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ABSTRACT: Grain yield of wheat is dependent on grain weight, which is the result
of grain filling duration and rate. The study was undertaken to examine the relation between
grain weight and rate and duration of grain filling in five high-yielding NS wheat cultivars.
Stepwise multivariate analysis of nonlinear regression estimated grain filling parameters
was used to examine cultivar differences in grain filling. On the basis of three-year average,
the highest grain dry weight had cultivar Renesansa, and the lightest grains were measured
for cultivar Evropa 90. Stepwise multivariate analysis indicated that all three nonlinear re-
gression estimated parameters (grain weight, rate and duration of grain filling) were equally
important in characterizing the grain filling curves of the cultivars studied, although se-
quence of their significance varied in different years, which is probably caused by different
environmental conditions in three years of experiment.
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INTRODUCTION

Grain yield in wheat (Triticum aestivum L.) can be analyzed in terms of
three yield components: number of spikes/m?, number of grains/spike and
grain weight. After anthesis, yield is largely dependent on final grain weight,
which is the result of grain filling duration and rate (W han et al., 1996).

The existence of genetic variation in wheat has been reported for both
grain filling duration and rate (Darroch and Baker, 1995), and signifi-
cant correlations have been found between grain weight and rate (Calde-
rini and Reynolds, 2000), but also between grain weight and duration of
grain filling (Evans etal, 1975). Gebeyehou et al. (1982) found signi-
ficant correlations between both grain filling parameters (duration and rate)
and yield.
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Differences in relative importance of grain filling parameters for grain
yield are probably caused by fact that environmental factors, especially tempe-
rature, also affect grain filling (Stone and Nicolas, 1994). A better un-
derstanding of the grain filling process may be helpful in breeding efforts to
increase grain yield.

Linear regression (Van Sanford, 1985), quadratic (Nass and Rei-
ser, 1975; Bruckner and Frohberg, 1987) and cubic equation (Ge -
beyehou et al., 1982) are statistical methods which have been used to de-
scribe grain filling in wheat. Univariate analysis of variance (ANOVA) can be
used only to differentiate among grain growth curves and Darroch and
Baker (1990) suggest stepwise multivariate analysis (Keuls and Gar-
retsen, 1982) of nonlinear regression estimated parameters as more appro-
priate for analyzing growth curve parameters. Stepwise MANOVA can clarify
the relative importance of the various parameters in a growth curve.

The objective of this study was to examine the relation between grain
weight and rate and duration of grain filling in five high — yielding NS wheat
cultivars.

MATERIAL AND METHODS

Five high-yielding NS wheat cultivars (Pobeda, Renesansa, Evropa 90,
Sonata and Sofija) were chosen for this study in order to examine the possible
differences in their grain filling pattern, and the relation between their grain
filling parameters. It can point out the different ways for increasing yield in
wheat.

The trial was conducted at the experimental field Rimski Sancevi, Insti-
tute of Field and Vegetable Crops, Novi Sad, in 2000, 2001 and 2002. The
standard agrotechnic procedures were applied. Plot areas were 5 m?, sown in
four replications. Rimski Sancevi meteorological station data (temperature,
precipitation) were used. Sampling started 14 days after anthesis and continued
at 7-day intervals in first 3 weeks, and approximately 2-day intervals after,
until maturity (13% moisture in grain). Random samples of 20 spikes per plot
were harvested on each sampling date, selected in four replications. 10 grains
from the middle of each of the 20 spikes were removed and oven dried at
80°C for 24 h. The grains were weighed before and after drying.

Dry matter accumulation over time and duration of grain filling were
expressed as a function of accumulated growing degree days (gdd — °C) from
anthesis. Growing degree days in particular sampling date is a sum of average
daily temperatures from anthesis (Duguid and Bralé-Babel, 1994).
The grain weight and duration of dry matter accumulation data were fitted by
nonlinear regression to a logistic curve: y = W/(1+exp(B-Cx)) in order to cal-
culate estimated grain filling parameters: final grain dry weight (W — mg),
maximum rate (R — mg dry matter gdd-') and duration (T — gdd) of grain
filling. Y is average grain weight (mg), x are gdd from anthesis, B is related
to both duration and rate of grain filling and C is related to grain filling rate.
The calculations are described in details in Darroch and Baker (1990).
STATISTICA software package was used. Stepwise MANOVA described by
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Keuls and Garretsen (1982) was used in order to determine which of
the estimated parameters is the most important in characterizing the grain fil-
ling curves. The most significant parameter is one with the lowest Wilks’ A —
value and the set can be extended to two or all three parameters. Only if the
new parameter adds information not already contained in the set, its addition is
considered to be important.

RESULTS AND DISCUSSION

The logistic curve provided a good fit to grain filling data in the study. In
all 60 cases R? values exceeded 0.95, similar to results obtained by Duguid
and Brilé-Babel (1994).

Tab. 1 — Sum of temperatures (°C), average daily temperature (°C) and sum of precipitation
(mm) in May and June in 2000, 2001. and 2002 (Rimski Sancevi meteorological station, Novi
Sad)

Year 2000 2001 2002
Sum of temperatures 1214.5 1098.5 1245
Average daily temperature 20 18 20.4
Sum of precipitation 67 308 114

Univariate analysis of variance conducted on individual trials (years)
showed significant differences among genotypes regarding all three (grain dry
weight — W, rate — R and duration — T of grain filling) nonlinear regres-
sion estimated parameters in all three trials (Tab. 3). Stepwise multivariate
analysis is used in order to determine the smallest set of estimated parameters
that characterize the grain filling curves in each trial. Grain dry weight was the
parameter with the smallest A — value in 2000, therefore, of all three parame-
ters, W was the most important in differentiating among grain filling curves.
In 2001 the smallest A — value is noted for parameter T, and for R in 2002
(Tab. 3).

Tab. 2 — Nonlinear regression estimated grain dry weight (W — mg), rate (R — mg dry matter
°C-1), duration (T — gdd) of grain filling and anthesis date (AD — number of days from 01. O1.
to anthesis) in five high-yielding NS wheat cultivars, three-year trial

2000 2001 2002
Y R T AD W R T AD W R T AD

Pobeda 48.8 0.145 655 128 399 0.145 559 135 532 0.103 712 132
Renesansa  56.1 0.127 737 125 458 0.119 650 134 532 0.119 700 130
Evropa 90  50.5 0.130 684 128 39.8 0.116 618 135 474 0.099 711 130
Sonata 489 0.143 652 128 42.8 0.140 581 135 50.0 0.116 647 132
Sofija 50.1 0.125 711 127 44.0 0.106 706 136 503 0.113 680 132

Average 509 0.134 688 127 425 0.125 623 135 50.8 0.110 690 131

Cultivar

Variation in sequence of significance is probably the result of different
environmental conditions in three years of experiment (Tab. 1). In all cases the
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sets are extended to all three parameters (Tab. 4), which implies the significant
impact of both grain filling duration and rate on grain weight.

Tab. 3 — Tests of significance of cultivar effects in MANOVA of final grain dry weight (W),
maximum grain filling rate (R) and grain filling duration (T), measured in three trials (years)

Conditional daf 2000 2001 2002

set A F A F A F
W, R, T 12, 34 0.0121 12.46%* 0.0027 24.28%%* 0.0006 43.31%*
W, R 8, 28 0.0508 12.03** 0.0217 20.25%%* 0.0164 23.81%*
W, T 8, 28 0.0655 10.18%* 0.0221 20.05%* 0.0099 31.75%*
R, T 8, 28 0.0859 8.44%* 0.0108 30.11%* 0.0170 23.38%%*
w 4, 15 0.1495 21.34%%* 0.3250 7.79%* 0.2156 13.64%*
R 4, 15 0.3307 7.59%%* 0.0712 48.88%** 0.1193 27.67%*
T 4, 15 0.2222 13.13%* 0.0515 69.00%* 0.2602 10.66**

** — significant at the 0.01 level of probability
df — degrees of freedom
A — Wilks A criterion

Cultivar Renesansa had the highest grain dry weight in all trials, as a re-
sult of long grain filling with medium rate. On three-year average, the lowest
grain filling rate and medium long grain filling of cultivar Evropa 90 resulted
in the lightest grains of all five cultivars studied (Tab. 2). Thus, in our envi-
ronments, the condition for heavy grains is not only long grain filling duration,
but also the adequate balance between grain filling duration and rate. It is im-
portant to remark that cultivar Renesansa reached anthesis on three-year ave-
rage two days earlier than other four cultivars (Tab. 2). Grain filling of Rene-
sansa occurred in conditions different enough to provide gradual dry matter
accumulation and to avoid terminal dry and temperature stress, in contrast to
other cultivars studied.

Tab. 4. — Determination of the smallest set of variables required to completely characterize the
grain filling curves in five high-yielding NS wheat cultivars

Year Conditional set A df F Final set

w 0.1495 4, 15 21.34%:*

R/W 0.3398 4, 14 2.51ns

2000 /W 0.4381 4 14 1.79ns
RT/W 0.0809 8, 26 8.21%* W, R, T

T 0.0515 4, 15 69.00%*

2001 R/T 0.0108 4, 14 30.27%*
W/TR 0.2500 4,13 9.77% T, R, W

R 0.1193 4, 15 27.67%*

2002 W/R 0.1375 4, 14 5.94%:
T/RW 0.0366 4,13 86.04 % R, W, T

ns ** — nonsignificant, significant at the 0.01 level of probability
W — nonlinear regression estimated final grain dry weight

R — maximum rate of grain filling, T — grain filling duration
df — degrees of freedom

A — Wilks® A criterion
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Variation among wheat genotypes regarding grain filling duration and ra-
te indicates the possibility for breeding manipulation in purpose of increasing
yields, however, other factors, such as anthesis date, number of grains per spi-
ke, number of spikes per m? and leaf area duration should also be considered.

CONCLUSION

The results of stepwise multivariate analysis of nonlinear regression esti-
mated wheat grain filling parameters showed significant impact of both grain
filling duration and rate on grain dry weight. The highest grain dry weight is
noted for cultivar Renesansa, which was characterized by long grain filling
with medium rate. Renesansa also reached anthesis two days earlier comparing
to other cultivars studied.
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IMAPAMETPU HAJIMBAbA 3PHA BUCOKOITPUHOCHUX
HC COPTU MIIEHULE

Munka [. Bpmap!: 2, Mapuja M. Kpabepuh-bananuh?,
Bopucnas b. Kobumcku!

! HaygHM WHCTUTYT 3a paTapcTBO W TOBPTapCTBO,
Maxkcuma I'opkor 30, 21000 HoBu Can, CpbGuja
2 TTomomnpuBpenuu ¢axyarer, Tpr docuteja Ob6pamosuha 8,
21000 HoBu Can, Cpbuja

Pesnme

IIpuHocC mieHuIle 3aBUCU O Mace 3pHa, Koja je pe3yarar AY:KUHE U MHTCH3UTe-
Ta HajlvMBama 3pHa. Llumb paga je 6Mo McnuTuBabe Be3a u3Mmely mace 3pHa U UHTEH-
3UTeTa W AY)KMHE HaJuBarba 3pHa Koi TeT BUcokompuHocHuXx HC copTtu mineHuire.
Stepwise MyJATHBapMjallMOHa aHAIM3a HEJMHEAPHOM PErpecujoM MpOLEHEHUX Mapa-
MeTapa HaJluBarba 3pHa je yImoTpeb/beHa 1a ce WCMUTajy pasiuke Mely coprama y 1mo-
[Jeny HaJlvBama 3pHa. Y TPOTOIMILEM IMPOCEKY je Hajeehy macy 3pHa mmaina copra
Penecanca nok cy Hajiakiua 3pHa usmepeHa kon copre EBpona 90. Stepwise myntuBa-
pUjallMOHa aHaIu3a je MoKas3aja Ja Cy CBa TPU HEJIMHEAPHOM PErpecujoM MpOLEeHEHA
rnapameTrpa (Maca 3pHa, UHTEH3UTET U JAy)KMHA HaJluBama 3pHA) jelHAKO 3HaAYajHa 3a
KapakTepu3aliijy KpMBUX HaJMBama 3pHa MPOyyaBaHUX COPTU, Maja je pemaocsen 3Ha-
YajHOCTH Bapupao y pasiMuuTuM rogrHama. OBoMme Cy BEPOBAaTHO Y3POK DPA3IUYUTH
VCJIOBU CpeAMHE KojuMa Cy MpoyyaBaHe copTe Ouje M3JI0XKeHEe TOKOM TpU TOJMHE
€KCIepUMEHTA.
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