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Abstract

This study analyss grain yields of soybeamonitored in thevariety trials performed in NortlEast Italy from 1983 to 201by
ERSA FVGin order to evaluatéhe existence ofield trendsand how interannual yield oscillation could be explaineitherby
meteorological, genetic or agronomic factors. Iis fferiod about 400 varietiesavebeen tested and, despiteagfricultural inputs
reduction and little change of genotypes, statistical analysis undealinaverage yield increase of about 30 kg pear’. The
regression analysis suggetiat theaverage daily thermal excursion expkinter-annual yield variationsmmuch more thamther
environmental variables (rain and soil characteristics). In conclusion, the fighi=r observedh the last years seem mostlye
to bothenvironmental conditionand improved cultivation technigsie
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Introduction

In Italy, soybean cultivatiorheavily startedonly afterthe recognition of its strategic importance by the EU during the O70. Ten
years latercrop management techniques were deeply studied and adapteakstdtalian environments in the framework of
OProgetto Oleaginosd@ndedby MAF (now MIPAAF, Ministero delle Politiche Agricole Alimentari e ForestalBince 1983,
Friuli Venezia Giulia(North-East of Italy) wasmong the Italian regions withe highest densities of soybean cultivatias well

as the highest grain yield per ha. Moreovtegether withan intené/e testing of soybean varieties, ERS®génzia Regionalegy

lo Sviluppo Rurale del FriulvVenezia Giulid also carried out breeding prografesding to the release of severmlccessful
soybean varieties.

This work provides an analysis of the thistgar ERSA results of soybean variety trials, with the purpose of invéisgdgegnds

and variability in soybean grain yield. Another topic of the work is to improve the knowledge aboutvihg firices of thee
variations, considering that soybean yields are the result of multiple interactigesedfc, pedelimatic and agronomifactors.

Materials and methods

Experimental trials

Soybean yield data (t Ha13% of moisture), of the national

variety trials carried out from 1983 to 20]1%vere recovered

from the archives oERSA FVG.The trial sites were locatedin

the Friuli Venezia Giuliaplain, in the provinces ofUdine and

PordenoneThe trial locations and their soil characteristics are

reported in figure 1 and table 1, respectively. The experimental

plots were arranged in either randomized blocks (4

replications) or complete randomization -&5 replications)

design Plant density rayed from 35 to 45 plants fn The

sowing date rangel from 24/04 (Palazzolo, 2007) to 12/06

(Palazzolo, 2013), with most of the sowing times in May;

harvest occurredfrom 22/09 (Palazzolo, 2011) to 17/11

(Pozzuolo, 1994) with most of the harvests in October

Irrigation was generally applied two or three times

(supplementary irrigationdepending on the rainfall frequency

and amount.Treatments for pests control were occasionally

applied Weed control wasperformed by pre and post

emergence herbicidieatments Soil fertilization (about 25 kg

ha® N, 100120 kg hd P,Os and 100120 kg hd K,0) was

made until 1998; in the following years, no fertiligewere Fig. 1: Location of the trial sites.

applied. Seeds were always inoculated with the specFig. 1: Localizzazione dei siti sperimentali.
rhizobium, in order to ensure a good nodulation arfikation.

In most cases, previous crop was maless frequentlysugar beet, soybean, barley and whaabut 400 warieties selected from
those registered ithe Italian Registry of varietiesvere testedn the thirtyyear perioduntil 200Q testedvarietiesbelongedto
maturity groups ranging from 00 th aftemwards to maturity groupsrangingfrom 0+ to I+.
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Meteorologicaland soil data

The following meteorological variabldsave beerretrievedfrom the regional meteorological servic@IMER) dataset daily
rainfall (mm d"), daily minimum and maximurair temperature (jG)daily thermal excursion (jC) has been calculaied proxy
for solar radiation, not available for all yea@imulated rainfal(Rain, mmperiod and mearthermal excursion! (T, jC) for each
month from April to Augustand for the whole periothave been calculatgzer each experiment (year x site).

Tab.1: Trial sites andmain soil properties.
Tab. 1: Siti di prova e principali caratteristiche pedologiche.
Satistical analysis

Organic  Wilting Field  Max.water CSC  Texture In figure 2 boxplots return the Vari_ab_”ity of
Trial site matter  point  capacity content  [mEq/ class soybean yieldgper year for all varietiesand
% viv] [% viN]  [% VAV [% viv] 100g]  (USDA) sites. The lower and upper limits afachbox

represent respectively, to the first and third

1 FiumeVeneto 2.6 21.8 28.1 48.2 30.3  silty-loam quartile of yields, while the black strip
indicates the median. Dots representthe
2 Basiliano 2.6 141 191 42.0 26.5 loam outliers. The graph emphasizes alarge
clay-silty- variability of soybeanyields in the period In
8 Pozzuolo d.F. 26 220 288 48.2 360 loam someyears(e.g. 1983, 1997, 199%nd 2010,

4 Mortegliano 23 150 211 41.2 260 silty-loam the upper half of the boxes is shorter that the

lower, meaning that in these years high yield

S Bicinicco 6.6 171 24.4 513 874 loam values are more similar than the lower ones. In
6 Torviscosa 2.4 15.9 220 43.8 30.4 loam other yearge.g., 1988, 2001, 2009a reverse

, behaviour occurredFor these reasoni the
7PalazzolodS. 24 166 24.1 472 29.8  silty-loam present study only the third quartile of soybean
Mean 31 176 3.9 460 30.9 yields(Yield3q has beetestedto underline the

presence of a trendver the yearsThese

valueswere analysedusing multiple regression
models involvingthe variable Year and the
available meteorologicalvariables, calculated
for each month ofhe soybeargrowing season
(April-Augus) and for the whole periodas
previously described, in ordeto better
understand the role of thevariables
Furthermore, three indexes have been
calculated in order to evaluate the rate of
cultivars turnover in the years(a) rate of
drop (RabaNa/Nv), (b) rate of introduction of
new varieties Rnew=Nr/Nv), and (c) rate of
cultivar chang [Rcve(Na+Nn)/Nv), where,
for each yearNais the number of varieties no
more tested, Nn the number of newly
introduced varieties andv the total varieties
tested each year.

Results and discussion
Fig. 2: Boxplot of soybean grain yield distribution (t9af all cultivar tested in all the A first order regression model between the

sites, in each year. third quartile of soybean vyields and the
Fig.2: Boxplot delle distribuzioni delle rese (tHali tutte le variet"di soia in prova pe variable Year provides the evidence of an
tutti gli ambienti, per ciascun anno. annual trend (figre 3). Both the intercept and

the explicative coefficients are significant (p
values are respectively 0@Dand 0.003) even if the explained variability is very lovR{= 0.17). The estimated regression
coefficient forthe variable Yearindicatesan average yield increasd about 31kg ha' per year This result agreewith data
obtained inUSA, showingameanannual yield increasof 25 kg ha (Irwin andGood 2014)

To assess the effect of meteorological conditions on yield variations (beside yeaultide regression model, calculated per
each month of the soybean growing season, has been estimated.

The significanceof the estimated coefficents and the RMSE of regression madelpresenteébr each monthin table 2. As
expected, the estimated coefficients floe variable Yearare always significant, accordilygto the trend described before. The
estimated coefficients fahe variable Rain are significant only in the morghof April and May and not in Junand July. This
result could be explained considering that soybean is sensitive to drought evenaatytistages (mainly due tthe symbiosis
with rhizobium) and that the supplemental irrigations weseally applied during the flowering and accumulation stages,
occurring from late springo summer, when the correlation with rain was not foulilermal excuisn ( ) significantly
contribuesto the explanation of yields all months other than Augustonsidering that thermal excursion is correlated to the
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availability of solar radiationthis variablecould be considered aspoxy of this physical quart. Actually, in the last years, an
increae of global solar radiation from maximum values of 25 to about 30 Marfwas observedue to climatic changes

Tab. 2: Statisticalsignificance of thenultiple regression parameters
related to the different meteorological variahles

Tab. 2: Significativit™ statistica dei parametri della regressione
multipla relativi alle diverse variabilineteorologiche.

Year Rain 'T
Month RMSE [t ha]
[mm month™]  [iC]
Aprll *kk *k *k%k 0576
May *kk * *% 0596
June rork ns * 0.613
July * ns i 0.597
August rork ns ns 0.626

Fig. 3: Yield trend of third quatrtile.
Fig. 3: Andamento della produttivit™ negli anni (tergoartile).

Varietal changes argepresentedn figure 4 with the indexes
Rcvg Rabaand Rnew During the ©80 and the early ©90 a wide
introduction of new soybean varietiescurred as demonstrated

by high values ofall indexes. Since 2000, the number of
dropped varietiesand new introductioni the trials decreased

It is likely to argue thathis revealsthe identification of the most
suiteble soybean varietidsr FVG environmental conditions.

Conclusions

A first attempt to analyze the evolution of soybean yields in the

last 30 years in Friuli Venezia Giulia region has been made. It

highlights the presence of an increasing annual trend in soybFig. 4: Rate of varietal chang@cvc) varietal abandor(Raba) anc
yields. Regression analysishowedthe importance of water varietal new introductior(Rnew)per year.

availability in April (owing to soybean sensitity to water Fig. 4: Tasso di cambio varietale, abbandono varietaldi @uove
shortagen the early stageslue to less Nixing activity) andof ~ introduzioni per anno.

global radiation irsummer.

Statistical models developed to explain the variability of yields around the trend canirbdéfining the role played by the
explicative variables, even if a satisfying level of knowledge is not still coniplataieved. Future perspectives can imreoother
meteorological, soil and agronomic variables towadetter understanding of the phenomenon.

In conclusion, the significant yield increasbserved in the last thirty years seems not be due to the genetic improvement (with a
limited variety chang after2000) but mainly to better agdultural practicesand, perhaps, to increassolar radiationMoreover,

the validation of meteorological datasets could represent a starting point for fopuovéments of the regression models and for
new related approaches.
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