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Table 14 Multiple regression analysis of 25 plant characters against net 
assimilation rate by stepwise regression procedure*. 

Y =26. 904+15. 891X3+0. 755X12 -0. 138X1,+-L 199X16 +0. 156X22 -5. 484X2,1) 

R2 =0. 8116 
Analysis of variance 

Source df 

46 

6 

40 

ss ms Overall F 

Total 

Regression 

Residual 

4,532.77 

3,679.01 

873. 77 

613. 17 

21. 34 

28. 72 

Coefficients and partial F, etc. 

Var. no. J\lean Stan. coeff. B Partial coeff. B Stand. error B Partial F 
-~---~~-----~---- -- -

X3 SLW2 2.57 0.2969 15.891 5. 661 

X12 H1 37.29 0.3731 0. 755 0. 253 

X14 LILA 76.20 -0. 2198 -0.138 0.071 

X16 LIL 5.69 0.2679 1. 990 0. 761 

X22 W2/T2 145.65 0.5500 0. 156 0.039 

X2• LAifleaf 4. 74 -0. 6940 -5. 484 

Constant term in regression equation=26. 904 

Contribution of independent variables to Y 

12. 3656" 
15. 53 

9. 16 

11. 16 

22. 90 

28.90 

0. 778 
·- -·------------·---··--

1) X3 : SLW at the 2nd sampling (SL\V2, mg/cm2), X12 : plant at the 1st sampling 

(H1, cm), X14 : leaf area increase. (LILA cm2/plt/week), X16 : increase of leaf 

no. (JL, 110./plt.), X22 ::_total dry weight/tiller no. at the 2nd sampling (W2 / 

T 2), X24 : leaf area/leaf at the 1st sampling (LAifleaf, cm2/leaf) 

* Multiple regression analysis by stepwise regression procedure coded by K. 

Kawabata with HIT AC 8000 in the Computing Center of the Agriculture, 

Forestry and Fisheries Research Conucil, Ministry of Agriculture and Forestry, 

Japan. 

7.89 

8.91 

3. 76 

6.84 

15.98 

49. 74 

by partial regression coefficient indicated that X3 (SLW2), X,2 (H,), X1• (LJ.LA), X1,, (..::iL), 
X,2 (W2/T2) and X24 (LA1/Ieaf) were 12.4, 15.5, 9.2, 11.2, 22.9 and 28.9%, respectively. 
This means that the six characters mentioned above are important determinant factors 
of NAR. Thus, net assimilation rate can be forecasted with a probability of 81.2% by 
these characters. This procedure, however, does not have the practical usefullness in the 
forecast of NAR because more laborious works than direct measurement of NAR are 
required. On the other hand, this analysis is important in identifying major characters 
contributing to NAR and the extent of their contribution. 
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Fig. 4 Relationship between net assimilation rate and specific leaf 
weight among rice varieties (Experiment III, Dec. 1971). 
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The largest single correlation coefficient to NAR was that of SLW" as shown in 
Table 13. Fig 4 shm.vs the relation between NAR and SLW. Single regression equation 
between NAR and SLW2 which was obtained in the course of formulating 
regression equation computed by stepwise regression procedure was indicated as follmvs; 

Y =-5.32+38.39 X3 R 2=0.515 
Y=NAR 
X,=:SLW2 
The regression explains that the relationship between NAR and SUN, is 51.5%. Thus, 

SLW2 c&n be regarded as a useful primary index of selection for higher NAR varieties, 
if it is a stable character not being influenced by the change of environmental condition. 
Then, the stability of SLW to climatic conditions was examined. 

Table 15 shows the significant correlationship at 1 % level between NAR and SLW2 
in the Experiment II, Experiment III and Experiment IV. Although the Experiment II was 
composed of 5 different experimental series v,hich were performed from lVIay to 
tember, 1971, it was found consistently that ::\!AR related closely to SLW2. Table 16 shows 
that there were significant differences of SLWz among varieties but there were neither 
significant difference between experiments nor interaction of varieties-experiment 
through both experiments. This means that absolute value of SLW2 obtained at the 
rainy season in the Experiment III did not differ from that at the dry season in the Ex­
periment IV and that the order of SLW2 of varieties did not change significantly in both 
seasons. The leaf age of varieties used in both experiments was almost equivalent. 
Table 17 shows SLW,, SLW2 and the correlation coefficient between them in each experi­
ment. Significant coefficients were indicated except a case. All these results indicate 
clearly that specific leaf weight of rice varieties is an extremely stable character against 
climatic conditions. 

The specific leaf weight expresses the amount of dry matter per unit leaf area and 
does not necessary imply morphological thickness of leaf. In wheat, however a close 
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Table 15 Relationship between NAR and SLW2 in three experiments. 

Varieties 

B- 16 
- 56 

-- 75 
- 84 

- 88 
-105 
-113 

-114 

-116 

-117 

-118 

--121 
-132 
-134 
-136 
-140 
-160 
-161 

-187 
-201 
-202 

A- 30 

D- 20 

B- 59 
- 64 

-188 
-200 

-209 
IR 8 

Expt. IVu 

NAR SLW.,4> 
mg dm- 2 mg c·m-2 

day-· 1 

105 

109 
103 
124 
98 

101 
120 

119 

111 

101 
123 
120 
101 
114 

104 
99 

119 
116 

120 

129 
129 
116 

106 
99 
95 

101 
92 

94 

2.70 
2.49 

2. 99 

2. 88 
2. 66 

2.4] 
2. 74 
2. 56 

2. 65 

2. 27 
2. 76 
2.57 
2.60 
2. 78 
2.59 

2.32 
2.55 
2. 70 
2.85 
2. 86 

3. 16 
3.03 

2. 91 

2. 67 
2.40 
2.35 
2.24 
2.51 
2.47 

Expt. ill 2> 

NAR SLW2 

mg dm-2 mg cm-2 

day-1 

87 
108 
102 
101 
106 
88 

103 
92 

98 
104 
104 
100 

84 

110 

82 

91 

115 

95 

112 
93 

104 
104 
103 
79 

88 
88 

84 

78 
84 

2.59 

2.49 

2. 72 
2. 66 

2. 65 

2. 55 

2.62 
2.58 

2.45 

2.63 
2. 72 
2.62 
2.51 
2. 86 

2.49 

2.49 

2.68 
2. 69 
3. 01 

2. 82 

2. 93 

2.82 
2. 72 
2. 58 
2.48 
2.41 
2.31 

2. 31 

2.38 

Correlation coefficient between NAR and SLW2 

Experiment IV r=O. 6441** 

Experiment ill r=O. 6996** 

Experiment II r=O. 5994** 

1) Experiment IV performed from March 15 to 22, 1972. 

2) Experiment ill performed from December 20 to 27, 1971. 

Expt. II 31 

NAR SLW2 
mg dm-2 mg cm-2 

day-1 

136 
102 
112 

83 

100 
110 

116 
121 

117 

126 
131 
136 
121 

137 

122 
122 
161 
158 
160 
156 
148 

144 

140 
75 
73 

88 

103 
96 

3. 13 

2. 55 

2. 84 

2. 90 

2.66 
2. 92 

2. 70 
2.89 
2. 51 

2.82 

3. 21 

2.94 

3.09 

2.55 
2.84 
2. 75 
2.96 
3.05 
3.50 
3. 29 

3.50 
2.82 
3.30 

2.98 

2.64 
2.52 

2.59 
2.68 

3) Experiment II composed of 5 different experimental series which were performed from May 

to September, 1971. 

4) Specific leaf weight measured at the second sampling. 



Table 16 Analysis of variance on SLW2 between Experiment III and IV. 

Source 

Total 

Varieties 

Experiment 

Var. x Expt. 

Error 

df 

173 
28 

1 

28 
116 

ss 

10.0564 
6.4012 
0.0757 
0.8717 
2. 7078 

ms 
~~~- - ------------

0.22861 
0.0757 
0. 03113 

0.02334 

F 

9.79** 
3. 24 ns 

1. 34 ns 
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relationship between SLW and morphological thickness of leaf was reported (23). The 
amount of matters per unit leaf area may concurrently indicate the content of total 
nitrogen or protein nitrogen per unit leaf area. Figure 5 shows a close relationship 
between SLW and total nitrogen per unit leaf area in the Experiment III (r=0.9543/.·*). 

Figure 6 also shows the same relation. The larger is SLW, the larger the content of 
total nitrogen is. Consequently, there are close relationships between N AR and total 
nitrogen content per unit leaf area as shown in Fig. 7 and 8. 

Table 18 shows the mean total nitrogen per unit leaf area of varieties used in the 
Experiment III and Experiment IV and the significant correlation coefficient (r=0.695•;,,-x•) 

between both experiments. Furthermore, Table 19 indicates the analysis of variance 
on total nitrogen between both experiments, which shows significant differences among 
varieties and between experiments but not significant interaction between varieties and 
experiments. Namely, it is aparent that there are varietal differences in total nitrogen 
content per unit leaf area and the relative order of it among varieties does not change 
due to different climatic condition. Therefore, total nitrogen content per unit leaf area 
is also regarded as a stable character as SLW as far as the inorganic nutrition of plants 
is not restricted. Total nitrogen content per unit leaf area as well as specific leaf weight 
can be used as a criterion in selecting higher N AR varieties. 

SLW (mg cm-2) 
3.2 • 

·@ IRS • 3.0 • 
2.8 

f 
!tt ••••• • •• 2.6 • •• • • \). 

2.4 • • • • r = 0. 9539'* 

• • 2.2 

~ 14 16 18 20 

Nitrogen content (mg dm - 2 leaf) 

Fig. 5 Relationship between specific leaf weight and nitrogen content 
per unit leaf area among rice varieties (Experiment ill, Dec. 
1971). 
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Table 17 Relationship of SLW between experiments. 
----------- --•--=--- ---=------:-- C -- ---- ------------ - -·-- ----·---·-··· -

Exptl. SLW/) SLWl) 
- ·-- . ---- ----- -------~-

var. no. Expt. ill'l Expt. 1V4J Expt. II 5) Expt. ill Expt. 1V 
--- -- -- --- - ---------------------------- ---------------------------- - - ------~---------------- --

B- 16 2.40 2. 32 3. 13 2.59 2. 70 
- 56 2. 05 2.22 2.55 2.49 2.49 
- 75 2.53 2. 58 2.84 2. 72 2.99 
- 84 2. 76 2.56 2.90 2.66 2.88 
- 88 2.61 2.26 2.66 2.65 2.66 
-105 2.49 2.49 2.92 2. 55 2.41 
-113 2.69 2.58 2. 70 2.62 2. 74 
-114 2.62 2.54 2.89 2.58 2.56 
-116 2.38 2.54 2.51 2.45 2.65 
-117 2.62 2. 18 2.82 2.63 2.27 
-118 2.87 2.65 3.21 2. 72 2.76 
-121 2.61 2.41 2.94 2.62 2.57 
-132 2.56 2. 13 3.09 2.51 2.60 
-134 2. 78 2.40 2.55 2.86 2. 78 
-136 2.34 2.23 2.84 2. 49 2.59 
-140 2.46 2.26 2. 75 2.49 2.32 
-160 2. 71 2. 34 2.96 2.68 2.55 
-161 2.57 2. 70 3.05 2.69 2.70 
-187 3.27 2.39 3.50 3.01 2.85 
-201 2.85 2.44 3.29 2.82 2. 86 
-202 3.00 2. 89 3.50 2.93 2. 16 

A- 30 2. 76 2.48 2.82 2. 82 3.03 
D- 20 2.52 2. 38 3.30 2. 72 2.91 
B 59 2.34 2.60 2.98 2.58 2.67 

64 2.26 2. 12 2.64 2. 48 2.40 
-188 2.42 2.30 2.52 2.41 2.35 
-200 2.09 2. 11 2.59 2.31 2.24 
-209 2.50 2.48 2.68 2.31 2.51 
IR 8 2.37 2.47 2.69 2.38 2.47 
x 2.57 2.42 2.89 2. 61 2.65 
sd 0.258 0. 188 0. 280 0. 173 0. 229 
cvg~ 10.0 7. 78 9.67 6.63 8.62 

-------- -----------· ---- -------------------·----

Correlation of SL W between experiments 
---·---------------c _______ - _______ - _______________ -___ - __ -__ -_________ - __ -_-___ - ____ --~ 

Expt. lV Expt. II Expt. III Expt. IV 
SLW1 SLW2 SLW2 SLW2 

- ---------------~-
Expt. ill SLW1 . 473** . 652** . 837** . 372* 
Expt. 1V SLW1 . 389* . 470** . 263 
Expt. II SLW2 . 669** . 545** 
Expt. ill SLW2 . 752** 

- ---------------------··----- ·---- --------·--------
1) Specific leaf weight at the beginning of the growth analysis experiment. 
2) Specific leaf weight at the end of the growth analysis experiment. 
3) Experiment ill performed from Dec. 20 to 27, 1971. 
4) Expt. IV performed from March 15 to 22, 1972. 
5) Expt. II composed of 5 different experimental series from May to September, 1971. 
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Fig. 6 Relationship between specific leaf weight and nitrogen content per 
unit leaf area among rice varieties (Experiment IV, March, 1972). 
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Fig. 7 Relationship between net assimilation rate and leaf nitrogen 
content per unit leaf area among rice varieties (Experiment 
ID, Dec. 1971). 

37 



38 

Table 18 Relationship of nitrogen content per unit leaf 
area between Experiment III and IV. 

Exptl. 
var. no. 

B- 16 
- 56 
- 59 
- 64 
- 75 
- 84 
- 88 
-105 

-113 

-114 

-116 

-117 

-118 

-121 
-132 
-134 
-136 
-140 
-160 
-161 
-187 
-188 
-200 
-201 
-202 
-209 

D- 20 
A- 30 
T 141 
IR 8 

x 
sd 

----------~-- -- -~---

N mg dm-2 leaves 

Expt. ]Illl Expt. IV2> 

14.9 16. 7 
16.3 15.5 
16. 1 16. 5 
13. 5 15. 3 
16. 2 18. 9 

15. 9 18.3 
16. 3 16. 1 

14.8 17. 1 
15. 2 17.4 
15. 3 15.8 
14. 7 17.3 
15. 5 14.4 
15. 7 17.6 
15. 2 16. 7 
13.9 15. 0 
17.2 17.5 
14. 0 16. 1 
14. 9 15.5 
15. 1 15. 2 
14.8 16.5 
17.9 18.2 
13. 9 14.8 
12. 3 13. 8 
17. 2 18. 2 
17. 1 19.5 
12.5 15.9 
17. 1 18.3 
16.3 19. 0 
14. 7 14.9 
15. 1 15.6 
15. 3 16. 6 

1. 35 1. 48 
8. 83 8.94 

Correlation coefficient of N content between Experiment lII and IV 

r=0. 6947** 
1) Expt. llI performed with 3 replicates from Dec. 20 to 27, 1971. 
2) Expt. IV performed with 3 replicates from March 15 to 22, 1972. 
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Eig. 8 Relationship between net assimilation rate and specific leaf 
weight among rice varieties (Experiment II, Series 5, Sept., 
1971). 

Table 19 Analysis of variance on N content per unit leaf area between 
Experiment III and IV. 
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--- -- ---------

Source df ss ms F 
-- ·-- ---·--- - -----· -·--------

Total 179 567,056 
Varieties 29 301,365 10,391 8.85** 
Expts. 1 76,578 76,578 65.21** 
Var. x Expt. 29 48,199 1,662 1. 42ns 

Error 120 140,914 1,174 

Furthermore, the relationship between total nitrogen content per leaf area and total 
nitrogen concentration (N% of leaves) was examined. Table 20 shows a dispersed re­
lation between them. Coefficient of variation of the mean nitrogen concentration among 
varieties was smaller (less than 3%) than that of nitrogen content per unit leaf area 
(more than 8%). 

Based on anatomical studies on rice varieties, Chonan (7) reported that SLW did 
not relate to morphological thickness but showed a close negative relation to the length 
of fibrobascular bundle. Watanabe et al. ( 85) reported that thickness of primary leaf of 
soybean related closely to fresh weight per unit leaf area, because leaf thickness may 
indicate vacuole as well as mesophyll cell. Freind et al. (23) described that leaf thickness 
meant specific leaf weight in studies on wheat. In rice, however, such a relation is not 
yet observed. Since specific leaf weight of rice relates closely not only to net assimila­
tion rate but also to total nitrogen content per unit leaf area in this study, it is very 
likely that leaves of rice plants are rich in content of mesophyll cells which undertake 
photosynthesis. 
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Table 20 Nitrogen concentration and nitrogen content per unit 
leaf area of selected varieties (Experiment IV). 

Exptl. N Jb of N content 
var. no. Jeaves11 mg N dm-2 leaves 

----- -----------~---

B-- 16 6. 16 16. 7 
- 56 6.27 15.5 
- 59 6. 15 16.5 
- 64 6.37 15.3 
-- 75 6. 32 18.9 
- 84 6.36 18. 3 
-- 88 6.34 16. 1 
--105 6.30 17. 1 
--113 6.37 17.4 
-114 6.02 15.8 
-116 6. 31 17.3 
-117 6.36 14.4 
--l18 6.38 17.6 
---121 6.48 16. 7 
-132 5.95 15.0 
-134 6.31 17.5 
-136 6.09 16. 1 
-140 6.69 15. 5 
-160 5.96 15.2 
-161 6.02 16.5 
--187 6.37 18. 2 
---188 6.33 14. 8 
--200 6. 16 13.8 
-201 6.38 18.2 
--202 6. 18 19.5 
-209 6.34 15.9 

D- 20 6.30 18.3 
A- 30 6.26 19.0 

Tl41 6.56 14.9 
IR 8 6.56 15. 6 

x 6.29 16.2 
sd 0. 173 1. 48 

CV% 2. 76 8.94 

Correlation coefficient between N Jt and N content per unit leaf area: 

r=O. 1385"5 

1) Leaves obtained from growth analysis experiment with 3 replicates on 

March 22, 1972. 
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Thus, it was made clear that SLW2 is the character most closely related to NAR 
among many morphological characters. Varieties with higher NAR have higher SLW2. 
NAR has the relationship of multiple regression to leaf area per leaf blade, tiller size,. 
plant height, SLW, increase of leaf number and increase of leaf area to the extent of 
82.1 % of all determinant factors. SLW is a character stable against climatic environ­
ment and relatively constant in the relative order among varieties grown in any season. 
SLW can be regarded as a useful criterion in the primary selection for higher NAR 
varieties. It is also recognized that total nitrogen content per leaf area is closely related 
to SLW, showing the similar response to climatic environment as SLW. Therefore, this 
character also may possibly be used as a criterion of selection for higher NAR varieties. 

4. Relationship of net assimilation rate between early stage and later stage. 

In the previous experiments net assimilation rate was determined at the early 
stage of plant growth, i.e., at the 5th to 7th leaf age. If the characteristics of 
net assimilation rate at an early stage of rice varieties does not change at the later 
stage, the determination of net assimilation rate at the early stage, that can be done easily 
in growing plant materials and in the measurement, would be sufficient enough to 
obtain photosynthetic capacity of rice varieties. Therefore, net assimilation rate at the 
maximum tiller stage was measured and compared with that obtained at the early stage. 
This experiment is referred to the Experiment V. 

(1) Materials and methods 
The Experiment V was conducted in the field. Seedlings of 8 varieties which had 

higher or lower NAR were transplanted to a plot of 47 m2 of area on 17 July, 1972 with 
3 replications at 60x60 cm spacing. Fertilizers applied were N-P2O,-K2O (150-50-
50 kg per ha). Fifty kg/ha of nitrogen was topdressed 34 days after transplanting. 
Twenty hills in square were taken as the first sampling at 41 days after transplanting 
(August, 28) and another 20 hills were taken as the second sampling 7 days after 
(September, 4). Seven out of 20 hills were selected and 2 of them were measured for 
leaf area and oven-dried, and the others were oven-dried for total dry weight. 

(2) Results and discussion 

Table 21 Change of mean total dry weight, leaf area index and number of 

tillers among 8 varieties in field experiment. 
- ----------------

Total dry weight LAI No. of tillers 
Varieties of shoot (g/hill) per hill 

. ""--~-----------
Aug. 28 Sept. 4 Aug. 28 Sept. 4 Aug. 28 Sept. 4 

B- 59 7.5 15.9 0.253 0.502 17. 3 24.8 
- 75 8.8 20. 7 0. 245 0.496 14.4 18.5 
-118 13.9 32.5 0.536 0.952 32.8 50. 7 
-187 12. 0 26. 1 0.383 0.689 26. 1 33. 7 
-188 10. 9 26.4 0.457 1. 008 25.4 39. 1 
-200 11. 0 28.0 0.429 1. 093 29. 7 37. 1 

A- 30 9. 1 21. 2 0.285 0.544 16.4 21. 1 
IR 8 11. 8 24.4 0.445 0. 857 32.6 41. 8 

x 10.6 24.4 0. 379 0. 768 24.3 33.4 
sd 2.06 5.09 0. 107 0.241 7.41 11. 1 
CV% 19.4 20.8 28.2 31. 4 30.5 33. 2 

--- ------------- -- -- -----~---------------
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Table 21 shows the total dry weight of shoot, leaf area index and numbers of tillers 
of 8 varieties grown in the field at 41 and 48 days after transplanting. Leaf area index 
was different from variety to variety, over a range of 0.25 to 0.54 on August, 28 
and 0.50 to 1.09 on September 4. Numbers of tillers ranged from 14 to 33 per hill 
and 19 to 51 per hill at the respective stage. It can be regarded that individual plants 
were grown as an isolated plant, because LAI was less than 1.09, although number of 
tillers was relatively large. 

It may be difficult to maintain the isolated plant environment without mutual inter­
ference after that stage of plants growing in this experiment, because number of tillers 
and LAI increase, causing the mutual interference among hills. 

Table 22 shows NAR at the maximum tiller stage of plants grown in the field of 
Experiment V in comparison with NAR at the early stage of pot-cultured plants in Ex­
periment III and Experiment IV. It is clearly shown in the table that there are signifi­
cant differences in NAR among varieties and significant positive c01·relationship of NAR 
between the Experiment V and III, between Experiment V and lV and between Experiment 
III and IV. It can be considered that the characteristic of N AR at the early stage is main­
tained to the maximum tiller stage. NAR at the stage later than the maximum tiller 
stage was not examined because of the reason mentioned above. 

Table 22 Relationship of net assimilation rate between early stage and later stage (1972). 

Exptl. 
-- ··--- ----· 

var. no. FieldD 

B- 59 91. 6 
~- 75 135.3 

-118 111. 0 

-187 111.3 

-188 83.6 

-200 94.6 

A-- 30 125.3 

IR 8 80.8 

Correlation coefficient of NAR between: 

Field and Pot1 

Field and Pot2 

Pot1 and Pot2 

r=O. 7719* 

r=O. 5675* 

r=O. 7456** 

NAR mg dm-2 day-1 
--------~- ------------- -------

Poti") Pot23> 

79. 1 106. 0 

102. 3 103.2 

104. 4 122.2 

112. 1 120.0 

87. 9 106. 7 

84.2 95.3 

103.6 128. 7 

83. 7 90.0 

Analysis of variance on NAR in the field experiment. 

Source 

Total 

Varieties 

Error'l 

df 

23 

7 

16 

ss 

14,973.96 

8,181.96 

6,792.00 

ms 

1,168.85 

424.50 

F 

2. 75* 

1) Field experiment performed at the stage of 41-~48 days after transplanting from August 28 

to September 4, 1972. 

2) Pot1 (Experiment III) performed on 5-7th leaf stage in pot from December 20 to 27, 1971. 

3) Pot2 (Experiment N) performed on 5-7th leaf stage in pot from March 15 to 22, 1972. 

4) The ss of error contained block-ss because there were no significant difference among blocks. 

* Significant at 10 ;?6 level. 
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It was already clarified in Experiments II, III, and IV that there is a close relationship 
between NAR and SLW2. This relationship was also examined with 8 varieties in Ex­
periment V. Similarly a close positive correlationship was found between N AR and SL vV, 
or total nitrogen content in the field experiment as given in Table 23. Relationship of 
specific leaf weight between the field and the pot experiments is shown in Table 24. Al­
though the value of SLW increased according to the progress of growth stage, close 
positive correlations were found between SLW at any stage of varieties. Especially, SLW:i 
related closely to SLW at other stages, although SLW, was determined with a single. 
active leaf of each variety at 71 days after transplanting. Table 25 indicates the cor-

Table 23 Relationship between NAR and SLW2 or nitrogen content per 

unit leaf area in the field experiment. 

---·------------------

SLW, 

0.8933** 

N content 

0.8257** 

0. 9775** 

Correlation coefficient computed from each value in Tables 22, 24, 25. 

Table 24 Relationship of specific leaf weight between field and pot experiment. 

Exptl. var. no. 

B- 59 

- 75 

-118 

-187 

-188 

-200 

A-- 30 

IR 8 

x 
sd 

CV% 

SLW1 
------•--

3.80 

4.43 

3.87 

3.80 

3.08 

3. 18 

3.83 

3.49 

3.69 

0.430 

11. 7 

SLW2 

--- ---··--------·--

3.96 

5. 31 

4. 33 

4.43 

3.65 

3.35 

4. 76 

3.92 

4.21 

0.629 

14.9 

Correlation coefficient of SL W between experiments. 

SLW3 Pot12) SLW, Pot,') SLW2 

6.31 2.58 2.67 

7.88 2. 72 2. 99 

6.40 2. 72 2. 76 

5.96 3.01 2.85 

5. 15 2.41 2. 35 

5.28 2.31 2. 24 

6.28 2.82 3.03 

5.24 2. 38 2.47 

6.06 2.62 2.67 

0.899 0.242 0.293 

14. 8 9.26 11. 0 

-----~~- .-.-. ·----------·--·--·-·-----·~-~--

Expts. 

Field SLW1 

Field SLW2 

Field SLW3 

Pot1 SLW2 

Field SLW2 

0.9216** 

Correlation coefficient 

Field SLW3 

0.9501** 

0.9000** 

Pot1 SLW, 

0.6747* 

0. 7314* 

0.5519 

Pot2 SLW2 

0.8821** 

0.9359** 

0. 7940* 

0.8690** 

1) Field experiment performed at the stage of 41-48 days after transplanting (DAT) from 

August 28 to September 4, 1972. SLW1 : from whole leaves of 41 DAT plants, SLW2 : from 

whole leaves of 48 DAT plants, SLW3 : from single active leaf of 71 DAT plants. 

2) Pot1 (Experiment ID) performed on 7th leaf stage in pot from December 20 to 27, 1971. 

3) Pot2 (Experiment IV) performed on 7th leaf stage in pot from March 15 to 23, 1972. 
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Table 25 Relationship of nitrogen content per unit foaf area between experiments. 
-----------" 

Exptl. N content mg dm-2 leaves 
Var. no. Field1 u Field 2 Pot/J Pot2 

·-·------~----- -------------------

B-- 59 20. 1 18.7 16. 1 16.5 
----, 75 24.0 26.8 16. 2 18.9 
--118 20.6 20.8 15. 7 17. 6 
-187 21. 2 22.0 17. 9 18.2 
~188 17.2 18. 4 13. 9 14.8 
--200 18.3 16.0 12. 3 13.8 

A-- 30 20.8 24.4 16.3 19.0 
IR 8 21. 4 20. 7 15. 1 15. 6 

20.5 21. 0 15.4 16.8 
sd 2. 05 3.43 l. 68 1. 94 
CV 0/ 

/0 10. 0 16.3 10. 9 11. 6 
------- -----------~----·-·--

Field2 

Correlation coefficient 

Pot1 Pot, 

Field1 

Field2 

Pot1 

0. 8510** 
----

0.6584* 
0.6826* 

----

0. 7637* 
0.8987** 
0.8595** 

1) Nitrogen content of whole leaves for NAR experiment obtained on August 28 (Field1) and 

September 4 (Field,), 1972 in the field. 

2) Nitrogen content of whole ieaves for NAR experiment obtained in Experiment III (Pot1) and 

Experiment IV (Pot2) in pot experiments. 

relation of total contents per unit leaf aera at each stage of plants. It is re­
cognized that total nitrogen content per unit leaf area at the maximum tiller stage was 
higher than that at the early tillering stage but it indicated the similar pattern as that 
of the early stage. The fact that the varietal difference of SLW and total nitrogen 
content per unit leaf area, both of which are most 
ters of at the maximum tiller stage is 

related to NAR among charac­
related to that of the early 

stage is suggestive of the usefulness of measuring these charatcers at the 5-7th leaf 
age for the screening of varieties for higher NAR. 

IV. Net photosynthetic rate of single leaf and 
its characteristics among varieties 

There are many papers reporting varietal differences of net photosynthetic rate (Px) 

of single leaf as an index of photosynthetic capacity in many crop plants. In general, net 
photosynthetic rates higher than the past records have been obtained due to the improve­
ment of measuring methods since late 1960's. However, little studies were made by the 
improved method with Indica rice. Therefore, net photosynthetic rate of rice varieties 
showing apparently varietal difference in N AR was measured, and the relationship be­
tween Px and NAR was examined in this chapter. 
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1. Varietal difference of net photosynthetic rate of single leaf 

Photosynthesis of crop plants is regulated with 3 components; photosynthetic 
capacity of single leaf, the extent of photosynthesizing surface and the environment of 
leaves. Net photosynthetic rate of single leaf was measured by the CO2 exchange method. 
The active leaf fully developed but not over-matured was used as the material and P:sr of 
that leaf ,vas taken as representing photosynthetic capacity. Varietal differences in Px 
and variations of Px with different leaf position ,vere examined. 

(1) Materials and methods 
Varieties, different in net assimilation rate, were already known by the growth analy­

sis in the previous chapter. Net photosynthetic rate of single leaf was measured with 
30 varieties including IRS. The leaf, next to the uppermost leaf, is used when it devel­
oped fully, and referred to the "single leaf" hereafter in this paper. In order to measure 
net photosynthetic rate of the 5-6th leaf (March, 1972) and the 6-7th leaf (l\fay, 1972), 
3 plants were grO\Vn 
(1.0-0.5-0.5 g per 
2 plants ,,:ere grown 
(1.5-0.8-1.0 g per 

in vVagner pots (a 1 5000 of size) fertilized with N-P,O5-K2O 
with 3 replicates. For measuring 9-lOth leaf (June 1972), 

in Wagner pots (a/2000 of size) fertilized with N-P2Os-K,O 
with 3 replicates. Top dressing was applied with 0.2 g of 

nitrogen for a/5000 pot and with 0.5 g of nitrogen for a/2000 pot a week before 
measurement. For measuring Px, an intact leaf was placed in an air-sealed leaf chamber 
(300LX30Wx3T mm) (72, 89), and net CO2 exchange was measured by a Plantass 
D4A Beckman-Toshiba Infrared Gas Analyzer (differential type) and ASSA-2 Horriba 
Infrared Gas Analyzer (differential type). Fresh air, taken from the atomosphere at 
10 m above ground, was supplied to the chamber at a rate of 1.0-6.0 litre per minute 
with enrichment of moisture through water bottles. The air, passing through the 
chamber containing the leaf, was nearly dehumidified with a spiral cooler and one litre 
of the air was used for infrared gas analysis of CO, concentration. The leaf placed 
in the chamber was fixed at a right angle to the light, which passed through 20 cm 
layer of water filter. The leaf was exposed preliminarily to 20 K Lux illumination with 
3 bulbs of 500 W incandecent lamp per chamber and after the light intensity was 
increased to the level of light ,mturation CO, exchange ,vas meirnured under the con­
dition of GO K Lux and 30°C of air temperature. For the light induction of leaf, it took 
10 to 30 minutes according to conditions. 

Since atmospheric CO2 concentration fluctuated over a range of 295 to 315 ppn,, it 
was compensated to 300 ppm for the calculation of Px. Air was calibrated every one 
to 3 hours. Ps ,vas calculated by the method of Hesketh and Moss (30). 

Results and discussion 
Since :NAR was measured with plants at the 5-7th leaf age, P, of the 5-Gth leaf 

and 6-7th leaf was measured in the similar grmving period. Table 26 shows varietal 
differences of Px of the 5-6th leaf at 1 % level of significance. P" of examined varieties 
ranged from 43.0 to 54.0 mg CO2 dm- 2 he' and the varietal differences of p,., were indicated 
by Duncan's multiple range test at 5% level of significance. IRS was found in a group of 
lower Ps varieties. Table 27 also shows varietal differences of P:-.- of the 6-7th leaf at 

level of significance. Px ranged from 47.9 to 61.3 mg CO2 dm- 2 hr- 1 • IRS was in 
a group of intermediate Px variety. Table 28 shows rnrietal differences of Px of the 
9-10th leaf at 1 c;~ level of significance. 

In order to know the relation of Px to different leaf position, p,_ of 20 varieties ex-
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Table 26 Difference of PN of the 5--6th active leaves among 

selected rice varieties (March, 1972). 
- -

~ ... --------· - ------------~-~---~- -------.--- . 

Exptl. PN'-' 
Var. no. mg CO, dm-2 h-1 

B- 56 54.0 
-132 53. •le 

- 88 53.2 
--- 75 52.3 
-187 52.2 
-202 52.2 

A- 30 51. 2 
B-134 51. 0 

-140 50.8 
D-- 20 50.5 
B- 84 50.2 

-116 49.9 
- 16 49.9 
--136 49.4 
-118 49.0 
T141 48.8 

B--113 48.6 
-160 48.5 
-201 48.0 
-- 64 47. 9 
-200 47.5 
-161 47.5 
-121 47. 1 
-114 46. 1 
-105 46.0 
-188 45.5 
-117 45. 1 
IR 8 45.0 

B-209 44.0 
- 59 43.0 

Analysis of variance on PN. March 

Source 

Total 

Varieties 

Error 

df 

90 
29 
61 

ss 

1,836.61 
893.03 
743.58 

Range test2 l 

a 

ab 

ab 

ab 

ab c 

a b c 

cd 

cd 

Cd 

cd 

C d 
d e 

d e 

d e 

d e 

e f 

e f 

e f 

e f g 

f g 

f g h 

f g h 

f g h i 

g h i 

h i 

h i 

ms 

30. 744 
12. 190 

j k 

k 

F 

2.53** 

1) PN measured with 5-6th leaves from March 20 to 25, 1972, by Beckman-Toshiba IRGA. 

2) Duncan's multiple range test at 5 ;!-5 level. 

** Significant at 1 % level. 



Table 27 Difference of PN of the 6-7th active leaves among 

selected rice varieties (May, 1972). 

Exptl. 
Var. no. Range test"l 

D- 20 61. 3 a 

A--- 30 60.2 a 

B- 84 60. 1 a 

- 75 57.3 b 
-- 56 57. 1 b 
- 59 55.2 b C 

- 16 55.2 b c 

B-117 55.0 b Cd 
- 64 54.8 b c d e 
- 88 54.4 c d e f 

---105 54.3 c d e f 

IR 8 54.2 c d e f g 

B-113 54.2 c de f g 

-121 54. 1 c def g 

-132 53.7 c de f g 

-116 52.9 cdefgh 

-160 52.6 cdefgh 

-140 52.4 d e f g h 

-134 52.2 e f g h 

-187 51. 9 f g h 

-136 51. 6 g h i 

---202 50.8 h i 

-209 50.6 h i 

-201 50.6 h i 

-188 50.5 h i j 

-ll8 49.3 i k 
-114 49.2 j k 

--200 48.5 j k 
-161 47.9 k 

Analysis of variance 

Source 

Total 

Varieties 

Error 

df 

90 

28 

62 

ss 

1, 771. 35 

804. 15 

967.20 

ms 

28.719 

15.600 

47 

F 

1. 84* 

1) PN measured with 6-7th leaves with 3 replicates from May 20 to 25, 1972, by Horiba 

IRGA. 

2) Duncan's multiple range test at 5 3;; level. 

* Significant at 5 3£ level. 
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Table 28 Difference of PN of the 9-lOth active leaves among 
selected rice varieties (June, 1972). 

Exptl. 
Var. no. 

B-- 84 

- 88 

- 56 

-134 

- 75 

A- 30 

D- 20 

B-187 

-209 

-132 

IR 8 
B- 16 

-113 

--202 

-136 

-- 59 

-200 

--121 

--188 

-118 

Analysis of variance 

Source df 

Total 84 

Varieties 19 

Error 65 

55.8 

55.6 

55.4 

55.0 

53.5 

53.3 

53.2 

53.0 

52. 4 

51. 3 

50.9 

50.3 

49.5 

48.5 

47.6 

45.4 

45.4 

44.3 

42.8 

41. 3 

ss 

2,003.37 

1,365.40 

637.92 

Range test2) 

a 

ab 

ab c 

ab c 

ab c d 

ab c de 

b c de 

de 

d e f 

d e f 

e f g 

f g 

gh 

gh 

h i 

ms 

71. 863 

9.841 

j 

j k 

k 1 

1 

1) PN measured with 9-19th leaves from June 4 to 10, 1972, by Horiba IRGA. 

2) Duncan's multiple range test at 5 5'[ level. 

** Significant at 1 5't level. 

F 

7.32** 

amined commonly in these experiments and the relationship of p,, between each experi­
ment are shown in Table 29. It was recognized that there were significant correlation­
ships between Px of 5-6th leaves and that of 9-l0th leaves, and similarly between 6-7th 
leaves and 9-l0th leaves, although there was no significant correlationship of Px between 
5-6th leaves and 6-7th leaves. The last one is likely to be based on experimental error. 
It can be considered, therefore, that Px of different leaves with different leaf position 
on the stem was closely related with each other. Table 30 shows the significant differ­
ence of Px among varieties and among the experiments, indicating that the values of Px 
varied from experiment to experiment. Interaction of varieties-experiment is also re­
cognized implying that the order of varieties with respect to Px varies from experiment 
to experiment. However, such a variation of varietal order is recognized to be occurred 
only within a range of significant correlation, and similar to the fluctuation of NAR 



Table 29 Relationship of PN between experiment (1972). 
--

Exptl. - --.. ·-··----~---

var. no. (Mar. 20-25) 
5-6th leaf 

PN (mg CO, dm-2 h-1) 

(May 20-25) (June 4-10) 
6-7th leaf 9-lOth leaf 

B- 16 51. 5 55.2 50.3 
-- 56 54.0 57. 1 55.4 
-- 75 55. 1 57.3 53.5 
- 84 49.4 60. 1 55.8 
- 88 52.5 54.4 55.6 

-113 48.6 54.2 49.5 

-118 47.5 49.3 41. 3 

-121 47.0 54. 1 44.3 
--132 53.4 53. 7 51. 3 

-134 52.5 52.2 53.5 

-136 49.4 51. 6 55.0 

-187 52. 7 51. 9 53.0 

--202 51. 7 50.8 48.5 

A- 30 51. 0 60.2 53.5 

D- 20 51. 9 61. 3 53.2 

B- 59 52.6 55.5 45.4 

-188 47.4 50.5 42.8 

-200 46.9 48.5 45.4 

-209 45. 5 50.6 52.4 

IR 8 45.3 54.2 50.9 

x 50.3 54. 1 50.5 

sd 2. 94 3.65 4.48 

CV 0/ 
/0 5.86 6. 74 8.86 

----- ------ -----------~~~---------- -------

Correlation coefficient of PN between : 

1) 5--6th and 9--lOth leaf r=0. 5925** 

2) 6-7th and 9-lOth leaf r=0. 5291* 

3) 5-9th and 6-7th leaf r=0. 320ons 

Table 30 Analysis of variance of PN among experiments (l\far.-May--June 1972). 

Source 

Total 

Varieties 

Experiments 

Var.xExpt. 

Error 

df 

199 

19 

2 

38 

140 

ss 
--- ---- --- --- -

4,879,557 

1,810.110 

671. 994 

961. 918 

1,433.535 

between experiments as shown in Table 11. 

ms F 

95.269 9. 304** 

335. 997 32. 814** 

25. 31°1 2.472** 

10. 239 
-----------
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It was reported with Japonica rice that the value of P" ranged from 7.9 to 12.6 mg 
CO2 dm-2 hr 1 (50) and was approximately 20 mg CO, (60) although the latter was dif­
ferent with leaf position and with experiments. IRRI (33) reported preliminarily that 
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Ps of Indica and a few Japonica rice varieties showed a variation over a range of 34.5-
62.1 mg CO2 dm· 2 hr-1, which contained dark respiration. Takano and Tsunoda (71) re­
cognized that Px of 14 varieties of Japonica rice distributed over a range of 29-47 mg 

CO, dm 2 hr-1 and Ps of 13 varieties of lndica rice over a range of 22--47 mg CO,. 
McDonald et al. ( 44) reported that a variety Blue Belle had the highest Px and IRS had 
the lowest one among 10 varieties of which Ps distributed over a range of 42.6-67.4 mg 
CO2 dm 2hr1• Although the data obtained in these studies were not treated by statistical 
analysis, it can be recognized that there are varietal differences of p,. in Japonica and 
Indica rice. In studies by Murata (50) and Osada (61), the value of Px was relatively 
low because of using detached leaves and the varietal differences were discussed at such 
a low level of PN. Since the present study gave the values similar to those of IRRI (33), 
Takano and Tsunoda (71) and McDonald ( 44), it can be said that varietal differences 
of net photosynthetic rate in Indica Yarieties actually exists. 

Ludlow and Wilson examined the temperature hysteresis of P., and indicated 
that grasses and legumes grown at 20°C and measured at 30°C gave Px values lower 
than that of the plants grown at 30°C, but almost complete acclimatization to the higher 
temperature occurred within 15 hours. In the present study, however, such effect of 
hysteresis of temperature and solar radiation was not examined. The mean temperature 
and solar radiation in the experimental period and during a week before that were 25.8°C 
and 388 ly day·' for the 5-6th leaf experiment, 28.2°C and 481 ly day-1 for 6-7th leaf 
experiment and 25.8°C and 388 ly day-1 for the 9--lOth leaf experiment. The mean 
temperature and solar radiation were only a iittle higher in the 6-7th leaf experiment 
than in other two experiments, 

The result that Ps of 20 varieties at the 6-7th lea\'es was slightly higher than 
those of other leaves as shown in Table 29 might have been caused by higher temperature 
and higher solar radiation in a period of that experiment than those of other experiments. 
However, it can be said that the effect was only very small in this case. 

With other crops except rice, it has been reported that there were distinct varietal 
differences of net photosynthetic rate in soybean ( 12, 14, 15, 56, 58), maize (17, 22, 30), 
wheat (20, 40, 69), barley (1), oat (11), bean (36) and sugarcane (32). Based on 
the result of the present study on rice, it was made clear that varietal differences of net 
photosoynthetic rate such as that already found in other crop species actually exist in 
lndica rice. 

p,, of the 5-6th leaf showed a range of 43-54 mg CO2 dm 2 hr 1 and Px of the 6-7th 
leaf 48-61 mg and Px of 9-lOth leaf 41-56 mg with 30 varieties examined. Coefficient 
of variation of Px among varieties was over a range of 6.7-10.2%. It was also clarified 
that order of varietal ranking of p,. was consistent at different growth stage of plants, 
without showing a large deviation. 

2. Plant characters relating to net photothynthetic rate 

Net photosynthetic rate measured with a single leaf which represents photosynthetic 
capacity of the plant ought to relate to photosynthetic rate of a whole plant which is 
composed of a number of leaves. Since the fully-developed but not over-matured single 
leaf was used for the measurement of Px, the P:x obtained is regarded as indicating 
the maximum photosynthetic efficiency of a single leaf. And also since an isolated plant 
was used for measuring N AR, N AR of the present experiment is regarded as indicating 
the mean photosynthetic capacity of a whole plant. As it was already shown that NAR 
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is closely related to certain plant charatcers, and as P" is expected to have a close 
relation to N AR, a study to identify the plant characters related to net photosynthetic 
Tate was carried out in this section. 

( 1) Materials and methods 
Previous experimental data were used in this section, except total nitrogen was 

analyzed with the leaves used for measuring net photosynthetic rate according to semi­
micro Kjeldhal method. 

(2) Results and discussion 
The relationship between plant characters of rice and net assimilation rate was 

already taken up in the previous chapter. Table 31 shows the plant characters which 
related significantly to net photosynthetic rate. Data of plant characters were those 
obtained in Experiment III, in which growth stage of plants was the same as that in Px 
measuring experiment. The plant characters found to be closely related to p,. with 
29 varieties except T-141 examined in Table 26 were specific leaf weight (SLW2) and 
plant height (H2) at the second sampling for NAR measurement, as ·well as dry matter 
increase (6.W) and NAR. Therefore, it can be considered that the variety with higher 
Px is the variety with larger SLW2, higher plant height, higher dry matter increase and 
also higher NAR. These characters may possibly be used as the criteria for screening 
higher photosynthetic varieties. 

Table 31 Relationship between PN and some plant characters. 
---------~----- -"""' __ , ____________ ~~~~~==~- ~~= 

Plant character Correlation coefficient to PN 

SLW2 

H2 
JW 

NAR 

0.430* 

0.374* 

0.386* 

0.528** 

Calculated with PN values of the 5-6th leaf and with plant 

characters detemined by the Experiments III with 29 varieties. 

Since it is clarified that there is a close relationship between Ps and SLW2, the 
relations between Px and specific leaf weight of the leaves used for Px measurement 
(SLW1·s) and between Px and total nitrogen content per unit leaf area were examined as 

shown in Table 32. Px indicated the significantly positive relation to SLW,•x and also 

Table 32 Relationship between net photosynthetic rate and specific 

leaf weight or nitrogen content per unit leaf area (1972). 

Expts. 

Pi,; 5--6th leaf 

11 6-7th leaf 

11 9---l0th leaf 

N content 5~6th leaf 

11 11 6---7th leaf 

II II 9-lOth leaf 

N content 
(mg dm-2 leaf) 

0.6868** 

0. 7401** 

0. 7716** 

Correlation coefficient 

SLWPN 
(mg cm-2) 

0. 3570 

0.5857** 

0. 5-162* 

0.5716** 

0. 7816** 

0. 7488** 

0.5799** 

0. 7258** 

0.5556* 



52 

to total nitrogen content per unit leaf area at each leaf age. Furthermore, there was a 
significant relationship between Ps and total nitrogen per unit leaf area X SLWPx. 
The correlation between SL1.•Vn and total nitrogen content per unit leaf area was similar 
to that between SLW2 and nitrogen content of leaves used for SLW2 determination (Fig. 6 
and Table 40). 

Table 33 Relationship of SLWPN between experiments (1972). 

Exptl. 
SLWp:,r (mg cm-2) 

Mar. May var. no. 
5-6th leaf 6-7th leaf 

B- 16 3.35 3.31 
- 56 3. 37 3. 16 
-- 75 3. 75 3.89 
- 84 3.57 3.70 
- 88 3.39 3.58 
-105 3.41 3.30 
-113 3.25 3.40 
-114 3.31 3.34 
-116 3. 15 3. 26 
-117 3.04 3.28 
-118 3. 14 3.34 
-121 3. 73 3.23 
-132 3. 14 3.54 
-134 3.23 3.32 
--136 3.20 3.37 
-140 2.88 3.25 
-160 3.38 3. 18 
--161 3. 31 3.48 
-187 3.58 3.84 
-201 3.30 3.96 
-202 3.44 3.90 

A- 30 3.41 3. 72 

D- 20 3.47 3.62 
B-- 59 3.09 3. 17 

- 64 3.34 3.21 
-188 2.35 3.08 
-200 2.90 2.84 
-209 3. 13 2.90 

IRS 3.30 3.37 

x 3.31 3.41 
sd 0. 211 0.284 
CV ;fi5 6. 34 8.33 

Correlation coefficient of SL W p;,; between : 
1) 5-6th and 6-7th r=O. 5693** 
2) 5-6th and 9-IOth r=O. 5291* 
3) 6-7th and 9-lOth r=O. 6593** 

June 
9-lOth leaf 

3.54 
3.67 
4. 12 
3.64 
3.35 

3.56 

3.40 
3.49 
3.68 
3.88 
3.87 

3.94 

3. 74 
3. 79 
4.05 
3.62 

2.80 
3. 17 

3.42 
3.53 

3.61 
0.307 
8.51 
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Now, it was reconized that there are close relationships between each of P,, SLW of 
the leaf used for Px determination and total nitrogen content per unit leaf area. In 
Tables 32 to 35, data of SLW1·x and nitrogen content per unit leaf area of the 5-6th, 
6-7th and 9-lOth leaves are given. Table 33 shows that, although SLW1•, increases ac­
cording to the advance of leaf position, there are significant correlationships of SLWrx 
between different leaf position. The analysis of Yariance of SLW1•s shown in Table 34 
indicates 1 % level of significance among varieties and experiments but insignificance 
for interaction of varieties-experiments. 

Table 34 Analysis of variance on SLWPK among experiments (Mar.-1\fay-June 1972) . 
. --------··· .,· ,-·---------· 

Source df ss ms F 
----------~- ----- - --------------

Total 199 31. 270 
Varieties 19 12.533 0.6597 8,59** 
Experiments 2 4.466 2.233 29,67** 
Var.xExpt. 38 3.520 0.0926 l. 21 ns 

Error 140 10. 751 0.0768 
--------·------------· -------·- -----~---

Thus, the order of varietal ranking with regard to SLW"" was found to be con­
sistently similar with different leaves of different time of emergence, indicating that 
SLW is one of the most stable plant characters. The similar trend as SLW1•, was observed 
with total nitrogen content per unit leaf area as given in Table 35. 

It was recognized that net photosynthetic rate of varieties showed a significant in­
teraction between varieties and leaf position (or experiments) as shown in Table 30, 
although specific leaf weight did not show a significant interaction between varieties and 
leaf position. Net photosynthetic rate is regarded as one of the expression of physio­
logical activities of leaves whereas specific leaf weight is one of the morphological charac­
ters of leaves. Measurement of physiological activities is apt to involve errors as com­
pared with measurement of morphological characters. This may explain the occurrence 
of significant interaction between varieties and leaf position observed with Px. There­
fore, although the order of Yarietal ranking was changed partially in different experiments, 
it can be concluded that basically the variation of varietal order with regard to Px in 
different experiments might be as small as that of SLW,,x. 

In the past studies, a close correlationship between Ps and SLW was observed with 
rice (50), soybean (4, 14, 56), maize (30), oat (11) and alfalfa (62), and also close 
relationships between Px and total nitrogen content per unit leaf area or protein nitrogen 
content were indicated among varieties of rice ( 50, 59, 71) and Solidago 1)irgourea ( 3). 
In the above evidences, the significant correlation between p,, and SLW or total nitrogen 
content per unit leaf area was obtained even with leaves of different leaf position of 
soybean (56) and also the significant correlation of SLW between years was shown in 
oat (11). These results suggest that SLW, which is an expression of morphological 
charatcers of leaf is a relatively stable phenotype against environmental condition even 
with other crops than rice. 

On the other hand, a positive relation was found between Px and leaf thickness in 
sugarcane (32), although there was no positive realtion between Px and SLW. The 
positive relation between SLW and morphological leaf thickness was also recognized in 



54 

~------------·--··· 

Exptl. 
var. no. 

B- 16 
- 56 
-- 75 

- 84 
-- 88 
-105 
--113 
-114 
-116 
-117 
--118 
---121 
-132 
--134 
--136 
-140 
--160 
--161 
--187 
-201 
--202 

A-- 30 
D-- 20 
B-- 59 

- 64 
-188 
-200 
-209 
IR 8 
T141 

x 
sd 

CV.% 

Table 35 Relationship of nitrogen content per unit leaf area 
between experiments. 

N content, mg N am-2 ________________ ,, _____ ----- --------------·- _______ ,, 

March May 
5--6th leaf 6--7th leaf 

------------ --· '" - - -- -·--. -

17. 6 17.6 
19. 3 17.4 
20.3 21. 2 
20.0 20.4 
19. 2 17. 7 
18.4 17.5 

18.2 16.8 
18.8 14.9 
17. 7 17.0 
17.3 18.9 
18.0 17.5 
17. 1 17. 1 
15.9 17.2 
19.4 19.0 
17.6 17.9 
18.0 17.4 
17.3 16. 7 
18. 0 17. 1 
19. 7 20. 7 
17. 9 18. l 

19.0 19.9 
18.9 19.8 
18.6 19. 7 
17.3 17.6 
19.0 17.3 
16.6 15.4 
16.4 14.4 
17.0 15. 9 
19.9 18. 3 
17.6 

18.2 17.8 
1. 18 1. 66 
6.49 9. 31 

----- --~~-------·--· .... 

Correlation coefficient of PN between: 
1) 5-6th leaf and 6-7th leaf r=O. 6600** 

2) 5-6th leaf and 9-lOth leaf r=O. 6790** 

3) 6--7th leaf and 9---lOth leaf r=O. 7112** 

June 
9-lOth leaf 

15. 1 

18.9 
19.2 
17.9 
18. 7 

16.5 

16. 1 
15. 3 

17.3 
20.3 
16.2 

17.6 

17. 7 

18. 9 

18. 7 

17.3 

13.0 
12.8 
17.2 
16.8 

17. 1 

1. 97 
11. 5 
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wheat (23, 24) but not in soybean ( 85). Different results were obtained on the re­
lation between the both characters according to crop species or research workers. 

In case of soybean and oat, significant negative correlations were found between P:s 
and CO2 diffusion resistance within leaf, especially stomata! resistance (rs) or mesophyll 
resistance (rm) (11, 14). Correlation between Ps and I'm was also found ,vith some crop 
species (19). It may thus be suggested that a higher Px leaf has lower CO2 diffusion 
resistance. On the other hand, P" shows a close positive relation to SLW at the same 
time. In 2 Loliuin and its 28 varitiees, it was recognized that there was the positive 
relationship between p,_ and numbers of mesophyll cell (N) xleaf thickness (T) and 
the increase of N accompanied the decrease of cross section area of mesophyll cell. Namely, 
the increase of P, occurred when the surface area of mesophyll cell increased or leaf 
thickness also did (88). The studies may suggest that Ps connected closely to CO2 dif­
fusion resistance and mesophyll resistance. At present, accumulation of experimental re­
sults with a given crop species is not enough to explain the interrelationship of these 
factors. 

However, Watanabe and Tabuchi (85) recognized that the varietal order with re­
spect to Px of primary leaf of soybean did not change in a range of atmospheric carbon 
dioxide from 340 to 1,700 ppm. In other ·words, varietal difference of Px might have 
disappeared when atmospheric carbon dioxide concentration was increased, if it is caused 
mainly by carbon dioxide diffusion resistance. In their experiment, they were not able 
to recognize that there were close relationships between Px and leaf thickness or fresh 
weight per unit leaf area, and deduced that varietal difference of P:x might be caused 
mainly by the activity of chloroplast in primary leaf of soybean. Watanabe's result 
may be supported by the fact that there was a close relationship between P,,- and 
activity of RuDP carboxylase in crones of 2 races of Solidago virgourea (3) and in 
soybean varieties ( 4) and also between N AR and activity of PEP carboxylase in varie­
ties of C4-pJant Cenchrus clinalis (76). 

Furthermore, Chonan (7) indicated that there was a close negative cmrelationship 
between NAR and the distance of fibrovascular bundle within leaf in 8 varieties of 
Japonica rice. It may be supposed that this relates closely to the translocation of photo­
synthetic products, namely, the rate of translocation of photosynthetic products to other 
metabolic pathways. 

Taking all these results into consideration, the mechanisms of the varietal differ­
ences in photosynthetic efficiency may probably be considered as follows; 1) Carbon 
dioxide diffusion resistance relates closely to photosynthetic efficiency. This means the 
difference of stomata! resistance and mesophyll resistance, which relates to cell number 
or cell surface per unit volume of mesophyll c,~lls in carbon dioxide diffusion. In this case, 
carbon dioxide diffusion resistance is closely associated with specific leaf weight nega­
tively. 2) The activity of chloroplast is associated with photosynthetic efficiency as 
postulated in primary leaf of soybean. Namely, the difference in the activity of chloro­
plast is an important limiting factor determining varietal difference of photosynthetic 
efficiency. 3) The distance of fibrovascular bundle is associated with photosynthetic 
efficiency. These 3 factors may possibly be functioning independently or dependently 
with each other. Further research on this aspect with many plant species will give a 
clear picture of mechanisms of varietal difference in photosynthetic efficiency. 

In summary, the present experiments made clear that the plant characters which have 
close positive relation to P" were SLW, total nitrogen contents per leaf area, plant 
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height, dry weight increase and NAR. SLW and total nitrogen content per leaf area were 
most closely associated with Px. Particularly SLW was found to be a very stable char­
acteristic of varieties, showing no appreciable change in the order of varieties with 
respect to SLW in different experiments using leaves of different leaf position. There­
fore, SLW and total nitrogen content per leaf area of single leaf may possibly be 
used as a criterion for the selection of varieties for higher Px, as effectively as the case 
of using SLW and nitrogen content of whole leaves. 

3. Relation between net assimilation rate and net photosynthetic rate 

Measurement of net assimilation rate requires much time and laborious work, but 
this method can give an integrated measurement of net photosynthetic activity under a 
wider range of conditions in the field. On the other hand, net photosynthetic rate can 
be measured accurately in a short time but this method measures the maximum net photo­
synthetic capacity in the form of net CO2 exchange under a set of environmental condi­
tion which can be obtained by the type of enclosure used. Relationship between net 
assimilation rate and net photosynthetic rate, and plant characters involved are dis­
cussed in this section. 

The calculation was made using data of NAR and related characters obtained in the 
Experiment III and Experiment IV of chapter III and data of Poe and related characters 
obtained in chapter IV. Multiple regression analysis was applied as shown by Kawabata 
(38). 

Table 36 shows relationship between net assimilation rate and net photosynthetic 
rate. It can be recognized that P" of the 5-6th leaf and the 6-7th leaf at the stage 
when NAR was measured is significantly associated with NAR measured in different 
sesaons, whereas P" of the 9-lOth leaf was not significantly associated with both NARs. 
This fact may probably be brought about by following causes; 1) NAR was measured, 
as a whole, under lower light intensity than saturated one in Px measurement. 2) NAR 
expresses the value from which the respiratory consumption in leaf sheath and root at 
day and night and that in leaf blade at night ,vas subtracted. 3) P, was measured with 
a single leaf which was fully developed but not over-matured. In this sense, P,, expresses 
the maximum rate of photosynthesis, while NAR expresses the mean rate composed of 
inmatured, matured and senile leaves. The large deviation occurred between N AR and 
P" of the 9-lOth leaf might have been resulted from the different growing period in­
volved and/ or the above 3 causes. 

Table 36 Relationship between net assimilation rate and net photosynthetic 

rate of selected rice varieties. 

5-6th leaf!J 

6-7th leaf2) 

Correlation coefficient 

NAR 

Expt. Ill'" Expt. IV4) 
-----------

0. 5140** 0.4487* 

0.4899* 0.4077* 
-------·-----"'·~·- -----

1) PN measured with 5--6th leaves from March 20 to 25, 1972. 

2) PN measured with 6--7th leaves from May 20 to 25, 1972. 

3) NAR of Experiment Ill measured from December 20 to 27, 1971. 

4) NAR of Experiment IV from March 15 to 22, 1972. 



Table 37 Correlation coefficients between SLW2 and SLWPN of 

selected rice varieties in several experiments. 

5-6th leaf 

6-7th leaf 

9-l0th leaf 

~----

Expt. ill 

0. 7592** 

0. 7646** 

0.5993** 

SLW/J 

Expt. IV 

0.5748** 

0.5697** 

0.6489** 

1) Specific leaf weight determined with whole leaves at the end of growth 

analysis experiments. Experiment ill performed from December 20 to 27, 

1971, and Experiment IV from March 15 to 22, 1972. 

2) Speciffic leaf weight of single leaf used for Pi-:; measurements. 5-6th 

leaf used for March experiment, 6-7th leaf for May experiment and 

9-lOth leaf for June experiment. 
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Table 37 shows the relationship between spedfic leaf weight from whole leaves 
(SLW,) and that of leaves used for Ps determination (SLWP,) at 1 % level of signifi­
cance. In this case, there was a close relationship even between SLW, from whole leaves 
at the 7th leaf age and SLWi•s of the 9-lOth leaf. As already indicated, specific leaf 
weight is a stable character of rice varieties, and in fact it showed only a minute vari­
ation either with whole leaves growing under different climatic condition or with a 
single leaf at different leaf position. Multiple regression between plant characters at 
the growth stage when N AR was measured and N AR vrns mentioned in the previous 
chapter. Furthermore, in order to obtain more close regression equation between NAR 
and plant characters, multiple regression equation of N AR as a dependent variable was 
calculated. In addition to 24 plant characters shown in Table 13, Ps was included in 
the stepwise regression procedure. In this case, the values of P-' of 29 varieties except 
a variety T141 in Table 26 were used for the calculation. Table 38 indicates the best 
equation of multiple regression connected with H, (X1s), W2/T2 (X,,), LA,/leaf 
and Px (X2s) with the significant total F value and significant partial F values. The 
contribution percentage of each plant character (independent variable) to NAR, cal­
culated from the standard partial regression coefficient, shows 40% for LA,/leaf, 26% 
for H2, 20% for Px and 14;{; for W2/T2. In other words, the above plant characters, 
namely, the mean leaf area per blade at the first sampling, plant height at the second 
sampling, a stem and leaf dry weight at the second sampling and Px of a fully developed 
leaf are important determinant factors of NAR. This equation fitted at 96.4% to theo­
retical one. The deviation of Y to Y was shown in Fig. 9. The measurement of H2, W2/T2, 
LA,/leaf and P" of the same stage may possibly substitute for the direct observation of 
NAR with a probability of 86.4%. 

Murata (51) recognized that there were close relationships between photosynthetic 
rate of canopy and its net assimilation rate. Osada ( 61) indicated that there were 
close relationships, in 4 out of 7 experiments, between net assimilation rate and photo­
synthetic rate of single leaf in Japonica rice. Such a relation did not exist when different 
ecotypes of Dactylis glomerata L. were grown at different light intensities (75). There 
was no clear correlation between net assimilation rate and net photosynthetic rate among 
13 ecotypes of Cenchrus ciliaris L. (76). In general evidences showing the close re­
lationship between net assimilation rate and net photosynthetic rate are scarce. However, 
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Table 38 Multiple regression analysis of 27 plant characters including net 

photosynthetic rate againat net assimilation rate by stepwise 

regression procedure. 

Y* = 14. 438+0. 739X1,+0. 08lX2,-7. 056X.,+l. 344X,/l 
R2 =0. 8635 

Analysis of variance 

Source df 

Total 28 
Regression 4 
Residual 24 

Coefficients and partial F, etc. 

Var. no. Mean 
--~- -------~--~, -

X1a(H2) 48.97 
X22 (W2/T2) 144. 37 
X2, (LAi/leaf) 4.53 
X26 (PK) 48.93 

Std. 
coeff. 

0.5036 
0.2724 

-0. 7783 
0.3814 

ss 

3,020.95 
2,608.61 

412.34 

Partial 
coeff. B 

0. 7392 
0.0807 

-7. 0558 

1. 3440 
Constant term in regression equation= 14. 4378 

Contribution of independent variables to Y 

H2 
W,/T2 

LAi/leaf 

PN 

(X1,) ; 
(X,2); 

(X,.) ; 

(X20) ; 

ms 

652. 15 

17. 18 

Std. error 
of B 

0. 1750 
0. 0410 
0.8942 
0.2866 

26. 0% 
14. 1 
40.2 
19. 7 

Overall F 

37.96 

Partial 
F test 

17.85 

3. 87 
62.27 
21. 99 

1) X13 : plant height at the second sampling (H,, cm), X, 2 : plant dry weight/tiller at the second 

sampling (WjT2 , mg/tiller), X2,: leaf area/leaf at the first sampling (LA1/leaf, cm2/leaf), 

X26 : net photosynthetic rate (PN, mg CO, dm-2 h-1), Y: net assimilation rate (d. w. mg/dm2/ 

day). Data based on Experiment ill and P'l, :½arch. 

* Multiple regression analysis by stepwise regression procedure coded by K. Kawabata with 

HITAC 8000 in the Computing Center of the Agriculture, Forestry and Fisheries Research 

Council, Ministry of Agriculture and Forestry, Japan. 

the present study demonstrated with lndica rice varieties that the net photosynthetic rate 
of a single leaf growing at the stage when NAR measurement was made coincided fairly 
well with NAR which expressed the mean photosynthetic capacity. Since there was close 
relation between specific leaf weight of whole leaves and that of a single leaf of rice 
varieties (Table 37), basically, the net assimilation rate must be closely associated with 
net photosynthetic rate of varieties. The deviation between both measurements not con­
ducted at the same growth stage may probably be resulted from 3 causes above­
mentioned. Net assimilation rate is such a stable character that it shows approximately 
the same heritability with varieties grown at different seasons. In addition, as NAR is 
regarded as expressing the mean photosynthetic capacity of plants growing under natural 
environment, NAR can be considered to represent more realistic photosynthetic capacity 
than the net photosynthetic rate does. 
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Table 39 List of selected varieties with higher NAR and Px. 
- ---- _, -- -- -· ____ ----- --'------- _c;c~ 

Expt. no. Acc. no. Variety name. Origin Higher Higher 
NAR. V. P, V. _______ '" _______ ,, 

---------- --

B-- 75 9,839 JBS 377B India **1) ***1 

-- 84 7,750 Kaluheenati Sri Lanka 

--132 7,897 MLY VI 283 Nigeria *** 
-~134 6,114 Molaga Samba Gl8 Sri Lanka ** *** 
~187 6,728 Radin Edoss 33 Malaysia ** ** 
-202 115 Siam Taiwan ** * 
D 20 151t M302 Sri Lanka ** *** 
A 30 6,711 White China Fiji Island ** *** 

1) Higher photosynthetic efficiency (*) is indicated by frequency of occurrence for higher NAR 
or higher PN values throughout 5 experiments. 

Table 39 shows 8 varieties with higher photosynthetic capacity selected from 301 
varieties based on the result of NAR and Ps measurement. These varieties ,vill be useful 
as breeding materials in obtaining improved varieties of Indica rice with higher 
synthetic efficiency. 

The results obtained are summarized as follows: Px, ,vhich is regarded as ex­
pressing maximum photosynthetic capacity, was significantly associated with NAR which 
expresses a mean photosynthetic capacity of a whole plant, when p,, and N AR were 
determined at the same growth stage. SLW of a single leaf was closely associated with 
SL W of whole leaves. 'The close relations found betwsen SLW and N AR and bc~twe~n 
SLW and Px underpin the close relation between NAR and P,. NAR can be estimated 
with the multiple regression equation composed of following major variables; leaf area 
per blade, plant height, Px and tiller size. Eight varieties of Inclica rice with higher 
photosynthetic efficiency were selected as gene sources from 301 varieties examined. 

120 

/. >. 
110 "" -c ....... 

N .- . Ei 
"O 

100 • • ....... • 0/J •• Ei • etoa 2 • < 90 • • b • 
>- • -c • • C) 80 -:. 
Ei • 2 
VJ Acutual Y - Estemated Y=0 µ-l 70 
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70 80 90 100 110 120 
Actual Y (NAR) mg/dm 2 /day 

Fig. 9 Deviation of actual NAR from estimated NAR calculated 
by the multiple regression equation. 
(Y =14. 438+0. 739X1,+0. 081X22 -7. 056X24 +1. 34-1X26 ) 
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V. Relation between leaf area and photosynthetic 
efficiency in dry matter production 

In the previous chapter, the varietal difference of photosynthetic efficiency in lndica 
rice was clearly shown based on varietal difference in net assimilation rate and net photo­
synthetic rate. In the present chapter relations of photosynthetic efficiency per unit leaf 
area to the dry matter production of a whole plant as well as the relation between leaf 
area and photosynthetic efficiency in the dry matter production will be discussed. 

1. Net assimilation rate and other growth components in growth analysis 

Leaf area ratio (LAR) and relative growth rate (RGR) ( 41, 64) which were cor­
respondent to NAR in growth analysis were examined among varieties. Data of the Ex­
periments II, III and IV were used in this section. 

Table 40 and Fig. 10 show the relation between NAR and other growth components 
or plant characters in growth analysis. Significant positive relationship was observed 
between N AR and RGR in 5 experimental series in the Experiments II, III and IV. Also 
there was significant negative relationship between NAR and LAR in all the experi­
ments. Namely, a variety with higher ability of dry matter production per unit leaf 
area is the one with higher ability of dry matter production per unit dry weight. Since 
a variety with higher NAR has a smaller LAR, it can be said that a variety with smaller 
leaf area per unit dry weight is the variety with a higher NAR. As previously mentioned 
in the Experiments III and IV, there is a close relationship between NAR and SLW2 
(Table 40). 

Murata (51) indicated with Japon'ica rice varieties that NAR was closely associated 
with RGR at the seedling stage and at an early stage after transplanted. Osada (61) 
also recognized that there was extremely close relationship between NAR and RGR among 
Japonica rice varieties at different grovvth stage irrespective of the relation between P, 

Table 40 Relationship between net assimilation rate and relative growth 

rate or other plant characters. 

Experiment 

Expt. II o 

Series 1 

2 

3 

4 

5 

Expt. Ill 2l 

Expt. lV3J 

NAR:RGR 

. 4342** 

. 8341 ** 

. 8063** 

. 4682** 

. 4885** 

. 5268** 

. 4266** 

NAR:LAR 

-.6700** 

-~. 4918** 

-.6020** 

-.8343** 

-. 7106** 

--. 8118** 

-. 7511** 

NAR: SLW2° 

. 6100** 

. 1789 

. 3813** 

. 9071** 

. 5648** 

. 7172** 

. 7884** 

1) Experiment II composed of 5 different experimental series which used different varieties of 

the original list and were performed from May to September, 1971. 

2) Experiment Ill performed on 47 varieties selected in Experiment II from December 20 to 27, 1971. 

3) Experiment IV performed on 30 varieties selected in Experiment Ill from March 15 to 22, 1972. 

4) Specific leaf weight obtained from the second samling of growth analysis. 
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Fig. 10 Relationship between net assimilation rate and relative 
growth rate among rice varieties (Experiment II, Series 
2, June, 1971). 
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and RGR. Furthermore, the similar relation was observed among 8 ecological types of 
Lolium (88) and among 14 ecological types of Cenchurs ciliaris (76). The present study 
demonstrates that there is the close relationship between N AR and RGR measured under 
different climatic environment with lndica rice varieties. Therefore, the possibility of 
increasing dry matter production by the improvement of photosynthetic efficiency of 
lndica rice should be emphasized. 

2. Effect of varietal difference of leaf area and photosynthetic efficiency on dry 
matter production 

The dry matter production of crop plants must be closely associated with leaf area 
and net photosynthetic rate of single leaf or net assimilation rate. In this section, it was 
attempted to evaluate the effect of varietal difference in net assimilation rate as a photo­
synthetic efficiency and in leaf area with lndica rice grown under the conditions of 
isolated plants without mutual competition. 

Data of 47 varieties used in the Experiment III (some varieties with 2 replications 
and others with 3 replications) were used for calculation. 

The relation between the dry matter increase and the mean value of leaf area in 
that experimental period gives the significant correlation coefficient, r=0.875-¥.·*, hut the 
relation between the dry matter increase and net assimilation rate as a photosynthetic 
efficiency is not significant (r=0.217). This result suggests the importance of leaf area 
in dry matter increase, hut the role of photosynthetic efficiency is not so clear. 

Table 41 indicates the single regression equation in which the dry matter increase 
was associated with leaf area, and the double regression equation in which the dry matter 
increase was associated with leaf area and net assimilation rate. Standard partial 
coefficients of each independent variable were shown at 0.1 % level of significance in 
both regression equations. The determinant coefficient of Y 2 containing leaf area and net 
assimilation rate was higher than that of Y 1 containing leaf area only. Namely, the 
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Table 41 Multiple and single regressions among dry matter increase, 
leaf area and net assimilation rate of 47 varieties. 

Y 1 =44. 95+4. 955***X1 

Y 2 = -322. 79--j-5. 57***X1 +3. 499***X21l 

Determination 
coefficient 

R2 

0. 7662 

0. 8927 

Std. partial regression 
coefficient 

b'Y,_ 1 

0.951 0.436 

Percent contribution of NAR and leaf area to dry matter increase is: 

NAR: cC§s01fo~43f X 100 = 3H, 

Leaf area: 100-31 =69.% 

Y: iJW (mg plr1), X1 : (LAi-J-LA2)/2 (cm2 plr1), X2 : NAR mg dm-2 day-1 

1) The data of 47 varietieties obtained at 5-7th leaf stage from December 20 to 27, 1971, at 
Experiment ill were used. 

*** Significant at 0. 1.%' level. 

dry matter increase for a given period can be explained much more rationally by the 
equation including both of leaf area and N AR. In this case, the percent contribution 
of photosynthetic efficiency (X2J and leaf area (X1) to dry matter increase is 31 ~ 
and 69% respectively, as obtained from the standard partial regression coefficient. 

Namely, the dry matter increase of isolated plants of 47 varieties was shown to 
be composed of 2 major portions: 30% of it contributed by photosynthetic efficiency 
and 70% of it contributed by leaf area. Furthermore, Table 42 shows the regression 
equation of total dry weight at the second sampling to leaf area and NAR in the same 
experiment. The result gave the similar e:iuation, determinant coefficient and contri­
lmtion as those shown in Table 41. 

Table 42 Multiple and single regressions among total dry weight, leaf 
area and net assimilation rate in different 47 varieties. 

Y1 =70. 01-[-3. 996***X1 

Y,= -302. 25+4. 362***X1+3. 578***X,1) 

Determination 
coefficinet 

R' 

y 1 0. 7700 

Y2 o. 8975 

-===· -------------

Std. partial regression 
coefficient 

b'Y 2.1 

0. 957 0. 364 
-==~----------- -------·------------

Percent contribution of NAR and leaf area to dry matter production. 

0. 364 
NAR: 0_957--J- 0_364 xl00=28% 

Leaf area: 100-28=72;?& 

Y: total dry weight (mg plr1); X1 : total leaf area (cm' plt-1): X2 : NAR (mg dm-2 day-1) 

1) The data of 47 varieties obtained at 5-7th leaf stage from December 20 to 27, 1972, at 
Experiment ill were used. 

*** Significant at 0. lJ,s' level. 
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Grain yield results from the of total 
the increase of grain yield depends upon increase weight or increase of 
harvest index. A number of studies showed that leaf area development is more im­
portant in dry matter production than photosynthetic rate per unit leaf area (17, 74 . 

. Up to the present time, experimental e,:idenre sho,ving directly that the increase in 
yield potential of varieties is asso~iated 'With the increase in photosynthetic rate have 
not been reported. 

In the present study, in fact, the leaf area contributed to matter production 
much more than the net assimilation rate. However, it was also made certain that 
the net assimilation rate, ,vhich significantly relates to net photosynthetic rate, con­
tributed to dry matter production to a large extent. Now, by putting the data of IR8 
obtained in the Experiment III into the regression equation, Y 2, in Table 42, the effect of 
a varietal improvement, in which photosynthetic efficiency is increased but leaf area is 
kept constant, on dry matter production was computed. As shown in Table 43, if a variety 
which has 90 mg dm-2 day 1 of NAR and 103 cm2 piant-1 of leaf area could be improved 

Table 43 Estimated increment of dry matter production to be caused by an increase 

in photosynthetic rate of a single plant in a vegetative period. 

NAR1) ;Jb y22) Jb increase of 
increase dry matter mg dm-2 day-1 
of NAR mg plt-1 

production 

90 470 

108 20 534 14 

117 30 567 21 

126 40 599 27 
135 50 632 35 

180 100 792 69 

270 200 1,114 137 
-- ----------- ---~----

.... ,.-_ ------ ---- - . "---=~::-c-.c:;;-.--

LA ;Yd Ye") % increase of 
increase dry matter cm2 plr1 
of LA 

mg plt-1 
production 

103 470 
124 20 550 19 
134 30 605 29 

144 40 648 38 
155 50 695 48 

206 100 920 96 
309 200 1,370 192 

____ ,, __ ,~~----·--

Y2=-302+4. 36X1+3. 58X2 
X1 =leaf area (cm2 plr1) 

X2=NAR (mg dm-2 day-1) 

Y2=total dry matter produced mg plt-·1 

1) NAR was based on IR 8 in Experiment m. 
2) X1 was fixed in 103 cm2 plr1 whose leaf area was IR 8 in Experiment m. 
3) X2 was fixed in 90 mg dm-2 day-1• 
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to a new variety v,hich has NAR increased by 20%, the dry matter production will be 
increased from 470 to 534 mg plant-' day-1 • That is an increase of dry matter production 
by 14%. Furthermore, if NAR could be increased by or 100 the dry matter 
production will be increased by 27% or 69); respectively. On the other hand, if the 
above variety could be improved to a variety which has leaf area increased by 20%, 
without an increase in photosynthetic efficiency, the dry matter production will increase 
from 470 to 550 mg plant-' day-', which is an increase by 19 % . If leaf area increases 
by 40% or 100%, dry matter production will increase by 38% or 96% respectively. Since 
this relation was obtained with the plants growing under the experimental condition of 
isolated plants, the above estimation may probably indicate the upper limit of possibility 
in varietal improvement, if these 47 varieties used represent the general level of photo­
synthetic efficiency of Indica rice varieties. However, this experimental formula is only 
applicable to isolated plants within a range of NAR and leaf area shown in the Expe1·i­
ment III. It is not a general formula for estimating dry matter production of plant popu­
lation over a wider range of growth stage because the influence of rnntual shading is 
not considered in this fodmula. 

The increased photosynthetic rate gives the increase of dry matter prnduction as 
understood from the above estimation. However, the effect of leaf area on dry matter 
production is much greater than that of photosynthetic rate. Therefore, with plant popu­
lations growing· in fields with leaf area lower than the critical LAI, the yield increase 
can be expected by agronomic practices or breeding approaches that can increase leaf area. 
On the other hand, varietal improvement with respect to photosynthetic rate may possibly 
bring more increased yield with plant populations having leaf area greater than the 
critical LAI. 

Excepting the case of an insufficient leaf area due to insufficient planting 
the leaf area below the critical LAI is widely observed in farmers' paddy fields in the 
tropics at present, owing generally to the shortage of fertilizers. Such a small leaf area 
causes insufficient yield components, and hence lmver grain yields. Under that condition, 
it is an important problem how to increase leaf area and consequently yield com­
ponents in order to increase grain yield. Thus, the breeding target is to develop varieties 
which can produce more leaf area and more yield components at a low level of nitrogen 
fertilizer. These varieties may not possibly have a high yielding capacity such as that 
of present high yielding varieties. The average yield of paddy in Southeast Asian coun­
tries, at present, is about 1.3 ton per ha (21, 66). From the point of dry matter pro­
duction, varieties with larger leaf area per unit dry weight, i.e., the varieties with smaller 
SLW are considered to be effective in increasing yields under the cultural condition pre­
vailing in Southeast Asian countries. Thus, the varieties which have large leaf al'ea per 
unit dry weight, namely, thin leaves and many tillers at a low nitrogen level are regarded 
as the breeding target at present. 

However, there are, of course, many other approaches to the increased grain yields 
of rice. The increase of the harvest index is another way to get higher grain yields. 
If the distribution of photosynthetic product to ears is more effective, the more increased 
grain yields can be expected without any improvement of photosynthetic efficiency. 

It was recognized with soybean leaf that the photosynthetic rate was extremely in­
creased depending upon light intensity when the atmospheric carbon dioxide concen­
tration was increased ( 5). It was also known that grain yield of rice was increased 
through the increased rate of dry matter production (CGR) and increased number of 
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grains if rice was grown at higher atmospheric carbon dioxide fo1· a period from panicle 
initiation to flowering. When the carbon dioxide treatment was given after the flower­
ing stage, CGR and weight of 1000 grains were increased (93). The similar result was 
obtained with soybean (10). Here again, it is proved that the increased photosynthetic 
rate brings about the increment of yield components and resultant grain yield increases. 
This suggests the possibility of increasing grain yield by improving photosynthetic ef­
ficiency in rice. Therefore, the introduction of the gene for higher photosynthetic efficiency 
into other varieties with adequate plant characters is an another ,vay to increase a 
yield potential of rice. 

High yields of Inclica rice so far recorded, that are regarded as nearly ceiling, were 
obtained with leaf area beyond the critical LAI (93). With such plant populations, more 
yields can be expected by the improvement of photosynthetic efficiency. Although the 
problems of structure of rice population were not discussed in the present paper, it can be 
said that it is necessary to add higher photosynthetic efficiency to rice population with 
ideal structure. 

The fact that the variety with high net photosynthetic rate can give the higher rate 
at any light intensity than that of the variety with low rate is shown with Inclica. as 
recognized in the light-photosynthesis curve in Fig. 11, as well as by examples of Japonirn 
rice (71), Phaseolus vulgaris L. (36) and soybean (12). Therefore, it is quite likely 
that such variety may be able to keep highe1· photosynthetic rate even inside the popu­
lation with higher leaf area index. As the varieties with higher photosynthetic ef­
ficiency are characterized by the larger SL W and smaller LAR, as demonstrated in the 
present study, these varieties may not probably have excessive leaf area inde:{ in a 
population as compared with ones with lower photosynthetic rate. 

In summary, the present study on the effect of varietal difference of leaf area and 
photosynthetic efficiency on dry matter production revealed that the partial contribution 



66 

of the net photosynthetic rate to the dry matter produc:ion was about goc;. whe~·<'.P-8 
that of leaf area was nearly 70S( of the total dry matter production. 

Therefore, with :plant populations which have leaf area sma1ler than the Gitical i:,AI, 
any measure to increase leaf area will be effective in increasing grain yields. The lu,£ 
area can be increased by an incn,ased pla,1ting der:sity or by fertilizer application. A.t 
the same time, the development of varieties charatcei·i.zed by lat·ge leaf area per unit 
weight, i.e., the nuieties with small SLW, that are able to increase their LAT at a lrYN 

level of nitrogen supply is regarded as the useful approach of varietal improvement tc.r 
the most of the paddy fields of Southeast Asian countries. On the other hand, 0-vh211 plant 
populations have large leaf area beyond the critical LAI, the varietal improvement to Li­
crease photosynthetic: efficiency becomes to he ;;;.n important ·way to increase grnin yidd 

of rice. 

VI. Summary 

In the studies on varietal differences of photosynthetic efficiency and dry 1Lr.tter 
production of lndica rice, the followings ,vere clarified: 
1) Measurement of net assimilation rate under the condition of isolated plants ·with­
out mutual interferences was obtained by planting 10-20 seedlings per pot (Wagner 
pot with a size of a/2000) at the 2nd leaf stage, and by taking a half of the plants for 
the first sample at the 5th leaf stage, follo,ved by the second sampling of remaining plants 
at the 7th leaf stage after a week. 
2) Net assimilation rates of 301 varieties was measured under the such growing cor;di­
tion. The frequency distribution of net assimilation rate of varieties examined showed 
nearly a normal distribution, in which IRS was located at about the middle point of the 
distribution. Range of the varietal differences of net assimilation rate as expressed by 
the ratio of the maximum value to the minimum one and to the value of IRS was 14°1-
182 % and 122-147% respectively, with varieties grown under the same climatic environ­
ments. Furthermore, varietal differences of net assimilation rates were proved statisti­
cally with varieties examined more in detail. 
3) Net assimilation rate of varieties measured at different climatic condition gave 
not only a significant correlation behveen NAR obtained under 2 different climatic con­
ditions but also nearly equiva.lent heritability. Thus, net assimilation rate as a photo­
synthetic efficiency can be obtained irrespective of growth season either in the wet season 
or in the dry season of the tropics. 
4) Net assimilation rate was closely associated with specific leaf weight determined 
with whole leaves out of many morphological plant characters. Specific leaf weight 
(SLW) was a stable character so that the order of varietal ranking with respect to 
specific leaf weight was not changed under different climatic environments. Total nitro­
gen content per unit leaf area was also closely associated with specific leaf weight. In 
the estimation of net assimilation rate from specific leaf weight, it was recognized that 
the latter can explain 52% of the variation of net assimilation rate. Thus, specific leaf 
weight can be used as a primary index for selecting varieties with higher net assimi­
lation rate. Furthermore, net assimilation rate can be estimated to an extent of 81 ~"~: 
by the multiple regression equation composed of plant characters such as leaf area per 
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blade, tiller size, plant height, specific leaf ,veight, leaf area increase and increase of 
number of leaf. 
5) Net assimilation rate of isolated plants a: the maximum tiller stage sho\ved the 
similar varietal d.ifference as that in foe early tillering stage. Also it was closely as­
sociated with specific leaf \Veight and total nitrogen content pe1· unit ieaf area. Thus, 
varietal characteristics with re,p;:d to net assimilation rate as a photosynthetic efficiency 
can be deter111L1ed at a~ early gro,vth stage~ i.e., tl12 5th-7th leaf age of the early tiller­
ing stage. 
6) It was clarified with the statistical significance that there were varietal differences 
in net photosynthetic rate (P,) in Incliw rice, based on the measureemnt of CO2 ex­
change rate of intact single leaf. With 30 varieties examined, Px ranged 43-54 mg dm-' 
day- 1 at the 5-6th leaf, 48-61 mg at the G-7th leaf and H-56 mg at the 9-lOth leaf. 
The coefficient of variation of P:c among varieties was at a range of 6.7-10.2';"~. Va­
rietal order of Px did not show a large deviation even amor,g different growth stages. 
7) Plant characters which have close positive relations to Ps v;ere SLW, total nitrogen 
content per unit leaf area, plant height, dry -weight increase and N AR. SLW and total 
nitrogen content per leaf area of a single leaf (which refers a fully-developed but not 
over-mattired leaf, next to the topmost leaf) ,,vere closely associated with Px. Varietal 
characteristic of SLW Yvas expressed consistently with leaves of different leaf position. 
SL \V and total nitrogen content per leaf area of a single leaf can be used as a criterion 
in the selection for higher Px, because they are closely related to SLW and total nitrogen 
content per leaf area of whole leaves. 
8) P,, which is regarded to express the maximum photosynthetic capacity was signifi­
cantly associated with NAR which expresses a mean photosynthetic efficiency when both 
were measured at the same stage. NAR can be estimated from the multiple regression 
equation composed of variables; leaf area per blade, plant height, Px and tiller size. 
9) Net assimialtion rate related positively to relative growth rate (RGR) and negatively 
to leaf area ratio among varieties. Namely, positive relation between NAR and RGR in­
dicates that an increase of NAR is an important factor in increasing dry matter 
production. 
10) Based on the analysis of the effect of varietal difference of leaf area and net photo­
synthetic rate to dry matter production, it was recognized that the partial contribution 
of net photosynthetic rate to dry matter production was nearly 30% whereas that of leaf 
area was nearly 70% of the total dry matter production. Thus, under field conditions of 
plant population with leaf area below the critical leaf area index, any measures to in­
crease their leaf area will be effective in increasing yields. Although the leaf area can 
be increased by increasing planting density and fertilizer application, the development of 
varieties which are characterized by large leaf area per unit dry weight, i.e., the varie­
ties ,vith small SLW that are able to increase their LAI at a low level of nitrogen supply 
is regarded as an useful approach for most of the present rice culture in Southeast 
Asian countries. On the other hand, the varietal improvement to increase photosynthetic 
efficiency may possibly be an important way to raise further grain yields with plant 
populations having leaf area index higher than the critical LAI. 
11) From the above experimental results, 8 varieties of Indica rice that have very high 
KAR and Px were selected. They may serve as the breeding material in developing new 
varieties with higher yielding potential than so far attained. 
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