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Abstract

In a small area of the Paris basin in France, & (Besum sativumncrops, cv.
Solara, were examined to elucidate the determircdriteeir yield over three years.
The yields ranged from between 3.71 and 7.81% femd averaged 5.85, 6.25 and
6.47 t.hal in 1988, 1989 and 1990 respectively. The largtedifices observed
each year among fields were related essentiallyracn number, whereas mean
grain weight was less variable. Grain number and pamber were highly
correlated. A substantial effect of nitrogen nuin{ assessed by a Nitrogen
Nutrition Index on grain number, was observed. Tole of reproductive stem
number on grain number was also examined, showthgeahold at 115 stems:m
2 pelow which, in the conditions examined, largaigmumbers per stem did not
compensate for low stem numbers. Furthermore we &kso shown that branching
might not be sufficient to compensate for low planmbers in some crops when

nitrogen nutrition is inadequate, and this alsal¢et® a decrease in grain number.

INTRODUCTION

The variability in yield of dry pea®{sum sativunh..) is well-known, but no satisfactory
explanations have been found. Numerous authorsfd¢seexample Pate, 1975 ; Pate, 1977 ;
Dantuma, 1983 ; Davied al,, 1985 ; Heath and Hebblethwaite, 1985) mentidheaxistence
of "unfavourable factors" in on-farm conditions, iath may prevent the potential yield of a
variety from being attained. But, unlike vining-gg#&lardwicket al 1979), no research work
has been published that attempts to explain tHerdriices in yield in combining peas. To
identify the factors concerning soil, climate andpping systems which are responsible for
differences, it is necessary to understand howdyildetermined in farmers cropgs.e. to
ascertain which yield components or physiologicachanisms are implicated in yield
variations. This agronomic diagnosis of yield depehent in farmers' crops was first used on
wheat crops (Sebillottet al., 1978) and further extended to other crops andtimts

(Sebillotte, 1990 ; Meynard and David, 1992). Timsthod is based on surveys on farmers'



plots ; the use of such surveys to identify reagonfailures to obtain heavy yields has already
been used successfully by other authors (Hardetck, 1979 ; Boiffinet al, 1981 ; Durrant,
1988 ; Burleighet al, 1991 ; Shafigt al, 1993 ; Aubryet al, 1994 ; Letermet al, 1994). It

is the opposite but complementary approach to nastlcmmmonly used, which involve a
detailed empirical study of the effect of one facsuch as waterlogging (Cannetlal.,1979)

or soil compaction (Hebblethwaite and McGowan, 3980yield and yield components.

MATERIALSAND METHODS

The study was designed to determine the role tf the different yield components and
nitrogen nutrition in yield variations. Data werellected from 32, 27 and 12 farmers' crops
grown in 1988, 1989 and 1990, respectively. Allfiletls were within an area of 1000 km?2,
representative of the central part of the Parisnb@sance) and were chosen to represent the
diversity of local cropping systems. The soils wie@my with 13 to 37% clay, and the main
features of the climate over the growing seasoaslascribed in Table 1. There were very few
differences in climate between fields in any onaryé each crop on a farmers’ field, an area
of ca. 500 mz?, representative of the crop and well awaynfthe headlands, was selected to
carry out all the measures and observations (Bagffial., 1981 ; Durrant, 1988). We did not
interfere in any way with the choices in crop maragnt decided by the farmers. However the
selected crops were sown with cultivar Solara,aditd" variety (Hedley and Ambrose, 1981).

For each crop, the following data were recordedigmeplicates o€. 0.5 mz2 (three or
four lines x 0.5m) : number of plants, number @hss$ at the start of flowering (not available
for 1990) and number of reproductive stems (stemyicey at least one grain) at harvest,
number of pods (not available for 1990), numbegrafns per m2, mean grain weight at harvest,
and aerial dry matter at the start of flowering thié values of yield and mean grain weight are
given with a water content of 0%.

The results of Crozadt al, (1990) were used to assess nitrogen nutritiotiowing
Greenwoockt al. (1990) and Lemairet al (1990), these authors established a reference curve

for the relationship between aerial dry matter (QMal) for Pisum sativumcv. Solara and



nitrogen concentration in aerial dry matter Nc, resged in %DM, using the equation Nc =
4.66DM0-17 The percentage of nitrogen in the pea crop adriamatter, Nt, was compared
to the reference value, Nc, derived from the refeeedilution curve, to give the "N nutrition

Index" (NNI) defined as :

NNI = Nt/Nc

According to Lemaireet al, (1989) and Justest al. (1994), the lower the NNI, the
poorer the nitrogen nutrition. We thus compared riieogen nutrition of crops with very
different amounts of growth. The NNI was measurtathe start of flowering. This time, about
half way through the growth cycle, is the point witlee rate of root elongation declines (Salter
and Drew, 1965), and when nodules are almost cdetplestablished on the primary (Tricot

et al.,1990) and secondary roots.

RESULTS

Figure 1 gives the distribution of the yields @ftained for the 3 years in the farmers'
fields. For 1988 and 1989, we observed rather amdlstributions, with a high dispersion
around two close mean values (5.85 and 6.25k tespectively). In 1990, when we studied
fewer fields, the mean value was slightly higheMGt.hal), and the shape of the histogram
somewhat different ; we still observed large defeces between fields. Correlations among the
following variables - yield (Y), mean grain weighlGW), grain number (GN), reproductive
stem number (RSN), plant number (PN), and NNI -enemalysed for all the crops of the 3
years. Pod number (PdN) was not included in thadyars, since values were missing for 1990.
At this scale (Table 2), the highest correlatiorssevbetween yield, grain number and NNI at
the beginning of flowering. The reproductive steamiber was rather highly correlated with

the nitrogen nutrition index, but not so highly mated with grain number. The correlations



between mean grain weight and the other variable® wlways low, as they were between
plant number and the other variables.

Figures 2 and 3 show the relationships betwedd gigd respectively grain number and
mean grain weight for each one of the 3 years.988land 1989, there was a close linear
relationship between the yield and the number aingr(Fig. 2). In 1990 the relationship was
not so close (Fig. 2), but the correlation betw¥eamd MGW was higher (Fig. 3), due to one
crop. Coefficient of variations of GN (respectivel2.0, 13.0, and 6.7% for 1988, 1989 and
1990) and MGW (respectively 6.7, 3.8, and 7.6%)enary different, and it was clear that for
each year the large differences in yield observedra fields were essentially due to grain
number, though this was less marked for 1990. Gfitiad, linear regressions showed that
these differences in grain number were correlabedatiation in pod number per m2 in 1988
and 1989 (R? of linear regressions between GN atidl Were respectively 0.89 and 0.87 in
1988 and 1989, P<0.001). There were few differemtése mean number of grains per pod
between fields in each year, and among years.

The crops with poorest nitrogen nutrition alwaysdHow GN values (Fig. 4). A

significant linear regression was obtained betw@&bhand NNI :

GN = 607 + 1764NNI (P<0.001, R2 = 0.51)

The range in NNI depended on the year : most t890s had an NNI very close to 1,
which suggested favourable nitrogen nutrition, wlasrseveral 1988 crops had a small NNI ;
1989 crops were more variable. Due to these diffagg, a year by year analysis does not make
it possible to establish annual relationships, sagfor the effect of grain number on yield. The
effect of nitrogen nutrition on grain number colld due to an effect of nitrogen on grain
number per stem, as shown under experimental ¢onsliby Jeuffroy (1991), Crozat al
(1994) and Duthion and Sagan (1994). It might &lsdhe result of an effect of nitrogen on
stem number.

For a reproductive stem number larger than 11mst&a?, there was no GN increase

when RSN improved, the largest values being abo2800-2900 grains.th(Fig. 5). But for



values of RSN lower than 115 stem®mone of the fields attained this maximum leVélere
were large differences among years in the propwstaf crops with less than 115 stent$,m
which were respectively 84, 19, and 8% in 1988 91&8d 1990. It seemed that the differences
in GN observed were due to (i) differences in thenher of reproductive stems, and (ii)

differences in the number of grains per stem fgivan number of stems.

The reproductive stem number at the start of flivgewas greatly dependent on (i) the
number of plants and (ii) NNI (Fig. 6). Multilineaegression between RSN on one hand and
both the number of plants and the NNI on the offaerd showed that a large part of inter-crop

differences in stem numberiwas thus explained by these two factors :

RSN =-98.8 + 0.997PN + 131NNI (multiple r = 0.6%50.001 for all coefficients)

The number of stems at harvest was fairly weltelated with the stem number at the
start of flowering (SNSF) (R2 = 0.62 for the crdpam 1988 and 1989, P<0.01 ; data was not
available for 1990). This indicates that the maifecences observed at harvest already existed
at this earlier stage. A similar multilinear regries at the start of flowering gave the following

results :

SNSF =-158.06 + 1.25 PN + 199NNI (multiple r = 5,7P<0.001 for all coefficients)

Less branching was observed for low values of Nidh for high values.

Considering the results shown in Figure 5, the ragnarop differences of mean grain

number per stem cannot be analysed without referenstem number. This is why we did not

observe directly the effect of nitrogen nutritiom grain number per stem.

DISCUSSION



When this study was undertaken, it was not knowmclv yield components were
responsible for the great variability in pea crogids within a small geographical area. In the
case we studied, differences between plots werg haege, far larger than the differences
observed between years. It confirmed the high leditya of pea crop yields, which has been
pointed out by numerous authors to be one of thg'sbiggest problems (Snoad, 1983 ; Heath
and Hebblethwaite, 1985). During the 3 years & tbsearch, and in particular the first 2 years,
grain number was far more important than mean graight in explaining yield differences.
The limited effect of the end of the pea growthleyeas probably due to favourable growth
conditions at late stages, with no constraint ftbmlack of water in northern areas of France
during grain filling, but unfavourable conditionsrfdiseases due to relatively dry weather.
These phenomena, widely observed for other grapscsuch as wheat or corn in similar areas,
may not be as true in drier or in more rainy ardasimprove the stability of pea crop yields
requires high grain numbers to be achieved mongady.

The high correlation which characterised the retethip between grain number and pod
number in our results has already been mentionedh®r authors (Belfordt al, 1980), but is
still striking. Pod number per reproductive nodeéso, one or two, whereas the maximum
grain number per pod, which characterises eacktygiDaviest al, 1985), is nine for Solara.
According to the hypothesis that all the ovulesfarélised (Linck, 1961), and following the
results of Jeuffroy and Chabanet (1994) who shaivednajor effect of assimilate supply on
the regulation of grain number per reproductiveejaxhe might suppose that the opportunity
for regulation is greater for grain number per gogh for pod number per node. Nevertheless,
Linck (1961) obtained about 35 to 45% of ovulesalihibecame grains in pods (that is to say
3.05 to 4.05 grains per pod for Solara), and waiabt about 3.5 to 4.5 grains per pod, which
is a very closed value ; and this stability of memgain number per pod has often been
underlined in experimental conditions (for examiptench, 1990).

The correlation we observed between NNI and GN magn that nitrogen nutrition
was in some situations a limiting factor for graimber, as it was a limiting factor for growth
when NNI values were lower than one. We cannotupe sf this because the grain formation

period takes place mostly after the start of flangrwhen we measured NNI. Nevertheless,



the causes of low NNI have been identified elsewh{®oré, 1992), and it was shown that
nitrogen supply probably followed the same patferreach plot before and after the start of
flowering. This effect of nitrogen nutrition on Ygedetermination in pea crops had never been
shown before in farmers' conditions in temperagasy despite the many papers devoted to
nitrogen nutrition of peas (see for example thaewes of Pate, 1977 ; Spreat al, 1988 ;
Streeter, 1988 ; Sprent, 1992 ; Doré, 1994a). €helt has two important consequences. First,
it is important to understand how nitrogen nutntimay become impaired, so that it can be
improved where it is responsible for low yields.iS'Is a concern not only for agronomy but
also for microbiology, physiology and soil scien8grent (1992) has shown the effect of the
root and nodule environment on nitrogen fixatiam.this survey for example, other results
(Doré, 1994a) indicated that the major parametepamrsible for differences in nitrogen
nutrition was nitrogen fixation. These differenvesre due partly to insect damage $iyona
lineatus L. (Doré and Meynard, 1995) and to seedbed streictOther factors might be
important elsewhere (see the reviews cited abosegond, there is a need to improving
knowledge of the physiological mechanisms involirethese effects of nitrogen nutrition.

Our study showed that branching, which is knowodmpensate for low plant numbers
(Hedley and Ambrose, 1981), is not always suffitien commercial farms to give the
maximum grain number. Under our conditions, fora®a| 115 stems.thwas a threshold value
below which the maximum grain numbe. 2900 grains.n# could not be obtained. The shape
of this relationship explains the poor correlatimiween GN and RSN. These results are very
consistent with those of Jeuffroy (1991), who shdwey modelling the formation of grain
numbers on a pea stem, that when the number okstém crop is low, the growth rate per
stem is higher than when there are many stemgshantumber of grains per stem is enhanced.
Nevertheless at the lowest stem numbers, thisteffes not great enough to prevent a decrease
in number of grains per m2. The between-year diffees in stem number may reflect the
differences in climate, sowing date and conditiohsrop establishment. But the stem number
was not the only yield component responsible fer grain number. This also explains why
reproductive stem number was not correlated widingnumber in the global analysis : the

grain number for two crops with the same stem numizgy be very different because the grain



number per stem may be extremely variable, andtvath fewer than 115 stemsfrmay
have more grains than a plot with a high stem numbe

The role of crop establishment in obtaining higklds had already been observed by
numerous authors (Meadley and Milbourn, 1970 ; efedind Ambrose, 1981, Coush al,
1985). Our results showed that branching may cosgienfor small plant number to some
extent only. Studies need to be conducted to utatetghe origin of low plant numbers and
simultaneous low branching in farmers’ crops. Soefierences already exist for plant number,
such as those dealing with the effects of dise@@ewell et al, 1984) or climatic conditions
(Matthewset al, 1988) or tillage practices (Snobetral,, 1988) on crop establishment. They
are far rarer for branching (Doré, 1994b). Besittesresults showed that the better the nitrogen
nutrition, the more likely is branching able to qmnsate for low plant density. This is an
indication that the effect of nitrogen nutrition gield determination starts early in the growth
cycle of the pea.

The factors responsible for between-field diffeenin yield components may vary
with geographical area. Nevertheless, the roleraingnumber, stem number and nitrogen
nutrition on pea crop yield determination obserkiece may have a broad validity in the plains
of northern Europe. Our methodology may be of sgerin studying the pea crop vyield

variations in other areas.
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Table 1 Main features of the climate over the 3 years lierperiod March to July (sowing to
harvest) in the studied area. P = Rainfall (mm)ETHP = Rainfall minus Evapotranspiration

(mm) ; T = mean temperature (°C)

198¢ 198¢ 199(

P PETF T P PETF T P PETF T

Marck  102.¢ -32.C 6.7 51.4 -6.5 9.4 10.€ 33.4 8.1
April 16.2 64.£ 9.8 94.¢ 57.2 7.€ 54.¢ 17.4 8.€
May 144 -51.¢ 14.2 20.¢ 116.€ 144 14.C 113.1 14.¢
June 25.¢ 91.t 15.¢ 93.¢ 20.2 15.C 66.¢ 34.¢ 15.2
July 85.2 10.t 16.7 23.c 121 18.c 33.C 137.4 17.¢



Table 2. General correlations (analysis over 3gjeét crops) between yield components and

yield (see text for abbreviations)

Grain Numbe

Mean Grair
Weigh
Plant Numbe

Reproductive
Stem Number

Nitrogen
Nutrition Indey

Yield

0.881
0.29¢
0.22:
0.461

0.71¢

Grain Numbe

-0.18¢
0.32¢
0.46¢

0.72]

Mean Grair
Weight

-0.24:
-0.00¢

0.01

Plant Numbe Reproductive
Stem Numbe

0.54:

0.36= 0.57¢



Fig. 1. Distribution of grain yields for the surveygrops throughout the three years.

Fig. 2. Relationships between grain number andliyiml 1988 @) ; 1989 @) ; and 1990L().

Fig. 3. Relationships between mean grain weightyéeld for 1988 @) ; 1989 @) ; and 1990
().

Fig. 4. Relationships between nitrogen nutritiomex and grain number for 198@] ;

1989 @) ; and 19901().

Fig. 5. Relationships between the reproductive stamber and grain number for 1988 ;

1989 @) ; and 19901().

Fig. 6. Relationships between plant number andodkmtive stem number for the 3 years,

according to NNI values : NML (®) ; or NNI >1 (7).






