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Photosynthesis, respiration and nutrient ab-
sorption are the three basic physiological pro-
cesses in the life of plants, playing an important
role in their dry matter production. Thus,
when growth factors and translocation processes
are not limiting to the dry matter production,
the quantity and quality of the dry matter
produced will be determined by the level of the
three physiological processes and their inter-
relationships.

There is clear evidence for the existence of
difference between species in the rate of dry
matter production, and it is becoming increasing-
ly obvious that dry matter production of a
plant is highly dependent on environmental
events such as air temperature and light intensity
met with during the life period. From this
point, it may be quite significant to make
clear what influences the air temperature will
give upon photosynthesis, respiration, and
nutrient absorption which have a fundamental
connection with dry matter production and
growth of plants.

The differential effects of temperature on the
apparent photosynthesis of various species have
been studied by MicLer (1960), MuraTta
and Ivama (1963), Murata et al. (1965),
El-Suarkawy and Hesketa (1964), HorsTra
and HesketH (1969), and others. From these
results it has been concluded that the optimum
temperature for leaf photosynthesis is high, 30
to 47°C, for C, species, while it is low, 15 to
25°C, for Cj; species (Brack, 1973).

As for the effect of air temperature on the
dark respiration of various species, MURATA and
Ivama (1963) and MURATA et al. (1965) reported
that the dark respiration rate of 20 forage and

* Qutline of this paper was reported at the 160th
Meeting of the Crop Science Society.

grain crops increased with increasing air tem-
perature with little specific differences. How-
ever, IMAI et al. (1973) who compared various
photosynthetic properties of 9 species found
that dark respiration rate was higher in C;
species than in Cjg species.

Concerning, on the other hand, the differential
effects of temperature on the nutrient uptake by
root among species, little is understood, because
very few works have been done on this subject.

In the present experiments described below
differences were examined between several C,
and C; crop species in their rates of apparent
photosynthesis, dark respiration, and NH,-N,
P, and K absorption by root in relation to
various air temperatures, in order to make clear
what influences the air temperature would give
upon the growth of plants through its effect
upon the three basic physiological processes.

Materials and Methods

Plant material The C, species used were maize
(Zea mays L. cv, Okuzuruwase), sorghum (Sorghum
bicolor L. cv, Bonita), millet (Panicum miliaceum
L. cv. Shirokibi), and barnyard millet (Panicum
crus-galli L. cv. Hidaakabie); the C; species
were rice (Oryza sativa L. subsp. japonica cv.
Nihonbare and O. sativa L. subsp. indica cv.
IR 8) and soybean (Glycine max L. cv. Norin 2),
as summer crops, and wheat (T7riticum aestivum
L. cv. Fujimi-komugi), barley (Hordium vulgare
L. cv. Dorirumugi), and pea (Pisum sativum L.
cv. Sanjunichikinusaya) as winter crops. The
seeds were obtained from the Central Agricul-
tural Experiment Station, Konosu (rice and
barley), Experimental Farm of University of
Tokyo, Tanashi (soybean, barnyard millet),
Kikyogahara Branch Office, Nagano Agricul-
tural Experiment Station (maize), Chugoku
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Table 1. Species used and cultural conditions,

Species Plant Nutrient Cultured Aeration Photosynthesis
density* solution temp. ** pathway
1 Wheat 130 Kimura A 20/20 Yes C-3
2 Barley 130 Kimura A 20/20 Yes C-3
3 Pea 16 Kimura A 20/20 Yes C-3
4 Soybean 16 Kimura A 30/25 Yes C-3
5 Rice, indica 130 Kimura B 25/20 No C-3
6 Rice, japonica 130 Kimura B 25/20 No C-3
7 Maize 20 Kimura A 30/25 Yes C-4
8 Sorghum 70 Kimura A 30/25 Yes C-4
9 Millet 70 Kimura A 30/25 Yes C-4
10 Barnyard millet 70 Kimura A 30/25 Yes C4

*Plant number per tray, 32X22X 1lcm in size. **Day/night temperature, °C.

Agricultural Experiment Station (sorghum),
National Institute of Agricultural Sciences, Hira-
tsuka (millet), National Institute of Agricultural

Determination of nutrient absorption by root

The roots of intact seedlings were put in a
) . . plastic container (20X 13x8 cm deep) which
SClenCCS,.I](ltamOtO (wheat) and Takii Shubyo contained 1.3 liter of nutrient solution. The
commercial store (pea). container was placed in a growth chamber main-
tained at 12, 18, 24, 30, 36 or 42°C for 3
hours under 35 klux light intensity, 60-809,

relative humidity, and ca. 300 ppm CQ, con-

After disinfection with 0.19; Usprun solution
for 6 hours, the seeds were germinated in dis-
tilled water, and then transplanted into trays
(3022 x 11 cm deep) containing culture solu-

) : centration of the air. Then, the seedlings were
tion, KiMmura’s A or B solution. These trays

) taken out, their roots were excised, blotted
were placed in a growth room of natural light

maintained at 30/25°C, 25/20°C, or 20/20°C
in the day and night temperature according to

with tissue paper and weighed. Dry weight
was measured with materials dissected into
several parts and dried in a forced-air dry-
species. The culture solution was changed every ing oven set at 80°C for more than 48 hours.
3 days. Other cultural conditions are shown
in Table 1.

When the 4th or 6th leaf elongated, each

species was divided into 2 groups: one for the

Nutrient absorption rates were calculated {rom
the difference in NH,-N, P and K concentration
of the culture solution at the start and after 3
hours. Nutrient elements were determined by

measurement of photosynthesis and dark res- the following methods:

piration and the other, for the determination NH,-N: Nessler method,

of NH,-N, P and K absorption. P: Vanadomolybdophosphoric  yellow

color method in nitric acid system

(Method V of M. L. JACKSON), and
K: Flame photometer.

Measurement of apparent photosynthetic and
dark respiration rate One tray of seedlings was

i imilati r. Its apparent . .
placed in an assimilation chambe ppare Nutrient absorption rates were expressed as

photosynthetic rate was measured under 35 klux mg element/g fresh wt. of root/3 hours. Each
light intensity, 60-809%, relative humidity, ca. 300 of the photosynthesis, respiration and nutrient
ppm CO, concentration of the air, and 6 levels absorption experiments was replicated 2 or 3
of temperature, 12, 18, 24, 30, 36 and 42°C. It times.

took 45 minutes to finish photosynthesis measu- Results and Discussion
rement at each temperature level. Dark res-

Effect of temperature on apparent photo-

piration was measured 30minutes after the photo- 1.

synthesis measurement at each of the 6 tem-
perature levels. Both photosynthesis and res-
piration were measured by an open system
using an infrared gas analyzer (Fuji Electric Co.).

synthesis

The relationships between air temperature and
apparent photosynthesis of various species are
shown in Fig. 1. Although the values of apparent
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Fig. 1. Relationship between apparent photo-
synthesis and temperature of crops.
Note. Numerlas in the figure indicate crop
name in Table 1.

photosynthesis in the figure are relatively low
in all the 9 species due to the low light intensity
and the mutual shading of leaves within a tray,
it is clearly indicated that each species has its
own optimum temperature for its apparent
photosynthesis: the C, species, sorghum, barn-
yard millet, maize, and millet which is firstly
reported here in this respect, having higher
temperatures of 30-36°C; the C; winter crops,
barley, wheat, and pea, lower temperatures of
about 18°C; and the C; summer crops, rice and
soybean, medium temperatures of 24-30°C.

As for the optimum temperature for photo-
synthesis, MILLER (1960) compared creeping
bentgrass and bermudagrass, MURATA and
IvramMa (1963) and MuraTA et al. (1965)
compared 20 forage and grain crops, EI-SHARK-
Awy and HeskeTH (1964) compared sorghum,
soybean, cotton, and Thespecia populnea, and
HorstrA and HeskeTH (1969) compared maize,
sugar beet, soybean, Atriplex hastata, and A.
nummularia. Besides these, optimum temperature
for photosynthesis of individual species was re-
ported in such species as dwarf pea (HELLMUTH,
1971), a desert C, species, Tidestromia oblongifolia
(BJGRKMAN et al., 1972), and others. How-
ever, it is also known that optimum temperature
for photosynthesis is shifted by the growth tem-
perature (MURATA and Ivama, 1963; MooNEY

20
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Fig. 2. Relationship between dark respiration
and temperature of crops.

and HarrisoNn, 1969; Sawapa and MivAcH,
1974). On the other hand, it has been concluded
from literature that the optimum day temp-
erature for growth is high, 30 to 35°C, for C,
species, while it is low, 20 to 25°C, for C,
species (BLACK, 1973).

Taking all these results as well as the present
results into consideration, it may be concluded
as follows: The photosynthetic response of a
species to temperature is closely associated not
only with the photosynthetic pathway but also
with more ecological characteristics such as the
temperature or seasonal requirement for growth.

2. Effect of temperature on dark respi-
ration

The effect of temperature on dark respiration
is shown in Fig. 2 where dark respiration rate
increases steadily and exponentially with in-
creasing temperature in all the 9 species alike.
This tendency is in good agreement with the
results of MuraTA and IvyamMa (1963) and of
MurATA et al. (1965). However, the rate of
dark respiration is different from species to
species: that of C, species, millet, maize, sorghum,
and barnyard millet, is very high as compared
to that of the Cg; summer crops, with the C;
winter crops showing medium values. This is
supported by the results of Imar et al. (1973)
that dark respiration rate at 30°C is higher in
C, species than in C; species. Also MAENO
(1969) reported that the rate of respiratory
consumption of dallisgrass (C,) was higher than
that of Italian ryegrass (Cz) during their re-
growth period.
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3. Apparent photosynthesis-dark respira-
tion ratio

The ratio of apparent photosynthesis to dark
respiration (P/R ratio) is shown in Fig. 3 where
it decreases roughly exponentially with in-
creasing temperature in all the 9 species. In
the C, species, the P/R ratio is lower at low
temperatures, decreasing more slowly than in
the C, species with increasing temperature. It
is suggested from these that the C, species are
inferior to the Cg species in dry matter production
in lower temperature range as far as its efficiency
is concerned, disregarding long-term changes
such as taking place in the productive structure
and others. In addition, from Figs. 1 and 2,
it is recognized that apparent photosynthesis
rate of the C, species attains the maximum value
at higherlevels of respiration rate (3—4 mgCO,/
dm?/hr), while the C; species do so at a lower
levels (I mgCOy/dm?/hr for winter crops and
1-2 mgCO,/dm?/hr for summer crops).

4. Effect of temperature on nutvient ab-
sorption

The absorption rate of NHy-N, P and K
tended to increase with increasing temperature
until a maximum value is reached, and then
to decrease again at still higher temperatures
(Fig. 4). The optimum temperature for ab-
sorption was different among species and nutrient
elements. In C; species the optimum tem-
perature for the absorption of NH,-N, P and
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Fig. 3. Relationship beween P/R ratio and
temperature in crops.

K in rice was 36-42°C, 36°C and 42°C, res-
pectively. In barley and wheat, that for NH,-N
was 24°C and that for both P and K was 36°C
(Fig. 4-b).

In soybean and pea, that for P and K was
36—42°C and 36°C, respectively, while that for
NH,-N was not recognized at all. In all the
C, species, the optimum temperature for NH,-N
absorption was 30°C and both for P and K
was 42°C (Fig. 4-d). Interestingly, K absorp-
tion in this type of plants increased linearly
with the increasing temperature attaining as
high as 0.85 mg K/g fresh wt. of root/3 hours
at 42°C, a value 1.2-4.7 times greater than that
in comparable C; species. The higher rate of
K absorption by the C, species as compared
with the C; species was in line with the result
of WoRLEY et al. (1963) who found that the rate
of K-uptake was higher in sudangrass, a C,
species, than in rye, pea or soybean, Cg species.

5. Interrelationships between apparent pho-
tosynthesis, dark vespirvation, and nutvient
absorption

In contrast to the response of dark respiration
rate which increased both in C; and C, species
with increasing temperature up to 42°C, the
rate of apparent photosynthesis reached a
maximum value at various temperature levels:
18°C for C; winter crops, 24-30°C for Cy summer
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Fig. 4. Relationship between NH,-N, P, K
absorption and temperature in crops.
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Fig. 5. Relationship between NH,-N, P, K and respiration of crops.
Note. Numerals in parenthesis indicate crop name in Table 1.

crops, and 30-36°C for C, crop species. Thus,
no consistent relationship could be found be-
tween variations in photosynthesis and those in
respiration in the present experiment. How-
ever, nutrient absorption was found to be corre-
lated very closely with dark respiration rate in
both C, and C; species (Fig. 5) and with ap-
parent photosynthesis in some cases (Fig. 6).
Relationships between nutrient absorption and

dark respiration are shown in Fig. 5. In this

figure, although the correlation of dark res-
piration rate with NH,-N absorption is not so
close, that with P and K absorption is very close
in all the species. This may be taken as a
proof to show that nutrient absorption of plant
root is heavily dependent on the respiratory
In addition, the
relationships in the C, species gave higher re-
gression coeflicient than in the Cg species. This

may indicate the higher efficiency of respiratory

activity of the whole plant.
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absorption of crops.

process in the C, species in absorbing nutrients, proteins which are, in turn, limited by nitrogen

especially K, than in the C; species. absorption.

Relationships between apparent photosynthesis

and nutrient absorption are shown in Fig. 6. Summary

There i1s no relationships observed between ap-
parent photosynthesis and P and K absorption
in the C, species, but close relationships are
recognized in the C, species. This is in line
with the generally observed facts that photo-
synthetic activity depends heavily on nitrogen
content of the leaf (MuraTa, 1969). It may be
suggested from these data that in the C, species
the effect of varying temperature from 12 to
42°C on photosynthetic activity is basically
exerted through the metabolism of chloroplast

Short-term influence of air temperature upon
the photosynthesis, dark respiration, and nutrient
absorption in C; plants (3 winter crop species
and 2 summer crop species) and C, plants (4
species) were investigated. Based on the data
obtained, the interrelationships among nutrient
absorption, dark respiration, and apparent
photosynthesis were examined. The results ob-
tained are as follows:

1) The optimum temperature for photo-
synthesis was high in the C, species: 30-36°C,
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low in the C; winter crops: about 18°C, and
medium in the C; summer crops: 24-30°C
(Fig. 1).

2) Dark respiration rates showed a steady,
exponential increase with increasing tempera-
ture in all the 9 species. In the C, species,
dark respiration rate was higher than that in
the C, species (Fig. 2).

3) The apparent photosynthesis-dark res-
piration ratio (P/R ratio) of all the 9 species
showed an exponential decrease with increasing
temperature. In the C, species this ratio was
lower at low temperatures, decreasing more
slowly with increasing temperature than in the
C, species (Fig. 3).

4) The NH,-N, P and K absorption rates
differed from species to species. In general,
the optimum temperature for K absorption
in the C, species was very high and its accelera-
tion by increasing temperature was very re-
markable compared to the C; species.

From these data it has been suggested that
in the C, species the effect of varying tem-
perature from 12 to 42°C on photosynthetic
activity is basically exerted through the metabol-
ism of chloroplast protein which are, in turn,
Further, NH,-

N, P and K absorption was found to be very

limited by nitrogen absorption.

closely correlated with respiration rate, and
especially in the C, species, indicating higher
efficiency of respiratory process
nutrients in the C, species than in the Cy species.

to absorb
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C B &0 C RO E BRI RICEAT SR
1M ZEEHOLAW, TRE LOBRGBIZ R TREDOXE

Fav-avs Ry K W E B
(30K 18

HECHT A EEDIEYDOHAR, FRE X ORGSR B AN BT 2 HAT C RO I (Fy (2 1)
LAAMEY (3FE) BX 0 CaBoEY (45) AV TKRBHAET 3 EREORBR L f1/c - 7o, #ROBMEBEILK
DEHTH- T

1. 223 OXAMOREREL C BTikE< 30~36°C 12, (3 MOLEYTITEL 18°C Fikiz,
F LT G BoS TRl oREo 24~30°C ic bt (Fig. 1).

2. WEIEIR & REE L OF RO ST, R TR S a2y, G BIDEH D RGN
LR Cs MOERZHA_NTE L B2 LT » 7o (Tig. 2).

3. AT OXEREFROER (PR ) (X Fhofi s TLE D Tt - CIEIR R
EFT5. ZoETECHTIXET C]MTIESCHTHS (Fig 3).

1. 3EFEOWIKLRE L OMRIZFEC L b S5 5, —RCE 0 R@ii X NHeN Tk 24~36
“C, P L KTiX 36~42°C THhoto. CoBTIT C T HNKOBIGEENEL {RE <, RMEERFCX
AILELRECT EIHELIT - 7o (Fig. 4).

LA Eo&ER IR A BRI OIA K, s X ORGBRILOBIGIZ B\ TRD X 5 7o HEEI R
PR D ok AVbh o o (Fig. 5 353 0% Fig. 6). Co B E & Cs OA/ED —iTic NHeN BT & 4
BOEEE - ORI E B HBBEARS b, THIXMERDS S OBGE &L GEE 25 &, ERWIGEE 2L
ERBEMTIRERCE T B 2 &R RTINS, ), BHVIR EWPRHEE & ORIZILE DIE
Wiz BT LB TH B MBARES bt 202 LIXESWIAITRIEE M < KIFT 5 2 & &md
LoLEZDONS.
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