=

e
e
0

RP

"Ly
Novembar 1800

THE VARIABILITY IN THE YIELD OF PEARL MILLET VARIETIES
AND HYBRIDS IN INDIA AND PAKISTAN

J.R, Witcombe

Paper presented et the IFPRI/DBE Workshop on Bouroes
of Incressed Variability in Cereal Yields

Feldefing, Germeny, Novesber 26~08, 1006,

Pearl Millet Improvement Program

Internationsl Crops Ressarch institute for the Semi-Arid Tropics
ICRISAT Patancheru P.0.
Andhrs Pradesh 802 324, Indis

(Not for citstion without suthors’ permission)



https://core.ac.uk/display/219472872?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

THE VARIABILITY IN THE YIELD OF PEARL NILLET VARIETIES AND NYERIDS
IN INDIA AND PAKISTAN.

J.R. Witcombe'
Abstraot

The International Pearl Millet Adeptetion Triel (IPMAT) which hes
both hybrids and verieties as entries, .has been grown multilooationaly
tn Indis and Pakistan. The grain yield date over five years have been
snalyssd {n ¢ nusber of weys to sxsmine the stebility of the entries,

A regresaion snslysis indiceted that the breedsr's prooedure of
selecting smongst the highest-ylalding entries across environments s
correct, as it also selects entries that perform well 1in poor
environments. Selecting entries on predicted performance in the
lowest-yielding environment eppears to be o iess relisble procedura.

The hybrids are generally higher-yielding than the varieties but
sre less stable. The most {mportent source of genotyps x environment
interaction in the regression snalysis wes due to the devistion from
the regressions (82d velues), rather than vartiation betwesn the
regressions. Ths varieties ware superior to the hybrids in this
raspect, having lower then average 82d values. However, o
mean—verisnce snalysis showed that the highest-yielding genotyps wes
always preferred among the risk efficient sntries. Similarly, s first
degree stochastic efficiency anslysis indiceted that the hybrids,
despite their inferior stability in s regression snalysis, were more

risk efficient than the varietiss.

1 Principal Peart Millet Bresdar, ICRIBAT, Patancheru P.0.,, Andhra
... Pradesh 502 324, Indis.

w ¥



One veriety, ICHMV 81111, from an sdvanced cycle composits
combined both higph yleld and stebility. Its sdvantage over hydbrids in

contributing to crop yield etability is disousesd.

Introduotion

The possibility that open—pollineted verieties may be more stabdie
fn yield than hybride has besn much discussed. Over a number of yassrs
end acrose meny loocstions in India end Pekisten open-pollinated
varieties snd hydbride have besn tested in the ICRISBAT Internationel
Pasrl Millet Adeptetion Trial, IPMAT (Teble 1). Conssquently, 1t fs
possible to examine whether the customary procedure of selecting
emongst the best entries on mean yiald date {s satiafactory. It {o
also possible to snalyse the reslative stability of hybrids end
verieties end to examine the consistency of sny differences over
years. The hypothesis can then bas tested thet the narrowing of the
genetic base by the sdoption of uniform hybrids over Large aress Leads
to increases in variebility of yield.

Several statisticel techniques have been developed to enalyss the
interaction of genotypes and environments. Apsrt from techniques which
use analyees of variance, regression analyses have been sxtensively
used. The first proposal of e regression analysis for the purposs of
studying interactions weas by Yetes snd Cochrene (1838). Modificetions
of this method have been used by Finisy and Wilkinson (1883}, Eberhsrt
snd Russeil {1866) and Perkins end Jinks [1868). ALl thess msthods are
essentialy the same, 88 the mean squares for the major components of
veriation sre fdenticel in all ceses. Although regression snalyses
hsve been extensively used they hasve various Llimitetions, eome of

which heve been pointed out by Witcombe end Whittington (1871}, by



Knight (1870), end by Binswanger and Bareh (1860,

In all these snalyses the sverege yisld of all the genotyes in an

shvironment {s termed the environmentel index and 1s used ss an

essessnent of that environment. The individual yield dete of the

entrise are then regressed on the environmental indicies, giving three

sein peraseters thet describe the perforssnce of each entry:

1.

The mean yield of the entry. )

The regression coefficient of the entry. The everage cosfficient
for all entries in the enalysie 1e 1; entries with slopes above 1
sre considered to be Less stable, and thoss with siopes Less then 1
sore stable.

The resainder meen square (R.M.5.) of the individual regression
analysis of an entry. This accounts for the devietions from the
regression Line end indicetes how well en individusl entry meete
the Linsar model. The si2e of the R.M.5, indicates the degres of
unpredictebility of yleld of en entry end lower velues ere
desireble. Eberhart end Russell (1866) substract s constent, which
is o mnoasure of inexpliceble environmental variation, from the
R.M.S. The value thus obtained is tarmed S?'d but obviously besrs @
simple relationship to the R.M.S. The dertvetion of the R.M.5. is
discussed and partially sccounted for in Witcombe end Whittington
(1871).

The regression snalysis of variance slso pertitions the verience

into its components, and the relative contributions of E, 8 and GxE

csn readily be seen.

Regression anslyses have Limitations when economic criteris sre

considared. Two further snalyses hasve therefors bsen done using
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snalyses more often veed by sconomists rether then plent breeders.

Results end Diseussion

Coaperison of sslection for yield tn different environaents

To exasine the patterns in high, aversge and low-yielding
environments the values for yield, regression coefficient and igd of
the entries have been plotted for the sesn of the environaents, and
for the predictad ytelds in the highest and lowest-yielding
environment in the trial (Fige 1-5). In this way the predictive valus
of the Linear model hes not been extrapolated beyond of the renge of
the experiments, and in sll years, except 1983, the lowest yield of

sbout 800 kg T

which {s typicel of the sverage yield of farmer's
fields in many rsgions of India.

The sstection of the best entriss which can be promoted to the
next stage in the testing schame is @ most importsnt consideration.
How do the top-yielding entries vary between the environments?
Clearly, there are lLarge differsnces i1n the ranking of entries between
the highest-yielding snd lowest-yielding environments snd usually the
top two entries are not common in thess two axtreme snvironments. Of
sors intesrest is the compasrison between the asversge-yielding
snvironment (on which recommendations ars usually bssed), and on the
predicted performance in the (owest-ylelding environment of the
sxperiment (which is more typicel of the farmers' fields). In three of
the five years there is o common sntry in the two highest-yielding
entries in these two environments (hybrid 3 in 1878; veriety 10 in
1883; and hybrid 23 in 1884) (Teble 2).

Within these top two entries cen selections be made for varieties

in preference to hybrids, and cen high-yialding antries bs selected



with low .!‘ velues ? If selection is mede in the lowest-yielding
snvironaent then in thres out of five years a veriety can be chosen,
and tn three out of the five years an entry with o low lzd velve, In
the meen-yialding environment a variety can only be selected {n one of
the five ysars, end there fo little difference in the stedility of the
entries (Tedle 2).

We cen also examine the date by selecting the only single best
entry rather then the top two. We ocan then see how the highest~
ylelding entry over all environments perforas in the lowest-yielding
environment, or vice versa (Teble 3). A marked contrest between thess
environments can be seen, oand in only one yesr 18 the
highest-yislding entry the seme. However, it would appesr that
selection besed on the mesn of environments is more reliasble for
selecting entries thst perform well in the poorest environment than
vice verss. In the former cese the worst yisld rank 18 5, but in the

latter 1t i8 13.

ri hybrids snd varieties

In genersl, the hybrids sre higher—yielding, differ Little from
the veristies in their regression coefficients, but are, on aversge,
Less stable for the sad velues (Figs 1-58). These conclusions are
confirmed by the mesn values of these parsseters for hybrids and
verieties (Table 4).

Since the verieties have lower Bzd veiuves then the hybrids we
need to examine the importance of the devistions from the regressions
ss a source of verisbility. Thersfors, the smount of genotypic
variability in the expsriments has been related to the amount of

verisbility betmeen environments (Tabie S). The environment is by far
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the largest ocomponent of verietion, the intersction of the genotypes
uith the environment the next Largest, end the differsnce betwesn
genotypes the sasliliest. When we consider the genotype x environaent
interscotion, the vertation due to differences in ragression
cosfficients is inverisbly much smslier then thet due to the R.M.B.'s
(deviations from the regression). 8ince the verieties sre superior to
hybrids {n respect of the devistions fsom the regressions (6%, values)
then 1t 1s possible that the selection of veristies may reduce crop
yield verisbility. When stadbility for both Bzd snd higher than asverage
yteld are the selection criteris varisties predoainate, even though
hybrids would most frequently be selected solely on the basis of
yield. This predominance of varieties is demonstreted by the sslection
of entriss on the basis of s selection index whers sntriss have to be
higher-ytelding then asverege, both overail and in the (Oowest
snvironment, and have e lower Sed value then average. In all ceses the
entry selected was o veriety, slthough in 18984 it is fepossible to
saks » sslection using these criteris (Table 8).

What is not cleer ts how the superior stebility of verieties
translates into real terms for the farser. How, in a specific location
does a low 82d reduce the veriation from year to year (the temporsl
varistion) as compared to » Low regression coefficient? How Large »
reduction in mesn yield cen be sccepted to select en entry with o
lower szd? The snswer to thess quastions sre important but uneteinsble
from s regression analysis. Binswanger end Barsh (1880) hsve pointed
out thst regression snalyses are not suitable for studiss on risk
sversion, instesd they have used s aesn-varisnce snalysis where

reduction in temporsl veristion (or improvesent in adeptebility) cen

be traded off ageinst reduced yield. Howsver, their snalysis, uniike



regression anslysie, cannot predict the beheviour of ths genotypes in
different environaents.

The verience enalysis of Binswanger and Bareh (1880) wes cerried
out for ell five yeara. The snslysis sssentially involves plotting
the standard deviation againet mean yield ueing the same scele for
both axes (Figure 8), end 1t sssumes thyt entriss of equal utility Lie
on on tso-utility ourve with » siope of 2.0 for representative risk
sverss fermers. Buch sn fso~utility curve {is indiceted in figurse 7.
In sech year o Line fs drewn connecting the risk efficient entries
{.0. those that for a given Level of yield performance have the lowest
standard devistion. That Line maps » risk efficient frontier and it
ie aloo indiceted in figure six. The best entry must Lie on this
frontier, end it 1e chosen with regard to the 1so-utflity curves, In
no yesar was sn entry chosen other than ths one thet was highest-
yielding over all environments. Thus, in no cess did the improved
stability of the varisties over the hybrids compensate for their lower
yleld.

Stochastic dominance techniques (Anderson, Dillon, and Herdsker,
1877) can slso be used to help predict on & risk averse farmer's
choice of verietal typs. A stochsstic dominance analysis was carried
out on pooled dets for hybrids and verieties as seperate groups on
predicted yield in the lowest-yislding snvironment in 1679, 1960,
1881, and 1883. Dats from 1884 wers omitted becsuse the hybrids in
that year ars quslitatively different froms those in the sarlier ysars,
A focus on the lowsst-yielding environaent is justified becesuse it is
sore Likely t0 represent farsers’ field conditions then the other

Llocations. Over most of the range in predicted yields in the Lowest
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yislding environaents, hydride were superior to verfeties (Figurs 7).
For sxample, the cunmulative probedility thet o veristy would ytleld

Lese then 400 kg he?

wae sbout 0.2 whilet the seme sstimate for o
hydbrid wes adout 50% Lower st 0.1. Becauss the two distridbutions
crossed at the Lowest yield intarvel, etochestio doainance analyeis
did not give clear predictions on whether risk averse farsers would
prefer hybrids to varieties, but the estimeted cumulative yield
dietributions do not indicete that the geneticelly more brosdly based

varieties a0 o group sre more steble ytelders then hybride in the most

edverse production envircnments in the trisles.

Conclusions

Although there were big differences between the lowsst snd mesn-
ylelding environments it is possible, when only the two highest-~
ylelding sntries are considered, to selact in most yesrs sn entry
which e common in both environments. Indesd, in three of the years
the highest-yielding entry ecross sll environments wes slsc one of the
two highest-yislding entries in the lowest-yislding environsent.
Moreover, good performsnce over sll environments appsars to indicate
good performence of an entry in the lLow-yielding snvironment, whersas
the reverss does not slways appiy. Tnis {is genarailly en encouraging
result for the plant breeder in ternas of selection procedure, es
entries which perfora well in both asverage and low~-yielding
snvironsents possess & certain measure of stability.

Although regression analyses ere helpful in testing selection
procedurs it is sn inescapable conclusion thet to obtein an oversit
picture of how stability and mean yisld ere to be treded off othsr

analyses are required. The mesn verisnce snslysis convincingly showed



that in all years no entry wes selected other then on the basis of its
mesn yiald. A stochestic dominance snalysis showed thet in gensral
verioties would not be preferred to hybride, aven though varisties
show superior stability {n other analyses. It thus sppsars Likely that
thess snalyses demonstrete that the bresdar's procedurs of selecting
saong the highest-yielding entries escroes snvironments e
satisfactory. Such an emphesis will ususily select entries which
perfora well in poor environments end which would be ohossn by risk
sverse farmers.

It 10 of interest that the best entry in 1883 1a V 10 (Figures
®, & ond B); this 1s an ICRIBAT millet veriety, ICMV 81144, derived
from an sdvenced cycle composite, and it has both high yield end
supsrior stability. It is currently in the ALl Indie Co-ordineted
Millets Improvement Project [(AICMIP) triasls end, in the 1084 AICMIP
Initial Population Trial, was the top-performing entry with o yield
sbout 15X better than the released variety WC-C75 and with s very high
Level of downy mildem resistance. A veriety which {s both high-
yielding and stable 1s o desireble slternative to » hybrid,
partioularly in view of the simpler sesd multiplicetion procedurss and
the reduced susceptibility of varieties to ergot and smut. Moreover,
individual hybrids in Indis have proven to be most unsteble in yield
from yeer to yesr due to their repid tncresse in susceptidility to
douny mildew. There is every reason to expect that ths more

genetically diverse variety would become susceptible in a Less repid

end spectaculsr senner.
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Asknsucdgenents

This peper would not have been possible without the help of our
co-operators who heve grown the trisle, and their vitel role 1o
gretefully scknowledged. The IPMAT reporte of 1870 end 1880 were
prepared by Or. Anand Kusar. Drs. Anend Kumer and K.N. Rai have oo~
ordineted the trials of IPMAT in different years.

I om greteful to Mr, MNVR. Reo f;r his sssistence in analysing
the dete using GENBTAT, and to Or. Tom Welker for his veluable

suggestions in the analysis of the deta fros an sconomist's viewpoint,
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Teblo 1. Summary of IPWAT trials enalysed.

Nuaber Nusber of
) of antries locations
Yoar' onslysed Mybride Varieties enalysed

1w 1% ? 1 14
1980 19 8 1 19
1984 18 ? ¥ 18
198 o 8 13 1
1994 2 0 14 18

1Trul not held in 1882,

Teble 2. Charsoteristios of the twe highest-yielding entries in the meen end lowest-
ylelding snvironments.

No. _____nnn_mmm bosast snyironmant
of Eirat 131711 Sacond

ent- Entry Renk g!nk Entry Rmk k Entry Renk Rgnk Entry Renk Rgnk
ries slope llopo slope ¢ slope ¢

176 18 H3 10 16 HE 18 18 H3 10 18 Ve 1 W
1980 18 H1 18 3 He 12 13 He ¢ 8 H4 3 1
191 18 HE 17 4 H3I 8 1 vis 1t 18 vie &8 8
1963 29 v N 4 H17 14 8 He 3 18 vio 1 2

1984 23 W23 20 a3 H20 21 18 H e 1 Haa 20 @3

H = hybrid,
V = variety.



Table 3. Yield and stabtiity charesteristios of
hghest~yiclding entriss 1a the sversll enviresments
ond the lewest-yisiding envirenment.

No. Mean of Lowest-yislding

of _____W__T. —mixironasnt

ent- Yield Regression 6%, Predicted Type

ries renk rank renk. yield renk
1978 19 1 10 16 1 H
1980 18 1 12 13 8 N
1981 18 1 17 14 8 M
1983 24 1 1 2 4 v
1984 23 1 20 23 e H
No. Lowest-yielding Mean of
of anvironaent —-anyironments
ent- Predicted Regression 87; Actusl Type
ries yield rank renk renk yleld renk
1978 19 1 10 16 1 N
18860 18 1 3 12 8 H
1881 18 1 1 16 13 '}
18983 21 1 3 18 4 M

1884 23 1 2 13 6 H
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Teble 4. Vean yiolds, memn o velues, ond soan regression cosffiaients fer
the hybride ond verietion ssress yeors.

Moon 9r01!1ylold
Yoar  Hybrids Verieties Hybride ﬂVfrmm Wm
1976 2300 ®y 163,893 61,800 1.08 0.00
1980 2008 1974 82, 7" 33,008 1.0 0.80
1081 23 epee 117,970 33,100 1.04 0.7
1063 20088 2108 187,081 50,000 0.97 1.00

1964 2028 1773 82,208 40,188 1.07 0.88
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Teble 8. Gsurcas of genstic veristion relative to enviromsental

varistion standerdised to 100.

190 1980 1081 19083 1904
Environaent 100 100 100 100 100
Senotyps (= Mesn values) 2.2 1.8 4.1 2.8 6.6
6 x E (Linser = b velues) 0.8 1.0 2.8 1.4 1.0
G x E (dovistion = 8%, values) 14.8 12,8 18.3  10.7 1.0

Table 8. Entriee selected on basie of complex oritarie
of yteld and stability.

Entry Mean £ Lossst £
Renk for Rank for :!nk for Renk for

yleld yleld d slope
1978 v 12 3 3 2 7
1660 v 10 5 10 1 13
1881 H 8 4 6 7 13
1683 v 10 1 4 2 12

1984 - - - - -



Legend for figures 1 to 8.

Relationship of regression coefficients, yield and "d velues
in

(s) Nighess-yielding environament.

(b) sverege of snvironmente.

() Lowest-yislding environment.

Squaree - varieties

Triengles - hybride

Ootted symbols -~ best ten renked entriee for s?

Numbers - refer to entry nusber in snalysis of trisl
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