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ABSTRACT KEYWORDS
Inthis paper, applying the idea of system theory, combining the theory of Crop;
conventional breeding, crop grey breeding theory and the crop genetic Grey breeding;
law of main quantitative traits, the technical process of crop grey breed- Technology;
ing were summarized, including six core technol ogy innovations such as Process.

formulation, match, selection, comparison, approval and utilization. It has
important guiding significance to put forward the technology process,
for overcoming limitations of the traditional experience breeding such as
long cycle, big blindness, improvident and low selection efficiency, and
realizing theinformalization, quantification and scientization of crop breed-
ing. At present, 24 new crop varieties has been devel oped using the tech-
nology process, which verify the feasibility of the technology process

from the perspective of breeding practice.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Thetechnical processof crop grey breedingisa
new effectivetechnol ogy routefor breeding crop new
varietiesproposed by author engaging inthegrey breed-
ing researchfor years, applying system theory thought,
combining thecrop conventiond breeding theory™ with
thegrey breeding theory!®8 and the genetic rulesof main
quantitativetraitsfor crops, which can makeup for the
shortage of thetraditiona experiencebreedingto some
extent, and canredizeinformaization, quantificationand
scientization of crop breeding. After sharpening, filling
inarticlesor indiscussion, or summing upintheoriesor
putting into practice, thistechnical courseor process
has achieved good results sinceit was proposed, and
hasacertain guiding significancefor crop breeding. For
thisreason, webriefly introduceit, and expect to pro-

videanew way for breeding crop new varieties.

TECHNICAL PROCESSFOR CROP
GREY BREEDING

Technical processfor crop grey breeding can be
summed upinsix words: that isformation, match, se-
lection, comparison, gpprova and utilization, represent-
ing six different key linksof crop breeding processre-
spectively. Thesesix linksareoneindivisibleentirety,
neither can exist effectively without the other.

Formation: that issetting breeding targets.

Set the breeding targets and selection criteriaap-
plying the ecol ogy theory and the theory of market de-
mand. analyze on breeding target charactersby grey
relativity anayssmethod®, dear rel ationshipsbetween
them, and lay thefoundationfor later selection. Breed-
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ing targets have dynamic nature, astheincreasing of
level of theyield, quality and other characters, the cor-
responding changes of them should a so befollowed,
and constantly be adapted to meet the multifaceted
growing needs of peoples.
Match: that isto produce hybrid combinations.
After apreiminary observation of better breeding

0

materids, their combining ability and genetic distance
aredeterminedin aplanned way, purposefully and sys-
tematically. Connecting with the breeding targets, ap-
plying themethod of grey classification for parentd'¥,
screen out better parents based on the principles of
sdlecting parentd¥, producethehigh qudity hybrid com-
binations.
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Figurel: Technical processfor crop grey breeding

To overcometheblindness and improve predict-
ability, using the method of grey evaluation of hybrid
combination™-*3, F_hybrid combinationsare evalu-
ated, and key combinationsin early generations are
determined, so as to concentrate on the selection of
key combinations as early as possible, and improve
sdectionefficiency.

Sdection: that isto select Sngleplantsor ditestrains.

In accordancewith the breeding targets, select su-
perior singleplantsor ditestrains. Thislink, with par-

ticular emphasison synergistic effect of varioustraits,
should select single plants or strainswith better inte-
grated traits, not only onewith abetter trait. Applying
singlegrey selection method4, evaluate the grade of
single plant comprehensively, and decideto accept or
rgect them. In Generd,, thefird-classsngleplantseva u-
ated arekey singleplantsin the processof single plant
selection, should bepriority observation and selection
inlater generations; and the second-classsingleplants
are common ones, should be planted, observed and

BioTechnologqy —

Hn Tudian Jounual



BTAIJ, 7(11) 2013

Ruilin Guo et al.

461

selected continuoudly; and thethird-classsingle plants
should bediminated.

It should be pointed out that, intheprocessof sngle
plant selection, the gppropriate application of molecu-
lar marker assisted sel ection technique can effectively
improvetheaccuracy of selection, and further raisethe
breedinglevd.

Comparison: that isvarieties(or strains)compari son.

Namely let superior varieties (or strains) join the
strainidentification, variety comparison test and new
vaidiesdemondrationted, evduaevarieies(or Srans)
objectively and reasonably. For the dynamic manage-
ment of crop breeding process system, plant breeders
should obtain as much information about the gap be-
tweentheoverdl level of strainsand the breeding ex-
pectation value (breeding target value) from the above
tests, whichisfeedback to plant breeders, so astofur-
ther adjust the breeding strategies, determinethemain
direction of breedinginfuture.

Using multidimensionad comprehensiveevauation
method"15181, and combiningwith variance analysis
results, comprehensively evauate varieties (or strains)
joined thestrain identification, variety comparison test
and new varietiesdemondrationtest frommultipletraits
related to breeding targets, and determine utilization
value of new varietiesin large areaproduction or in
breeding.

Approval: Namely the examination and approval
of varieties.

Extend new varieties (or strains) passed through
theprovincid or nationa regiona test, and production
test of new varieties(or new strains) and released from
theprovincia or nationa variety certification commis-
sontowideuseinthe production.

Utilization: namely variety utilization.

Utilizevarietiesscientificaly and reasonably, includ-
ing identifying appropriate areaand scope of varieties,
meaking variety layout decison, redizing matching good
varietieswith good cultivation method, speeding up the
elite seed production, etc., maximizing the potentia of
theyield and quality of new varieties.

Varietiesreasonablelayout: Adopting theanaysis
method of crop variety grey layout*®%, maketherea
sonablelayout of new better varietiesshowed in the
varietiesof regiona and demonstrationtest, determine
themost suitableplanting areaor range of new variet-
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ies, and providethe persuasive anaysisresultsfor the
agricultura decis on-making departmentstowritevari-
etiesusing opinions. Above anaysis method makethe
ecotype varieties be more consi stent with ecol ogi cal
characteristicsof theecological typearea, and compo-
sition structure of varieties be morereasonable, basi-
cally achieving aecological typeareahaving avariety
synusia, avoiding unreasonablelayout inthewhol e prov-
inceor several ecological areasto unify promotion of
severd varieties, which can not only givefull play tothe
potentia of yield and quality of new strong universality
varieties, but aso can make somespecid adaptiveva
rietiesplay their proper role.

Forming acomplete set of finevariety and good
cultivation measures: Using theory and method of vari-
etiesgrey resemblance cultivation'?!, obtain thegrey
resemblancedegreein cultivation characteristicsamong
new varieties (to be recommended varieties) and the
largeareacommercia varieties, thusdeterminethecul-
tivationtypeof thenew varieties. Uniquefeatureof this
method isableto conduct smilarity anaysisusing the
datafrom variety regional test, seek the most similar
largeareacommercia varietiesto new varietieswith-
out cultivation experiment, and makecultivation techni-
ca measuresof theselargeareacommercia varieties
for itsuse, in theyear whenthe new varietiesisextend-
ingdirectly formacomplete set of finevariety and good
cultivation measures, which overcomesthedigointed
phenomenon between the good variety and the good
cultivation measuresfor alongtime, being of greaet Sg-
nificanceto givefull play to thepotentia of yield and
qudity of new varieties.

Forecast and control of diseases and pests: Un-
der the current breeding level, itisalmost impossible
to expect al crop varietiesresistant to pestsand dis-
eases, therefore, timely predict crop diseasesand in-
sect pestsisvery necessary. Consequently, we should
adopt theory and method of grey prediction of plant
diseasesandinsect pestd”d, timely predicting diseases
and insect pests of main crops, enabling farmersto
make sufficient mentd preparation and physical prepa:
ration, preventing from occurence of diseasesand in-
sect pests, so asto give full play to the production
potential of varieties.

Now that thetechnica processof crop grey breeding
have completed acycle (period). Then go round and
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round, stepwise cyclefor the second cycle, thethird
cycleand multiplecycles. It should benoted that each
cycleisnot simplerepetition of original cycle. Espe-
cidly thebreeding targets, with theunceas ng change of
agricultura production and ecologica condition, need
breeding workersstanding at ahigher level, adjusting
andimprovingthem continuoudy. Inthisway, each new
cycleismore advanced than the original cycle, pro-
moting congtantly advancing to thenew and higher level
of crop breeding.

APPLICATION OFTECHNICAL PROCESS
OF CROPGREY BREEDINGIN
CROPBREEDING

At present, thetechnical processof thecrop grey
breeding hasbeen widely used in crop breeding, using
thistechnical process, we havebred 24 new varieties
such aswheat, mung bean, cotton, black-eyed peas,
sweet corn, pumpkin, mulberry, high quality silkworm
and 3 new ryegrass strains (TABLE 1), which hasa

TABLE 1: Crop new varietiesbred by thetechnical processof crop grey breeding

Examining and

Ct:rog \ﬁ;ﬁg Breeding Or ganization Approving Awar ds situation
yp Department (Years)
. Second prize of scientific and
. Anyang City Academy of Crop yan.ety . technological achievements of
Anmai No.1 . . Certification Committee . :
Agricultural Sciences : Henan agricultural sciences system
of Henan Province (2001)
(2006)
. Crop Variety Second pr.i ze of sgi entific and
Anmai No.7 Anyang C|t)/Apaderny of Certification Committee technolog@al acNevements of
Agricultural Sciences of Henan Province (2004) Henan agricultural sciences system
Wheat (2008)
. . . Crop Variety First prize of scientific and
Llérggj Ee‘r)i(:;rllgj gjog%]lgiltute of Certification Committee  technological progress of Henan
) 9 of Henan Province (1995)  province (1999)
Luohe City Academy of . . Second prize of scientific and
Yumai Agricultural Sciences, Anyang ’C\l:giic;?(?lati%rr?%ggﬁt% ce technol ogical achievements of
NO.57 City Academy of Agricultural (2003) Henan agricultural sciences system
Sciences (2002)
. First prize of scientific and
. Crop Variety . .
Yulv No.3 Anyang City Apademy of Certification Committee technol og|pal acNevements of
Agricultural Sciences : Henan agricultural sciences system
of Henan Province (1999)
(2002)
Anvan black Second prize of scientific and
Mung mu)rll bean Anyang City Academy of o technological achievements of
bean N 9 Agricultural Sciences Henan agricultural sciences system
ol
(2006)
Anvan black Second prize of scientific and
Y Anyang City Academy of technological achievements of
mung bean . ; — . .
Agricultural Sciences Henan agricultural sciences system
No.2
(2009)
. National Millet Variety
Yugu No.12 ﬁnﬁiﬂ%ﬁgjygcﬁsgy of Identification Committee —
9 (2006)
. National Millet Variety
Yugu No.13 Any_ang C|tyA(_:ademy of Identification Committee —
Agricultural Sciences
Millet (2007)
. National Millet Variety
Yugu No.14 ﬁnxig?tﬁgjygcfg]dg;y of Identification Committee —
9 (2008)
. National Millet Variety
Yugu No.15 ﬁnxg?tﬁggcﬁégy of Identification Committee —
9 (2009)
\le'ogecétzofo_g C—
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Examining and Approving

Croptype Variety Name Breeding Organization Department (Years) Awar ds situation
. . . National Crop Variety Second prize of national
ili;o‘r:fmlansuo ggé?nR of ?PCLTE: Lgt;ig&& Caertification Committee scientific and technol ogical
: yorag (2002) progress (2009)
. . . National Crop Variety Second prize of Xinjiang
ﬁr(;ozgmlansuo ggé?nRﬁser?rcmﬂgtgcig'&% Certification Committee scientific and technol ogical
: yorag (2003) progress (2009)
. Seed Crop Variety Certification
Fumian No. 289 SOS/:;?‘IL(I:ZW Stock Farm, Henan Committee of Henan
Province (2008)
Cotton Seed Crop Variety Certification
FuzaNo.5 (IgrloS/:i?llgy Stock Farm, Henan Committee of Shanxi
Province (2010)
. Seed Crop Variety Certification
FuzaNo.3 (IgrloS/:i?l lir;ty Stock Farm, Henan Committee of Henan
Province (2011)
. Crop Variety Certification
DaizaNo. 2 (F?rloS/:i?]li:r(]ety Stock Seed Farm, Henan Committee of Henan
Province (2011)
. Crop Variety Certification
Soybean Andou No.1 ﬁnﬁit?tﬁglygcﬁgy of Committee of Henan —
9 Province (2009)
) Crop Variety Certification
Cowpea Zaocuic cowpea Bﬁ?\?;?? t of Agronomy, Jianghan Committee of Hubei —
y Province (2000)
Ecan No.3 Fruit Tea, Sericultural and mulberry Crop Variety Certification  First prize of scientific and
Silkworm (895x 89.2) Research Institute, Hubei academy Committee of Hubei technological progress of
of agricultural sciences Province (2003) Hubei province (2005)
Fruit Tea, Sericultural and mulberry Crop Variety Certification
Eyou No. 1 Research Institute, Hubei academy Committee of Hubei —
High quality of agricultural sciences Province (2003)
Mulberry Fruit Tea, Sericultural and mulberry Crop Variety Certification
Esan No.1 Research Institute, Hubei academy Committee of Hubei —
of agricultural sciences Province (2003)
Crop Variety Certification
Pumpkin Jinli Hunan Institute of Melon Committee of Hunan
Province (2000)
Huanme No Crop Variety Certification
Sweet corn 168 ) South ChinaAgricultural University Committee of Guangdong

Province (2008)

huge socia and economic benefitd?. Thus, thefeasi-
bility and application va ueof thetechnol ogica process
has been proved from the angle of breeding practice.

DISCUSSION

Compared withthetraditional qualitative experi-
ence breeding, thetechnology process hasthefollow-
ingdigtinctivefegtures:

Technica route havingauniquestyle:

In accordance with the technical processof crop
grey breeding, formul ate breeding targetsusing prin-
cipleof grey relationship analysis of breeding targets,
select parents and prepares hybrid combinations us-

ing the principleof the parentsgrey classification, de-
terminesthe F, key combinations using principle of
grey evaluation for hybrid combinations, accept or
reject single plantsusing principle of singleplant grey
sdlection, evauate new varietiescomprehensively us-
ing principleof grey multidimensiona comprehensive
evaluation, seek the optimal ecological typefor new
varietiesusing principle of grey layout, guide acom-
plete set of good varietieswith good cultivation mea
suresusing the principle of grey resemblance cultiva
tion; predict crop diseases and insect pestsusing the
principleof thegrey forecasting. Thetechnol ogy route
isobvioudy astep forward compared with the tradi-
tiona experiencebreeding.
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Combining thequditativewith thequantitative

Application of grey breeding theory and method is
an effective supplement to thetraditional experience
breeding. It both borrowsfrom precious experiences
of breederswhich have been accumulated for many
years, and overcomes some shortages of thetraditional
experience breeding in some ways, makes the crop
breeding riseto thestage of combining qualitativewith
guantitativefrom the stage of qualitative experience,
which makesit possiblefor crop breeding devel oping
to more sophisticated disciplinefrom qualitative de-
scriptivediscipline.

Selection being moreaccurateand reliable

Application of grey breeding theory in crop breed-
ing has achieved the quantification and standardization
of various key links of breeding process, so its pro-
ng resultsareredatively reliable, avoiding thedeci-
sion-making errors of traditional breeding caused by
inexperienced breeder, effectively improving theutili-
zation of hybrid combinations, enhancing thesalection
effect and selection efficiency.

Intelligent degreeto get asignificant boosting

In order to put the technical processof crop grey
breeding into practicein the process of breeding, and
to get effective gpplication, we have devel oped acom-
puter decision-making systemfor crop grey breeding”.
Development and utilization of the system makethein-
telligent degreeof crop breeding begreatly increased,
which providesaconvenient and fast technol ogy plat-
form for breeding workers. The operation of the sys-
temissimple, easy to be grasped, eventhegreen hand
canasoganthedecison-making level asbreeding ex-
pert. Also it can make breedersliberatefrom busy data
processing tasks, effectively improving thebreeding ef-
ficiency. Therefore, it hasabroad application prospect.

Of course, aswith any new theories and methods,
thetechnical processof crop grey breeding a so needs
to continuoudy improve and update. Combiningwith
mol ecular marker assisted sel ection technol ogy will be
animportant research directionin theresearch of tech-
nical process of crop grey breeding in future. At the
sametime, many expertsand scholarshave achieved
plenty of fruitsin theresearch areaof crop breeding,
therefore, mixing the technical process of crop grey
breeding and their research fruitstogether and making
itsmore perfect a sowill be animportant work to has
todointhefuturefor alongtime.
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