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THE CONTRIBUTION OF VARIETAL TOLERANCE FOR PROBLEM SOILS
TO YIELD STABILITY IN RICE!

ABSTRACT

The erratic performance of the modern rice varieties
in many countrics has been attributed to physical and
biological environmental stresses to which they are
not adapted. Physical -<tresses include phosphorus

deficiency, =inc defic:oncy, and iron toxicity in wet-
land rice and iron deticiency in dryland rice. To
ascertain the contribution of varietal tolerance to

yield stability under those mineral stresses, the
performance of tolerant and sensitive genotypes of
comparable vield potcntial was studied in the field
in the 1978 dry and wet seasons and 1979 dry season.
The tests were conducted, where possible, at three
stress levels -- no stress, mild stress, and severe
stress.

The results confirmed the existence of marked dif-
ferences in varietal tolerance for mineral stresses,
provided measures of the yield increase accruing from
tolerance, indicated the value of initial mass
screening followed by field tests in identifying
stress—-tolerant rices, and revealed a higher uptake
of the deficient elements by tolerant rices compared
with the sensitive ones.

1

Rescarch Paper Series Committee Soptember 1079,

Tolerance varied widely with the stress level and the
genotype. Sensitive rices suffered severe yield
losses even under mild stress, whereas tolerant rices
resisted the yield decline until the stress became
moderate. Under severe stress, both tolerant and
sensitiv: genotypes perished.

The contribution of varietal tolerance to yield ranged
from 0.5 to 0.8 t/ha for phosphorus deficiency, 0.5

to 1.5 t/ha for zinc deficiency, and 0.2 to 0.7 t/ha
for iron deficiency at yield levels of 2.5 to 4.0 t/ha.

Ratings in mass screening at the scedling stage cor-
related closely with yield in the zinc and iron
deficiencies tests. In the phosphorus deficiency and
iron toxicity tests, the correlation was poor because
of later recovery from the stress, especially by the
late-maturing rices. That indicated the need for
yield tests in the field.

The tolerant rices produced economic yields under
mineral stresses common in rice lands and consistently
maintained their superiority to the sensitive ones
over locations and scasons.

By M. Mahadevappa, senior research fellow; H, Ikehashi, former plant brecder; and F. N. Ponnamperuma, princi-
pal soil chemist, International Rice Rescarch Institute, Los Banos, Lapuna. Philippines,

Submitted to the TRRL
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THE CONTRIBUTION OF VARIETAL TOLERANCE FOR PROBLEM SOILS
TO YIELD STABILITY IN RICE

The introduction of IR8 in 1966 marked the start of

a technological revolution for rice farmers and
promises of plenty for the people ot the rice-growing
arcas of the world. But TIR3 and its carly successors
did not fulfill its promise, largely because of
adverse environmental factors that were beyond the
control of the small farmers who constitute the bulk
of the rice producers of Asia.

These factors include soil-based plant stresses such

as salinity, alkalinitv, iron and aluminum toxicities,

and phosphorus, zinc, and iron deficiencies. Because
of the widespread incidence of these stresses, the
modern rice varieties have performed inconsistently
over vast areas in Asia, Africa, and Latin America.

The stresses can be relieved by water control and
chemical amendments but those are costly. Varietal
tolerance may be a simpler solution, especially where
the stresses are not severe (lkehashi and Ponnam-
peruma 1978). Incorporating genctic tolerance tor
adverse soils in the modern varicties mav ensure
vield stability over a wide range of soil conditions
and, in some mineral stresses, over several growing
suasons.,

Although thousands of rices have been screened for
tolerance for various mineral stresses and many
tolerant varicties identificed (IRR1 1970, 1979;
Virmani 19765 Howeler and Cadavid 19763 lkehashi
and Ponnamperuma 1978), information on the field
pertormance of tolerant varicties is meager (IRRI
1973, 1979; RKovama et at 1973; Alluri and Budden-
hagen 1977),

In this paper we compare the field performance of
varieties on soils with three mineral stresses
commonly cncountered in wetland rice tands --
phosphorus deficieney, zine deficiency, and iron
toxicity —— and the most important mineral stress
in drvtand rice, viz., iron deficiency. We also
evaluate the contribution of varietal tolerance to
vield stabilityv.

FLELD PERFORMANCE OF RICES ON ADVERSE SOILS

We tested rices for phosphorus deficiency, zince
deficiency, and iron toxicity in four Philippine
provinces. Iron deficieney test was at IRRI,
Tolerant and sensitive varicties were chosen on the
basis of greenhouse tests, We elimd ~d those
with tow vicld potential as shown ficated
field trials at IRKRI,

Phosynors dofioelonen
During the 1978 drv and wet seasons we testod the

performance of 12 tolerant amd 17 sensitive lines on

phosphorus-deficient soils (Luisiana clay, pH: 4.8,
0.M.: 3.5%, total P: 1350 ppm, Olsen P: 2 ppm) at
Pangil, Lapuna, and Narra, Palavan (Bay clav loam,
pH: 7.2, OM.: 2,27, Olsen P: 0 ppm). Half~of
the experimental site received a basal nﬁplication
of 25 kg P/ha as ordinary superphosphate (P) and
the other half was not treated (PO). All plots
received 100 kg N/ha as urea and 50 kg K/ha as
muriate. IRRI-grown secedlings were transplanted

in a rundomized complete block design replicated
five times. Standard crop management practices were
followed. The entries were scored -9 (Ponnamperuma
1977) for phosphorus deficiency injury twice before
flowering. Number of tillers and straw and grain
vield were recorded,

The test was repeated in the 1979 dry scason with

the following modifications: an additional treat-
ment with 50 kg applied P/ha (Ps) was included,

20 genotvpes were used, and a splic-plot design was
adopted. Straw and grain samples, or plant samples
at the maximum vegetative growth stage, were analyzed
for phosphorus content.

Tolemmee for vhoespiorus doficiones,  There were
significant genotyvpic differences in grain yield at
all levels (Py, Py, P2) of the phosphorus stress.,

In the vield range from 2,5 to 3.9 t/ha, the mean
vield depression in Py plots, as comparced to phos-
phorus-amended plots, was 117 over 3 scasons (Tables
1 and 2), Five genotvpes —— R34, BR51-91-06,
IR4427-58-5-2, I1R4427-315-2-3, and [R4816-70-1 —--
were consistently tolerant in all three scasons
(Tabte 3); 8 entries were consistently sensitive and
the rest were inconsistent.

In the 1978 dry scason, panicle number per hill and
straw weight were also studied.  The overaltl reduc-
tion in panicte number in Py in relation to P was
6%; strav weight reduction was 107, Genotypes dif-
fered in the degree of depression of both panicle
number and straw weight.

Growth was depressed in the Pg treatment in all three
seasons, with genotvpe differences in degree of
depression.,  The differences were most pronounced at
tiltering, started diminishing soon after, and were
at o minimum by tlowering, Flowering of many entries
was delayed 2-9 davs in Py plots.  Late-maturing
entrics had an advantage in recovering from the
initial depression due to phosphorus deticiency, and
their grain yviold reduction was relatively low (Figs.
I and 2). With acute phospherus deficiency, however,
all of the entries in the plots at Narva, Palawva. |
barcly survived during the 1978 wet sceason.

The ratineoe of ohoaohor o deficionee injure at the

oot e e ador rre e oo g
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vield (» = -0.107 ns). However, the ratings at
Pangil, Laguna, generally agreed with those at Narra,
Palavan. The ratings at flowering stage differed
from those at the seedling stage.

Phosphorus content in grain and straw. The phos-
phorus content in grain and strawv revealed signifi-
cant varictal differences (Fig. 3), but they did not
indicate any trend in relation to reactions to
phosphorus deficiency. Similarly, the phosphorus
content in the plant at the maximum vegetative growth
stage (1978 wet scason) differed (in Pg only) among
variceties. Phosphorus absorption by 24 genotypes,

as determined by grain and straw analysis at two
levels of phosphorus deficiency (Fig. 4), indicated

that phosphorus removed through the grain by tolerant
varieties was high, whercas that removed through the
straw was relatively low. The amount of phosphorus
in the grain was highly correlated with yield

(Table 4).

Zine defieiency

Sixteen genotypes were tested on a zine-deficient

soil (Lipa cla, loam, pH 7.9, O.M. 11.37, Katyal and
Pommamperuma Zn:  0.04 ppm, total! Zn 79 ppm) at Tiaong,
Quezon, during three successive 1978-79 scasons. All
plots received 25 kg N and 20 kg P/ha. A randomized
complete block design, replicated 5 times, was used.
Standard management practices were followed. The

Table 1. Performance of 20 genotypes in 3 seasons on a phosphorus-deficient soil at Pangil, Laguna, 1978-79.

Grain yield (t/ha)<

1978 drv secason

1978 wet season 1979 dry secason

2] 3 ) ) )

l0 [+ l0 l+ 10 Pl
IR8 3.7 3.9 2.4 2.6 3.7 4.5
[R34 4.0 4.4 2.6 2.6 4.1 4.2
IR40 3.0 3.9 2.4 2.6 3.5 3.6
BR51-91-6 3.9 4.1 2.8 2.8 4.5 4,7
IR1632-93-2-2 3.1 3.8 2.8 2.9 3.6 4.0
[R5105-80-3-3-2 3.3 3.8 1.4 1.9 3.1 4,1
IR2307-84-2-1 3.3 4.0 2.1 2.6 3.5 3.3
[R2797-105-2-2-3 3.8 3.9 2.5 2.7 3.4 4.1
[R2823-103-5~1 3.7 4,2 2.1 2.4 3.5 3.9
IR2863-35-3~3 3.4 3.9 2.1 2,7 3.5 4.3
[R6G115-1-1~1 - - 2.5 2.7 2.4 2.6
[R4219-35-3 2.6 2.6 1.9 1.9 2.3 2.3
[R9439-20 - - 2.4 3.1 4.6 4.5
[R4427-58~5~2 3.3 3.9 2.1 2.5 3.8 4.0
IR4427-315-2-3 3.5 3.8 2.4 2.5 3.8 4,1
IR4432-38-6-5-2 3.2 3.7 2.1 2.3 3.5 3.9
IR4432-52-6-4 - - 2,7 2.8 4.1 4,2
1R4570~83-3-3-2 - - 2,6 2.7 4.1 4.1
[R4707~123-3A 2.8 3.8 1.6 2.1 2.8 3.3
[R4816-70-1 3.4 4,1 2.6 2.8 3.5 3.2
F test (varieties) L1 ek deie S ot ke

cv (%) 9.7 6.9 23,7 19.9 14.6 14.6

1.SD (5%) 0.4 0.3 0.6 0.7 0.9 0.9

Ax%Significant at the 1% level. P = no phosphorus added, |

Y

’+ = phosphorus-amended plots.

Table 2. Performance of tolerant and sensitive genotypes in a phosphorus-deficient soil at Pangil, Laguna,

over three seasons.

Mean yield

Yield depression due to phosphorus deticiency (7)

Season (t/ha) Overall Tolerant sensitive
Range Mcan Range Mean
1978 3.9 15 0-17 8 7-27 17
1978 2.5 10 0-15 6 4-28 12
1979 3.9 9 0-8 2 2-32 15
Mean 3.4 11 0-17 5 -2 15
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entries were scored twice for zinc deficiency and We attempted to establish mild and severe levels of
data on panicle number, straw weight and grain yield deficiency during the first two scasons. In the
were collected., Grain and straw samples or plant first season, however, the mild level was actually
samples at maximum vegetative growth stage were severe and the severe level was lethal.  The geno-
analyzed for zinc content. types were scored for zinc deficiency injury when

Grain el (+/ha)

44 Depression in grain yiekd (t/r 1

®
B . og|- ¢ o
40 - * . e %, (]
L] PY P Y L o
° ° [ ] L ]
4 ° . o2 a:-0569
16}~ °o ° o e b= -003!
° o . Y=42-003X
o °°°° (P defloency‘
© * e Mid 048
2r o ° Lo Severe
oo o
o o ° 024 |- s
[ ]
284 °
]
[ ]
0 | ' ! ! | ] .
Hp { | | A { 100+ 16 20 24 28 2 % a0
"z He 120 124 128 132 26 Growth duration (days)
Growth curghon (day5: Fig. 2. Correlation between depression in grain
Fig. 1. Relationship between grain yicld and growt. yield due to phosphorus deficiency (#1-P2) and
duration in two levels of phosphorus deficiency, growth duration, Pangil, Laguna, 1978 dry scason.
Pangil, Laguna, 1978 dry scason. **Gignificant at the 17 level.

Table 3. Range of varietal tolerance to phosphorus deficiency as measured by grain yield, Pangil, Laguna.

Yield Yield under stress (t/ha)
Season depression Mild Severe Differcence Reaction4 Designation
1978 dry Min 4.3 4.0 0.32% T IR34
4.1 3.9 0.22 T BR51-91-6
Max 3.9 2.8 1, 1% S IR4427-51-6-3
3.9 2.9 1, Q% S IR1S514A-EGO6
4.3 3.5 0,8#%* S IR2797-105-2-2
1978 wet Min 2.6 2.0 0.0 T 1R34
2.8 2.8 0.0 T BR51-91-6
2.5 2.4 0.1 T 1R4427-~315-2-3
Max 2.6 1.9 0.7% S 1R4427-51-6-3
2.1 1.6 0.5* ] 1R4707--123-3A
3.1 2.4 0.7% S IR9439-20
1979 dryb Min 4.2 4ot 0.1 T IR34
3.6 3.5 0.1 T LR40
4,17 4.5 0.2 T BR51-91-6
Max 4.5 3.1 (.8 S IR8
4,1 3.1 1,0%%* S IR5105~80-3-3-2
4.1 3.4 0.7% ] IR2797-105-2-2-3
4.3 3.5 0.8% 8 IR2863-35-3-3

a . .. e o R o SI
T = tolerant, S = sensitive, * significant at the 17 level, #* gignificant at the 5% level. thld and scvere

in this case may be read as normal and mild.
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Phosphorus content in straw (%)

[ P deficiency
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Grain yield (t/ha)
Fig. 3. Relationship between grain yield and phosphorus content in straw in
24 genotypes grown in 2 levels of phosphorus deficiency, Pangil, Laguna,
1978 dry season.

a s . A . : .
Table 4. Performance of 16 tolerant and sensitive genotypes on zinc-deficient soil at Tiaong, Quezon, in
three seasons.

Grain yield (t/ha)?

Genotype 1978 dry season 1978 wet season 1979 dry season
YA Z A
0 0 1 Z0 Z1 22

IR20 2.0 ab 1.3 3.7 2.3 2.9 3.3
LR34 2.7 a 1.3 3.2 2.7 2.8 3.3
IR36 - 0.4 1.5 0.5 1.0 0.9
IR38 2,7 a 1.5 2.2 3.0 3.4 3.6
IR2797-105~2-2~3 0.6 bed 0.8 3.5 1.6 2.8 3.5
IR2153-2(-3-5-6 10, abc 0.6 2,5 2.4 3.1 3.1
IR3464-126-1-3 1.8 abc 0.9 3.2 2,8 3.0 3.4
IR4432-103-6 3.4 a 1.7 3.1 2.5 2.8 2.9
IR4683-54-2 3.2 a 1.1 2.1 3.4 3.8 3.8
IR8 2.4 ab 1.2 2.5 1.8 3.5 3.5
1R2071-685-3-5-4-3 - 0.9 2.7 0.6 0.8 1.3
IR4432-52-6-4 - 1.5 3.5 2.3 3.3 3.6
IR4568-86-1~3-2 - 0.7 4,1 2.4 3.1 3.3
IR4568-225-3-2 1.8 abe 1.8 2.9 2.9 3.5 3.9
IR4707-123-3 1.2 abc 0.3 2.3 1.6 2.5 2.9
IR9439-20 - 1.7 3.8 2.8 2.9 3.5

F test *k *k * %

Zn level *k

Variety *%

in x V *

CD (P = 0.05) - 0.6 1.2

a**Significant gt the 17 level. Ar' two means followed by the same letter are not significantly different at
Z

the 5% level. 0 = severe (2% Zn0 dip), Zl = mild (4% ZnO dip), and Z2 = nil (4% ZnO dip + ZnSOl‘ spray).
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Phosphorus absorbed in grain/strow (kg/ha)
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Fig. 4. Phosphorus absorption by 24 genotypes as present in grain and straw in
2 levels of phosphorus deficiency, Pangil, Laguna, 1978 dry scason.

The ratings of zinc deficiency injury taken 3 wecks
after transplanting showed a highly significant
correlation with grain yield (0.70%%),

the seedlings started dying. In the two succeeding
seasons, dipping seedlings in 2 and 4% aqueous zinc
oxide suspensions was effective in establishing
severe and mild deficiency levels. Spraying zinc
sulfate in addition to dipping seedlings in the 4%
suspension totally eliminated zinc deficiency
symptoms,

On the basis of ratings and grain yield over three
seasons, six entries -- [R20, IR34, [R38, 1R3464-126-
1-3, 1R4432-103-6, and 1R4683-54-2 -~ appeared
tolerant of zinc deficiency. IR8, IR2307-247-2-2-3,
and TR5853-198-1-2 were tolerant of mild deficiency

During the 1979 dry season, a split-plot design was
but very sensitive to severe deficiency.

adopted with stress levels as main plots and entries

as subplots. The stress levels were: .
Chemical analyses revealed marked differences in zinc

content in the grain and straw of maturc plants

(1978 dry season) and in the plant at maximem vege-
tative growth stage (1978 wet scason). However, hoth
tolerant and sensitive rices absorbed more zinc from
less deficient soils than from more deficient soils.
The zinc deficiency levels were created through a

e nil (47 Zn0 dip + ZnSO, spray),
e mild (4% ZnO dip), and

e severe (2% ZnO dip).

Zine deficiency tolerance. Tolerant and sensitive zinc oxide seedling dip and results must be inter-
genotypes grown with different degrees of zinc preted with this background.

deficiency reacted differentially to mild and severe

stresses in terms of grain yield (Tables 4-6). The Irvon deficiency

tolerant genotypes had yield depressions ranging from

0 to 18% under mild deficiency, 10 to 31% under Eighteen tolerant and 12 sensitive entries were tested
severe deficiency, and 32 to 72% under very severe for field performance in normal and iron-deficient
stress. The sensitive genotypes showed greater soil at IRRI (upland) during three 1978~79 scasons.
depression than tolerant ones at all levels. As the The normal soil was Maahas clay (pH 6.2, 0.M. 2.0%,
severity of zinc deficiency increased, the yield active Fe 1.6%). 1Tron deficiency was created arti-
depression increased in all entries but it was high- ficially by liming the soil to pH 7.0-7.5. A ran-

est in the sensitive ones. domized complete block design replicated five times
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Table 5. Grain yield depressions in tolerant and sensitive rices due to different degrees of zinc deficiency
tested over two scasons, Tiaong, Quezon.

Yield depression due to zinc deficiency (%)

Season Degree of Mean grain Tolerant Seusitive

Zn deficiency yield (t/ha) Overall Range Mean Range Mean
1979 dry Fertile 3.1 - - - - -
1979 dry Mild 2.5 9 0-18 9 9
1979 dry Severe 2.2 29 10-31 19 26-54 41
1978 wet Severe 2.0 - - - - -
1978 wetd Very severe 1.0 61 32-72 49 67-87 72

a . . . R . . . . . . .
The depression in this case was computed in comparison with yields in severe zinc deficiency levels.

Table 6. Range of varietal tolerance to zinc deficiency as measured by grain yield, Tiaong, Quezon.

Yield Yield under stress (t/ha) a
Scason depression Mild Severe Difference Reaction Designation
1978 wet Min 3.2 1.3 1.9% T [R34
2.1 1.1 1.0 T IR4683-54-2
2.9 1.8 1.1 S IR4568-225-3-2
Max 3.7 1.3 2, 4%% T IR20
3.5 0.8 2, 7%* S IR2797-105-2-2-3
4.1 0.7 3.4% S IR4568-86-1-312
1979 dryb Min 3.3 2.9 0.4 T [R20
3.3 2.8 0.5 T IR34
3.6 3.4 0.2 T 1R38
3.4 3.0 0.4 T IR3464~126-1-3
3.8 3.8 0 T IR4683-54-2
Max 3.5 2.8 0.7 S IR2797-105-2-2-3
3.5 2.7 0.6 S 1R9439-20
1979 dry® Min 3.3 2.3 1.0%% T IR20
3.3 2.7 0.6% T 1R34
3.6 3.0 0.6%* T [R38
3.4 2.8 0.6% T [R3464-126-1-3
3.8 3.4 0.4 T IR4683-54-2
Max 3.5 1.6 1,9%% S IR2797-105-2-2-3
3.5 1.8 1, 7%% S IR8
3.9 1.6 1,3%% S IR4707-123-3
1979 dryd Min 2.8 2.7 0.1 T IK34
2.9 2.3 0.6% T [R20
3.4 3.0 0.4 T IR38
3.0 2.8 0.2 T 1R3464-126~1-3
3.8 3.4 0.4 T TR4683-54-2
Max 2.8 1.6 1,2%% S [R2797-105-2-2-3
3.5 1.8 1, 74* S IR8
3.3 2.3 1.0%* S IR4432-52-6-4

a . b . . c .
T = tolerant, S = sensitive,. Comparison between normal and mild stress. Comparison between normal and

severe stress. Comparison between severe and mild stress.



on the limed and unlimed soils was used. Standard
management practices were adopted, except that 200
kg N/ha and 20 kg Zn/ha were applied to avert defi-
ciencies., The entries were scored twice for iron
chlorosis. Data on grain vield were recorded and
plant samples at maximum growth stage were analyzed
for iron content,

Ivon-deficiency tolerance.  The statistical analysis
of the girain yield data of three scasons (1978 wet
and dry and 1979 dry) and that of ratings on iron
chlorosis of the three seasons revealed significant
varietal differences (Table 7). The overall yield
depression due to iron chlorosis was 127 in the

1978 dry season, 347 in the following wet scason,
and 67% in the 1979 dry scason (Table 8). Most
entries rated as tolerant at vegetative growth stages
showed the lecast depression whereas those rated as
sensitive showed more (Table 9). The significant
correlation between ratings on iron chlorosis and
actual grain vield (r = 0.273%) indicated an asso-
ciat.on between rating based on iron chlorosis and
yield depression.

In the 1978 dry season, clear chlorotic symptoms
appeared only after the sccond application of lime

at the late tillering period., M1-48, IR1754-F5B-22,
and IR442-2-5-8 showed inconsistent behavior,
Maturity of Kinandang Patong and IR5 was delaved.
Hence, the yields of these varieties were not used in
the computation, 0On the basis of ratings and grain
yield, six entries -- IR22, 1R24, 1R36, IR661-1-170,
TR1008-4-1, and 1R760-4-8-2 -- were found tolerant of
iron deficiency. The mcst sensitive ones were IRS,
IR28, IR38, IR712-23-2, TR2153-96-1-5-3, and TR7805-
22-3-1,

Iron uptake by tolerant and sensitive rices showed no
definite trend in the 1978 dry season. However, the
1978 wet-season data indicated some difference. The
genotypes included in this study differed signifi-
cantly in their ability to absorb 'ron from normal
and iron-deficient soil. Further, absorption of
iron in general from iron-deficient soil was low
compared to that from normal soil. But in some

of the tolerant entries, iron absorption from
deficient and normal soil did not differ signifi-
cantly (Fig. 5).

Iron toxicity

Tests were made with 20-24 tolerant and sensitive
genotypes on an iron-toxic soil (Malinao fine sandy
loam, pH 3.4, 0.M, 2.07, active Fe 2.27%) at Malinao,
Albay, over three 1978-79 seasons. A randomized
complete block design replicated five times was used.
The entries were scored for iron toxicity injury
twice before flowering, adopting the same scale as
for other mineral stresses. Plant aad grain samples
were analyzed for iron content.

Iron-toxieity tolerance. In the 1978 dry scason,
it was possible to establish the test at two levels
of iron toxicity but the yields could not be
measured in the higher toxicity plot damaged by

IRPS No. 43, December 1979 9

animals. Howaver, the plot with a high initial iron
content appecared to improve considerably in the
succeeding seasons (1978 wet and 1979 dry). There-
fore, the data of the two sites were pooled under
the low toxicity level and it was not possible to
estimate yield depressions attributable to iron
toxicity.

The analysis of variance of grain yield and ratings
revealed significant differences in varietal per-
formance on the iron-toxic soil, Yield data for

two scasons revealed that Mahsuri, TR2797-105-2-2-3,
1R2797-125-3-2-2-2, and IR36 consistently produced
relatively high yields (2,1-2.8 t/ha), which were
much above the experimental mean yields (Table 10).
Mahsuri performed best. TR26 and TR4422-143-2-1
were consistently sensitive; the other genotypes
behaved inconsistently.

The iron content in plant samples drawn at maximum
tillering stage averaged 296 ppm for the severely
toxic plots compared with 173 ppm for the mild-stress
plots, However, in the straw samples harvested at
maturity this difference was 357 less. The iron
content in grain tended to be higher in tolerant
(185-290 ppm) than in sensitive (144-218 ppm)
genotypes.,

Fe content in Ferdeficient soil

40
/ .2
200
-~ line for Y on X
Y =1004 +106X
[ Frd
200
020
o5
100
0 | N I Lo .
0 100 200 300 400 500 600

Fe content in normal sod

Fig. 5. lron content in 30 genotypes on iron-
deficient (x) and normal (y) soil, as present in
plant samples drawn at maximum growth stage, Inter-
national Rice Rescarch Tnstitute, 1978 wet scason,
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VARIETAL TOLERANCE AND YIELD STABILITY

Research on varietal tolerance for soil migeral
stresses, at IRRI and elsewhere, has been roviewed
by Ponnamperuma and Castro (1972) and Ikehashi and
Ponnamperuma (1978). The contribution of varietal
tolerance to yield in farmers' fields has been
studied (IRRT 1973, 1979; Alluri and Buddenhagen
1977; Vose 1963; Gunawardena and Wijeratne 1978).

The contribution of varietal tolerance to grain
yield stability is substantial, but other aspects
must be considered before embarking on any project
to breed varieties for problem soils. They include:
e neced for varietal tolerance,

e range of varietal tolerance,

e yicld differences near the level of economic
production for tolerant and nontolerant rices,

e stability of differential yield over locations
and seasons,

e feasibility of identifying tolerant rices
without high inputs,

e impact of tolerant rices on soil nutritional
status and fertilizer use, and

e tolerance vs amendments.

Need for varietal tolerance

In densely populated South and Southeast Asia,
where both food and arable land are scarce, more
than 100 million ha climatically and physiograph-
ically suited tc rice are idle largely because of
soil toxicities. There are also millions of hec-
tares of current rice lands where iron toxiecity
and phosphorus and zinc deficiencies limit rice

Table 7. Performance of 20 tolerant and sensitive genotypes on iron-deficient soils in 3 seasons, IRRI upland.
Genotype Grain yield (t/ha)
1978 dry season 1978 wet season 1979 dry season

IRS 0.2 k 1.2 bcdef -
1R22 1.2 defgh 1.1 bcdef 0.28 edef
IR24 1.2 defgh 1.2 bedef 0.52 be
IR36 1.9 abc 1.3 abcdef 0.66 ab
IR28 - 0.6 ghi 0.21 def
IR34 0.8 hij 1.3 abed 0.02 ef.
IR38 0.5 ik 0.9 cdefghi 0.17 def
IR661-1-170 1.4  cdefg 1.0 bcdefg 0.52 be
IR1008-14-1 1.1 fgh 0.8 defghi 0.41 bed
IR6115-1-1-1 n.8g hij 1.0 cdefgh 0.54 be
IR7760-4~8-2 1.5 bcdef 1.1 bedef 0.92 a
LET 1444 1.9 ab 1.1 bcdef 0.52 be
IR3880-29 2.0 ab 0.9 cdefghi 0.54 bc
IR4422-164-3-6 1.2 defgh 0.9 cdefghi 0.00 f
IR7805-22-3-1 1.0 ghij 1.3 ab 0.11 ef
Cauvery 2.0 ab 0.8 defghi 0.20 de.
B9C-MD-3-3 1.6 bedef 1.0 bedefg 0.22 def
[R2153-96-1-5-3 0.6 ij 0.8 defghi 0.16 def
IR712-23-2 1.5 bedef 0.9 cdefghi 0.34 cde
IR4417-177-1-4-1 1.0 ghi 0.5 i 0.32  cdef

F test *k o *k

**Significant at the 1% level.
significantly different at the 5% level. .

Table 8.

Any two means in the same column followed by the same letter are not

Performance o! tulerant and sensitive genotypes on iron-deficient soil in three seasons, 1RR1 upland.

Yield depression due to iron deficieney (%)

Season Mean yield “Overall Tolerant Sensitive
(t/ha) Range Mean Range Mean
1978 dry 1.4 12 0-19 3 9-48 23
1978 wet 1.5 34 6-34 18 22-58 42
1979 dry 1.0 67 18-74 58 51-86 78
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Table 9. Range of varietal tolerance for iron deficiency as measured by grain yield.

Yield Yield under stress (t/ha)
Season depression Normal Fe-deficient Difference Reaction Designation
1978 dry Min 1.72 1.25 0.47 T/S IR1561-228-3-3
2.25 2.20 0.05 T/S IR4707-202-2-2
1.42 1.48 0 T M1-48
1.88 1.96 0 T Cauvery
1.85 1.40 0.45% T/S IR442-2-58
Max 2.09 1.48 0.61 T 1R7760-4-8-2
3.18 1.91 1.27% T TET 1444
1978 wet Min 1.69 1.25 0.44 T IR36
1.45 1.15 0.30 T IR24
1.66 1.29 0.37 S IR34
1.73 1.62 0.11 T/S IR442-2-58
Max 1.70 0.59 1.11%% T/S IR1561~228-3-3
2.42 1.18 1.24%% S IRS
1.74 0.90 0.84%* S IR38
2.00 1.08 0.92%* T/S IET 1444
1.74 0.94 0.80%* S TR4422-164-3-6
1979 dry Min 0.80 0.66 0.14 T IR36
1.83 0.92 0.91 T IR7760-4-8-2
1.29 0.52 0.77 T 1R24
0.96 0.28 0.68 T IR22
Max 1.33 0.00 1.33 S IR4422-164-3-6
0.94 0.16 0.78 S 1R2153-96-1-5-3
0.78 0.11 0.67 S IR7805-22-3-1
1.20 0.17 1.03 S IR38

T = tolerant, S = sensitive (based >n overall data). *Significant at the 57 level, ** significant at the 17
level. Xote: Genotypes with yield level less than that of the grand mean of the experiment were ignored as
they are basically low yielding and might not give a correct measure of the¢ reaction to the stress under study,

Table 10. Periormance of 20 tolerant and sensitive genotypes on iron-toxic so0il at Malinao, Bicol, in 3 scasons.

Grain yield (t/ha)

Genotype 1978 dry season 1978 wet secason? 1979 dry season Mean
1R20 - 1.4 2.9 defg 2.2
IR32 - 1.1 3.4 be 2.3
IRZo 1.6 abcde 1.7 3.0 cdef 2.1
IR38 - 1.1 3.1 cde 2,2
IR42 1.8 abcede 1.1 3.8 ab 2,2
[R2031-124-2-3-2 - 0.8 2.2 h 1.5
1R2797-105-2-2-3 2,6 ab 1.4 3.0 cdef 2.3
1R2797-125~3-2~2-2 2.2 abced 1.3 3.4 be 2.3
IR3464-217-1-3 1.4 bede 0.7 2,7 efg L.6
IR3839-1 - 1.5 2.4 gh 2.0
[R4227-28-3 1,6 abede 0.7 3.4 bed 1.9
1R9129-136-2 - 1.5 2.7 efg 2.1
1R9209-26-2-3 1.3 hij 1.3 2.6 efg 1.7
Mahsuri - 1.2 4,0 a 2.6
TR4422-143-2~1 2.1 abcd 0.7 2.7 efg 1.8
IR4427-51-6~ 4 1,7 abcde 1.2 2.7 efg .. 1.9
IR4707-123-3 0.8 de 1.7 3.0 cdef 1.8
IR26 1.0 de 1.2 3.0 cdef 1.7
IR5105-80-3-3-2 1.6 abcde 1.6 2.6 fgh 1.9
IR5853-162-1-2 1.5 bcede 1.9 2.6 fg 2.0
F test * - *h -
LSD (0.5) 1.3 - 0.4 -

Av of two toxicity levels. * Significant at the 5% level, ** gignificant at the 1% level. In a column any
two means followed by the same letter are not significantly different at the 5% level.









14 IRPS No. 43, December 1979

mayv be in highly unavailable forms. Such soils also
strongly fix phosphate fertilizers. Varieties that
can absorb and metabolize both native and added
phosphate may enable small farmers with little or

no phosphate fertilizer to grow as many as 50 crops
of rice at 4-5 t/ha, cach removing about 20 kg P/ha
from such soils,

Long-term experiments at experiment stations have
shown that both vield and soil test phosphorus in
unfertilized soil do not change appreciably over
decades (Rawaguchi and Kvuma 1977) . Most riee soils
contain 100-200 kg of total zine/ha but the avail-
able zine content may be as low as 0.04 ppm. Be-
cause a single crop removes only 0.5 kg/ha it will
be vears before the soil can be even half-depleted.

The use of fertilizers where they are not requirved
must be discouraged. First, because fertilizers
will become scarce and expensive due to a growing
energy shortage.  Sccond, because the small farmer
can divert his limited cash resources to the pur-
chase of other materials needed for good husbhbandry.,
Third, where mineral scresses are not severe,
farmers using modern, pest—tolerant varicties with
resistance to mineral stresses and good husbandry
can give 4-3 t/ha with small applications of fertil-
izer, Fourth, the foreign exchange saved can be
substantial. The Philippines, for example, with

a million hectares of zine-deficient rice lands,
could save USS2 million a vear on »inc imports by
using tolerant varieties.

varlota!l Lolomaoee pa cotl enendments

Ideally, varietal tolerance should complement, not
replace, seoil amendments. But in practice, there are
situations where the amendments may be too costly

or impracticable and varietal tolerance may be the
onlv solution. For example, iron toxicity, common
on strongly acid wetland rice soils, can be corrected
by liming or drainage. But liming is often unecon-
omici draining rlooded rice fields in the rainy
season is difficult. Traditional variceties in iron-
toxic areas have marked tolerance. By genetically
transtferring this tolerance to modern rices with

pest resistance, varieties that will outvield the
traditional ones on iron-toxic soils can be produced.

In the case of phosphorus and zince deficiency,
tolerance will cnable varicties to vield well on
marginal land without adding these clements and
reduce the amount needed to obtain good vields on
strongly deficient soils.
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