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Abstract : Cultivar differences in leaf photosynthesis (LPS) and grain yield of wheat [ Triticum aestivum L.] were
examined under irrigated and non-irrigated conditions in Cerrados, a semi-arid region in Brazil. Twelve
Brazilian, five Mexican and two Japanese cultivars were used in this project. The plants were grown under low
planting density to elucidate the relationship between LPS and the potential yield of an individual plant. Brazilian
cultivars ranked high in LPS, followed by Mexican and Japanese cultivars under non-irrigated conditions,
although there were practically no differences in LPS among these three groups of cultivars in irrigated
conditions. The LPS showed a significant positive correlation with grain yield (r=0.63**) and dry matter yield
(r=0.73**) per plant in non-irrigated conditions. However, LPS showed neither correlation with grain yield nor
dry matter yield per plant in irrigated conditions. The present results suggests that PLS could be a breeding
criteria to increase the yield per plant under soil water deficit conditions.
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In order to raise the yield of crops, the  of source capacity. Differences in LPS among
improvement of source capacity as well as sink  cultivars were examined in wheat*!%418) and
capacity is considered to be important. in other grain crops"%%!? in relation to grain
Photosynthetic rate per unit leaf area (Leaf  yield. However, a definite conclusion for the
photosynthesis, LPS) is one of the components interrelationship between LPS and grain yield

in the cultivars has not been reached. One of

* An outline of this paper was presented at the 182th the reasons for this could be that experimental

meeting of The Crop Science Society of Japan, held in conditions, such as soil water conditions, are
Gifu on October 7 and 8, 1986. This study was  gifferent. Most of the investigations so far
conducted as a cooperative research project between
. ) conducted were made under well-watered
Japan International Cooperation Agency (JICA) and . . hich LPS d X
Cerrados Agricultural Research Center-EMBRAPA, COI]dl[l.Ol'lS lI’l~W 1€ Cé_ln. em.onstratehlts
potential ability. We have limited information
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about the relationship between LPS and grain
yield under soil-water deficit conditions.

In this study, we examined the cultivar
differences of LPS and grain yield under soil
-water deficit conditions to discover whether
LPS is limiting to the differences in grain yield
and dry matter yield under drought condi-
tions.

Materials and Methods

1. Plant materials

Twelve Brazilian, five Mexican and two
Japanese cultivars of wheat (Triticum aestivum
L.) were used in this study (Table 1). The
Brazilian cultivars were bred from local
cultivars. The Mexican cultivars included two
types, one introduced from the International
Research Center of Maize and Wheat (CIM-
MYT), and the other bred from CIMMYT
cultivars in Brazil. The Japanese cultivars
included in this experiment were cultivars
adapted to humid conditions. Since it has been
reported that there is a negative correlation
between days to anthesis and grain yield in
wheat under drought conditions®%, all
cultivars were selected for similar heading
times to exclude the direct effects of the length
of growth duration on the grain yield. The
seeds were hand-sown at the beginning of the
dry season, June 7th in 1984, on the well
-irrigated field (dark red Latosol) of Cerrados
Agricultural Research Center of Brazil. Seed-
lings were thinned to a plant density of 31
plants/m? at a spacing of 65 cm X 5 cm, which
was about a third of the usual density in this
area. The yield per plant in this density, there-
fore, was considered to be nearly equal to the
potential yield of an individual plant. In
irrigated plots, the plants were watered every 3
to 4 days until the end of August, when the
dry season ended. In non-irrigated plots, irri-
gation ceased on July 12th and was resumed
again on August 13th. The amount of fertilizer
applied was 130, 250, and 60 kg/ha of N, P,
O,, and K, O, respectively, with 3 t/ha of lime
according to the soil test recommendations in
the Cerrados area.

2. Determination of leaf photosynthesis

and transpiration

The rates of leaf photosynthesis (LPS) and
transpiration (TR) were determined for each
cultivar at heading time, which was at the
beginning of August. The measurement was

conducted on a flag leaf under full sunlight in
the field, between 10:30 and 14:00h. A
exchange measuring system consisting of an
infrared CO, analyzer (ZAL, Fuji Electronic
Co. Ltd., Japan) and a humidity sensor
(HMP23, Visara, Finland) was used, and was
installed in a van. The leaf chamber was
connected to the system by long teflon-tubing.
Part of the flag leaf was mounted in the clip
type leaf chamber (10X4X0.8cm), into
which air was introduced from a rubber bal-
loon (1 m?) to avoid fluctuation of CO, con-
centration in the air. Air temperature in the
leat chamber was maintained constant at
about 30°C by circulating temperature
-controlled water through a heat-exchange
jacket mounted on the upper side of the
chamber. The measurements were done on
eight leaves of each cultivar, taking about two
minutes for each measurement.

3. Determination of total dry weight

and grain yield

Twenty plants from each cultivar were
harvested at maturity, and grain yield (GY)
and dry matter yield (DY) per plant were
determined.

Results

1. Leaf photosynthesis (LPS)

The LPS of 19 cultivars are listed in the
order of LPS in the non-irrigated plot (Table
1). Cultivar difference of LPS in the non
-irrigated plot was large, compared with that
in the irrigated plot, as judged from the
magnitude of coefficients of variation (CV) of
LPS. This indicates that the cultivar difference
of LPS increases in soil moisture deficit condi-
tions. Brazilian cultivars ranked higher in their
LPS than Mexican or Japanese cultivars in
non-irrigated conditions (Table 1). If we
compare the mean values of LPS among three
groups of the cultivars, the Brazilian plants
showed the highest LPS, followed by Mexican,
and then Japanese cultivars in the non-irrigat-
ed plots, while no significant difference in LPS
was observed in the irrigated plots (Table 2).
This indicates that Brazilian cultivars are toler-
ant to drought conditons with respect to leaf
photosynthesis, compared to Mexican or
Japanese cultivars.

2. Transpiration (TR) and water use

efficiency (WUE)

The TR changed in correlation with LPS in
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Table 1. Leaf photosynthesis (LPS) and transpiration (TR) of wheat cultivars under non-
irrigated and irrigated conditions,

Non-irrigated Irrigated
Cultivars : —
LPS TR LPS TR
(umol (mmol (g mol (mmol
CO,m 2%71) H,Om™2s7) CO,m2%s71) H,Om=2s7')
BR 8 (B) 14.3+4 .4 5.9+1.0 24.7+4.7 8.5+0.9
BUTUI (B) 13.5+3.0 5.9+1.4 20.8+2.8 8.6+0.9
BH 1146 (B) 13.3+2.8 6.8+1.2 20.4+3.5 8.1+0.8
BR 9 (B) 12.6+3.5 6.9+0.6 19.2+1.6 7.3%£0.5
IAC 24 (B) 12.4+4.8 6.3+1.7 25.7%+3.7 8.4+1.2
IAC 21 (B) 12.3+3.1 5.8+41.3 21.1+£2.7 7.8+0.6
IAC 5 (B) 12.1+4.4 6.6+0.8 20.1+2.5 7.5+0.3
IAC 18 (B) 11.9+4.1 7.7+£0.9 24.8+2.2 9.1+0.7
CANDEIAS (B) 11.7+3.2 6.1+1.0 28.5+1.8 9.9+0.5
MINUANO 82 (B) 11.3+4.5 6.4+1.3 21.94+2.2 6.5+0.8
BUCKBUCK (M) 10.746.2 5.2+1.5 24.2+3.2 9.0+0.4
SANTIAGO (B) 10.3+3.0 5.7£1.0 28.9+4.7 10.8+1.4
ALONDRA 4546 (M) 9.2+4.3 6.1+1.5 19.2+5.2 6.3+1.4
NAMBU M) 8.0+3.7 4.9+1.1 22.7+3.0 8.810.6
BR 10 (M) 7.6+3.8 5.4+2.3 23.2+3.2 8.1+0.8
ASAKAZE (J) 6.0£3.5 4.1+1.1 18.7+3.6 7.2+1.1
PELADINHO (B) 5.2+2.1 4.5+0.6 18.0+4.0 7.7t1.3
CHIKUSHI (]) 3.8+3.1 4.3+0.7 21.3+3.3 7.4+0.4
ANAHUAC (M) 3.2+1.3 3.5+0.5 25.1%+1.8 8.5+0.3
Mean 10.0+3.6 5.7+1.1 22.6+3.2 8.2+0.8
CV. % 34.0 18.8 14.1 13.5
The values are expressed as mean=+SD
(B), (M), and (J), are Brazilian, Mexican and Japanese cultivars, respectively.
The order of cultivars is by the rank of LPS in non-irrigated conditions.
Table 2. Mean values of leaf photosynthesis (LPS) | transpiration (TR) and water
use efficiency (WUE) in each group of cultivars,
Non-irrigated Irrigated
Cultivar
groups LPS TR WUE LPS TR WUE
F value o * o NS NS NS
Brazilian c. 11.7a 6.21a 1.88a 22.8 8.36 2.74
Mexican c. 7.8b 5.04b 1.50b 22.9 8.15 2.83
Japanese c. 4.9b 4.19b 1.17b 20.0 7.28 2.75

LPS: ymolCO,m~2s"!, TR : mmolH,Om~2s~!, WUE : 4 molCO,/mmolH,0,
* ** :significant at the 5% and 1% level, respectively. NS: not significant.

)

Different alphabetical letters mean significant difference at the 5% probability level® .

both soil water conditions, showing high corre-  instead of TR against LPS in a graph, no
lation coefficients with LPS in the irrigated  correlation was observed in the irrigated cndi-
(r=0.82**), and in the non-irrigated (r=0. tions, while they showed a significantly high
84**) plots. However, when plotting WUE  correlation coefficient (r=0.92**) in the non

NII-Electronic Library Service



342 Japanese Journal of Crop Science Vol. 63, 1994

Irrigated 00
®
o o
20} O@ﬁ ®
r=0.31
. 10F
‘Vl
T
E
ON 0 1 i n ]
© 0 1 2 3 4
E
> 20
~ 0 Non-irrigated
n
o
~ 15t
10
5_
0 )
0 3
WUE (;rmol CO2/mmol H20)
Fig. 1. Relationship between water use effi-

ciency (WUE) and leaf photosynthesis
(LPS) under irrigated and non-irrigated
conditions.
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cultivar.
Table 3. Correlation coefficients of leaf
photosynthesis (LPS) with grain and

dry matter yield, under non-irrigated
and irrigated conditions.
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Fig. 2. Relationship between leaf photosyn-
thesis (LPS) and grain yield (GY) under
irrigated and non-irrigated conditions.

7 Brazilian ; @ Mexican ; A Japanese
cultivar.

Table 4. Correlation coefficients of leaf

photosynthesis (LPS) with Plant height
under non-irrigated and irrigated con-
ditions.

Correlation coefficients

Correlation coefficients

Non-irrigated  Irrigated Non-irrigated Irrigated
Grain yield 0.63** 0.06 0.58* —0.14
Dry matter yield 0.73** 0.10 * : significant at the 5% level.

** : significant at the 1% level.

-irrigated conditions (Fig. 1).

In the graph for non-irrigated conditions,
Brazilian cultivars were located in the area of
high WUE and high LPS, while Mexican and
Japanese cultivars were located in the low
WUE area of the graph. This indicates that
the drought tolerant cultivars, such as
Brazilian cultivars, can demonstrate high LPS
and high WUE in soil water deficit conditions.

3. Relationship between leaf photosyn-

thesis and yield

Figure 2 and Table 3 show the correlation
coefficients of LPS with grain yield (GY) and

dry matter yield (DY). The LPS showed
significant positive correlations with GY (r=
0.63**) and with DY (r=0.73**) in the non
-irrigated plots. But LPS showed no significant
correlation with them in the irrigated plots
(r=0.06 for GY, and r=0.10 for DY).

4. Relationship between plant height

and leaf photosynthesis

It was found in Figure 3 and Table 4, that
LPS was positively correlated with plant
height under non-irrigated conditions (r=
0.58*), although it was not correlated under
irrigated conditions (r=—0.14). This suggests
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Fig. 3. Relationship between leaf photosyn-
thesis (LPS) and plant height (PH)

under irrigated and non-irrigated condi-
tions.

O Brazilian ; @ Mexican ; & Japanese
cultivar.

that the cultivars with large plant height are
resistant to drought conditions in respect to

LPS.
Discussion

Many experimental data on grain crops has
indicated that interspecific or intraspecific
difference of GY is not necessarily related to
differences in LPS%¢"®_But it should be noted
that most of the previous studies were con-
ducted under favorable soil water conditions.
So, it is not clear, at the present time, whether
cultivar differences of LPS are related to those
of grain yield under water-stressed conditions.
In this paper, we found a positive correlation
in wheat between LPS and grain yield only in
non-irrigated condition. However, grain yield
in this study was obrained from an individual
plant in a low density population. For this
reason, GY can be considered as a kind of
potential grain yield for an individual plant. In
semi-arid regions like Cerrados, the planting
density of wheat is low compared with humid
regions, to avoid the transpiratory water loss.
In such low planting density conditions, the
yield of individual plants corresponds to that

of land area. Therefore, the relationship
between LPS and GY obtained in this paper
could be applied to actual planting density
conditions in the Cerrados region, and hence,
LPS could be a breeding criteria for high
~yielding cultivars in semi-arid regions.

It is said that drought tolerant cultivars in
wheat can maintain a good water blance
within the leaf, and that they have extensively
developed root systems!!1314151D This study
demonstrated that LPS showed a significant
positive correlation with plant height under
non-irrigated conditions. The findings suggest
that tall local cultivars, such as Brazilian ones,
have good root systems and/or strong water
absorbing ability to maintain favourable leaf
water relations under non-irrigated condi-
tions.

References

1. Brinkman, M.A. and K.J. Frey 1978. Flag leaf
physiological analysis of oat isolines that differ in
grain yield from their recurrent parents. Crop Sci.
18:69—73.

2. Crosbie, T.M., R.B. Pearce and ]J.J. Mock 1978.
Relationships among CO,-exchange rate and
plant traits in Iowa Stiff Stalk Synthetic maize
population. Crop Sci. 18 : 87—90.

3. Fischer, R.A. and R. Maurer 1978. Drought
resistance in spring wheat cultivars. I. Grain Yield
responses. Aust. J. Agric. Res. 29:897—912.

4, ——, R.A,, F. Bidinger, J.R. Syme and P.C.
Wall 1981. Leaf photosythesis, leaf permeability,
crop growth, and yield of short spring wheat
genotypes under irrigation. Crop Sci. 21:367
—373.

5. Ford, D.M., R.Shibles and D.E. Green 1983.
Growth and vyield of soybean lines selected for
divergent leaf photosynthetic ability. Crop Sci.
23 :517—520.

6. Gent, M.P. N. and K. Kiyomoto 1985. Compari-
son of canopy and flag leaf net carbon dioxide
exchange of 1920 and 1977 New York winter
wheat. Crop Sci. 25:81—86.

7. Khan, M.A. and S. Tsunoda 1970. Evolutionary
trends in leaf photosynthesis and related leaf
characters among cultivated wheat species and its
wild relatives. Jpn. J. Breed. 20 : 133—140.

8. Kirkham, M.B. and E.L. Smith 1978. Water rela-
tions of tall and short cultivars of winter wheat.
Crop Sci. 18:227—230.

9. Nishida, A. 1969. Analysis of two-way classifica-
tion data with unequal subclass numbers. Bull.
Agric. Comp. Cent. A5: 1—22.

10. Rawson, H.M., J.H. Hindmarsh, R.A. Fischer

NII-Electronic Library Service



344

Japanese Journal of Crop Science Vol. 63, 1994

11.

12.

14.

and Y.M. Stockman 1983. Changes in leaf photo-
synthesis with plant ontogeny and relationships
with yield per ear in wheat cultivars and 120
progeny. Aust. J. Plant Physiol. 10: 503--514.
Ritchie, SSW., H.T. Nguyen and A.S. Holaday
1990. Leaf water content and gas-exchange
parameters of two wheat genotypes differing in
drought resistance. Crop Sci. 30 : 105—111.
Sasaki, H. and R. Ishii 1992. Cultivar differences
in leaf photosynthesis of rice bred in Japan.
Photosynthesis Res. 32 : 139--146.

. Schrader, L.E. 1980. Contributions from biochem-

istry and plant physiology. In Moving up the
Yield Curve: Advances and Obstacles. Amer.
Soc. Agron. and Soil Sci. Soc. Amer., Madison. 25
—43.

Seropian, C. and C. Planchon 1984. Physiological
responses of six bread wheat and durum wheat
genotypes to water stress. Euphytica 33:757

18.

—767.

. Shimshi, D. and J. Ephrat 1975. Stomatal behav-

ior of wheat cultivars in relation to their transpira-
tion, photosynthesis, and yield. Agron. J. 67 : 326

. Singh, M.K. and S. Tsunoda 1978. Photosynthe-

tic and transpirational response of a cultivated
and a wild species of Triticum to soil moisture and
air humidity. Photosynthetica 12 : 280-—283.

. Sinha. S.K., P.K. Aggarwal, G.S. Chaturvedi, K.

R. Koundal and R. Khanna-Chopra 1981. A
comparison of physiological and yield characters
in old and new wheat varieties. J. Agric. Sci.
Camb. 97 : 233 —236.

Winter, S.R., J.T. Musick and K.B. Porter 1988.
Evaluation of screening techniques for breeding
drought-resistant winter wheat. Crop Sci. 28 : 512
—516.

NII-Electronic Library Service





