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The genotype peculiarities in the translocation dynamics of dry matter in relation to wheat yield were studied

under vegetation-laboratory and field conditions. The new wheat varieties Enola, Karat and Svilena created at
the Institute for Wheat and Sunflower "DobroudJa" have a high production potential due to their high
intensity of dry matter accumulation in grain during the second half of maturation. It was established that in
the standard variety Pliska the intensity of dry matter accumulation in reproductive parts was higher during 1bc~
heading-rain filling and then sharply decreased during maturation. This variety was characterized with high
translocation of vegetation mass eventually leading to grain yield decrease. Significant genotype variations
were established in the vegetation mass translocation in the respective parts during the stages of development.
The contribution of the individual oraans concerning carbohydrate reutilization to grain was mainly due to
stems. An especially important peculiarity of the leaves of cv. Svilena was established: they ensured over 30
% of grain yield at optimal nutrition.
The complex evaluation of the new varieties revealed their high plasticity, the cultivar Karat showing the best
characteristics.4

Introduction 05 0

Quality and productivity of agricultural crops are determined mainly by their ability to
maximally utilize solar energy and nutrition elements under certain soil and climatic
conditions. The purposeful creation of genotypes with economic expense of nutrition
elements combined with good production potential and quality is an ambitious and
promising task. Its accomplishment, however, requires the united efforts of breeders,

geneicinsagrochemnists, biochemists and physiologists (Ivanov P. et al., 1993).
Klimashevskyi (1990) has pointed out that the production potential of the intensive type
varieties has been increased with more than 50 % as a result from the breeding work in the
past 25 years. The author put an emphasis on the fact that the efficient interaction between
variety and mineral fertilizers had played a determining role in the reduction of energy loss
in relation to the rational usage of nutrition elements. Furthermore, this ability to give
stable yields under various soil and climatic conditions is an indication of their
agrochemical efficiency. Such varieties must be the biological basis of energy-preserving
technologies in plant growing. The genetic and breeding aspects of mineral nutrition are
becoming the object of thorough studies on the part of researchers worldwide (Spiertz J.
and H. van de Haar, 1978; Cox et al., 1985, 1986; Cobellini and Borfghi, 1985; Fowler D.
et al. 1989; Papakosta D. and A. Gadinas, 199 1; Garcia del Moral et al. 199 1).
The aim of this study was to characterize the promising agrochemnical traits of the new
wheat varieties based on the specific dynamics of accumulation and reutilization of
carbohydrates and their role in the formation of yield and its structural elements

Material and methods

In the period 1997-1998 the varieties Pliska, Enola, Karat and Svilena were tested under
greenhouse and field conditions. They differed by their production capacity and
technological qualities. All of them were created in IWS "Dobroudja". The cultivar Pliska,
being with high productivity and excellent bread-making qualities, was used as a standard.
It has good winter and frost resistance and complex resistance to diseases (Petrov, 1982).
Cv. Pliska is early of matutation.
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The cultivar Svilena is medium late, highly productive and has very good winter and frost
resistance and drought tolerance. It belongs to the group of wheats with moderate quality.
This variety is suitable for production of biscuits and other pastry products. It was approved
by the State Varietal Commission in 1994.
The cultivar Enola is medium early. It has very good winter and frost resistance, high
productivity and very good plasticity. This variety is with complex resistance to the
economically important wheat diseases. According to its technological and breadmaking
qualities, it can be determined as a moderate wheat of increased strength. During 1995-
1996 cv.Enola was tested at the 5 FAWWON (Facultative and Winter Wheat Observation
Nursery) in more than 90 regions in the world under breeding number BUL 6687-12 (12).
This line demonstrated its plasticity and adaptability under different soil and climatic
conditions and ranked first by the total number of locations (26) being selected according
to a complex of traits by different breeders. It was licensed by the Bulgarian State Varietal
Commission in 1997 (Kostov K., 1998).
The variety Karat is medium early, highly productive and with very good yield stability in
the respective years. It has very good winter and frost resistance as well as high field
resistance to the economically important wheat diseases. By its technological and,
breadmaking qualities it can be determined as a wheat of moderate strength with hard
endosperm. The variety was approved by the State Varietal Commission at the beginning
of 1999 (Kostov K., 1999).
In the experiment conducted in a greenhouse under controlled conditions, soil from the
experimental field of WS "Dobroudja" was used which contained mineral N 24.6 mng/
1000 g, soil, 4.1 mng/ 100 P 20 5 and K(20 - 23.0 mng/ 100 gsoil. The varieties were grown
in plastic pots containing 1500 g soil. Ten plants were grown fom each pot. The
experiment was carried out in three replications at phosphorus and potassium background
(200 mg/10OO g soil for each f P20 5 and K,0), with increasing norms of nitrogen
fertilization: 0, 200, 400 and 600 mng N! 1000 g soil).
The field experiment was carried out at the WS breeding field, the previous crop being
peas, with fertilization norm N40P100K0. The slightly leached chemnozem was characterized
with neutral soil reaction, 2.94 % of humus (according to Tyurin), available phosphorus
and potassium forms 6.2 and 18.6 mg/ 100 g soil, respectively, in the 0-20 cm horizon. The
varieties were grown in 6 replications at 15 m 2 plots.
In both experiments the plant parts were analyzed during heading, grain filling (20 days
after heading) and full maturity. Data was processed with the help of the statistical analysis
software Biostat (Penchev, 1998).

Results and discussion

The varieties grown under controlled conditions demonstrated considerable differences
between themselves with regard to ield from the individual parts and respectively from the
total biomnass according to the stage of development and the dressing norm (Table 1). The
cv. Karat exceeded the rest during heading and grain filling under conditions without
mineral fertilization, and at full maturity it slightly conceded to cv. Svilena. The increasing
norms of N dressing lead to a noticeable increase of ield from the total biomass formed,
regarding the response of the varieties during the studied stages of their development.
Thus, for example, cv. Pliska formed maximal biomass in all three stages at a moderaterate
of nitrogen dressing in ratio 1: 1: 1 (N2 00P2 00K20 0) with the other elements in the fertilization
norm.
The new varieties showed increased tolerance to higher N norms and at maturation formed
maximal bornass at fertilization with N40 0P2 ooK 2 00; the cultivar Svilena kept the formed
biornass yield even at the higher nitrogen norm.
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Table 1. Yield dispertion analyses from vegetation experiment ( A-genotypes, B - norms of
dressing, C - stage of cdevelopment)

Organs MSA MSB MSc MSA.B MSA.C MSB . MSA.B.C Error

leaves 8.48 117.48 15.78 0.8 0.84 1.83 0.71 0.11
stems 53.26 238 121.47 4.44 8.6 4.26 1.61 ~0. 68
spikes 34.76 253.71 1199.15 5.93 13.05 35.29 1.56 0.8
Total biomnass 24. 19 17691.5 1 607.6 ~12.79 13.65 22.54 4.74 2.22
cdf 3 3 2 9 6 18 282 
grain 2.5 139.79 742 55 408 30.28 2.01 0.84
glutnes 26 28.72 12-34 0.28 7.63 ~0.88 0.21 0.29
cdf 3 31 9 3 3 9 18

Grain yield and the respective indices given in Table 2 show its considerable variation
according to the variety and the rate of N fertilization. Maximal grain yields were produced
by the vrs.. Pliska at fertilization with N200 and Enola and Svilena at fertilization with N400.
The latter varieties were characterized by the highs GH n h vaint wihu iea

dressing, in which they formed grain yield higher than Pliska and Karat.

Table 2. Grain yield and indices characterising it

Genotypes Grain yield GHI Mass Weight of grain per
of 1000 spike -g

__ _ _ grain
g/pot ~ ~ ~ ~ g grain full

_ ~ ~ ~ ~~~~~~~~~~ma~~~~flig mtt

Pliska 4.14 100.00 100.00 41.36 32.39 0.306 0414
Enola 5.49 j100.00 132.61 46.92 40.40 0.178 0.532
Karat 4.93 100.00 119.08 42.80 29.00 0.278 0.510
Svilena 5.57k - iO.00 134.54 45.36 42.30 0.220 0.539

Pliska 13.36 322.71 322.71 47.24 39.58 0.833 1.336
Enola 11.84 215.67 285.99 47.21 4.6.45 0.507 1.146
Karat 11.76 238.54 284.06 44.19 32.40 0.409 1.038
Syflena 12.18 218.67 294.20 48.12 48.25 0.394 ~1.218

__________ N4toP 2 ,o on
Pliska 11.26 271.98 1271.98 144.81 37.02 0.596-f 1.047
Enola 13.28 j241.89 320.77 46.66 36.50 0.309 1.077
Karat 11.89 j241.18 287.20 j40.61 34.30 0.299 1.230
Svilena 13.02 233.75 314.49 j45.93 37.40 0.448 1.302

_________ _____ ~~~NdJ zoo _ __ __ _

Pliska [10.31 249.03 249.03 40.70_ 23.15 0.477 1.031
Enola 10.03 182.70 -242.27 40.94 38.25 0.285 0.836
Karat [11.32 229.61 273.43 40.59 35.85 0.436 1.096
Syflena j12.28 1220.47 1296.62 A43.64 33.00 1 0.374 1 1.189

The cultivar Karat was the only variety, in which no differentiation in Yield according to
the mineral dressing norms was established. The vrs. Pliska and Enola had the most
apparent grain yield decrease at the high N dressing norm; yield values sharply fell down in
comparison to the ields obtained at moderate N dressing, which was more clearly
expressed in cv. Pliska.
Under conditions without mineral fertilization, as well as at moderate and optimal N
norms, in this experiment the grain of cv. Svilena had the highest 1 000 grain weight which
sharply decreased under excessive N dressing. The cv. Pliska had the lowest 1 000. grain
weight in all fertilization variants. Cv. Karat was the only one to proportionally increase
the values of this index with the increase of the N fertilization rate. By this index, cv. Enola
conceded only to cv. Svilena in the variants without fertilization, as well as at moderate N
dressing. Under conditions of N excess, the 1 000 grain weight of cv. Enola was highest.
Grain weight per spike varied more widely during grain filling as compared to full
maturity. The differentiation between the varieties and the fertilization norms was very
well expressed. The range of variation of values was from 0.178 (Enola) to 0.833 (Pliska).
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At the 20' day from heading, the grain weight per spike of cv. Pliska was highest in all
variants of fertilization, a facts which related to its early maturation. Grain weight per spike
of cv. Pliska was increasing until full maturity and was highest at N2)00.
At the other fertilization rates it conceded to the new varieties. At full maturity the grain
weight of cv. Svilena was highest (average for the dressing, norms).
The intensity of dry matter accumulation in spike confirmed the established differences
between the varieties with regard to this element characterizing ield structure (Table 3).
Averaged for the period heading - full maturity the intensity of dry matter accumulation in

spksof cv. Svilena was highest under conditions without mineral fertilization. In this
variant the other varieties did not in practice differ. Mineral dressing with increasing norms
enhanced almost twice the intensity of dry matter accumulation in spikes. The intensity was
highest in cv. Pliska, regardless of the dressing norms.

Table 3. Intensity of dry matter accumulation in spikes and grain according to the
stage of maturity (1. Heading-Grain filling; 2.Grain filling-Full maturity 3 Heading-Full maturity)

Genotypes In sikes -gli/caeii In rain

1 2 3 1 /potdav

Pliska 0.201 0.010 3 0.106 0.016
Enola 0.097 0.124 0.112 0.1 48
Karat 0.140 0.074 J 0.110 0.102
Syllena 0.130 0.169 J 0.148 0.179

- NooPzooK200 ___________

Pliska 0.568 1 0.058 1 0.341 0.1.06
Enola 0.286 j0.186 0.228 0.251
Karat 0.2 16 0.241 0.230 0.269
Svilena 0.255 j0.280 0.268 0.347

Pliska 0.438 0.113 0.293 0.145
Enola j0.233 F0.270 0.255 0. 19
Karat 0.208 0.266 0.241 0.324
Svilena J0.251 0.254 0.253 0.305

_________ N6ooPzooK 2 0 ____________ ___________

Pliska 0.401 0.173 0.299 0.1 84
Enola 0.175 0.211 0.196 0.256
Karat 0.291 0.203 0.241 0.268
Svilena 0.270 0.265 0.267 0.324

No significant differentiation in the new varieties was established in that period. Following
the dynamics of this process, however, we were established a considerable differences
between the varieties.
In the fist inter-stage period heading-grain filling, cv. Pliska had the highest intensity of dry
matter accumulation in spikes at all fertilization norms. Naturally, N dressing had a strong
positive effect on dry matter accumulation in spikes. The increase of the N norm caused its
decrease in the varieties Pliska and Enola.The cultivars Karat and Svilena exhibited
another relationship with the increasing N normn. They had approximately the same values
in dressing with N200 and N400, but the successive increase of the N norm caused an
increase in the intensity of dry matter accumulation of spikes.
In the next inter-stage period the this intensity increase. In cv. Pliska it was much lower
than that in the other cultivars and varied from 0.010 to 0.173 g/pot/day. In comparing the
intensity of spikes dry matter accumulation in the two inter-stage periods in the variant
without fertilization, cv. Enola demonstrated a more even accumulation. At moderate N
dressing, the same was observed in the cvs. Karat and Svilena, and at optimal N dressing,
rate this tendency was valid for all three varieties. At the highest N norm, cv. Svilena had
an even intensity of dry matter accumulation in spikes; cv. Karat, similarly to cv. Pliska,

hada ier intensity in the first inter-stage period, and cv. Enola - in the second.



38

However, the intensity of dry matter accumulation in grain in the period grain filling - fll

maturity showed a strong relation with the intensity of dry matter accumulation in the
sikes during the same period (r=- 0.985) . At all fertilization norms the grain ield of cv.

Pliska increased with the lowest intensity - from 0.016 to 0.184 g/pot/day, proportionally
with the increase of the N norm. Only at the optimal rate of N dressing no differentiation
was registered in this index values of the new varieties. At all other norms cv. Svilena
considerably exceeded the other varieties.
The relation between the intensity of dry matter accumulation in grain and carbohydrate

retiization from the vegetation mass during the period grain filling-full maturity and the
yield was calculated by the following, regression equation:

y = 5.03 + 9.57 x + 14.34 x,
where x1 is the intensity of carbohydrate reutilization from vegetation mass (Vm) and x2 is

the intensity of dry matter accumulation in grain in the period from grain filling till
maturity.
A considerable genotype specificity was established concerning the contribution of the
individual plant parts for grain yield formation based on the amount of carbohydrates

ruilized to grain for the period heading - full maturity (Table 4). Stems had the highest

contribution of all plant parts, followed by leaves and finally glumes. An especially
important peculiarity of cv. Svilena was established. This variety has a well developed leaf
apparatus and a large flag leaf. At optimal rate of dressing - N4 00P2 o0K200 , 33.03 % of the
formed yield was due to reutilization from the leaves, 29.95 % - from the stems, no
contribution of the non-grain part of spike being determined. Thus, 69.82 % of the grain
yield in cv. Silena was due to reutilization from the vegetation mass after heading in this
variant of fertilization.

Table 4. Contribution of individual parts from vegetation matter for grain yield
formation in the period heading - full maturity ()

Norms of Genotypes
fertlizaion Pliska 1 Enola Karat vln

___ ___ ___ __ _ _ ___ ___ __ L eaves _ _ _ _ __ _ _ _ _ _ _

___________ 9.66 12.93- 10.34 J 6.28
NzooPzooKzoo 8.161 11.15 9.861 86
N400P 2ooK 2oo 12341 13.33 11.521
N6oP 2ooK200 4.85 10.57 5.9 _ 43___

_____ ____ ___ _ ____ ____ S terns _ _ _ _ _ _ _ _ _ _

N(IPSK) 20.29 24.04 87 27.29
N2ooP2olzoo 8.98 j 23.56 36.90 29.56
N40oPzooKzoo 11.28 j 6.17 j 48.02 j 29.95
N~ooP2ooK~oo 0.0 j 30.01 19.26 14.50

Glurnes __ _ _ _ _ _ _ _ _

NiPIK(i 7.49 8.20 11.97 0.0
NzooPzooK2oo 8.08 9.38 8.00 j. 5.25
N400PzooK2oo 6.31 4.96 4.63 J 6.84
N60oPzooIKzo 0.0 8.27 1.94 0.0

Ye t ive mass ______ ______

NePioKii 3,7.44 45.17 610 33.57
N2 0P200K 200 25.22 44.09 54.76 43.43
N4020K0 29.93 24.46 64.17 69.82
N6ooP2ooKzoo 0.0 48.85 _26.59 20.93

This peculiarity was not observed during the period grain filling -full maturity of grain;
however it was registered in the period heading - grain filling, when 86.3 % of yield in the
,grain was due to reutilization from the leaves (results not presented). The greatest

cotibution to yield through reutilization in the variants without mineral fertilization, as
well as at moderate and optimal N dressing,, was established in cv. Karat. Under the
conditions of the experiment, cv. Enola gave the highest contribution to grain yield under
N excess, which was due not only to leaves and stems, but also due to a remarkable
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reuilzation from the non-grain part of spike (8.27 %), which was observed to a lesser
degree in cv. Karat (1.-94 %) and was not registered in the cultivars Pliska and Svilena. The
results show that the vrs. Enola and Karat are able to form a considerable part of the grain
yield (45.17 and 61.05 %, respectively) through dry matter reutilization from the Vm
accumulated during heading, without mineral fertilization. Under the conditions of
moderate N dressing, these varieties, as well as cv. Silena, ensured more than 40 % of
grain yield on the basis of reutilization, which is a considerable prerequisite for their
plasticity. All three new varieties, regardless of the registered differences between them,

sgnificantly exceeded cv. Pliska. In the latter the main part of grain yield was obviously
formed through direct photosynthesis in the vegetation mass.
The efficiency of a unit of introduced N on grain ield, straw and total bomass varied
widl according to the variety and the fertilization norm. The highest efficiency of all
varieties was achieved at moderate fertilization with N (Table 5). n this case cv. Pliska
exceeded the other varieties primarily because of the fact that it had the lowest yield in the
control variant.
At fertilization with N400P200K200, the new varieties (Karat > Enola > Svilena) showed
higher efficiency of N dressing than cv. Pliska. Their ability to form higher ields without
mineral fertilization is an important advantage, which, however, is a reason for the lower
efficiency of N dressing on the formed biomass.

Table 5. Efficiency of 1 mng nitrogen fertilizer on grain yield (g)

Fertilization Pliska Enola Karat Svilena
______________ ~In grain yield _ _ _ _ _ _ _ _ _

Ni(oP,wK-2 (I) 46.1 j 31.8 j 34.2 J 33.1
N4(WIP2~wIK-?iul 17.8 j 19.5 j 17.4 J 18.6
N(____P2 ___K __1 ___ 10.3 j 7.6 [J10.7 11.2
Average 24.7 j 19.6 j20.8 j 21.0

In straw yield _ _ _ _ _ _ _ _ _ _ _

N2 O4 ~~P2~~K.!(X 45.3 35.2 41.3 32.1
N~twI2,w)K~1)1)20.0 j 22.4 27.0 21.6 
Nm)11P1wX.2j( b53 13.8 16.6 15.3 

Average 26.9 23.8 28.3 23.0
In total bim s _ _ _ _ _ _ _ _ _ _ _

N2 I~~IP 2 IW~K.2IH 91.4 67.0 75565.1

37.8 41.9 44.4 40.2
N6 OI~P 2 (KK.ZII(I 25.6 21.3 27.3 26.4

1Average 1 51.6 43.4 49.1 43.9

The results from the selection field under the conditions of harvest year 1998 basically
confirmed the established genotype differences. Maximal yield was obtained from v.
Karat, and although it concedes to the cv. Pliska by productive tillering, it was
characterized with a longer spike and a larger number of grains (Table 6). Cv. Slena
ranked second in yield. It had the lowest productive tillering among the tested varieties, but
also the longest spike, the largest number of grains per spike and the highest grain weight

perspie.Cultivar Enola conceded to the vrs. Karat and Svilena by ield and yield

components, slightly exceeding the standard variety Pliska, however.Duing heading the
Tm in the cvs. Pliska and Karat was practically the same.

Table 6. Structural elements of yield - field experiment
__ __ __ __ __ __ __ __ _ Pliska Enola Karat Syilena

Productive tillering -in2 450 410 430 406
Number of grains per spike 46 48 53 57
Weight of grain per spike 0.955 1.112 1.156 1.361
1000 grain weight 34.88 44.60 43.21 45.38
Grain yield - kg/ha 8150 8240 9780 8984 



40

The cv. Svilena. formed the largestTm, and cv. Enola - the lowest. During grain filling all
varieties reached their maximum in T accumulation, but certain change of positions
occurred in comparison to heading (Pliska > Enola > Karat > Svilena).
At full maturity the new varieties formed more Tm, (Karat > Svilena > Enola) in comparison
to the standard, which reflected on grain ield formation, too. The most important reason
for this were the established considerable differences in the dynamics of dry matter
accumulation in spikes, respectively in grain, and on the other Hand - the degree of dry
matter reutilization from the V,, according to plant parts and stages of development. In the
period heading-grain filling of grain, the varieties accumulated dry matter in the Tm. with
different intensity - from 67.98 (Pliska) to 13.14 kgldka/day (Svilena). The differences
between them, however, with regard to the intensity of dry matter accumulation in spikes
were not so great - from 23.22 (Pliska) to 10.33 kg/dkalday (Svilena). In this inter-stage
period the vrs. Enola and Karat had the same intensity of accumulation in spikes. In the
period grain -filling - full maturity they demonstrated radically different course in the
intensity of dry matter accumulation in spikes and grain, simultaneously loosing Vm, with
different intensity not always corresponding to the intensity of accumulation in the
reproductive plant parts. The cv. Pliska had the highest losses of Vn in this period and the
lowest intensity of spike and grain filling. In practice, this was the main reason for
obtaining the lowest yield in the field trial. Karat was the variety with the lowest intensity
in the Vm losses and the highest intensity of dry matter accumulation in spike and grain,
followed by cv. Svilenia. The results clearly show that the period from grain filling to full
maturity is extremely important for yield. On the other hand, the role of the variety is very
important, as shown by the vrs. Pliska and Karat, which formed the same T during
heading,, the contribution of spikes in cv. Pliska being even greater than that if cv. Karat(
15.88 % versus 9.55%)
The field experiment, although carried out for one year only, confirmed an especially
important characteristics of the leaves of cv. Svilena. With this variety, too, an extremely
high contribution of leaves was registered for formation of the final grain yield - 3 1.01 %,

16.17 % of which was due to the flag leaf, 24. 88 % - due to the 2 d_3rd leaf stages, and
10.76 % due to the lower leaves.
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