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An Analysis of Dry Matter Production on Heterosis
in Grain Sorghum

Yukindo TSUNO Toru SATO™ and Nobuyuki TOMOSAWA**

*Division of Arid Land Agro-ecology, Sand Dune Reseach Institute
** Laboratory of Crop Science, Faculty of Agriculture, Ehime University

Summary

The experiments were carried out to make clear the mechanism of high
yielding by heterosis in grain sorghum using a process of leaf area formation
and a photosynthetic activity per unit leaf area. The experimental plants
were 3039 Early Wheatland (&), 558 Early Hegari (2) and a F;-hybrid
derived from them, and grown in a green house in a special-water-culture
method as shown in fig. 1, giving them sufficient nutrient.

The Fi-hybrid showed about more than two times the dry matter pro-
duction and grain yield than did the parent strains. This dry matter pro-
duction depended on the leaf area during the early growth period, however,
on two factors, the leaf area and net assimilation rate, during the late growth
period.

There was no difference among the strains in the photosynthetic activity
per unit leaf area of upper-, middle- and lower leaf. It was considered that
the Fi-hybrid had a higher amount of photosynthesis per plant owing to a
greater leaf area of upper leaves, having high activity in photosynthesis.
The concentration of three nutrient elements in the leaves also showed no
difference among the strains, but the F;-hybrid was the highest in the a-
mounts of nutrients absorbed. A significant characteristic of the F;-hybrid
was that it had heavy roots, resulting in developement during its ripening
period. From the facts above mentioned, it was concluded that the heterosis

in grain sorghum stressed their root developement.
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Fig.1l. Water culture apparatus using an air lift
pump.
Note. A: 2/2000 wagner pot. B: Upper basket
fill up with charred husks of rice.
C: Lower basket for root contact to air.
D: Nutrient solution. E: Plate containing
nutrient solution

F: Air lift Pump. G: Plant.
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Table.1.Date of leaf emerganced and leaf length
at harvest time

Leaf position Emarganced date Leaf length at
numbered from harvest time (cm)
basal leaf 5 9 F, s 9 F,
5 5.3 5.3 5.3 - - -
6 5.6 56 5.6 — - -
7 59 5.9 5.8 - — —
8 5.11 5.11 5.1 51 45 63
9 5.14 5.14 5.14| 53 57 68
10 5.16 5.16 5.16 | 67 66 78
11 5.19 5.19 5.18| 9 91 80
12 5.21 5.21 5.21 ) 94 77 85
13 5.24 5.24 5.23| 9 80 82
14 5.27 5.27 5.26 | 64 82 84
15 5.28 5.29 5.28| 58 76 77
16 5.31 6.1 5.30| 37 75 75
17 - 6.4 6.1 - 54 65
18 — - 6.3 — — 47
O EIZINFEIRIC 513 2L T, Fud 208 em T,
3D125em, LD10emiZ T B 2IIEL, HHE
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Total leaf length,
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Date

Fig.2. Changes of total leaf length per plant
with the time.
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Table.2. Dry weight , top/ root

ek R R

ratio and leaf area per root dry weight at two stages

Earing stage Harvest stage
3 ? Fy 5 ? Fy
Top dry weight , g/ plant 63.3 56.8 113.9 131.8 126.6 252.0
Root dry weight , g/ plant 13.4 20.9 27.3 19.1 33.4 43.6
Total dry weight , g/ plant 76.7 77.7 141.2 140.9 159.0 295.6
Top/root  ratio 4.66 2.72 4.18 6.92 3.79 5.78
Leaf area per root dry weight, cm?/g 205 160 164 135 136 101

Note. Seeded time: April 18,

Earing time: June 20.

Table.3. Yield and plant hight at harvest time

Harvest time: July 30.

Ear dry weight |Grain dry weight | Grain number per ear | 1000 grains weight Plant hight
Strain (g/ear) (g/ ear) (g) (cm)
Male Parent (&) 73.3 60.5 3621 18.45 125
Female parent (%) 65.8 55.1 2454 24. 66 110
¥ hybrid 134.4 115.4 4039 30.17 208
Note. 558 Early Hegari (9%). 3039 Early Wheatland (2).
R (Root) [ BRRMABETRNTE, BREOETHY, &
ER _ (Ear) ] LB I #2220 (B2 R), BAIREN.
£ Y ER RS AR LRI RIZ R EA R W A, I
§O"H[1 H 100 B TR AT135°C b A1z Fux101 & S iz
& et FLTw B, Fio 3EH R A B 510 C & LTI
- — SLARVOIC, BAMENA Y ETEOETIEL
20 (’ FMF WO, ZOREICREOHMAED b Fulbn
§O:H{W {T = CKCh-llzthTh 5, HEEMLIRE L DI
5 . B (1975) 2540 F 5 & 0 A REBENORSEIE O
£ 60f (Stem) . WIS 5 ~EE e LML w3, T4b
H ’ b, TR LT SROMEHT 5
z® jfhj( 2k, BB A S ST NS O % B
o0l g0 (Leaf Sheath] LBz licnbeEL 6N,
H -ﬂf”*rﬂw F R AMRORE O CRBAHK L VBTV S
e E TeE B el 3o ZLWEINTETIME ATH DB, ZOHME
June 20 July 30 June 20 July 30 AR A 2o FAMTHEH(Base) &b 501

Fig.3 Dry weight of each organ in plant at
earing ( June 20) and harvest time(July 20),
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Fig.4. Root dry weight and its conponents
classfied by existing parts in culture pot
(Fig.1).

Note. Basal root: existing upper basket.
Middle root: existing lower basket.
Top root: Existing out of lower basket
and in nutrient solution.

Table.4. Respiration of root at two stages
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ig.5. Comparison of respiratory rate of three
parts of the root at harvest time.

b,

HoM i B BEE R & SEMRRN /2 0 DT R
B (MEE) toBoBTEREN S, HMEMLE
OHLEE D B3O REBHEETH B, 22 TH
R &N A REEOBEREL, £
DREREE IR U2, R FREOREL L
THSHEL, PHBIFEIIES, F/- MUELILGH
1582 2 N FEV6 A5 25 7 A25H F TR

Earing stage (June 20)

Harvest stage ( July 30)

Strain Respiratory amount

mg CO./plant/hr

Respiratory rate
mg CO./g dry-wt./hr

Respiratory rate
mg CO./g dry- wt. /hr

Respiratory amount

mg CO./plant/hr

Male parent (8) 37.9 2.54 42.0 2.20
Female parent (2) 66.5 3.18 78.2 2.36
F1 hybrid (F1) 82.6 3.03 105.9 2.30
Note. measuring temperature . 28°C

FBARDE A>T Z N FROWPIRE % HE L
ZHEHNIIBEY - ) CRELRRL - (4
F)o FIRBIIBVEDZ DML TV 2, WK
FIZOWTHET 5 &, MRBECEILRKOES D
Hiro, XKRMIMEI D 40 5 2R EORK S
AELT, MOBEIMLOZRHELIVEEELDT
H 5o WHHATIIMPIRE L 3 24 L bITIERIZ,
2.3mg CO/g/hr DIEIZE CETL2s LAL,
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Changes of photosynthetic rate of middle
part of leaf with the time.
Ordinal number in the figure shows leaf

Fig. 6.

Note.

position numbered from basal leaf.
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Table. 5. Coefficient of correlation of photosynthetic

rate to concentration of three nutrient
elements in leaf and leaf dry weight per

unit leaf area (g/dm?)

Factor Coefficient of correlation n
N% 0.679 18
P% -0.548 18
K% 0.303 18

g/ dm? 0.683 18

Table.6. Per cent of three nutrient elements on
dry weight basis in the leaf

Element | Date | S train Leaf positionnumbered from basal leaf
8 [6-10( 11 |12-14) 15 |16-18

) 2.87(3.11|3.22{3.39{3.27|3.14

6.20 ? 3.02(3.26(3.5113.36(3.37|3.27

N% Fy 2.8113.41/3.24|3.38(3.23|2.83
) 1.58{1.92|2.28(2.50(2.37|2.12

7.30 [ 1.08(2.38/2.64(2.78{2.75|2.75

¥, 1.63|2.18/2.52|2.742.73|2.60

3 0.73(0.75/0.78{0.72/0.62|0.62

6.20 ? 0.71]0.80(0.98/0.90{0.87(0.78

P Fy 0.60{0.81(0.87|0.7310.66(0.62
3 1.0410.96|0.83|0.71|0.61]|0.55

7.30 ? 0.92{0.86(0.86|0.74/0.74|0.72

F, 0.89(0.79(0.87|0.70/0.66(0.58

3 2.87(3.16|3.79|3.19({2.57(1.74

6.20 ? 2.67(2.95/3.89|3.75(3.77(3.28

K% F 3.52(3.3213.0213.60(|2.48(1.96
3 1.84(2.0612.44|2.08(2.06(1.89

7.30 2 2.88(3.4413.68/3.50(|3.03/2.43

Fi 2.29{2.53{3.02|2.86|2.60|2.16
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Table.7. Analysis of dry-weight-increment during ripening period

Net assimilation rate,

S train Leaf area, Leaf area per leaf- dry- weight, |Increasingamount of dry- wt.
dm?/plant (%) cm?/ g (%) g/ plant/40 days (%) g/m?/day (%)
Male parent(3) | 25.0( 55.6) 167(103.7) 64.2( 41.6) 6.42( 74.8)
Female parent ()| 32.5( 72.2) 163(101.2) 81.3( 52.7) 6.25( 72.8)
Fi hybrid (Fy)| 45.0(100.0) 161(100.0) 154.4(100.0) 8.58(100.0)
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