the ratio of grain yield to
total above ground dry matter,
Estimati f Growth Indi

Relative growth rate ( RGR } and crop growth rate ( CGR ) were calculated
using the following equations ( 7 ):
RGR = (1/DM}d DM/dH) (11
CGR = (d DM/dH) [2]
where DM is dry matter (gm™®) and H, temperature index ( H=3H,) measured in
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growing degree day units ( GDD ) and calculated by summing the GDD for each
day from the date of sowing to the date of each sampling (7).

H;=[(Tm‘x + Tmin)/2] = Tb [3]

where H; is the growing degree day for i*h day, T, is the maximum daily air
temperature with an upper limit of 30° C, T,;, is the minimum daily air
temperature with a lower limit of 0° C and T, is set to 0° C, ie. the base
temperature below which no growth occurs (16). Then, using Nonlinear Statistical
Graphics System (15), the following equations were fitted for DM and GAI (7).

a+bH 2+ CH + dH? (4]
DM=e
a”+ bHY? + CH + d'H? + ¢'H? {5
GAl=e

where H is temperature index in growing days, (GDD) and a, b, ¢, d and a°, b’,
¢, d’, e arc cquation parameters to be determined. Using equations [1] to [5] the
RGR and CGR were calculated as’

RGR =(1/2 bF~/2 + C + 2dH ) (6]
1/2
COR = (1/2 b'HV2 + C + 24'H ) ¢ =+ +cityait [7

RESULTS AND DISCUSSION

Weather Conditions

Rainfall during April and May was highest for 1984 and lowest for
1987 ( Table 2 ). The July and August rainfall for 1988 was greater than for 1984
and 1987. However, the rainfall during the winter was lower in the 1984 than in
1987 and 1988. In general, rainfall distribution for 1984 and 1988 growing seasons
was morc suitable than 1987, while more rainfall occurred before June in 1984

and after June in 1988 ( Table 2 ). September and October were notable for their
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higher temperature and lower rainfall. The 1984 growing season was cooler

compared to 1987 and 1988 ( Table 2.).

Table 2. Monthly metereological data of Merredin ( 31°29'S, 118°12'E.,
altitude 315 m) for 1984, 1987 and 1988 growing seasons.

Month Max. Min. GDD
rainfall(mm) Temp.(°C) Temp.(°C)
84 87 88 84 87 88 84 87 88 84 87 B8

Apr. 531 234 308 251 276 267 138 128 149 5835 6060 6240
May. 917 438 584 186 1198 198 99 64 1 4402 4061 4774
June B6 368 336 WO 191 179 55 78 95 3390 4035 4170
July 358 405 442 W7 W6 ®B1 56 55 62 3131 3580 3472
Aug 292 410 546 161 184 174 4l 52 63 3131 3655 3658
Sep. 214 120 B2 87 227 210 62 67 64 3750 4410 4050
Oct. 18 04 28 253 258 256 83 97 86 5208 5502 5301
Apr. 2516 2079 2426 194 216 206 77 77 90 2885 31RO 3166

to

Oct.

Phenology

Barley cv. O’'Connor and wheat cv. Gutha emerged together about 11 days
after sowing and 128, 156 and 147 growing degree days ( GDD ) after sowing on
1984, 1987, and 1988, respectively. Both barley and wheat reached anthesis at
about 1250 GDD after sowing and they matured at 18502050 GDD.

Growth Indices and Yield

Dry matter accumulation was estimated by using equation [4]. The
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coefficients of determination ( R?) for fitted curves were greater than 0.96
(P <0.01) for wheat and barley on different soil types and seasons. The dry
matter accumulation from the beginning of the scason to anthesis was consistently
higher on MSCL than on CLS or NALS ( Fig. 1 ). Green Area Index (GAI) of
both barley and wheat was greater on MSCL than on NALS ( Fig. 2a) or
CLS ( Fig. 2b ). The rate of GAI decline was faster on MSCL as compared to
NALS or CLS ( Fig. 2 ). Barley on both CLS and MSCL produced higher GAI
than wheat and on NALS the GAI of barley was lower than wheat ( Fig. 2 ). In
general, GAI of 1988 crops was greater than 1984 and 1987 ( Fig .2 and Table 3 )

Fig. 3 represents the change in relative growth rate ( RGR ) during the
growing season. RGR declined through the season. This was in agreement with the
results of Karimi and Siddique ( 7 ). During the vegetative phase both barley and
wheat had greater RGR on MSCL than on CLS or NALS. The relative growth
rate differences between wheat and barley were small on MSCL and
NALS ( Fig. 3b ). However, during the vegetative phase, barley on CLS had
higher RGR than wheat ( Fig. 3b ).

The crop growth rate was low at the beginning of the season and
progressively increased to a peak value and then declined sharply ( Fig.4 ). The
CGR through the season in this study was very similar to that reported by Karimi
and Siddique ( 7 ) who showed that CGR of modern cultivars generally increased
rapidly to a peak around the 1250 GDD after sowing and then declined to zero
prior to physiological maturity. The crop growth rate of both barley and wheat
were generally greater on MSCL than on CLS or NALS soil types. However,
barley on NALS had lower CGR than wheat. In general, CGR in 1988 season was
greater than in 1984 and 1987 ( Fig. 4 and Table 3 ).
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Fig. 1. Dry matter (DM) vs. growing degree days (GDD) accumulated
from sowing for barley (B) and wheat (W) on different soil types
in (a) 1984 and (b) 1988. Arrow indicates time of anthesis and
open circle refers to the measured DM for B-MSCL.
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Green area index (GAI) vs. growing degree days (GDD)
accumulated from sowing for barley (B) and wheat (W) on
different soil types in (a) 1984 and (b) 1988. Arrow indicates time
of anthesis and open circle refers to the measured GAI for
B-MSCL.



Table 3. Biomass yield (BY), grain yield(GY) , and harvest index (HI) at
final harvest and GAI and CGR at anthesis for barley and wheat on diferrent soil

types and seasons.

Season  Soil Crop BY GY HI GAI CGR
gm-2 gm2 gm-210
GDD-1
1984  MSCL  Barly 760 249 033 24 86
NALS  Barey 209 124 042 08 33
MSCL  Wheat 6% 190 028 20 80
NSCL Wheat 442 168 0.38 09 6.9
LSD 987 332 0051 023 36l
(P=o§5)
1987  CLS Barly 616 211 034 18 64
CLS Wheat 527 18 036 15 5.3
LSD 925 406 0051 018 131
(P=08)
1988  MSCL  Bardey 1073 32 030 5. 310
CLS Barley 709 295 041 27 115
MSCL  Wheat 871 248 028 33 175
CLS Wheat 606 219 036 26 120
LSD 1389 427 0052 027 37
(P=005)
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Relative growth rate (RGR) vs. growing degree days (GDD)
accumulated from sowing for barley (B) and wheat (W) on
different soil types in (a) 1984 and (b) 1988. Arrow indicates time
of anthesis.
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accumulated from sowing on different soil types for barley (B)
and wheat (W) in (a) 1984 and (b) 1988. Arrow indicates time of
anthesis.
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During the vegetative phase, RGR of both barley and wheat were greater on
the MSCL than on NALS ( Fig. 3a ). The higher RGR were followed by larger
GAI and CGR at anthesis and more dry matter and grain yield at the end of the
season ( Table 3 ).

The better early growth on MSCL can be attributed to greater water supply
and perhaps better nutrient status. Ricket er al. (10) reported that water holding
capacity in CLS was lower than MSL and this is likely to encourage more root
growth at the expense of top growth. They concluded that fewer shoots and
smaller leaves slowed down canopy development and water use. They also
suggested that CLS is a leached profile with less nutrients in the upper horizons
and applied nitrogen .is likely to be leached downward. In 1984, the lower rainfall
and probably lower soil moisture storage around anthesis (6) caused both barley
and whéat to decline GAI faster, decrease their CGR more rapidly and produce
lower dry matter at final harvest on MSCL as compared to CLS. Rickert
et al. (10) showed that the surface of heavy soil remains wet for a longer period
than the surface of light land fllowing rainfall and with fewers roots near the
surface of the laiter, presumably due to loss of water through soil evaporation.
They also showed that maximum wetting front for CLS and MSL were 130 and
90 cm, respectively. From the above evidence, it can be concluded that moisture
supply at depth is probably greater in CLS than MSCL. Probably, the greater
rainfall around anthesis in 1988 caused barley and wheat plants to be less
dependent on moisture storage ( compared to 1984 ). This is why the plants
produced more dry matter on MSCL than CLS.

The GAI, CGR biomass and grain yield differences between soil types were
greater in 1984 than in 1988, and it was related to a very poor crop growth on
NALS. French and Ewing (5 ) reported that wheat and barley grain yields were
lower on NALS than on other soils. A major cause of depressed growth on acid
soils is aluminum toxicity (8). Also Dolling and Porter (3) suggested that aluminum
toxicity is one of the major consequence of soil acidity in northern and eastern
wheatbelt of Western Australia. However the difference between soil types was
greater for the barley than for the wheat due to greater growth potential barley
on MSCL (13).

The greater GAI and CGR of barley at the anthesis caused larger biomass
and grain yield than for wheat on MSCL. However, the GAI, CGR, biomass and
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grain yield differences between barley and wheat on CLS were small ( Table 3 ).
Simpson et al(13) reported that as a consequence of rapid leaf appearance and
tillering, barley generally produced~a greater GAI than wheat which would
facililate greater radiation interception, photosynthesis and subsequently greater
DM production. In the trials of Siddique er al(11) a high GAI and CGR at the
anthesis of barley was associated with high radiation interception and finally
greater biomass and grain yield at the end of scason. On the NALS soil type, the
lower GAI and CGR at anthesis of barley resulted in lower biomass and grain
yields at finall harvest, most likely due to its very acid subsoil. Porter and
Wilson (9) reported that on acid soils, barley yield was very poor, ie., about
30 percent less than wheat.

The wheat roots penetrated deeper on NALS than barley roots (Fig. 5 ). The
lower penetration of barley roots on NALS can be attributed to very acid subsoil.
Porter and Wilson (9) suggested that the main reason for poor root growth in the
acid subsoil of the castern wheat belt is due to aluminium toxicily. They also
reported that the stunted rools can not explore the subsoil thoroughly to extract
enough water and nutrients.

The GAI and CGR at anthesis and biomass and grain yields at the end of
season for both barley and wheat were greater in 1988 than 1984 and
1987 ( Table 3 ). These differences can be mainly related to better rainfall
distribution of 1988 season ( Table 2 ). In 1984, the GAI and CGR reached a peak
before anthesis on MSCL ( Fig. 2a and 4a ), perhaps duc to lower air
temperature ( Table 2 ) and soil moisture stress (6) around anthesis. In 1987 and
1988, the GAIl on MSCL reached a peak closc to anthesis, but on CLS, anthesis
happened before CGR peak. It seems that around anthesis both barley and wheat
on CLS soil can use more moisture from subsoil and keep their GAI for a longer
period ( Fig. 2b ) as compared to MSCL and this can increase CGR after
anthesis ( Fig. 4b ).

The harvest index (HI) was lower on MSCL than CLS and NALS (Table 3).
The GAI and CGR at anthcsis were positively correlated to both biomass and
grain yield (Table 4 ). Karimi and Siddique (7) reported a positive correlation
between wheat CGR at the anthesis and both boimass and grain yield at the end
of season. They suggested that cultivars with greater CGR at anthesis may
translocate more carbohydrales to grains.
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Table 4. Correlation coefficients (r) of growth indices ( GAI & CGR ) at
anthesis and biomass and grain yicld at final harvest.

Growth indices Biomass Grain yield
CGR 0.87** 0.80+*
GAI 0.95%* 0.90**
- P<0.01
CONCLUSION

This study showed that RGR wvalues of wheat and barley during the
vegetative phase were higher on the MSCL than CLS or NALS. The greater early
growth on IMSCL was associated with higher GAl and CGR at anthesis and larger
dry matter and grain yield at final harvest. Barley with a greater GAI and CGR
at anthesis and biomass and larger dry matter and grain yield at final harvest
Barley with a greater GAI and CGR at anthesis yielded more on MSCL and CLS
as compared to wheat. The GAI and CGR at anthesis and biomass and grain yield
at final harvest were lower on NALS for barley than for wheat, demonstrating
the higher sensitivity of barley to low pH. The suitable rainfall distribution in

1988 resulted in a better growth and greater yield.
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accumulated from sowing on different soil types for barley (B)
and wheat (W) in 1984. Arrow indicates time of anthesis.
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