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MAINTENANCE BREEDING IN SELF AND CROSS POLLINATED CROPS

K. Koodalingam
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INTRODUCTION


Maintenance breeding involves the production of nucleus and breeder seeds for the purpose of purifying and maintaining the variety by the originating plant breeder or by the supervision of a qualified plant breeder.  The varietal purity of subsequently multiplied foundation, certified seed largely depend upon the quality of the nucleus / breeder seed.  Unless, the nucleus / breeder seed is of highest purity and the quality of the seed multiplied from it cannot be regarded as of satisfactory genetic purity. Unsatisfactory genetic purity in cross-pollinated crops, could ultimately severely affect the performance of the variety.  It is therefore, of utmost importance that the nucleus / breeder seed is produced in such a manner that satisfactory genetic purity, identity and other qualities of seed are maintained. 


Seed is the carrier of technology improvement resulting from the plant breeding research. Good quality seed act as a catalyst for realizing the potential of all other inputs in agriculture. Therefore, availability of good quality seeds of improved varieties to the farmers at an affordable price at right time is highly indispensable. Trials conducted in NARS have revealed that more than 20% average increase in productivity in various crops can be achieved with the use of quality seed of improved varieties. The quality seeds can be produced through the generation concept of seed production. The repeated use of seeds from generation to generation without renovation would lead to break down of varietal identity. Therefore, cycle of renovation and multiplication of seeds by generation system is more important to overcome the deleterious effects on farmers saved seeds. In the generation system of seed production, nucleus seed assumes importance as it forms the source for multiplication of released varieties. 


Presented in CAS in Genetics and Plant Breeding training programme on “Harnessing hybrid vigour in crop plants” Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore – 641 003, Sep 13 – Oct 3, 2001


Nucleus seed is the initial handful of seeds produced by the breeder who developed the particular variety or by another breeder of the institution where the variety was developed which is directly used for multiplication of breeder seeds. 

The nature of pollination is more important for understanding the principle scientific way of generation system of seed production.

Genetic principle governing the seed production in self pollinated crops

1. Genetic constitution of plants is homozygous.

2. Any amount of inbreeding will not alter the genetic constitution.

Genetic principle governing the seed production in cross pollinated crops

1. Genetic constitution of plants is heterozygous.

2. Artificial selfing / inbreeding result in loss of vigour or in inbreeding depression. 

3. Gene frequencies should be constant generation after generation in a random mating population.
General principles of Nucleus Seed Production

1. Nucleus seeds have to be produced for a variety where it was originally released and developed by the breeder or by a well-experienced qualified breeder at a place, where favourable conditions are available.

2. Isolation is highly essential to prevent genetic contamination through out crossing and also to avoid physical admixtures.

3. The field selected for nucleus seed production should not be grown with same crop in the previous one or two seasons to avoid volunteer plants. 

4. The field selected for nucleus seed production should be fertile, with irrigation facilities and drainage. In the case of A line seed production of rice hybrid, the selected field should have wind velocity for high out crossing.

5. All the recommended agronomic practices have to be adopted. If necessary, wider spacing and slightly higher dose of fertilizers may also be applied.

6. Timely plant protection measures.

7. Harvesting of the seed crop at physiological maturity stage to get highly viable seeds.

8. Adopt proper harvesting and thrashing methods, which do not make any injury to the seeds.

9. Processing of seeds through graders proper drying practices and seed testing.

10. Seed treatment with appropriate chemicals to protect the seeds from pathogen and store product insects.

The procedures for the nucleus seed production of some major crops are discussed hereunder

I . RICE

Varieties


Grow a population of about 5000 plants from the breeders stock. If the variety is a released one, the source may be drawn from the breeder seed maintained by the breeder. If it is a pre-release one, the source crop may be Advanced Varietal Trial (AVT). The field for raising the nucleus seed crop should not be grown with any rice variety at least for two seasons and it should be isolated 5 m all around.


Select 1000 similar looking vigorous and healthy plants conforming to the varietal identity. After harvest, the ear heads of the selected plants should be examined in the laboratory for seed yield, seed colour, shape and size, 1000-grain weight etc. Based on the laboratory examinations, select 500 plants and their ear heads are thrashed separately and seeds are packed plant wise.


A small portion of the seeds of the selected plants is used for raising plant row progenies. Maintain 50 plants in a row. The seedlings may be planted with a spacing of 30 x 20 cm in paired rows. The space between two paired rows may be 40 cm. This wider spacing will be useful for easy observation of single plants. Progenies may be evaluated for their flowering duration, maturity, plant height, seed yield and seed characteristics. Those progeny rows which deviate significantly from the general mean + 2 SE have to be rejected. The remnant seeds of the selected progenies are bulked and used as nucleus seed. 


Whenever, demand for nucleus seed arises, the seeds from the selected progeny rows may be bulked and used as nucleus seed. Such seed are known as nucleus seeds stage II. 

Nucleus seed production – A line

Field requirements

a) The seed production field in the research station should be highly fertile, levelled & should have good irrigation and drainage.

b) It should have free sunlight and adequate wind velocity at the time of full anthesis period of parental lines to facilitate more out crossing.

c) Five hundred-meter isolation distance from other varieties is necessary.

Staggered sowing


The B line is genetically isogenic to A line, except for the difference in cytoplasm. However there are two important phenotypic differences between A and B line.

a) The A line will have incompletely exerted panicles (70-80%), where as the 'B' line will have 100% exerted panicles.

b) There will be a difference of 3-5 days in heading dates. The B line will flower 3-5 days earlier than A line.


Based on the above factors, it is better to give 5 and 10 days staggering of sowing of B line for better synchrony in flowering as given below:

a) First sow the entire quantity of A line seed (15 kg).

b) Sow half the quantity of B line (2.5 kg) on the 5th day after sowing of A line.

c) Sow the remaining half of B line (2.5 kg) on the 10th day after sowing of A line.

Transplanting









A line

B line


a) No. of seedlings/hill

     
     1

     2


b) Spacing (cm)


15 x 15
30 x 15


c) Row ratio



     6

     2
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The method of planting arrangement of A and B lines is given 

Space between B1 and B2


30 cm

Space between B2 and A1 & A6 and B1
20 cm

Space between A1 and A2


15 cm

Space within B line



15 cm

Space within A line



15 cm

Seedling age of A line



30 days

Seedling age of B1 line


25 days

Seedling age of B2 line


20 days

Simultaneous planting of A1, B1 and B2 lines is possible.


First paired row planting of B1 and B2 can be completed by leaving the required space for A line and two alley space between A and B lines on either side (20 cm), then A line can be planted with the recommended spacing. It is desirable to adjust the row direction nearly perpendicular to the wind direction to facilitate higher out crossing.

Important operations in A line seed production

a) GA3 application


Stage

Two times at 5-10% flowering @ 60-90 g/ha


First spray
40% GA3 dissolved in 500 lit of water per ha


Second spray
60% GA3 dissolved in 500 lit of water per ha





Spray with knapsack sprayer during early morning or evening 
 



hours. First spray should be followed by second spray within 24 
 



hours.

b) Rouging


Removal of off types is essential. In A line, pollen shedders, tall stature weeds, etc. are to be removed during active tillering and from flowering to grain filling. The pollen shedders can be identified by the presence of the dense yellow coloured plumpy anthers in the spikelet of well-exerted panicles at early flowering. In the B line also, off types should be removed. Other morphological traits should also be critically observed at various growth stages to verify the deviant plants.

c) Urea and DAP application

· Flowering can be delayed for 2-3 days by spraying 2% urea after panicle initiation.

· Flowering can also be advanced for 2-3 days by spraying 2% DAP after panicle initiation.

d) Supplementary pollination

During peak blooming period, rope pulling or rod shaking can be done across male parent to promote cross-pollination and for dispersal of pollen grains. It must be repeated two to three times daily during morning hours at one-hour interval.

Harvest and post harvest operations

The B line should be harvested first and then A line. Care should be taken to remove the fallen tillers/panicles of B line if any, before the harvest of A line. After harvest, A line should be threshed on tarpaulin or clean threshing floor, cleaned and stored separately. The yield of A line is around @ 800-1000 kg/ha and can go up to 1500-2000 kg/ha with high levels of management. Cattle threshed paddy should not be used for seed purpose. The seeds should be dried to 10-12% moisture content.

Seeds have to be treated with Captan or Thiram 75% WDP @ 4 g/kg of seed. For short term storage use vapour pervious container like fresh cloth bag or gunny bag and for long term storage, dry seed to 8% moisture content and use moisture proof polythene bag (700 gauge) or PAFP bags. While storage adequate care must be taken to prevent storage pests. Seeds produced must be stored in isolation with utmost care.


For the next cycle of nucleus seed production, a portion of A line plot in nucleus seed plot can be harvested with additional rouging and must be threshed separately and stored. 

Nucleus seed production B and R line

Nucleus seed production of B and R lines is similar to any other varietal seed production as described earlier. Initially purified parental seeds should be used first and subsequently single plants selected from nucleus or breeder seed plot can be used.

II MILLETS

 SORGHUM

Varieties

About 100-200 single plants which qualifies the specifications in the notification proposal, are selected in the breeder production plot. The observations on the specific characters are recorded for all the plants selected. The plants which fall with in the limits of mean + 2 SE for all the specified characters will be selected. The selected individuals plants will be raised in ear to row basis with isolation of 200 m. The rows showing any off types / deviated plants will be uprooted and discarded. The plants from the remaining rows are harvested carefully and bulked. The bulked seeds are maintained as nucleus seeds.

MAIZE

Open Pollinated Varieties


Select plot, which have not grown with maize at least for two seasons. Provide a minimum of 1000-m isolation.


From the breeders stock, raise around 2000 plants with a wider spacing of 60 x 30 cm. Select 500 similar looking plants confirming to varietal characters. These plants may be selfed by covering both tassel and silk before flowering. The pollen grains collected in the tassel cover are used for selfing. The selected plants (500) after harvest separately are subjected for laboratory evaluation. The cobs are thrashed individually seeds are packed separately. About 200 plants may be selected.


After retaining sufficient quantities of seeds from each selected plant, raise ear to row progenies (50 plants per row). The progenies may be evaluated for their resemblance to the variety. Harvest the cobs and evaluate for seed yield. The cob to row progeny significantly different from the general mean + SE of the characters under consideration may be discarded. The reserved seeds corresponding to the selected progeny rows may be bulked and used as nucleus seeds.

Inbred lines


The procedure for production of nucleus seed is similar to that of open pollinated varieties. The size of population for evaluation study may be reduced considering the uniform nature of inbreds. Sib mating may be resorted to whenever there is poor seed setting due to selfing of plants.

BAJRA

1. Select at least 3000 plants from the breeder stock raised in isolation of 1000 m. Plants should critically observed for various agronomic characters, off type plants should be removed by uprooting and finally select around 1000 plants with character identical / typical to the original variety. 

2. Progeny rows and check rows to the variety are planted keeping reserve in all the selected plants, after every 50 or 20 rows for critical comparison. Discard all progenies not conforming to the varietal characters including rows showing susceptibility to pests and diseases. Bulk the remnant seeds of selected progenies and grow nucleus seed nursery in isolation. Harvested seed is bulked and divided into 5 to 6 lots and kept under cold storage. Out of this, 4 lots may be used for breeder seed production in the subsequent years and the lot no. 5 for may be used as nucleus seed production plots. 

III. PULSES

1. Select 1000 true to type planes of the variety from the seed production plot.

2. Harvest the seed from each plant separately and dried.

3. Subject the single plant to laboratory tests for yield and other yield attributing characters.

4. Selection of individual plant will be made based on General mean + 2 SE.

5. Raise the selected plants in progeny rows in isolation (10 M) by planting the bulk of the variety as check, once in every 15 rows for comparison.

6. Examine each plant in the progeny rows for the vegetable and reproductive characters and discard the progeny rows showing variation/off types.

7. Compare the yield of progeny rows with the respective check and discard the rows yielding lower than the check.

8. Bulk the produce of the selected rows, which forms the nucleus seed of the variety for raising the breeder seed.

9. Repeat the process for producing nucleus seed, in the next stage by selecting plants from Breeder seed plot. However, use the breeder seed of the previous plot, instead of bulk seed as check for comparing the performance of progeny rows.

IV OILSEEDS  

 GROUNDNUT

1. Select 1000 representative plants of the variety from the breeder seed production plot, with good pod bearing.

2. Harvest the produce from each plant separately and dry.

3. Subject the single plant produce to laboratory test for yield, pod weight, kernel weight, shelling per cent SMK % and oil %.

4. Based on the overall superiority, select best plants. Criteria to be followed for selection in the case of attribute is, over and above the General Mean + 2 S.E.

5. Progeny row testing: Raise the selected plants in progeny rows by planting the bulk produce of the variety as check, once in every 15 rows, for comparison.

6. Critically examine each plant in the progeny rows for the vegetative and reproductive attributes and discard the off-types, if any.

7. Compare the yield of progeny rows with the respective check and discard the rows yielding lower than the check.

8. Subject the selected rows for quality analysis in the laboratory and select rows with overall superiority.

9. Bulk the produce of the selected rows, which forms the nucleus seed of the variety for raising the Breeder Seed.

10. Repeat the process for producing nucleus seed in the next stage by selecting plants from Breeder Seed plot.  The breeder seed of the previous crop should be used as check for comparing the performance of progeny rows.

SESAME

1. Grow in isolation of 100 m, at least 1000 original population of a given variety under optimum conditions. 

2. Select 400 to 500 true to type single plants, harvest and thrash separately. Examine the seeds of the selected plants for seed colour, shapes, size, oil content etc. and reject the seeds of those plants, which are not true representative of the variety.

3. Grow in isolation of 100 m, 300-400 finally selected plants in plant to progeny row of 4.5 m length in 6 to 10 blocks as per the production target. Each block should contain single row of 50 plant progenies along with two rows of parental variety for comparison. Border rows 4-5 may be followed around the plot to serve as barrier. Examine the progeny rows periodically throughout the growing season. Progeny row, which shows off type/phenotypic variation, may be rejected and uprooted. The diseased, agronomically poor progeny rows should be rejected.

4. Select and harvest separately the single plant progenies, which are true to type of original variety for all external observable characters.

5. Test the oil content of all the retained progenies and further reject progenies, which are outside the range of the variety. This may be followed at least once in 2-3 cycles to retain allelic frequencies of the original population.

6. Single plant progenies which meet the standards mentioned in the descriptor and giving yield higher than the general mean + 2 SE are bulked to get nucleus seeds.

SUNFLOWER

Variety -Morden :

Pustovitz method of seed reserve (1964)

Single plants based on plant height (80-85 cm), head diameter (18-20 cm), single plant yield (45-50 gm) and oil percentage (38-40) are selected from breeders stock and they are raised as head to row progenies in isolation (Progeny row trial)/keeping a portion of the seed as the reserve/remnant. Based on progeny row evaluation, families are selected. The remnant seeds of the select families are pooled and elite nucleus seeds are produced. using the pooled seeds of the select families as the basic seeds.

CMS 234 A&B :

Paired cross breeding

I season


Raise A and B lines of the hybrid in paired rows in isolation of 1000 m. at a spacing of 60x30 cm. Heads are selected based on plant type, head size, shape, diameter etc. in A and B lines and numbered separately. Select 1000 similar looking plants in B line and cover heads for selfing.  Paired crosses may be effected on 1000 typical A line plants which were also covered before flowering with the pollen collected from the selected B line plants. The crosses may be numbered as AB1, AB2…..Abn. About 400-500 such crosses should be ensured.


All the selfed heads of B plants are harvested and subjected to laboratory evaluation. Then heads are thrashed plant wise separately and seeds are collected. Those plant heads deviate significantly from the mean values for different characters studied have to discarded. Now around 300 plant heads are selected and their seeds have to be packed separately. 


After the harvest of B lines, A lines are harvested which received pollen from corresponding B line.  The seeds of AB lines stored separately by labelling them as AB1..AB2….Abn

II season 


Now, plant selected A (AxB) and corresponding B lines in isolation as paired rows and effect crosses. Based on the field evaluation, select around 200 typical plant heads to row progeny.  Retain a portion of seeds as remnant seed for all AB crosses and B lines.  Progeny rows are studied for diagnostic characters.  After flowering, observe individual plants carefully for pollen shedders in AB lines and reject them as well as their corresponding B lines.  Based on the F1 evaluations identify the best progenies (about 100).


The reserved/remnant seeds of selected B lines and the corresponding A lines (AB) are bulked separately and used as nucleus seeds. 


The bulk seeds of A (AB) and their corresponding B lines form the nucleus seeds.

RHA 6D-1(R line)

As detailed above, paired crosses will be made between the selected A and R. The procedure as given above (for AxB) may be followed. The F1s will be tested for their pollen fertility, vigour, and oil content.  The best crosses involving the corresponding R line will be selected and bulked to get nucleus seeds.

CASTOR


Nucleus Seed- Standard varieties and male parents of commercial hybrids

About 50 to 100 selected and selfed progenies of proceeding crop season constitute the source seed for maintenance and initial multiplication of basic seed stocks.


Plant selfed seed of 200-500 selected plants in progeny rows; ensure that a minimum of 20-25 plants is there in each progeny row.

Initial selection


At primary spike initiation inspect the field and select about 100 to 200 uniform looking progenies conforming to the node number, sex expression and all other well defined morphological characteristics of the genotype. In each selected progeny, label 5-10 representative plants, which have same node, number up to primary spike and conform to the mean specified for the genotype. From each labeled plant of the selected progenies, self around 3-5 spikes per plant other than primary spikes.


At maturity, record detailed observations on the non-selfed primary spike on various yield components such as total and effective spike length (primary), number of productive capsules per spike. Harvest the individual primary spikes (non selfed) plant and progeny wise and record yield per spike, 100 seed weight, per cent seed oil content after threshing and drying the seed to a constant moisture. Bulk the harvest from various order selfed spikes in each plant and progeny.


The data collected above on various agronomic attributes may be subjected to statistical analysis.  The progeny, general means and standard deviation have to be worked out. Based on the means and standard deviation obtained for various characters of primary spike (non-selfed) ie. yield, 100 seed weight, seed oil content, length of spike, number of productive capsules per spike, select about 50 to 100 progenies which exceed the general mean by one standard deviation and display least intra progeny variation.


Draw about 50 seeds from each labeled plant in 50 to 100 selected progenies for use as seed source for further maintenance and bulk the remaining portion of selfed seed from all selected progenies for recycling into the breeder seed production.


Under conditions of good management, one could easily obtain about 10 kg selfed seed (nucleus) from 50 selected progenies of 10 plant each (500 plants) which will be sufficient to cover about one hectare of breeder seed production.


As an insurance against any natural calamities, retain at least one-third of available seed as buffer stock and store under ideal conditions.

V. COTTON


First season

Examine a large number of a single plants (around 500) selected from breeders stock maintained by the breeder in isolated plot in which no cotton crop grown in the previous season.  Select 300 plants based on the phenotypic appearance and self all the flowers appeared for a period of 60 days continuously without any omission from the commencement of flowering.

At maturity, harvest the selfed bolls of the selected individual plants.  The kapas may be ginned to get seeds and the seeds are packed separately plant wise for raising progeny rows.  

Raise the plant row progenies in two or three replications.  Observe for uniform flowering, maturity, plant height.  Based on the observations, progeny rows showing any variations in any one replication may be rejected in other replications also.  




Yield of kapas may be recorded on single plant basis from the selected progeny rows and samples may also be drawn for qualitative characters such as fibre length, ginning percentage, fibre strength, fibre fineness, fibre maturity etc.  Selection criteria may be applied for selecting the single plants in each row with mean   + 2 S.E.  Single plants falling within these computed values are alone selected. The seeds collected from the selected single plants by applying selection criteria alone are pooled and used as nucleus seeds.
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