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Summary

The value of different dwarfing genes in winter wheat breeding was studied using 6
near-isogenic lines carrying different Rht dwarfing genes over three years experiment. Results
showed that both the Rht-B1b and Rht-DI1b semi-dwarfing genes had significantly positive
effects on kernel number and grain weight per spike, and had significantly negative effects on
1000-grain weight comparing to the tall line (Rhz-Bla). The Rht-Blc dwarfing gene had a
significantly negative effect on kernel number per spike, and had positive effect on 1000-grain
weight. The combination of the Rhs-DI1b and Rhi-Blc gene showed significantly negative
effect on yield components. All of these 5 dwarfing or semi-dwarfing genotypes mentioned
above had significantly negative effect on plant height and no significantly effect on the area
of flag leaf, spikelets per spike and spike length.
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Introduction

The effects of Rht dwarfing genes on increase of wheat grain yield and improvement of
agronomic characteristics were studied by many people in the world (Flintham et al. 1997,
Law et al. 1978, Youssefian er al. 1992). The enhancement of harvest index was caused by
both Rht-B1b and Rht-DI1b semi-dwarfing genes found by Snape, et al. (1984). Allan et al.
(1989) found that near-isogenic lines with a single dose of Norin 10 (Rht-B1b and Rht-D1b)
dwarfing genes had a mean yield 11% greater than the lines with both genes together. Norin
10 dwarfing genes had significantly positive effect on grain yield considered by many breeders
(Li et al. 1995, Li et al. 1999, Pinthus et al. 1990, Pinthus et al. 1983) . There were different
views on the value of Rhz-Blc Dwarfing gene in wheat breeding. Many people found that the
same dwarfing gene had different effects on agronomic characteristics in different ecological
conditions (Li er al. 1995, Richards 1992). The experiment was, therefore, conducted in
Shijiazhuang of Hebei using 6 NILs to study the effects of different Rht dwarfing genes on
wheat agronomic characteristics and to provide some information to breeding in similar
ecological environments.

Materials and Methods

Genotypes: Near-isogenic lines carrying the Rht-Blb, Rht-D1b, Rht-Blc, Rht-Bl1b+Rht-D1b
and Rht-DI1b+Rht-Blc alleles were produced in the winter wheat background of Maris
Huntsman (Rht-Bla), by M.D.Gale and Worland et al. at Plant Breeding Institute,
Cambridge.
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Environments and trial design: The Maris Huntsman isogenic lines (HRht-Bla, HRht-BIb,
HRht-D1b, HRht-Blc, HRht-B1b+Rht-D1b, HRht-D1b+Rht-Blc) were grown in a space-plant
field trial. The experiment was conducted at Institute of Cereal and Oil Crops, Hebei
Academy of Agricultural and Forestry Sciences in the years of 1995,1997 and 1998. Each line
was sown in a separate plot of 1.2m X 0.8m (4rows, 20cm between rows, 133grains m?) with
randomized block design and three replicates. Nitrogen fertilizer was applied at a rate of
38-kg ha™' and 103.5kg just before sowing and before the start of stem elongation, respectively.
Phosphate fertilizer was applied at a rate of 103kg ha™ just before stem elongation. Three to
five times irrigation was conducted during the period of wheat plants development. Chemicals
were applied to control aphids.

Characters test and data analysis: Ten plants were sampled randomly from each plot. Thirty
plants of each line were used to score characteristics, i.e. plant height, spike length, kernel
number per spike, grain-weight per spike, 1000-grain weight, flag leaf area and the second
leaf area from top, and spikelets per spike. All variables measured for each genotype were
subjected to analysis of variance procedures. Separate analysis was made for each year. Mean
separation was conducted using the LSR.

Results
Effects on yield components of different Rht genes

Performance of yield components (kernel number and grain-weight per spike, 1000-grain
weight, spikelets per spike) was showed in Table 1. Significance test of difference for yield
components showed that all of them were significantly different at 0.05 level of probability.
Effects difference on yield components of six lines were analyzed as follows:

Effect on Kernel number per spike: The result of three years experiment was similar. Both
the Rht-B1b and Rht-D1b genes had significantly positive effect (p<0.01 or <0.05). The line
carrying the Rht-B1b+Rht-DIb had more Kkernels than the RAz-Blc line and the
Rht-D1b+Rht-Blc line. The Rhz-Blc line had lower kernel number than Rht-Blb, Rht-D1b,
Rht-Bla and Rht-BI1b+Rht-DIb lines. The line with Rht-D1b+Rht-Blc had the least kernel
number (P<0.05 or 0.01) of all NILs.

Effect on Grain-weight per spike: The results in 1995 were identical to that in 1997. The
Rht-B1b and Rht-D1b genes had significantly positive effect (P<0.01 or 0.05) on grain-weight
per spike comparing with the tall line (Rht-Bla). There were no differences between the
Rht-Bla and Rht-Blc lines in 1995. The Rht-Bla line was significantly higher than the
Rht-Blc, Rht-DIb+Rht-Blc and Rht-Bl1b+Rht-DIb lines in 1997 and 1998. The
Rht-D1b+Rht-Blc line had the lowest grain-weight per spike in three years experiment.

Effect on 1000-grain weight: In the experiment of three years, the 1000-grain weight of
Rht-DI1b and Rht-B1b +Rht-D1b lines was significantly lower than that of Rht-Bla genotypes.
This is partly identical to that the Rht-B1b, Rht-D1b and Rht-Blc genotypes had significantly
negative effect on 1000-grain weight found by Pinthus et al. (1990). There was no difference
between Rht-DI1b and Rht-Blb +Rht-DIb genotypes. The Rht-Blc line had significantly
positive effect comparing to the Rht-D1b and Rht-Blb+Rht-DI1b genes and there was no
difference between the Rhs-Blc line and the tall line at 0.05 levels in both 1995 and 1997. The
Rht-Bla line had highest 1000-grain-weight and the Rht-DIb+Rht-Blc line had the lowest
1000-grain-weight in 1998 and there were no differences among other four lines.
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Table 1. Performance of major agronomic characteristics of different dwarfing
genotypes in three years

Genotypes Kernels per spike Grain weight per spike(g) 1000-grain weight(g)  Spikelets per spike
95 97 98 95 97 98 95 97 98 95 97 98
Rht-Bla 2250 3423 357 0.68 1.38 09 3022 404 251 207 222 214
Rht-Blb 31.35 47.83 372 094 174 082 2998 362 222 214 227 222
Rht-DIb 38.18 4923 377 089 175 081 2331 358 215 207 217 227
Rht-Bic 2419 2243 104 074 096 022 3059 433 213 213 247 236

Rht-Bl1b+Rht-DIb  28.8 25.10 203 062 090 044 2152 362 21.8 214 244 238
Rht-DI1b+Rht-Blc  17.8 6.07 10.7 052 021 019 2921 336 179 219 242 229

Genotypes Plant height(cm) Spike length(cm) Area of flag leaf (cm?)  Area of the second
leaf from top (cm?)

95 97 98 95 97 98 95 97 98 95 97 98

Rht-Bla 88.3 1007 1032 105 102 108 434 414 613 37.0 43.7 3535

Rht-Bl1b 71.0 81.7 753 115 107 120 432 509 615 46.6 45.7 500
Rht-D1b 73.0 7717 748 109 103 12.8 445 40.8 540 460 420 519
Rht-Blc 39.3 41.7 386 113 102 126 457 435 580 37.7 409 520

Rht-Blb+Rht-DIb 473 473 47.1 115 114 133 392 440 599 352 408 512
Rht-D1b+Rht-Bic  28.7 35.3 354 113 112 11.7 417 423 3597 39.2 403 52.6

* Yield components may be affected by hot-wind during the late stage of wheat development

Effect on Spiklets per spike: There were no significantly differences between genotypes in
1995. Both the Rht-Blc and Rht-BIb+Rht-DI1b gene lines had more spiklet number per spike
than the Rht-BIb, Rht-D1b and Rht-Bla lines both in 1997 and 1998, and there were no
significantly differences between Rhs-Blc and Rht-BIb+Rht-DIb or among Rht-B1b, Rht-DIb
and Rht-Bla lines .

Effects of the Rht genes on other agronomic characteristics

Effects of genotypes on flag leaf area, the area of the second leaf from top and plant height
were highly significant compared to replicates error at 0.05 or 0.01 level of probability.
Effects of the Rht genes on spike length were not significant. Thus it can be seen that
environments affected the difference between genotypes of spike length. Youssefian (1992)
found that spike length was not affected by Rht-BI1b, Rht-D1b and Rht-Blc genes. This agrees
to our results.

Flag leaf area: There was no difference between genotypes in 1995. The Rh:-BIb
semi-dwarfing gene had the highest flag leaf area in 1997and 1998. Both the Rht-B1b and
Rh1-Bla line with bigger areas than Rht-D1b in 1998. There was no significantly difference
between any other two lines in 1997 and 1998.
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The second leaf from top: The Rht-Bi1b and Rht-D1b semi-dwarfing genes had significantly
positive effects, and there was no difference between the Rhs-Blb+Rht-D1b, Rht-Blc,
Rht-D1b+Rht-Blc and Rht-Bla lines in 1995. The differences between genotypes in 1997 and
1998 were not significant but it also showed that the areas of the Rhz-Blb line were bigger
than others in 1997 .

Plant height: The differences between genotypes were significant except that between the
Rhi-B1b and Rht-D1b lines in three-year trial. The order of the height was Rht-Bla> Rht-Blb=
Rht-D1b> Rht-B1b+Rht-D1b> Rht-Blc> Rht-D1b+Rht-Blc (Table 1). So, it can be seen that
different Rht genes or different combinations of the Rht genes all had significantly effects.
Therefore, they can be used by breeders according to different breeding objectives.

Discussion

In this experiment both the Rhz-BIb and Rht-D1b genes had significantly positive effects on
grain yield. In a review of researches on various dwarfing genes of wheat by Gale ez al. (1985),
numerous studies were cited confirming the superiority of the cultivars carrying the Rht-Blb
or Rhi-DIb genes over Rht-Bla cultivars in their yielding ability (Gale er al. 1985). The
principal contribution to yield was mostly attributed to the increase of grain number per spike.
Similarly in their analyses of random lines and NILs, they found that Rhs-B1b and Rht-DIb
had a positive effect on grain number per ear , and a decrease in grain size was also found.
The negative effect on grain size, however, was generally less than the positive effect on
spiklet fertility, resulting in an overall increase of grain yield.

The difference in yielding ability between Rht-B1b and Rht-D1b genes was not significant
in our study. It agrees to the finding of Gale er al. (1985). There was no yield difference
between the Rht-B1b and Rht-D1b genes also were found by Allan (1989), Fischer ez al. (1990)
and Hoogendoorn er al. (1988). Villareal et al. (1992) found, however, that the Rht-B1b line
gave higher yield potential than the Rhz-D1b lines (P<0.05). Pinthus et al. (1984) found that
the overall mean yield of the Rhz-B1b semi-dwarfing lines was significantly higher than that of
the Rht-D1b lines.

Grain yield of the Rht-B1b+Rht-D1b line was lower than both the Rht-B1b and Rht-DIb
lines in this experiment. This was identical to the finding of Allan (1989). Fischer ez al. (1990)
found, however, that there was a yield superiority of the Rht-BIb+Rht-D1b dwarfs over the
Rhi-B1b or the Rht-D1b groups. Later on, Villareal er al. (1992) found that the yield difference
between Rht-BI1b and Rht-BIb+Rhi-D1b line was not significant. Thus it can be considered
that the differences of parietal background and environment may be the main sources of the
differences between these studies.

That the Rht-Blc gene had negative effect on wheat grain yield was considered by a lot of
breeders. Flintham er al. (1983) found, however, that the decrease of biomass of Rht-Blc gene
was similar to that of Rhz-BIb and Rht-DIb lines, and there was no negative effect on grain
yield in the comparison of 16 randomized lines. The effects of Rhz-Blc on grain number and
grain size was identical to that of Rht-B1b and Rhi-D1b genes. Zhang et al. (1995) found that
the Rht-Blc gene had a positive effect on the rate of photosynthesis and chlorophyll content,
but had a negative effect on the duration of high value of photosynthesis rate. Wang et al.
(1995) reported that advanced lines or plants developed using the RAz-BIc line as a parent and
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those lines had higher grain yield and resistant to lodging. According to our result, both
Rht-Blc and Rhi-DI1b+Rht-Blc genotypes had negative effect on grain yield because they had
very dwarf plant and had significantly lower biomass than Rht-BIb and Rhi-DIb lines.
Although the grain size of Rhs-Blc line was large, there were no enough material sources for
the development of grains. In addition, the effects of dry-hot wind at the late stage of wheat
development caused the premature senility of the plant so that grain filling cannot be
guaranteed. So, there was lower maturing spike rate and grain yield was seriously affected.
Therefore, there was a low value of Rht-Blc gene only in the ecological environment like
Hebei. However, it cannot be denied that Rhz-Blc was good parent for shortening plant height.
The combination of Rht-Blc gene and other dwarfing genes had a high value in improvement
of plant height of the line with other ideal characters or in the breeding for improvement of
grain size.
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