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RICE RATOONING1 

ABSTRACT 

Rice ratoon cropping is considered an alternative for double rice cropping. 
Because of its short growth duration, low water requirement, and high water use 
efficiency, a ratoon crop may fit well in rainfed areas on residual moisture left 
after wet season rice crop or in irrigated areas with limited duration of available 
water or growing season. Rice ratooning is practiced in several countries. Re
newed interest in ratoon cropping for the Asian tropics arises from substantial 
advances in resistance to rice disease and insect pests. The wide variation in 
ratoon yields (0.1 and 8.7 t/ha) suggests an encouraging potential for ratoon 
cropping. This paper reviews literature on rice ratooning with emphasis on the 
bioldgical mechanism and cultural factors affecting ratooning. 

Ratooning ability is a potentially important but complicated varietal charac
ter. The major factors affecting ratooning ability, besides the inherent ratooning 
ability of the cultivars, are light, temperature, soil moisture, and fertility and 
management. Main-crop growth duration also affects ratooning ability and yield. 
Component analysis of ratoon grain yield showed that tiller numt'r, growth 
duration, and 1000-grain weight are the main yield contributing characters. 
Ratoon crop yield in general is independent of maa'i-crop yield and its compo. 
nents. Ratoon growth duration is thought to be the major factor to emphasize in 
the improvement of ratoon cropping because it is positively associated with grain 
yield. Also, precise growth duration would define necesvary crop management. 

The mode of inheritance of ratooning ability has not been firmly established. 
A few studies suggested ratoon cropping as an economically viable alternative for 
rainfed lowlands. However, further data are needed to assess the eLonomic feasi
bility of ratoon cropping. On the bases of the literature review and our own 
studies we summarize the various factors that determine ratooning ability 
directly or indirectly and discuss some points that need attention by researchers. 

/By 1.S. Chauhan, B. S. Vergara, and F. S. S. Lopez, postdoctoral fellow, plant physiologist,
and research aide, Plant Physiology Department, International Rice Research Institute, Los 
Bafios, Laguna, Philippines. 



RICE RATOONING
 

Rice is the staple food of more than half of the world's literature on rice ratooning with emphasis on the biological
people, and rice production must double in the next 25-30 mechanisms culturaland factors affecting ratooning. 
yr to meet the foud demands of a rapidly increasing pop
ulation. Crop intensificaltion and higher yields are the only 
way to bridge the increasing gap between food production RATOON GRAIN YIELDS 
and consumption in densely populated tropical Asia, Ratoon crop grain yields vary substantially (Table 1). An 
because there is little new land available for rice cultivation. Intan ratoon crop yielded 140% of the main crop in Kar-

Ratooning, the ability of rice plants to regenerate new nataka, India (76). With adequate moisture, the highest
tillers after harvest, may be one practical way to increase ratoon yield at IRRI was 3.3 t/ha with IR2058-78-1-3-2-3 
rice production per unit area and per unit time. Because (56). In Ethiopia, in IR8 ratoon yielded an unusual 8.7 
ratooned rice has shorter duration than a new crop, it may tiha (72). The japonica variety 1300 yielded 0.5-0.7 t/ha in 
have potential to increase productivity where cropping Malagasy. In Malagasy, japonicas have bette ratooning
intensity is limited by inadequate irrigation facilities or by a ability than indicas (M. Arraudeau, pers. comm., 1983).
second crop where the rice season is less than 180 d (94). Although two or three consecutive harvests can be 
Besides short duration, it costs !ess to grow a ratoon crop obtained by ratooning (25), grain yields decline with each. 
than a new crop. The major advantages of rice ratooning In one instance the first ratoon yielded 54% less than the 
are main crop and the second yielded 59% less. 

* 	 lower production cost because of savings in land The wide variation in yields suggests an endouraging
preparation and plant care during early growth; potential for ratoon cropping, but much work is needed to 

• short duration; 	 identify the yield constraints and to minimize them. 
* 	 efficient use of the growing seasons, especially in
 

monsoonal climates;
 
" higher yield per unit area in less tine; VARIABLE RATOONING ABILITY
 
* possible maintenance of the genetic purity of a Many genotypic differences in ratooning ability have been 

variety or hybrid rice through several seasons; and reported (9, 16, 18, 29, 30, 31, 35, 42, 45,58, 59,60, 66. 
" low irrigation water requirements. 72, 78, 80, 83, 90). To measure varietal differences in 
Rice ratooning is practiced in several countries (Table 1), ratooning ability under field conditions or within cultivars, 

and on a commercial scale in the United States of America Samson (80) suggested the following rating scale for ratoon 
where about 50% of the Texas rice crop is ratooned (23). vigor: 
Ratooning is practical in some limited areas of China, India, Ratoon extra vigorous 
and Japan (71), and seems possible in Brazil, Colombia, (count basal + nodal ratoons) 1 
Swaziland, Thailand, and the Philippines (68, 71). Ratoon- Ratoon normal or intermediate 
ing also has been tried in the central mountains of Malagasy (count only basal ratoons) 5 
(M. Arraudeau, pers. comm., 1983). 	 Ratoon very weak and few 

In tropical Asia, rice ratooning for large-scale commer- (no counting) 9 
cial farming has not been accepted, probably because of: Basal ratoons - tillers that grow from the nodes of the 

* 	 generally low yields, stubble from the base up to 1 cm above the ground. 
* 	 lack of varieties with good ratooning ability, Upper nodalratoons - tillers that grow from the nodes 
* 	 inferior grain quality, of the stubble more than 1 cm above the ground.
* 	 uneven maturity that makes harvest difficult, Deadhills- no ratoons. 
* 	 insect and disease problems, 
* 	 lack of assured return from investment, and Ratoon rating(RR): 
* 	 lack of proper ratoon cultural practices. 
To make ratooning more realistic, productive, and _ 'Missing, Total 

economic, inherent ratooning ability of cultivars must be RR = (1.0- 0.1 ratoon X< 0 nLis/tX tillers/hill 
improved and a suitable package of main- and ratoon-crop vigor rating) Total 16
management practices developed. This paper reviews the 	 nills/Plo 
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Tabt! I. Yield reports of riLe ratoon crops. 

Locatioo Year Variety 
MC 

Maturity (d)a 

RC %of MC MC 

Grain yield (t/ha) 

RC 
-

%of MC 
Reference(s) 

Karnataka, India 
Sabour, India 
Bihar, India 
Swaziland 

1942-43 
1952 
1952 
1952 

S684 
CH 10 
NP 97 
Century 

174 
120 
105 
109-120 

113 
40 
50 

75-90 

65 
33 
48 
71-75 

2.7 
1.6 
1.0 
2.7 

1.0 
0.5 
0.3 
2.7 

37 
31 
30 

100 

(2) 
(82) 
(24) 
(86) 

Swaziland 1953 
Patna 2 

Century 105-120 75-90 71-75 2.5 1.5 60 (86) 

Swaziland 
Swaziland 
Swaziland 
Swaziland 
Swaziland 
Texas, USA 

Rajendranagar 
India 

1952 
1953 
1952 
1953 
1956 
1957 

1 56-57 

Patna 2 
Swazi 1 
Swazi 1 
Swazi 2 
Swazi 2 
Blue Bonnet 
Century 
Patna 231 

Basamathy 

150 
150 
120 
120 
-

105-132 

143 

9C 
90 
90 
90 
-

75-85 

72 

60 
60 
75 
75 
-

71-64 

50 

3.0 
3.3 
3.4 
3.1 
3.0-3.4 
4.1-4.7 

0.9 

1.3 
1.3 
2.9 
1.6 
2.6-2.7 
2.1-2.6 

0.8 

43 
39 
85 
52 

87-79 
51-55 

89 

q36) 
(86) 
(86) 
(86) 
19) 

(20) 

(78) 

Rajendranagar 
India 

1956-57 JeeragaSamba 145 72 50 0.9 1.0 111 (78) 

Rajendranagar 
India 

1956-57 Kakirekkaiu 145 73 50 1.0 0.3 30 (78) 

Rajendranagar 
Quezon, 
Philippines
Victoneta, 
Philippines
Victoneta, 
Philippines
Bihar, India 
Texas, USA 
Beaumont, 
Texas, USA 
Beaumont, 
1exas, USA 
Colorado, USA 
Otras, Colombia 
Otras, Colombia 
Coimbatore, India 
Coimbatore, India 
Coimbatore, India 
Coinibatore, India 
Ethiopia 
Ethiopia 
Coimbatore, India 
CIAT, Colombia 
IRRI, Philippines 
IRRI, Philippines 
IRRI, Philippines 
IRRI, Philippines 
IRRI, Philippines 
Puerto Rico 
S. Sulawesi, 
Indonesia 

1956-57 
1956-57 

1956-57 

1956-57 

1958 
1959 
1960 

1960 

1960 
1962 
1962 
1968 
1968 
1968 
1968 
1968 
1968 
1969 
1971 
1973-75 
1973-75 
1973-75 
1973-75 
1973-75 
1974-75 
1975-76 

Sugadas 
Mlouen 5 

Milbuen 5 

Milbuen 5 

CH 10 
CI 9433 
Belle Patna 

Gulfrose 

Belle Patna 
Blue Bonnet 
Blue Bonnet 
ADT 27 
C032 
AR8 
iS 
IR8 
IR5 
IR8 
Cica 4 
IR2061-464-2 
IR1561-228-3 
IR28 
IR2061-465-1 
IR2061-632-3-1 
(8 vars.) 
IR30 

145 
125 

125 

-

86 
111 
109-117 

-

-
-
-
-
-
-
-

155-162 
-

146 
140 
94 
88 
94 
85 
85 
98 
107 

73 
95 

95 

-

44 
60 

62-77 

-

-
-
-
-
-
-
-

98-135 
-
69 
92 
69 
65 
73 
87 
57 
59 
72 

50 
76 

76 

-

51 
54 
57-66 

-

-

-
42 
43 
40 
43 
63-83 

-
47 
66 
73 
74 
78 
102 
67 
60 
67 

1.6 
6.2 

4.5 

5.2 

0.8 
4.1 
3.8 

4.1 

4.3 
3.5 
3.6 
3.8 
4.7 
4.4 
3.1 
7.0 
6.3 
3.0 
7.5 
4.9 
6.4 
6.6 
4.8 
5.2 
5.7 
2.8 

0.1 
6.2 

5.6 

3.4 

1.0 
1.8 
2.6 

2.6 

2.6 
1.7 
2.2 
0.5 
1.5 
1.4 
1.3 
8.7 
8.2 
1.4 
3.7 
1.5 
1.2 
2.1 
1.6 
2.1 
2.0 
1.9 

6 
100 

124 

65 

125 
44 
68 

63 

60 
49 
61 
13 
32 
32 
42 

124 
130 
47 
49 
31 
19 
32 
33 
40 
35 
68 

(78) 
(66) 

(66) 

(66) 

(79) 
(22) 
(14) 

(14) 

(3) 
(26) 
(26) 
(9) 
(9) 
(9) 
(9) 
(72) 
(72) 
(74) 
(81) 
(7) 
(8) 
(8) 
(8) 
(8) 

(48) 
(65) 

Kartanaka, India 
Cuttack, India 
Louisiana, USA 
Louisiana, USA 
Karnataka, India 
IITA, Nigeria 
IRRI, Philippines 
IRRI, Philippines 

1975-76 
1976 
1976-78 
1976-78 
1977-78 
1977 
1978 
1978 

Intan 
CRM10-3628 
Labelle 
Lebonnet 
Intan 
TOS2583 
IR4722-3o-1 
IR2058-78-

1-3-2-3 

166 
-
-
-

174 
120 
133 
129 

109 
-
-
-

126 
76 
79 
78 

66 
-
-
-

72 
63 
59 
61 

2.2 
2.7 
6.6 
7.4 
2.0-5.5 
2.8 
3.6 
3.5 

1.7 
3.3 
2.3 
1.2 
2.3-7.7 
1.9 
2.1 
2.6 

77 
122 
33 
16 

115-140 
68 
58 
74 

(52) 
(5) 
(55) 
(55) 
(76) 
(76) 
(56) 
(56) 

IRRI, Philippines 
IRRI, Philippines 
IRRI, Philippines 
IRRI, Philippines 

1978 
1978 
1978 
1978 

IR36 
IR2863-28-1-2 
IR38 
IR42 

117 
138 
127 
150 

54 
74 
66 
82 

46 
54 
52 
55 

3.4 
3.0 
2.9 
2.9 

0.5 
2.3 
0.7 
1.5 

15 
77 
24 
52 

(56) 
(56) 
(56) 
(56) 

continued 
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Table I continued 

Maturity (d) a Grain yield (t/ha) 
Location Year Variety -

MC RC %of MC 
-

MC RC %of MC 
Reference(s) 

IRRI, Philippines 1978 IR28 99 64 65 2.3 0.3 13 (56) 
IRRI, Philippines 1978 IR36 - 55 - 3.4 1.1 32 (85) 
IRRI, Philippines 1978 IR38 - 54 - 3.5 1.0 29 (85) 
IRRI, Philippines 1978 IR42 - 67 - 4.4 1.5 33 (85) 
IRRI, Philippines 1979 !R9128-103-2-2 98 51 52 5.5 1.4 25 (80) 
iRRI, Philippines 1979 IR9784-52-2 98 51 52 5.6 1.4 25 (80) 
IRRI, Philippines 1979 IR28 98 61 62 5.7 1.4 25 (80) 
Fluminense, Brazil 1978-79 De Abril 172 83 48 4.7 1.1 23 (62) 
Fluminense, Brazil 1978-79 IR841-63-5 150 76 51 6.0 2.3 38 
Fluminense, Brazil 1978-79 P899-55-6- 149 77 52 7.0 2.3 33 

4-6-1B 
Itajai Valley, Brazil 1978-79 Labelle - - - 3.9 2.1 54 (75) 
Itajai Valley, Brazil 1978-79 IAC1246 - - - 4.8 1.7 35 (75) 
itajai Valley, Brazil i978-79 EMPASC103 - - - 8.0 2.7 34 (75) 
IRRI, Philippines 1980 IR50 - - - 5.5 0.5 9 (73) 
IRRI, Philippihis 1980 IR13471-57-3 - - - 4.3 0.8 19 (73) 
IRRI, Philippines 1980 IR9784-52-2-3-2 - 74 - 3.7 0.6 16 (73) 
Kalyani, India WS IET 2683 - 60-70 - - 0.2 - (16) 
Kalyani, India WS IET 1444 - 60-70 - - 0.2 (16) 
Kalyani, India WS IR579 -- 60-70 - - 0.2 (16) 
Kalyani, India WS IR36 - 60-70 - - 0.2 - (16) 
Kalyani, India DS lET 2683 - 60-70 - - 0.3 - (16) 
Kalyani, India DS IET 1444 - 60-70 - - 0.4 - (16) 

Kalyani, India DS IR579 - 60-70 - - 0.4 - (16) 
Kalyani, India DS IR36 - 60-70 - - 0.4 - (16) 
Kalyani, India DS IR42 - 60-70 - - 0.5 - (16) 

Karimganj, India - C3810 124 54 43 4.1 2.1 51 (18) 
Karimganj, India - Ratna 123 50 41 3.9 1.8 46 (18) 
Karimgan , India - TNAU 13613 121 49 40 3.5 1.6 46 (18) 
Karimganj, India - CR 220-66 123 48 39 2.6 1.5 58 (18) 
Karimganj, India - OR 100-25 122 49 40 3.9 1.3 33 (18) 
Karimganj, India - OR 157-22- 123 52 42 4.0 1.4 35 (18) 

1900 
Karimganj, India - HAU 3-9-1 127 40 31 2.6 1.3 50 (18) 
Karimganj, India - CR 163-3 125 54 43 3.1 1.3 42 (18) 

CRRP50 
Karimganj, India - CR 1.36-176 114 42 37 3.3 1.6 48 (18) 
Karimganj, India - RP 6-516-31-6 115 44 38 3.0 1.8 60 (18) 
Karimganj, India - IR36 114 46 40 2.9 1.3 45 (18) 
Karimganj, India - CR 156-5021- 119 42 35 2.7 1.8 67 (18) 

207 
Karimganj, India - CR 164-12 119 42 35 3.0 1.4 47 (18) 
Karimganj, India - CR 167-10 116 50 43 3.0 1.5 50 (18.) 
Kalyani, India 1980-81 lET 3273 130 101 78 3.9 1.8 46 (59) 
Kalyani, India 1980-81 lET 3305 130 101 78 4.2 1.2 29 (59) 
Kalyani, India 1980-81 ILT 3306 130 101 78 3.4 0.5 15 (59) 
Kalyani, India 1980-81 IET 3629 140 95 68 4.8 2.7 56 (59) 
Kalyani, India 1980-81 lET 3630 130 101 78 3.9 1.5 38 (59) 
Kalyani, India 1980-81 lET 4555 140 95 68 4.7 2.1 45 (59) 
Kalyani, Indi- 1980-81 IET 5857 130 101 78 3.1 0.4 13 (59) 
Kalyani, India 1980-81 Ratna 130 101 78 4.5 0.6 17 (59) 
Pattambi, India 1981 BAU2-3-43 108 56 52 3.2 0.1 3 (45) 
Pattambi, India 1981 BKN7033-13- 108 56 52 3.8 0.2 5 (45) 

1-1-3-2 
Pattambi, India 1981 BPT1235 110 54 49 4.4 0.1 2 (45) 
Pattambi. India 1981 BRI09-74-2-2-2 119 45 38 3.7 0.1 5 (45) 
Pattambi, India 1981 BR161-2B-58 117 47 40 3.5 0.2 6 (45) 
Pattambi, India 1981 Chianung Sen 113 51 45 3.6 0.4 11 (45) 

Yu 13 
Pattambi, India 1981 IR9209-48-3-2 104 60 48 4.9 0.3 6 (45) 
Pattambi, India 1981 IR9761-19-1 103 61 59 4.9 0.3 6 (45) 
Pattambi, India 1981 IR9828-91-2-3 108 56 52 4.0 0.1 3 (45) 
Pattambi, India 1981 IR13427-40-2 113 51 45 4.6 0.5 11 (45) 

.3-3 

continued 
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fable I continued 

Location Year 

Pattambi, India 1981 

Pattambi, India 1981 

Pattambi, India 1981 
Pattambi, India 1981 
Pattambi, India 1981 
Pattambi, India 1981 
Pattambi, india 1981 

Pattambi, India 1981 
Pattambi, India 1981 
Pattambi, India 1981 
Chinsurah, India 1981-82 
Chinsurah, India 1981-82 
Chinsurah, India 1981-82 
Chinsurah, India 1981-82 
IRRI, Philippines 1982 
IRRI, Philippine, 1982 
IRRI, Philippines 1982 

Variety 

MC RC 

IR13427-60- 103 61 
1-3-2-2

IR13429-109- 103 56 
2-2-1

IR13429-196-1 108 56 
IR13429-287-3 113 51 
MRC603-303 109 55 
MTU3419 116 48 
Taichung Sen 113 51 

Yu 285 
TNAU 1756 103 61 
IR36 108 56 
KAU23332-2 113 51 
SR26B  -
FRI3A  -
Tillakkachari  -
Achra 108/1  -
IR42  -
IR9752-71-3-2  -
IR9752-71-3-2  -

aMC = main crop, RC = ratoon crop. 

A high ratoon rating indicates less than 5%missing hills, at 
least 16 tillers/hill, and excellent vigor, 

Genotypic differences do exist for ratooning ability, 
This existing variability should be exploited by suitable 
breeding methods to improve the ratooning ability of rice. 

RATOONING MECHANISM 

The word ratoon probably originated from the Latin word 
retofisus, which means to cut down or mow (47). Win-
bume (91) defines a ratoon as a basal sucker for propaga-
tion, such as in banana, sugarcane, and pineapple, 

Rice ratooning depends on the ability of dormant buds 
on the stubble of the first crop to remain viable. The buds 
exist in various stages of development (58). Axillary buds 
that develop at those nodes grow into ratoon tillers (Fig. 
Ia, Ib). 

In IR5 and IR8, each of the four nodes above the 
ground has buds with regrowth potential (72). Ti!lers 
regenerated from higher nodes formed quickly, grewmore 
faster, and matured earlier. When the main crop was har-
vested late, ratoon tillers began te develop soon after the 
first crop ripened. In this situation, the culms of the 
growing ratoon tillers were damaged because they elongated 
within the old leaf sheaths (86). 

Differcat varieties produce ratoon tillers differently 
(87). Kuban 3 grew tillers from all nodes of the stubble, 
whereas Krasnodarskii 424 formed tillers only from lower 
nodes. Dubovskii 129 developed tillers mainly from the 
third node. Those and similar findings indicate ratoon 
crops will yield well if main-crop stubble is left with 2-3 
nodes. 

Maturity (d) a 
Grain yield (t/ha) 

Reference(s) 
% of MC MC RC %of MC 

59 4.8 0.2 4 (45) 

52 4.6 0.4 9 (45) 

52 4.9 0.2 4 (45)
45 4.8 0.3 6 (45)
50 3.7 0.2 5 (45)
41 3.6 0.0 0 (45)
45 3.6 0.4 11 (45) 

59 3.8 0.1 3 (45)
52 4.2 0.2 5 (45)
45 4.5 0.1 2 (45) 

- - 2.5 - (10) 
- - 3.0 - (10) 
- - 5.0 - (10) 
- - 4.8 - (10) 
- 6.7 2.9 43 (33) 
- 5.1 1.7 33 (33) 
- 3.9 1.9 49 (33) 

The C:N ratio also varied with the origin of ratoon 
tillers. In Kagi Ban 2, C:N was 17.0 in tillers from upper 
nodes, 13.8 in those from the base, and 10.8 from those 
below the soil. Tillers from upper nodes, with higher 
C:N, reacted like old seedlings. Tillers from the lower 
nodes, with low C:N, have young-seedling characteristics. 
Therefore, the development of lower tillers should be 
encouraged because they resemble young seedlings (44).

Evaluation of 1,500 early- and intermediate-maturing 
cultivars showed that most regenerated tillers from higher 
nodes. Thirty to 40% produced tillers from higher and 
lower nodes (90), which is more desirable. Sixty-seven 
percent of the ratoon tillers developed by Mingolo were 
from basal nodes and 33% were from upper nodes (27). In 
D52-37, ratoon tillers from higher nodes appeared first, 
flowered sooner, and had fewer leaves than those from 
lower nodes (6). Ratoon tillers from lower nodes had best 
yield potential. 

In a study on ratoon tiller levelopment of IR44, the 
lengths of the growing buds at the first, second, and third 
nodes did not vary. Buds grew slowly for 4 d after cutting. 
After 5 d, the bud at the first node generally grew faster, 
followed by those from the second and third nodes. Maxi
mum bud lengths were 235, 159, and 74 mm. The average 
bud lengths were 144, 45, and 17 mm (Table 2). Eight days
after ratooning, the culms began to branch (Fig. Ia, Ib). 

Several studies (17, 41, 80) show that ratoon tiller 
development depends on the carbohydrates that remain in 
the stubblc and roots after the main crop is harvested. The 
culm of the rice plant is a vital storage organ. Thick culms 
may store more carbohydrate than thin culns, and prob. 
ably would be reflected in ratoon potential. 
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a 

Cm 
15

b 

CM 
10  15 

5 - 10 

0 

0 2 4 6 8 8 
Days after cutting 

I. Developmental stages of ratoon tillers (a) and variations in 
ratoon tillering at 10 d after cutting (b) in IR44. IRRI, 1983 dry 
season.
 

0-
A B C D 

We evaluated IR44 to determine the possible association 
between culm thickness and ratoon tillering. Culm thick- Table 2. Average length (mm) of buds at various ratoon tiller devel
ness varied from 2 to 5 mm and most were 3-5 mm thick. opment stages. IRRI, 1983 dry season.
 

Ratoon tillers developed irrespective of culm thickness. Stages Bud positiona
 
However, average ratoon tiller (d after (top to bottom)
 

cutting) I I1 I11 
(nodes)S r Total number ofnatoon tillers'1 

production o of ratoon i varied with 0 5 (3 - 12)b 5 (1-9) 5 (3-8)
LNo. of rtoon producing culm 2 8 (12-19) 8 (2-20) 5,(1-11) 

4 11 (3-33) 11 (3-29) 5 (2-16)thickness. Percentage of ratoon tillers 6 22 (3-53) 15 (3-54) 8 (2-42) 
Total no. of ratoon tillers 8 91 (20-202) 45 (6-155) 10(546)00 X TotaIlno. ofnfillers inthe main crop , average ratoon 10 144 (50-235) 45 (26-159) 17 (5-74) 

ausually equivalent to 4th, 5th, and 6th nodes counting downward 

from the node after the base of the panicle. bligures within the
tiller production, and number of ratoon tillers producing parenthesis are ranges. 
culms were not significantly different for different culm 
thicknesses. However, there were many missing values for actually may encourage tillering by providing the nutrients 
every class of culin thickness in the replications. to the developing buds. Appearance of first tiller varied 

Average tiller production varied from 1.33 to 2.90 from I to 10 d after cutting. Regeneration time was 
(Table 3), and was higher for thick culmis (Fig. 2). Origin negatively and significantly correlated with the number of 
and time of tiller development were not influenced by culm tillers at 3 and 6 wk after cl'tting and at ratoon harvest 
thickness (Table 4). (Fig. 3). Even in the greenhousc, large varhibility in 

Early-formed ratoon tillers do not inhibit subsequent number of ratoon tillers/plant was observed. Three weeks 
tiller production, therefore, plants with early regeneration after cutting, tillers/plant varied substantially although the 
ability produce more tillers. Early tiller regeneration correlation remained significant (Fig. 4). 
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Table 3. Relationship between culm thickness and average ratoon 
tiller production in IR44. IRRI, 1983 wet season, 

Thickness No. of Ratoons Ratoons Total no. Av ratoon 
(mm) culms/ producing producing of ratoon tiller10 plants culms (no.) culms (%) tillers productiona 

2.0 4 3 75 4 1.33 
3.0 37 37 100 75 2.02
4.0 60 54 90 145 2.69 
5.0 31 30 97 81 2.90 

production =
aAv ratoon tiller total number of ratoon tillersaumber of ratoon producing culms 


Average ratoon tiller production 
30 

230
 

2.0,
 

1.0 

20 30 4.0 5.0 
Thickness (mm) 

2. Relationship between culm thickness and average tiller pro
duction in an IR44 ratoon crop. IRRI, 1983 wet season. 

FACTORS INFLUENCING RATOONING ABILITY 

Inherent ratooning ability is important. Improving rice 
ratooning ability is a challenge to plant breeders. Tillering 

is probably the most important genetic factor affecting 
ratoon performance of grasses (70). Low and high tillering 
lines of crops do exist and this trait often determines plant 
spacing. Root vigor and distribution also affect ratooning. 
Our recent studies suggested that IR44 ratoon tillers 
depended on the main-crop root system for nutrients until 
at least 21 d after harvest. The contribution of roots fromratoon tillers to the total root mnass of the ratoon crop 
wasonller
11-19o. tA vorosaal - ystftil croroot e may
was only re. root system may1-1 A vigorous main-crop 
therefore be a prerequisite for a successful ratoon crop. 

Besides cultural management, light, temperature, soil 
moisture, and soil fertility are major factors affecting 
ratooning ability. Growth duration, although a genetic 
character, has significant impact on ratooning ability and 
yield. 

Table 4. Relationship between culm thickness and growth of ratoon 
tillers in HR44. IRRI, 1983 dry season. 

Thickness 
(mm) 

No. of ratoon tillers 

Origin 

Tiller height (cm) 

15 d after cutting 

Basal Upper Total Range Mean 
nodal 

Basal Nodal Av 

2 
3 
4 
5 

1 
4 

17
9 

1 
7 

25 
11 

2 
11 
42
20 

22-32 
8-38 

10-39 
8-49 

22 
30 
23 
24 

32 
24 
28 
27 

27 
27 
26 
26 

6 
7 

2 
1 

2 
-

4 
I 

13-40 
--

19 
27 

39 
-

29 
27 

Ratoon tillers/plant 
35 

25 - .,,, .D, .. :4 1-1 30XrO" .3 


12wkoafter 

z cutting 

;=25 72-0.69X (harvest) 

15 
1 

10 '9O19.64-1.44X 

cutting 

I 2 3 4 5 6 7 8 9 10 
Regeneration time 
(dofter cutting ) 

3. Relationship btween tiller regeneration time and tiller 
per plant in an IR4A ratoon crop. IRRI, 1983 dry season. 

Main-crop growth duration 
Main-crop growth duration has been reported to influence 
Ma in growty (13, hasV ery erly turin fluence 
ratooning ability (13, 17). Very early maturing cultvatrs 
were recommended for ratoon crops in temperate areas 
(22) because they do not require early seeding and alsoallow a favorable growth period for the ratoon crop. 
Cultivars of 100-d maturity, like Belle Patna, Bluebelle, andLabelle, make ratoon rice production highly successful in 
the Texas Gulf Coast (89). Similar results have been 

reported for other early-maturing cultivars (20, 28, 60, 
92,93). 

Studies show that very enrly maturing cultivars usually 
produce a successful second crop, if recommended practices 
are carefully followed. Early-maturing cultivars do not 
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Ratoon tillers/plant crosses also had abundant ratoon tillers (84). Within a 
30 0 photoperiod-sensitive cultivar, increasing growth duration 

• 	 equals less ratooning ability (r = -0.98**) (27). All those 

25 	 - findings suggest that breeding lines/segregants with less than 
120 d growth duration have high ratooning ability. 

• 	 R Main-crop growth duration was correlated with that of• Range:= 5-29 	 (0 il 
20 	 - the ratoon crop (50, 94), and ratoon crop yield was corre

= lated durationC.V32.8% 	 with main-crop growth (r = 0.803**). 
However, longer main-crop growth duration increases the 

15 - 0•possibility of virus disease in the ratoon crop which is a 
* _ *=19.2 l38 major constraint in the tropics. 

10 	 1713 Cutting height 

Stubble height determines the number of buds available for 
5 - • 0 regrowth. The effects of cutting height on ratoon vigor are 

0 	 vriable. Some cultivars ratoon from high nodes and others 
produce basal ratoons that are unaffected by cutting 
height (87).

1 2 3 4 5 6 7 8 9 10 CHIO yielded better when cut at 15 cm than at ground 
Date of first ratoon tiller production level, 35 cm, or at the panicle (82). Generally, ratoon yield

increased with increased cutting 	height (22, 29, 31, 34, 
4. Variability in tillers per plant (3 wk after 61,81). 
cutting) in an IR44 ratoon crop. IRRI, 1983 dry 
season. Bahar and De Datta (8) also found 15-cm cutting better 

than ground-level :utting. They 	harvested similar ratoon 

produce 	a successful second crop unless the growing period crop yields at ground-level and 15-cm cutting if plots were 
(32). However, Chatterjee et al (16) drained during main-crop harvesting and irrigated 12 d afteris longer than 180 d (arvet. Hoevervdraiingahetfildseecctuaged(eeds 

harvest. However, draining the fields encouraged weeds,harvested a satisfactory, but low, ratoon grain yield from a 
wet season crop of an early-maturing variety. Medium- and which severely competed with the ratoon crop. Also, 

rices will not produce a consistent ratoon reducing the cutting height from 15 to 5 cm significantlylate-maturing 
crop, although medium-maturing cultivars sometimes have increased the number of missing hills, thereby reducing 

produced satisfactory ratoon crop yields (32). grain yield. They concluded that optimum cutting height 

Low temperature is a major constraint in temperate is 15-20 cm. Other studies gave similar results (73, 80). 

areas if the growth duration of the main and/or ratoon Our studies on bud viability after cutting the main crop 

crops is too long. In a wet season ratoon crop of late- at 15 cm showed there were more dead buds in the nodes 

maturing IR42, low Dec temperatures caused failure closer to the ground. About 73% of the buds at the 7th 

of some tillers to exsert their panicles above the flag leaf node were dead (Table 5), which probably is why lower 

sheath, and reduced grain yield (16). cutting produced many missing hills and reduced tillering. 

A dilemma is that some cultivars with longer growth Different cutting heights caused significantly different grain 
2

duration have better ratooning ability (35). Cultivars with yields, 1000-grain weight, panicles/hill, paniclcs/i , 
intermediate to late maturity (> 125 d) produce higher missing hills, and growth duration of the ratoon crop (80). 
yields than those with early maturity (< 115 d) (94). A On the other hand, several reports claim that increasing 

ratoon crop of late-maturing IR42 yielded significantly cutting height decreased ratoon yields (67, 69, 72). 
more than early-maturing IR36 and medium-maturing in other studies with Intan, 3-, 13-, or 18-cm cutting 

IR38. In IR42, increased ratoon grain yield was due to height did not significantly affect ratoon yield (77). Simi
higher panicle densities and filled spikelets per panicle lar findings also have been reported (9, 43, 73, 75). 
(85). In another report (40) ratoon weight, ratoon height, Regardless of cutting height, ratoon yields seldom are as 
and percentage of ratoon tillers were unaffected by early high as main-crop yields (8, 11, 69), although there are 
maturity, reports of ratoon yields surpassing main-crop yields (66, 

Breeding for ratooning ability should emphasize 72, 76). 

medium-duration cultivars that produce large panicles and The number of regenerated shoots was correlated with 
grain (94) because early-maturing varieties may not have the main-crop cutting height (31, 34, 73, 80). Ratoon 

the yield potential of longer duration cultivars, tillering rates at 24-, 15-, and 6-cm cutting heights were 89, 

In a study of crosses between ratooning and non- 81, and 72% (34). In similar study, ratoon tillering was 
ratooning rices, F2 segregants with 65-100 d to flowering 73% at ground-level cutting and 80/ at 12 cin (72). 
generally had high ratooning ability (13, 17). Early- Others reported decreasing number of ratoon tillers with 
flowering F2 segregants of day-neutral and short-day increased cutting height (8, 72), pind still others report that 
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Table 5. Percentage of dead buds at different positions of 1R44 rice 
plant ratooned at 15 cm cutting height. IRRI, 1983 wet season. 

Position of buds 
(top . bottom) Dead buds (no.) 

4 12 
5 18
6 46 
7 73 

cutting height does not significantly affect ratooning ability 
(12). However, irrespective of the main-crop cutting 
height, the effective ratoon tillers grew from the base of the 
plant and not from the upper nodes (20). 

The number of tillers varied with cutting height and 
growth stage. Counting tillers 15 d after cutting showed 
that tiller number increased with cutting height up to 12 
cm. Beyond 12 cm, the culm was dead. Tiller count at 45 
and 75 d and at harvest confirmed those findings (72).

A ratoon crop tends to grow more tillers/hill than the 
main crop (8, 73, 80). It produces more panicles/hill and 
filled spikelets/panicle, and higher 1000-grain weight at 3-
and 5-cm cutting heights than at 15 cm, but grain yields 
were less because low cutting caused more missing hills (8, 
16, 73, 80). 

Main-crop cutting should leave !.25 cm of the stern 
above the water because submerged stubble may rot and 
long stubble may produce weak tillers (44). 

Ratoon plant height may not be influenced by main-
crop cutting height (73, 80) or may increase with increased 
cutting height (31). 

Ratoon crop growth duration is influenced by cutting
heights. In sonic studies, lower cutting height delayed
maturity but produced uniform growth and maturity (20, 
21, 22, 31, 32, 67, 69, 72, 73, 80,'81). However, another 

report shows that higher cutting height increases growth 

duration (8). 


Grassy stunt virus infection tended to be greater at 

higher cutting heights (7). Longer (25 cm) stubble had 

more stern rot (80).
 

Sometimes, a ratoon crop is cut two or three times after 

harvest. A second cutting decreased the number of tillers 

but increased growth duration and panicle size (34). Grain 

yield was 12% more with a second cutting and about 8% 

more with a third cutting. 


Panicle harvesting by ani-ani, a small knife commonly 
used in Indonesia, produced more ratoons than when culms 
were cut (61, 73). The number of missing hills was signifi-
cantly lower with ani-ani harvest than when stubble was cut 
to 5 cm. However, yield was not significantly different 
among ani-ani and 5- and 15-cm cutting heights (73). 

Many factors affect the choice of cutting height to use, 
including the cultivars chosen. However, 15 cm seems 
workable for most conditions, 

Time of main-crop harvest 
The stage of maturity at main-crop harvest affects ratoon-

ing (31, 88, 92, 93). The best harvesting time for good
ratooning is when the culms are still greenish (29, 67, 82). 

Stalks should be cut before the main crop is fully matured
(9, 57) or at full maturity when the ratoon shoots have just 
begun to grow (86). 

Delaying main-crop harvest for 44-56 d after flowering
reduced ratoon crop growth duration (88). Ratoon growth 
duration, weight, height, and percentage of ratoon tillers 
declined if cutting was delayed 10-20 d after heading (40). 
However, ratoon traits improved slightly with cutting 30-40 
d after heading. In another study, hIarvesting at 30, 35, 40, 
and 45 d after main-crop flowering did not significantly 
affect ratoon yields (31, 77). 

Cutting the main crop to 25 cm height and harvesting 5 
d earlier than optimum time was the best method of 
evaluating ratooning ability. Cultivar, cutting height, and 
harvest time were interactive (31). 

Main-crop cultural practices 
Ratooning ability is affected by plowing depth, trans
planting time, spacing, crop establishment, fertilizer, and 
water management. Various lines/cultivars have different 
ratooning patterns under varying cultural practices. 

Land preparation 
Ratoon crop success is largely deoendent on the thorough 
land preparation for the main crop (67). Deeper plowing 
increased culm elongation and panicles per plant. Plowing 
25 cm deep gave higher grain yield than more shallow 
tillage. Plowing deeper than 25 cm tended to decrease 
ratoon crop viability (36). 

Ratoon crop grain yield is significantly influenced by
tillage method. Ratoon plants after zero tillage yielded 
least. The main crop that had been plowed and harrowed 
produced the highest (1.1 t/ha) ratoon crop yield (8). Plots 
with regular main-crop land preparation tended to grow 
more ratoon tillers. However, tillage did not affect number 
of filled spikelets/panicle and number of missing hills (80). 

Seedling age
 
Main-crop seedling age did not significantly affect grain
 
yield or other ratoon crop characteristics. However,
 
20-d-old seedlings tended to produce higher ratoon grain 
yield because they produced more panicles/unit area and 
filled spikelets/panicle, heavier grains, and fewer unfilled 
spikelets (85). The effect of seedling number/hill in the 
main crop on ratooning ability needs investigation. 

Planting/transplanting time 
Different planting dates expose the main and ratoon crops 
to different day length, temperature, and sunlight condi
tions, which may influence ratoon crop performance. There 
is little work in this area. 

The effect of main-crop sowing time on ratoon growth
duration and grain yield was studied using De Abriel, 
IR841-63-5, and IR899-55-6-4-6-1B (62). The varieties 



IRPS No. 102, February 1985 11 

were planted from 18 Sep to 22 Feb at 30-d intervals. The growth and yield (70). N and P significantly affect ratoon 
Sep seeding yielded highest for all the three varieties. growth, and P is especially important because it promotes 
IR841-63-5 and IR899-55-6-4-6-1B ratooned successfully good root development. 
to the Nov seeding, but grain yields declined sharply Fertilized plots produced better ratoon yields than 
with each later seeding date. Growth duiation of ratoon no-fertilizer plots (78, 93). Timing of application, dosage, 
crop did not show any consistent trend with delay in and kind of fertilizer best suited for ratoon crops need 
seeding. No ratoon was obtained after Nov seeding. further investigation, but it is wise to select quick-acting 

In another study, Ramos and Dittrich (75) also found fertilizers (44). 
'hat sowing date affected ratoon grain yield. Their Sep Applying N has been shown to increase ratoon grain 
seeding yielded more than the Oct seeding. Low tempera- yields (7, 8, 16, 20, 22, 23, 67, 73, 81, 93, 94). N should 
tures at late main-crop growth prevented ratoon develop- be applied immediately after harvest to promote early 
ment. ratooning (7, 23, 43). Applying N fertilizer to the main 

crop 14 d before harvest increased sprouting rate 10/c, but 
Spacing decreased main-crop grain yield (34). 
Spacing is an important ratoon-influencing factor because it Seventy-five percent of the recommended amount of N 
determines main-crop plant population. High main-crop for the main crop should be applied immediately after 
plant population increases tiller number/unit area, therefore harvest to achieve good ratoon yields (23), and sometimes, 
increasing potential ratoon tiler number/unit area. How- second and third fertilizer applications have been recomi
ever, that increase is not proportional to the increase in mended (67). Fertilizer should be placed close to the 
ratoon crop population because high plant density increases stubble rows to ensure rapid nutrient uptake and growth 
the number of missing hills (8). (67, 70). 

Data suggest that 20 x 20 cm spacing produces optimum Fertilizer effect also depends on the inherent ratooning 
ratoon grain yield. The number of missing hills at 20 x 20 ability of the cultivar, and its ratooning vigor, ratoon type, 
cm was significantly less than at 15 x 15 cmiand equalled and growth duration. As ratoon yields increase, N response 
that at 25 x 25 cm (8). Similar spacing has also been also increases (94). Cultivars also differ in their response to 
suggested by othe, research (67). N applied to the ratoon crop (9, 78). 

In another report (1), 10 x 10 cm plant spacing gave Applying N fertilizer on ratoon crops sometimes delayed 
significantly higher ratoon grain yields than 20 x 20, 30 x maturity (14), but other research indicates maturity was 
30, and 40 x 40 c,-spacings. Closer spacing, however, not delayed by N application (73, 8 1). Fertilizer applica
requires more main-crop seed, time, and labor during tion may increase ratoon tillering (34) or may not affect 
planting. tillering (8). 

Plant spacing affects the number of missing hills in the Applying high amounts of N fertilizer to the main crop 
ratoon crop but grain yield may not be significantly af- reduced ratooning viability by weakening plants due to 
fected (8). excessive growth (36). Contrary reports sliowed that 

increasing N level (60-100 kg/ha) correspondingly increased 
Crop establishment ratoon !rain yield. 
The effect of direct seeding and transplanting on ratooning Split application of 90 kg N/ha as a basal dose, and at 
ability has not been studied extensively, but good ratoon panicle initiation, early milk stage, late milk stage, and 7-15 
yields from drilled crops have been reported in Texas (21, d before main-crop harvest did not significantly affect
2 2 ). 22).Oneofavanagehe of iret sedin fo raoon ratoon crop grain yield and tillers/ni 2 (73). No significantO n e o f th e ad vant a g e s o f d i r e c t s e e d i n g for ra t oo ni n e a t o b t w n f r il z r p l c t on i m a d c u i g
cropping is the large number of plants per unit area, each of interaction between fertilizer application time and cutting 
which will only need to grow a few ratoon tillers to pro- height was observed. 
duce high number of tillers/unit area. Besides amount of applied N, application method in the 

In Indonesia, dry-seeded IR30 grew a successful ratoon main crop affects the ratoon crop (73, 80). N deep place
crop (65), yielding 1.9-2.8 t/ha. An adjacent rice crop ment in the main crop produced 15% higher ratoon grain
transplanted 4 d after the ratooned main crop was har- yield and higher panicle density than split application. 
vested suffered drought stress and yielded less than the Split application delayed flowering and harvesting and 
ratoon crop. Further comparisons of dry-seeded and trans- produced lower leaf area index in the ratoon crop. 
planted ratoon crop performance are necessary. Ratoon crop plant height, panicle length, 1000-grain 

A good, uniform plant stand is a prerequisite for a weight, and filled and unfilled spikelets were unaffected by 
productive ratoon crop, irrespective of seeding or trans- ratoon crop N application method (85). N deep placement 
planting method, but other management factors are (8-10 cii) in the ratoon crop also produced significantly 
equally important in determining ratoon grain yield. higher yield than an equal amount of broadcast N. Higher 

grain yield was associated with more panicles/plant, filled 
Fertilizer management spikelets/panicle, and more vigorous ratoon plants. In 
Soil fertility nay directly or indirectly affect ratoon crop creasing N also increased plant vigor but at the same 1 
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level, the broadcast application treatment was less vigorous 
than the deep placement treatment (73). Applying N by 
soil incorporation immediately after harvest versus top-
dressing 10 d after harvest did not significantly affect tile 
number of missing hills in the ratoon crop (80). 

Applying P and K to the ratoon crop did not significant-
ly affect ratoon grain yields. However, Chatterjee et al (16) 
reported that a ratoon crop yielded better with 20 kg 
PK/ia. A highly significant increase in ratoon yield was 
obtained by applying P to the main crop (20, 23, 54). 

To promote early, abundant ratoonling, which increases 
grain yield, it is important to apply fertilizer immediately 
after main-crop harvest. Although a ratoon crop will grow 
if water alone is added, grain yield is significantly higher if 
fertilizer is applied, 

Water management 
Water management before and after main-crop harvest 
affects ratooning ability (8, 31, 53, 72, 88). 

Following is a recommended water management pro-
gram ( 19, 44, 67): To promote ratooning, the field should 
be moist but not flooded for 2 wk at the end of main-crop 
ripening. Draining the field several days after harvest also 
encourages ratooning. Irrigation water must be shallow in 
early ratooning stages, but irrigation is essential immediate-
ly after the first fertilizer application. One week later, the 
field should be drained and weeded, followed by intermit-
tent irrigation, 

There was significant interaction between cutting height 
and rewatering time. When stubble was cut lower, delaying 
irrigation for 4-6 d was better than rewaterinp I d after 
cutting (72). Other research has confirmed those findings 
(8, 32, 70). 

The effect of time of drainage of main crop and rewater-
ing the ratoon crop on grain yield was evaluated (88). 
Grain and dry matter yields of both main and ratoon crops 
were increased by delayed harvest after draining the main 
crop. Draining the main crop increased ratoon panicles/m 2 

and decreased the percentage of missing hills and sterile 
florets. 

However, draining the field during main-crop harvest is 
not essential for good ratoon crop (7). When the ratoon 
crop remained flooded, yield was 2.5 t/ha at 15-cm and 
zero at ground-level cutting height (8). Ground-level 
cutting with continuous 5-7 cm flo,7ding produced very few 
ratoons. If plots were drained during main-crop harvesting 
and irrigated 12 d after harvest, ground-level and 15-cm 
cutting produced comparable grain yields. The number of 
missing hills increased as the time between harvest and 
rewatering was shortened. At 15-cm or higher cutting 
height, it was better if fields remained flooded because 
continuous flooding reduced weeds, 

Water management did not significantly affect per-
centage of ratoon tillers or ratoon height when the crop was 
cut at 5 or 20 cm (38), probably because ratooning ability 
depends largely on food reserves in the stem base and on 

temperature (38). Many hills died when the crop was cut at 
ground level and water remained 5 cm deep. However, the 
effect of water management on ratoon grain yield and 
components was not studied (38). Ratoon tiller production 
did not increase 20 d after cutting. 

Different main-crop water regimes, such as deep drain
age, open bunds, and standing water, did not significantly 
affect the number of missing hills in the ratoon crop (80). 

Providing shallow, permanent flooding immediately after 
main-crop harvest was better than flushing for 3 wk before 
flooding. AN plots with immediate flooding yielded more 
than those tlit were flushed regardless of N application 
rates (53, 55). Ichii (38) did not observe rapid growth with 
early flooding, but Mengel and Wilson (55) reported that 
early flooding encouraged more rapid, uniform regrowth 
than delayed flooding, and produced significantly better 
ratoon height and yield. 

More studies should evaluate the effect of the main-crop 
water regime on ratooning. Water depth may affect the 
viability of ratoon tiller buds, but in deep water rice some 
cultivars ratoon even if the culn has been submerged for 
several weeks. 

Draining the main crop at harvest is generally suggested 
to promote ratooning and prevent death of hills due to 
flooding. However, under rainfed situation where water has 
to be retained as much as possible, the main crop should be 
cut at 15 cm or higher to minimize the number of missing 
hills in the ratoon crop (94). Water management seems to 
affect the ratoon crop to a considerable extent. More 
important is the interaction between cutting height and 
water management before and after main-crop harvest. 
The appropriate combination of cutting height and re
watering time should be considered. Flooding with very 
short cutting can result in poor stands by increasing the 
number of missing hills whereas delayed watering would 
result in severe weed competition to the ratoon crop. 

Temperature 
Only a few reports discuss the effect of temperature on 
ratooning ability. Plants exposed to low temperiture 
(20/20 0 C) at booting stage formed 2-3 times m.ore basal 
ratoon tillers than at high (35/27 0 C), and normal (29/21 0 C) 
temperatures (80). Under high and low temperatures, the 
difference between total and productive tillers did not 
differ significantly, but tiller number was significantly 
higher than under low normal temperatures. However, at 
20/200 C grain yield was significantly lower because of high 
spikelet sterility. Ratoon grain yield (g/hill) did not differ 
under normal and high temperatures. 

When plants were cut 10 d after heading and exposed to 
high (30 0 C) or low (200C) temperatures, ratoon weight, 
height, and percentage -"tillers were highest at 300C (37). 
Maximum percentage of ratoon tillers was before 10 d at 
300C and before 20 d at 200 C. Percentage of ratoon tillers 
varied less with the temperature than did ratoon weight and 
height. Stem base weight 20 d after cutting was lower at 30 
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than at 20 C, but total of stem base weight and ratoon tillers (8) are generally lower than in the main crop. How
tiller weight was higher at 30 than at 20 0C. ever, some ratoon crops have produced more total tillers 

Temperature also affected ratoon-crop growth duration, than the main crop (8, 73, 80). Ratoon crops develop 
Maximum 96 d growth duration was at 20/200 C and many unproductive tillers (9, 20) and axillary buds that 
minimum 56 d duration was at 35/270 C (80). continue metabolic activity at the cost of grain filling. 

To obtain higher ratoon grain yields, it is imperative that 
Light intensity near harvest percentage of productive tillers be increased. 
Shading the main crop from flowering to 7 d after harvest Growth regulators have been reported to stimulate 
(28 d) caused significantly lower ratoon yields than shading growth and stem elongation and to inhibit lateral bud 
at late milk stage to 7 d after harvest (24 d) or shading at development (46), but information on their use to improve 
harvest to 7 d after harvest. Unshaded plants yielded 72% ratooning ability is meager. 
more than shaded plants (73). Applying an extra 30 kg Applying gibberellic acid (GA 3), indole acetic acid 
N/ha at early and late milk stages and 15 d before harvest in (IAA), naphthalene acetic acid (NAA), or 2,4-dichloro
combination with different shading periods did not signifi- phenoxyacetic acid (2,4-D) at main-crop flowering and late 
cantly affect ratoon grain yield. milk stage did not appreciably affect grain and other yield 

Irrespective of growth stage, shading produced a higher components of the ratoon crop. However, they all in
percentage of hills without ratoon tillers, and shading plus creased panicle number/hill (73). 
N topdressing produced 22% fewer missing hills than The effect of benzyladenine (BA), 2-chloroethyl tri
shading without N topdressing (73). methyl ammonium chloride, GA 3 , kinetin, and NAA on 

Tiller regeneration ability was unaffected by main-crop ratoon tillering depended on their concentration and time 
shading. However, the number of ratoon tillers produced of application (33), but all growth regulators increased 
decreased as shading increased (27). In general, no shading ratooning. Five ppm GA 3 and 100 ppin BA induced bud 
and 49% shading had statistically similar effects on grain sprouting most effectively. In general, milk stage foliar 
yield, spikelets/panicle, filled spikelets/panicle, 1000-graiii application of growth regulators produced a higher per
weight, and percentage of sterile spikelets. However, 66% centage of sprouted buds than application at any other 
shading of the main crop significantly reduced ratoon grain staLe. 
yield, which was attributed to fewer spikelets/panicle, filled Plant growth regulators generally did not significantly 
spikelets/panicle, and increased spikelet sterility (27). affect ratoon grain yield or other yield components, except 
Panicles/hill was not significantly different among various panicles per hill. Grain yield was not increased because of 
shading treatments. However, more ratoon panicles tended high ratoon crop spikelet sterility (33). Whether the 
to develop with less main-crop shading. sterility was caused by the growth regulators or because 

In one experiment, plants were cut 10 d after heading ratoons lack the ability to support many panicles should be 
and placed in dark or sunlight environments. Ratoon further studied. 
weight and percentage of ratoon tillers were higher in the 
light than in the dark. About 20 d after cutting, sonic Leaf senescence and carbohydrate content 
ratoon foliage withered in the dark. Ratoons grew taller in Rapid main-crop leaf senescence is assumed to be a major 
darkness than in light. Differences in stem base weight cause of low ratoon rice yields. Senescence or chlorophyll 
between sunlight and dark treatments were not apparent degradation reduces photosynthesis, depletes carbohydrate 
until 20 d after cutting, but final ratoon and stem base content, and decreases protein level and respiratory activi
weights were also higher in sunlight than in darkness. Also, ty (46). Early main-crop senescence might reduce ratoon 
ratoon foliage seemed to contribute to plant growth 10 d yield potential. Therefore, it is believed that if main-crop 
after cutting in sunlight and 20 d after cutting in dark- senescence could be delayed, ratoon yield potential might 
ness (37). be considerably increased. 

In another experiment, plants grew for 2 wk before Delayed main-crop senescence might be an appropriate 
cutting in full sunlight, 50% shading or 75% shading. selection criterion for good ratooning ability (17). Delayed 
Percentage of ratoon tillers, ratoon height, and ratoon senescence is probably coupled with increased carbohydrate 
weight were the highest for full sunlight followed by 50 and content of main-crop stubble, which could cause better 
75% shading. Stem base weight of stubble decreased ratoon development. Carbohydrate concentration at 
significantly and linearly as shading intensity increased, harvest and ratooning ability are closely associated (17, 80), 
which indicates that percentage of ratoon tillers, ratoon which has been confirmed by clipping experiments (80). 
weight, and height may be correlated with stem base When panicles were clipped, more ratoon tillers appeared. 
traits (41). However, clipping leaves resulted in reduced ratoon tiller 

number (80). 
Growth regulators The percentage of ratoon tillers, expressed as that of the 
Ratoon crop plant characters differ significantly from those main crop, was significantly and positively correlated 
of the main crop. Plant height (9) and effective ratoon (r = 0.26*) with :arbohydrate concentration at harvest 
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(17). However, actual number of ratoon tillers appeared to 
be independent of carbohydrate concentration at harvest, 
as indicated by very low correlation coefficient (r = 0.08). 
Ratoon flowering thie was significantly associated 
(r = 0.29*) with carbohydrate content at harvest. Per-
centage of ratoon tillers, ratoon weight, and ratoon height 
were significantly and positively correlated with stem base 
weight and total available carbohydrate content of the 
stubble. Base weight and total available carbohydrate may 
limit ratoon regrowth (41). 

IAA, NAA, 2,4-D, and GA3 growth regulators were 
applied to delay main.crop senescence to cause more 
carbohydrate accumulation through photosynthesis (73). 
Their limited effect on ratoon rice indicated that the 
original hypothesis that ratooning ability is associated with 
plant carbohydrate content at harvest might not be correct, 

In BP176, carbohydrate content was significantly and 
positively correlated (r = 0.88**) with nain-cro) growth 
duration (27). However, ratooning ability was negatively 
associated with growth diration. Carbohydrate concentra-
tion was 48% less in shart-growth-duration phnts (117 d) 
than in 177-d plants, but the Il7-d-duration plants had 
higher ratooning ability. The 100, stubble regeneration of 
short-duration plants could not be attributed to their 
reserve carbohydrate content. High short-duration plant 
regeneration might have been largely due to the high N 
concentration in the stubble. High N content is associated 
with profuse tillering in rice. 

N content of tile main-plant stubble was negatively 
correlated (r = -0.98**) with growth du,ration (27). In 
Minolo, carbohydrate content in the stubble also was 
correlated with the number of ratoon tillers, 

Carbohydrate content of the main-plant stubble was 
negatively and significantly correlated with degree of 
shading, which probably explains why plants ratoon poorly 
if the main crop is shaded (27). C:N was highest at no 
shading and lowest at 66;% shading. Reduced ratoon 
tillering under 665; shading during vegetative phase of the 
iatoon crop might be because low light intensity decreased 
photosynthesis. However, C:N in BP176 increased with 
increased growth duration, whereas growth duration was 
negatively associated with ratooning ability. These data 
contradict the assumn2d role of carbohydrates in ratooning 
ability. 

Carbohydrate content of the stubble also varied with 
time and height of cutting of the main crop (49). In one 
experiment, the crop was cut leaving 20 and 70% of the 
main-crop height at 25, 32, and 39 d after 50Y,%, heading. 
The total nonstructural carbohydrates (TNC) in tile stubble 
did not differ significantly at 32 or 39 d after 50%4 heading, 
regardless of cutting height. 

The contribution of TNC reserves in the lower 20Y( of 
the plant to ratoon tiller development was evidenced by a 
linear increase in ratoon tiller number with increase in time 
after heading at low cutting height and absence of any 
trend for plant samples cut at 701;; of total plant height. 

Declining TNC reserves in lower plant fractions after 
maturity of cv. Bellemont and Vista accompanied an 
increase in ratoon tillers and yield. However, increasing 
TNC reserves for Brazos accompanied similar increases in 
ratoon tillers and yield. These findings suggest that besides 
carbohydrate content of the stubble, other factor(s) may 
encourage high ratooning. For example, stubble N content 
may be equally important as carbohydrate content for good 
ratoon tiller regeneration. Further investigation should be 
undertaken to clarify the role of stubble carbohydrate and 
N contents in ratooning ability. 

Disease and insect pests 
Insect damage can reduce or prevent ratoonimg (93). 
Ratoon crops may be heavily infested with stein borers, 
which can cause total crop loss (19). Heavy insect pest 
incidence on ratoon crop has been reported (29). 

Ratoon rice often has high grassy stunt virus infection, 
while transplanted seedlings of the same age are virus-free 
(8). Ratooning virus-susceptible varieties may involve 
considerable risk of disease damage. In IR36, stem rot 
significantly reduced the number of ratoon tillers (80). 
Cultivars with good ratooning ability and pest resistance are 
needed. 

(;I NIIcS 01F RATOONING ABILITY 

Breeding methods to improve or incorporate a genetic trait 
are largely determined by its mode of inheritance. Little is 
known about the inheritance of ratooning ability. 

Component analysis of ratoon grain yield showed that 
tiller nulber, growth duration, and 1000-grain weight are 
the main yield-contributing characters (94). Cuevas-Perez 
(17) studied the variability and heritability of ratoon crop 
yield components in the F4 generation of three crosses. 
Ileritability estimates for tiller number (0.28) and flowering 
time (0.56) were entirely due to additive effects. Although 
those estimates represented narrow sense heritability, they 
were low and suggested that selection should be practiced 
only in advanced generations when a line attains near 
honmozygosity for ratooning ability. 

Hligh heritability estimates for percentage of ratoon 
tillers (0.87-0.01 ), height (0.83), and weight (0.98) also 
have been reported (40). The heritability of ratoon weight. 
however, varied with cutting time, which indicates the 
important effect of cutting time on ratoon growth and 
yield. 

Ratooning ability is a recessive trait with simple mono
genic control as suggested by the distribution pattern of the 
F2 population ( 13). Early generation selection to improve 
ratooning was recommended because high association was 
observed between ratooning ability of F2 plants and F3 
lines. These findings contradict those of Cuevas-Perez (17). 
Efforts should, therefore, be made to learn more about the 
genetics of ratooning. Many crosses with diverse genotypic 
background should be evaluated in genetic studies of 
ratooning ability. 

http:0.87-0.01
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ASSOCIATION OF RATOONING ABILITY production cost. Additionally, ratoon growth duration is 
WITH OTHER PLANT CHARACTERS only 45-70%, that of the main crop, and it requires about 

selection 50% less irrigation water because water use efficiency is
Correlation studies are necessary to formulate 

25-30% better than that of the main crop (72).
criteria to simultaneously improve several traits. Close 

To be successful, rice ratooning requires a good mainassociation between any physiologic, agro .omic, or bio
crop plant stand. Proper cultural management practices are

chemical main-crop trait and ratooning ability would make 
necessary for both the main and the ratoon crops to pro

selection rapid, effective, and reliable. An association duce high (3-4 t/ha) ratoon yields. Ratoon grain yield is 
analysis of ratooning ability and some main-crop traits was not always lower than that of the main crop (66, 72, 76). 
done by several scientists (17, 31, 40, 94). Bardhan Roy et al (10) compared the performance of a 

Ratoon grain yield was not significantly correlated with ratoon crop of photoperiod-sensitive rices with that of the 
main-crop grain yield (11, 17, 18, 61, 64, 83, 94) but main-crop photoperiod-sensitive anan rice. The ratoon 
others reported a significant, positive correlation (31, 50). grain yield generally equalled the main crop and was higher 
There is significant association between ratoon yield and for some varieties. Low main-crop grain yield may have 
tiller number (r = 0.74) and 1000-grain weight of ratoon been caused by drought inthe reproductive phase of the 
crop (r = 0.79) (94). Correlation and path analyses showed transplanted crop, whereas the ratoon crop escaped drought 
that filled grains/panicle is the principal trait that deter- transplae op hre th ratonc roc ed g 
mines ratoon grain yield (63). Percentage of ratoon tillers stress because of short growth duration, therefore yielding 
and grain yield are positively and significantly (r = 0.91) more than the transplanted crop.correated(18,31).Mahadevappa (51) attributed low grain yields of the 
correlated (18, 31). 
 Jun-Dec main crop to heavy rains and cloudy weatherThere was no significant association of main-crop tiller during most of the crop season and also to heavy insect and 
number, plant height, and grain yield with ratoon tiller disease problems. The ratoon crop season, however, 
number (17). Similarly, ratoon grain yield was reported to (Dec-Jan to Apr-May), has long, bright sunny days and few 
be independent of growth duration (18), but positive and disease and insect problems. Low temperature early inthe 
significant association of those traits also was observed seasen pro leseason rate eriprolong the growth durationLo oftethe ratoon crop tto 
(31). Ratoon growth duration and tiller number were m than 130gd, which produce high yields.more g 
negatively and significantly correlated. Ratoon growth No systematic study has compared the costs of inputs 
duration is thought to be the major factor to emphasize in and outputs for two short-duration transplanted crops 
the improvement of ratoon cropping because it is positively versus a transplanted, then ratooned crop. Zandstra and 
associated with grain yield. Also, precise growth duration Samson (94) assumed the production cost of a ratoon crop 
would define necessary crop management. to be 55% of that of a newly transplanted crop and cal-

Although cuitivars with longer ratoon growth duration culated that ratoon cropping would be preferable to trans
(60 d) may be selected for the breeding program, the planting a second crop if ratoon yields were to exceed 45% 
association between ratoon tiller number and growth of the second-crop yield. In that case, a rice-ratoon se
duration is negati.: and significant. The expected negative quence would yield a higher net return than a rice-rice 
effect of such a selection on ratoon tiller number might be sequence. 
minimized by management practices. Where energy and labor inputs are expensive or limiting, 

The phenotyp ic association between percentage of ratoon cropping may be economical at yields less than 45% 
ripened grains of the main crop and ratoon weight, height, of the second rice crop (94). Bahar and- De Datta (8) 
and percentage of tillers was highly significant and positive studied the productivity (kg/ha/d) of rice cropping systems. 
(39). Ratoon weight was also positively and significantly The productivity of 2 sequential transplanted rice crops 
correlated with main-crop grain yield when the crop was varied from 51 to 66; for transplanted followed by direct 
cut 10 d after heading. At similar cutting time, percentage seeded crop, 44-53; and for transplanted followed by 
of ratoon tillers was negatively and significantly associated ratoon, 37-50, which again confirms the potential of rice 
with culm length. ratooning. 

Percentage of ratoon tillers was significantly and posi- Until now, ratoon cropping experiments have used 
tively associated with internode and stem base weight at 20, cultivars that were not bred for ratoon cropping and lacked 
30, and 40 d after heading (39). Breaking strength at 20 d proper management practices for ratooning. Cropping 
after heading was negatively and significantly correlated cultivars with high ratooning ability and yield potential 
with percentage of ratoon tillers, and lodging index at 20, under proper management in a particular agroclimatic con
30, and 40 d after heading was negatively and significantly dition could be economical. Chapman (15) economically 
correlated with percentage of tillers and height. analyzed ratoon cropping as an alternative technology 

ECONOMIC FEASIBILITY for rainfed lowlands. His findings suggested that ratoon 
cropping would be economically viable and indicated that 

Rice ratoon cropping may save up to 60% of the labor ratooning complements double-rice-cropping by freeing up 
needed for land preparation and planting and 25-30% of the scarce labor and energy resources and more efficiently 
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using abundant resources such as land with little double. 
cropping potential. 

Further data are needed to assess the economic feasibil. 
ity of ratoon cropping. 

SUMMARY 


Rice 	 ratooning may be a practical way of increasing rice 
production per unit area and time. No serious, systematic 
attempt has been made to explore its potential and to 
understand the mechanism of and factors affecting ratoon-
ing ability and yield. Low grain yield and the vulnerability 
of the ratoon crop to insects and diseases are major con-
straints preventing its large-scale use in tropical Asia. 

Ratooning ability is a potentially important varietal 
character that should be improved, but it is a complicated 
trait. The various factors that determine ratooning ability 
directly or indirectly are summarized in Figure 5. Im-
proving ratooning ability is a difficult and challenging task 

GENETICS-VARIETAL 

DIFFERENCES 


" Inherent ability 
to ratoon
 

" Tillering ability
 
" Origin of ratoon
 

tillers
 
" Delay in leaf RATOONING ABILITY
 

ssnescence
 
* 	Ability to accumulate
 

carbohyd tes
 
* Growth du. tion
 
" Viability of dormant buds
 
* Root vigor of main crop 

ENVIRONMENT 
BEFORE HARVEST 

" Solar radiation 
* Temperature 
* Nitrogen 

" Carbohydrz;;c
 
* Growth regulators 
* Water management 	 Temperature 
" 	Diseases and insects Solar radiation
 

Water
 
Nutrient level


CULTURAL MANAGEMENT
 
OF MAIN CROP
 

" Land preparation 
* Planting date 
" Spacing 

" Crop establishment
 
" Nitrogen application
 
" Seedling per hill Virus diseases 

" Seedling age Stem rot
 
* 	 Water management No. of leaves
 

per culm
 

CULTURAL PRACTICE No. of days
 
AT HARVEST to flower
 

" Cutting time
 
" Cutting height
 
- Nitrogen
 

because of the complex genetic architecture and pre
dominant influence of agroclimatic conditions and man. 
agement practices. 

Ratooning ability differs by cultivar. Some differences 
that 	affect ratooning ability are: inherent ability to pro
duce ratoon tillers; origin of the ratoon tillers (basal ratoon 
tillers preferred); delayed leaf 	 senescence; carbohydrate
accumulation ability, which might be affected by growth 
duration; main-crop root vigor; and viability of dormant 
buds. 

Main-crop environment substantially influences ratoon
ing. Low solar radiation during reproductive and ripening 
reduces ratoon tillers and yield. Low temperature during 
reproductive stage causes more ratoon tillers to form. 
Higher plant N and carbohydrate content also increase 
ratooning ability. 

Main-crop cultural practices also influence ratooning. 
Thorough, deep plowing produces better ratoon tillers. 
Planting date, and therefore the effect of temperature and 

5. Factors affecting ratooning ability and 
grain yield. 

SPIKE LETS/UNIT AREA 

a Panicles/area 

9 Spikelets per 
panicle 

o Percentage of fertility 
e Weight per grain 

RATOON YIELD 
2.5 t/ha 

3.3 tin IRRI 
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solar radiation, also influence ratooning. Spacing only maturity; and 

slightly affected ratoon yield, although 20 x 20 cm spacing * High grain yield. 

generally is recommended. A good, uniform plant stand is More work is needed to make ratooning successful. The 

essential for a good ratoon crop irrespective of seeding or following points require emphasis and attention by 

transplanting method. Other factors such as N level and researchers: 
application and number of .eedlings per hill need further 1. Th2 mode of inheritance of ratooning ability has not 

studies. Water management is an important factor in ratoon been firmly established, therefore it is difficult to plan a 

tiller production, and draining fields before harvest is breeding strategy for cultivar improvement. More informa

recommended. 	 tion is needed about genetic aspects such as gene action, 

Certain practices at harvest or just before can also affect heritability estimates, and ratooning stability. 

ratooning. The main crop should be harvested before full 2. Temperature and growth regulator studies have 

maturity because delayed harvesting or cutting reduces produced inconsistent results and should be continued. 

ratoon yields. Cutting height determines the origin of the 3. Suitable selection criteria based on main-crop charac

tillers and the growth duration of the ratoon crop. N should ters should be identified. 

be applied immediately after harvest. 4. There are many published reports on cultural prac-

Greater efforts should be made to analyze the com- tices, water management, and fertilizer use in ratoon crops. 

ponents of ratooning and ratoon grain yields. An ideal Suitable packages of cultural and management practices 

cultivar for rice ratoon cropping should have the following should be developed for specific agroclimatic conditions. 

traits: 5. The economics of ratoon cropping should be further 

" Ratoon tiller production after and not before harvest; studied. The production cost of inputs and outputs for two 

* 	Tillering from basal, not upper, nodes; transplanted crops or transplanted then ratooned crops 

* 	 Sixteen ratoon tillers/hill at 20 x 20 cm spacing; should be compared for at least 4-6 seasons. Future studies 

* 	 At least 3 leaves/tiller; should evaluate ratoon cropping not only by crop yield 

* 	 Resistance to major diseases and insects; potential or costs and returns, but also as a cropping system 

* Synchronized flowering and maturity; with independent crop activities.
 

" More than 60 d growth duration from cutting to
 

REFERENCES CITED 

1. 	 Altamarino, L. 1959. The influence of spacing on the devel- Proceedings of the 1981 international deepwater rice work
opment, yield and agronomic characters of rice ratoon crop. shop. International Rice Research Institute, Los Bafios. Philip-

MS thesis, University of the Philippines at Los Bafios, Laguna, pines. 
Philippines. 14. Beachell, H.M., J.E. Scott, N.S. Evatt, J.G. Atkins, and J.V. 

2. 	 Anonymous. 1943. A ratoon crop of paddy. Mysore Agric. J. Halick. 1961. Belle Patna. Rice J. 84(6):24. 
22(1):15. 15. Chapman, J. 1979. Ratoon rice culture as an alternative farm 

3. 	 Anonymous. 1963. Second rice-crop: a significant factor in technology for rainfed lowland areas - an Iloilo case. Paper 

total rice production in Texas. Rice J. 66(5):10-12, 43. presented at the Cropping Systems Program Seminar, IRRI, 

4. 	 Anonymous. 1977. Engineering for appropriate technology Los Bahios, Laguna, Philippines. 
farming systems in the lowland humid tropics. Int. Inst. Trop. 16. Chatterjee, B.N., S. Bhattacharya, and P. Debnath. 1982. 

Agric. Farming Systems Program-Report in 1977. Ratooning of rice. Oryza 19(3/4):226-227. 
of six5. 	 Anonymous. 1977. Promising mutants from popular Mahsuri. 17. Cuevas-Perez, F.E. 1980. Inheritance and associations 

Rice Res. News, CRRI, India 3(1):1-2. agronomic traits and stem-base carbohydrat concentrations on 

6. 	 Aubin, J.P. 1979. Rice and its ratooning in Richard-Toll, ratooning ability in rice Oryza vativa L. Ph D thesis, Oregon 

Senegal 	Montpellier, IRAT. 11 p. State University. 102 p. 
1976. Prospects for raising productivity of rice by 18. Das, G.R., and T. Ahmed. 1982. The performance of semi7. 	 Bahar, F.A. 

ratooning. MS thesis, University of the Philippines at Los dwarf varieties as ratoon crop after summer harvest. Oryza 
Bafios, Laguna, Philippines. 102 p. 19(3/4):159-161. 

8. 	 Bahar, F.A., and S.K. De Datta. 1977. Prospects of increasing 19. Evans, L.J.C. 1957. Ratoon rice. World Crops 9(6):227-228. 

total rice production through ratooning. Agron. J. 69:536- 20. Evatt, N.S. 1958. Stubble rice production tests. Rice J. 

540. 	 61(6):18-19, 40. 
High annual yields of rice in Texas through9. 	 Balasubramanian, B., Y.B. Morachan, and R. Kaliappa. 1970. 21. Evatt, N.S. 1966. 


Studies on ratooning in rice. 1. Growth attributes and yield. ratoon or double cropping. Rice J. 69(12): 10-12, 32.
 

Madras Agric. J. 57(11):565-570. 	 22. Evatt, N.S., and H.M. Beachell. 1960. Ratoon cropping of 

10. 	 Bardhan Roy, S.K., R. Ghosh, and J. Mondal. 1983. Compari- short season rice varieties in Texas. Int. Rice Comm. Newsl. 

son of photoperiod sensitive ratoon rice and normal sown 9(3):1-4. 
aman rice. Int. Rice Res. NewsL 8(5):22-23. 23. Flinchum, W.T., and N.S. Evatt. 1972. The effect of 2,4-D 

11. 	 Bardhan Roy, S.K., R. Ghosh, and J. Mondal. 1982. Yield and and nitrogen on the stubble crop rice production in Texas. 

yield 	 contributing characters of photoperiod sensitive rice Rice Research in Texas. Consolidated PR 3105. Sep. 1972. 
Int. Rice Res. Newsl. 7(3):19. 24. Ganguli, B.D., and L.L. Ralwani. 1954. Possibilities of growvarieties and their ratoons. 

12. 	 Bardhan Roy, S.K., and J. Mondal. 1982. Ratooning ability ing ratoon crop of paddy and increasing its yield under irri

of some photoperiod sensitive rices. Int. Rice Res. Newsl. gated conditions. Sci. CLlt. 19(7):350-351. 
25. Garcia, 	 D.E. 1962. Ratooning of rice (El cultivo de la "soca"7(6):5. 

13. 	 Bardhan Roy, S.K., B.S. Vergara, and G. Patefia. 1982. Rice del arroz). Arroz 11(24):8 from Trop. Abstr. 18(1):18. 
with ratooning ability for deepwater areas. Pages 305-309 in 26. Garcia, D.E. 1963. Comparacia entre la siembra directo y 



18 	 IRPS No. 102, February 1985 

varias forms del cultivo de la soca del arroz (Oryza saliva L.)
[in Spanish, English summary]. Acta Agronomica, Palmira,
13(1):1-18. 

27. 	 Garcia, R.N. 1981. The effects of growth duration and
different levels of light intensity on the ratooning ability of
rice. BS thesis, University of the Philippines at Los Bafios,
Laguna, Philippines. 49 p. 

28. 	 Gay, B. 1961. Ratooning methods of a Texas rice farmer.
Rice J. 64:22. 

29. 	 Grist, D.H. 1965. Rice. Longmans, London. 571 p.
30. 	 Gupta, P.S., and A.K. Mitra. 1948. Possibilities of increasing

the yield of rice by ratooning in the United Provinces. Indian
Farming 9:13-15. 

31. 	 Haque, M.M. 1975. Varietal variations and evaluation proce-
dures for ratooning in rice (Ory'za saliva L.). MS thesis, Uni-versity of the Philippines at Los Bahios, Laguna, Philippines. 
110 p. 

32. 	 Hodges, R.J., and N.S. Evatt. 1969. Second crop rice produc-
tion. Agron. Notes. 69:21-22. 

33. 	 Hou, F.W. 1983. Effects of plant growth regulators on weed 
community compositions, sprouting, development and grain
yield of main and ratoon rice. MS thesis, University of the
Philippines at Los Bahios, Laguna, Philippines. 173 p.

34. 	 Hsieh, C.F., and F.P. Young. 1959. Studies on the cultivation 
of ratoon rice [in Chinese, English summary]. Agric. Res.
(Renamed as J. Taiwan Agric. Res.) 8(3/4):21-32. 

35. 	 Hsieh, C.F., S. Kao, and C. Chiang. 1964. Studies on the
cultivation of ratooned rice. Varietal variation on ratooning
ability and yield [in Chinese, English summaryl. J. Taiwan 
Agric Res. 13(3):14-21. 

36. 	 Hsieh, C.F., S. Kao, and C. Chiang. 1968. Studies on the
cultivation of ratooned rice. III. Effect of plowing depth and 
amount of fertilizar on re-viability and yield of ratooned rice 
[in Chinese, English summary]. J. Taiwan Agric. Res. 17(4):
24-33. 

37. 	 ichii, M. 1982. The effect of light and temperature on rice 
plant ratoons. Jpn. J. Crop Sci. 51(3):281-285.

38. 	 Ichii, M. 1983. The effect of water management on ratoon
ability of rice plants. Tech. BulL Fac. Agric., Kagawa Univer-
sity, 34(2, Ser. 72):123-128.

39. 	 Ichii, M., and K. Hada. 1983. Application of ratoon to a test
of agronomic characters in rice breeding. I1. The relation 
between ratoon ability and lodging resistance. Jpn. J. Breed. 
33(3): 251-258. 

40. 	 Ichii, M., and I1. Kuwada. 1981. Application of a ratoon to a 
test of agronomic characters in rice breeding. I. Variation in 
ratoon ability and its relation to agronomic charactcrs of 
mother plant. Jpn. J. Breed. 31(3):273-278.

41. 	 Ichii, M., and Y. Sumi. 1983. Effect of food reserves on the 
ratoon growth of rice plant. Jpn. J. Crop Sci. 52(1):15-21.

42. 	 IRRI (International Rice Research Institute). 1980. Annual 

report for 1979. Los Bafios, Philippines. 538 p.


43. 	 Ishikawa, T. 1964. Studies on the ratoon of rice plant in early

cultivation [in Japanese, English summary]. 
 Bull. Fac. Agric.,
Univ. of Miyazaki, Jpn. 10(l):72-78. 

44. 	 Iso, E. 1954. Ratoon culture of horai varieties. Pages 197-
200 in Rice and crops in its rotation in subtropical zones. 

Japan-FAO Association, Tokyo. 


45. 	 Karunakaran, K., M.B. Jalajakumari, and P. Sreedevi. 1983.
Ratoon performance of some short duration rice culture. 
 Int. 
Rice Res. NewsL 8(4):4. 

46. 	 Leopold, A.C., and P.E. Kriedemann. 1975. Plant growth and 
development. McGraw Hill Book Co., New York. 545 p.47. 	 Lewis, C.T., and C. Short. 1958. A Latin dictionary. Oxford
University Press (Clarendon), London and New York. 2019 p.

48. 	 Lozano, J., and F. Abrufia. 1977. Elffect of planting season on 
yields of eight short-grain varieties of rice under irrigation. J.
Agric. Univ. P.R. 61(1):6-10. 

49. 	 Mcllrath, W.O., B.D. Webb, and J.E. Scott. 1982. Height and 
time 	 of cutting effects on carbohydrate reserves of rice culti-vars in relation to ratoon crop development. Proc. 19th Rice 
Tech. Work. Group:13. 

50. 	 Mahadevappa, M. 1979. Ratoon cropping to increase rice 
production, Banglore, UAS 23 p. (UAS Tech. Ser. 26.) 

51. 	 Mahadevappa, M. 1980. Ratoon cropping of rice in Karna
taka. Indian Farming 30(6):7-8.

52. 	 Medappa, C.K., and M. Mahadevappa. 1976. A ratoon crop of 
Intan paddy in Koorg is possible. Curr. Res. 5(9): 148-49.

53. 	 Mengel, D.B., and W.J. Leonards. 1977. Effects of water 
management and nitrogen fertilization on second crop yield
and quality (A preliminary report). Annual Progress Rep.
Louisiana Rice Exp. Stn. 69:38-41. 

54. 	 Mengel, D.B., and W.J. Leonards. 1978. Effects of nitrogen,
phosphorus and potassium fertilization on the yield and 
quality of re ond crop Labelle rice. Annual Progress Rep.,
Louisiana Agiic. Exp. Stn. 70:60-62. 

55. 	 Mengel, D.B., and F.E. Wilson. 1981. Water management and 
nitrogen fertilization of ratoon crop rice. Agron. J. 73(6):
1008-1010. 

56. 	 Nadal, A.M., and V.R. Carangal. 1979. Performance of the 
main and ratoon crops of 13 advanced rice s!lections under dry
seeded rainfed bunded conditions. Philipp. .. Crop Sci. 4(2/3): 
95-101. 

57. 	 Nagai, 1. 1958. Japonica rice - its breeding and culture. 
Yokendo Ltd., Tokyo. 843 p.

58. 	 Nair, N.R., and P.C. Sahadevan. 1961. A note on vegetative
propagation of cultivated rice. Curr. Sci. 30:474-476. 

59. 	 Nayak, R.L, M. Das, and S.S. Mandal. 1983. Ratoon rice can 
yield well. Int. Rice Res. Newsl. 8(2):5.

60. 	 Nezamuddin, S., and T.D. Sinha. 1962. Improved cultural 
practices for rice crop. Indian J. Agron. 6(3):227-232.

61. 	 Oh, W.K., and W. Sunarzo. 1969. Comparison between paddy
ratoons grown after stalk cutting and panicle cutting. Depar
temon Pertanian, Djakar:a, Penungkatan, Produksi Pangan,
Statement Mentan/ Menpen 23 Djuli. 1958. 6 p.

62. 	 Oliveira, A. B. De, and S. A. Neto. 1979. Producao da soca de
cultivares de arroz diferentesem epocas de semeadura, nas 
condicocs do Norte Fluminense, Comunicado Tecnico, (Esta
cao Experimental de Campos) 31:1-3. 

63. 	 Palchamy, A., and S. Kolandaswamy. 1982. Correlation and 
path coefficient study of ratoon rice varieties Vaigai and 
Bhavani. Madras Agric. J. 69(10):693-694.

64. 	 Pan, C.L. 1952. Rice improvement in China. Int. Rice 
Comm. Newsl. 2:10-12. 

65. 	 Pandang, M.S., A.S. Zainal, and f:.A. Bahar. 1977. Time of

planting "gogo rancah" on 
 lowland fields in South Sulawesi. 
The Third Wokshop on Cropping systems, CRIA, IRRI, 
Bogor, Indonesia. 

66. 	 Parago, J.F. 1963. A review of work on rice ratooning in the 
Philippines. Agric. Ind. Life 25(7):8-9. 39. 

67. 	 Parago, J.F. 1963. Rice raloon culture. Agric. Ind. Life 
25(8):15, 45, 47. 

68. 	 Pedroso, B.A., and P.R. Souzia 1974. Ratoon cultivation of 
eight rice varieties tinder two sowing densities [in Portuguesej.
Pages 48-50 in .\n. I' Reuniao Geral de ('ultura de Arroz,
IPIAS-IRGA, Pelotas. Brazil. 

69. 	 Pefia, R.S. dela, and I).L. Plucknctt. 1972. Ratoon per
formance of IR8 and IR22 at different cutting heights. Proc. 
14th Rice Tech. Working Group, tniversity of California, 
Davis. 83 p.

70. 	 Plucknett, D.L., R.G. lEscalada, and R.S. dela Pefia. 1978. Crop
ratooning. J. Seiies 2266 of the lawaii Agric. Exp. Sin., 
Honolulu, lawaii, USA. 40 p.

71. 	 Plucknett D.L., J.P. Evenson, and W.G. Sanford. 1970. 
Ratoon cropping. Adv. Agron. 22:285-330. 

72. 	 Prashar, C.R.K. 1970. Paddy ratoons. World Crops 22(3):
145-147. 

73. 	 Quddus, M.A. 1981. Effect of several growth regulators,
shading and cultural management practices on rice ratoon
ing. MS thesis, University of the Philippines at Los Bafhos, 
Laguna, Philippines. 100 p.

74. 	 Ramaswamy, C., and L.D. [laws. 1970. Successive cropping
of IR8 paddy with notes on ratooning. Madras Agic. J. 
57(1 ):545-546.

75. 	 Ramos, M.G., and R.C. Dittrich. 1981. Effect of height of 
cutting at rice harvest on the yield of .he ratoon crop. Pages
137-140 in An IIA Reuniao Da Cu!tura De Arroz Irrigado,
Illus. Pelotas, Uepae, Brazil. 



76. 	 Reddy, T.G., M. Mahadevappa, and K.R. Kulkarni. 1979. 
Ratoon cropping of rainfed rice. Int. Rice Res. Newsl. 4(5): 
25-26. 

77. 	 Reddy, T.G., M. Mahadevappa, and K.R. Kulkarni. 1979. Rice 
ratoon crop management in hilly regions of Karnataka, India. 
Int. Rice Res. Newsl. 4(6):22-23. 

78. 	 Reddy, V.R., and M.S. Pawar. 1959. Studies on ratooning in 
paddy. Andhra Agric. J.6(2):70-72.

79. 	 Roy, S.K. 1959. Second flowering in Oryza sativa L (Var. 
indica). Nature 183:1458-1459. 

80. 	 Samson, B.T. 1980. Rice ratooning: effects of varietal type
and some cultural management practices. MS thesis, University 
of the Philippines at Los Bafios, Laguna, Philippines. 116 p. 

81. 	 Sanchez, N.P., and R.L. Cheaney. 1973. Preliminary results 
on ratoon planting of the variety Cica 4. Programa Nacional de 
Arroz. Reunion Annual V. ICA Cerete. p.129 -132. 

82. 	 Saran, A.B., and M. Prasad. 1952. Ratooning in paddy. Curr. 
Sci. 21(8):223-224. 

83. 	 Saran, S., M.Q. Azam, and S.P. Sahu. 1969. A note on dif-
ferential behaviour in the ratooning ability of some photo-
period insensitive rice genotypes. J. Appl. Sci. Bihar, India 
1(1):46-48. 

84. 	 Sen, P.K., and S.P. Banerjee. 1960. Ratoon tillers, culm 
branching and vegetative ear in rice. Indian Agric. 4(1):63-66. 

85. 	 Sompaew, V. 1979. Stand establishment techniques in 
direct-seeded dryland rice. Ph D thesis, University of the 
Philippines at Los Bafios, Laguna, Philippines. 182 p. 

86. 	 Szokolay, G. 1956. Ratooning of rice on the Swaziland 
Irrigation scheme. World Crops 8(2):71-73. 

IRPS No. 102, February 1985 19 

87. 	 Volkova, N.P., and A.P. Smetanin. 1971. On ratoorng
characters of rice cv. adapted to the Kuban region. Byulleten 
Nauchno-Tekhnicheskoi lnformatsii, usesoyuznyi Nauchno-
Issledovatel' Skii Institut Risa 3:21-24. From Referativnyi 
Zhurnal 55(3):345. 

88. 	 Votong, V. 1975. The effect of time of drainage and time of 
rewatering on the yield of ratoon rice. MS thesis, University of 
Sydney, Australia. 

89. 	 Webb, B.D., C.N. Bollich, and J.E. Scott. 1975. Comparative 
quality characteristics of rice from first and ratoon crops 
Texas Agric. Exp. Stn. Prog. Rep. 3324 c. 12 p.

90. 	 Wenzhi, L. 1978. Preliminary report on selective cultivation 
of regenerative rice [in Chinese]. Beijing Yichuan Yuzhong 
(Genetics and Plant Breeding) 6:9-10. 

91. 	 Winburne, J.N. 1962 A dictionary of agricultural and allied 
terminology. Michigan State Univ. Press, East Lansing, Michi
gan. 905 p. 

92. 	 Yang, K.C., S.W. Sun, and C.Y. Long. 1958. A study of 
regeneration rice. [in Chinese, English surnmaryJ. Acta 
Agric. Sin. 9:107-133. 

93. 	 Yang, S.J. 1940. fhe cultivation of regenerated rice and its 
future in Ilunan and Szechuan [in Chinese, English summary]. 
Nung Pao 5:46-52. Pages 1-10 in Ratoon cropping in swampy 
or wetland rice (From 1940-65). Commonwealth Bureau of 
Pastures and Field Crops. 

94. 	 Zandstra, II.G., and B.T. Samson. 1979. Rice ratoon man
agement. Paper presented at the International Rice Research 
Conf., 17-21 April. 10p. 



The International Rice Research Institute 
P 0.Box 933, Manila, Philippines 

Stamp 

ISSN 0115-3862 
Other papers in this series 
TITLES OF NUMBERS 1-45 ARE LISTED ON THE LAST PAGE OF NO. 46; THOSE OF NUMBERS 46-70 ARE ON THE LAST PAGE OF NO. 71-80. 

No. 71 	 The development and diffusion of rice varieties in Indonesia 
No. 72 Levels of resistance of rie varieties to biotypes of the BPH, Nilaparva 

lugens, in South and Southeast Asia 
No. 73 Growing season analyses for rainfed wtland fields 
No. 74 San Bartolome: beyond the green revolution 
No. 75 Pathotypes of Xanthornonas campestris pv. oryzae in Asia 
No. 76 Focusing field research on future constraints to rice production 
No. 77 An international survey of methods used forevaluation ofcookingand 

eating quality of rfiilled rice 
No. 78 	 Research on algae, blue-green algae, and phototrophic nitrogen 

fixation at the Int-rnational Rice Research Institute (1961-81), sum-
marization, problems, and prospects 

No. 79 	 Seed-derived callus culture for selecting salt-tolerant rices 
No. 80 	 Economiclimitationsto increasing shallow rainfed rice productivityin 

Bicol, Philippines 
No. 81 	 Irrigation system management research and selected methodological 

issues 
No. 82 	 Interdisciplinary challenges and opportunities in international agricul-

tural research 
No. 83 	 Comparative analysis of cropping systems: an exploratory study of 14 

rainfed sites in the Philippines 
No. 84 	 Rapid generation advance of rice at IRRI 
No. 85 	 Physicochemical characterization of iron-toxic soils in some Asian 

countries 
No, 86 	 New rice technology,intrarural migration, and institutional innovation 

in the Philippines 

No. 87 	 RICEMOD: a physiologically based rice growth and yield model 
No. 88 Sensitivity tests of the environmental variables in RICEMOD 
No. 89 Sensitivity tests of the crop variables in RICEMOD 
No. 90 New rice technology and labor absorption: comparative histories of 

two Philippine rice villages 
No. 91 Calculating the private benefits of farm machinery, a microcomputer 

application 
No. 92 Cropping systems research in the Pangasinan Project
 
No. 93 Estimating risk of fertilizer use in rainfed rice production
 
No. 94 Sensitivity tests of the environmental vari.bles in IRRIMOD
 
No. 95 Sensitivity tests of the crop and management variable in RICEMOD 
No. 96 Fertilizer transfer to floodwater during deep placement 
No. 97 Interaction between fertilizer and weed control methods in Philippine 

upland rice: estimates from farmer's fields 
No. 98 Training needs of information services in agricultural research and 

educational organizations in Asia: a 9-country survey 
No. 99 Soil sickness caused by continuous cropping of upland rice,mungbean. 

and other crops 
No. 100 Changes in input use and grain yields in lowland rice farms in three 

Philippine provinces 
No. 101 The economics of hybrid rice producion in China 

'V0
 


