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THE INFLUENCE OF SOME AGROTECHNOLOGICAL CONDITIONS
ON THE VARIABILITY OF THE BASIC MECHANICAL PROPERTIES
OF WHEAT GRAIN

Bolestaw Styk, Bogustaw Szot

The variability of the physical properties of cultivable plants is deter-
mined both by genetic factors (type, species, variety) and by outer fac-
tors, covered by the term “agroecological conditions®. Quite a long time
ago it was noticed that the intervariety variability of different physical
properties of plants influence the quality and the types of utilization
of variety of certain type. Insufficient, however, is the factographical
proof concerning the differentiation of some properties of plant mate-
rial in relation to particular external factors. Although more and more
time and labour consuming investigations are being undertaken recently
[1—4], the changes taking place in the level of cultivation, being the re-
sult of progress in agriculture, entail further differentiation of almost
all the physical properties of cultivable plants and require a permanent
carrying out of investigations.

Up to recent times 200 kg/ha of pure NPK component was considered
the limit of profitable fertilization of cereal plants (in Poland). The in-
troduction to cultivation of new productive varieties pushed the limit
upward, although it is not always that increase of mineral fertilization
entails increase of crops. This does not mean that higher fertilization le-
vel remains without any effect on many physical properties of whole ce-
real plants, and on grain, which is the basic product. Similar effect can
be caused by many agrotechnological measures.

The getting to know the relationships occurring between the agrotech-
nological conditions and the physical properties of cereal grain can be of
importance in the fields of plant breeding grain utilization, grain storage,
mechanization of many production processes, etc.

In the present report we present the introductory results of experi-
ments with winter wheat, on the basis of which we have determined the

variability of some physical properties of grain.
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These investigations involved 3 varieties of winter wheat (Sawa, Gra-
na and Kaukaz), 3 quantities of sowing (180, 250 and 320 kg/ha) and
3 levels of mineral fertilization (150, 300 and 450 kg NPK/ha) in a sy-
stem of completely randomized blocks.

The following were determined: grain crop, weight of 1000 grains,
weight of 1 hl, porosity of grain layer in heap condition, immediate re-
sistance of grain to mechanical loading (at known thickness of grains)
and the value of the immediate deformation of grain, caused by loading.

PRESENTATION OF RESULTS OBTAINED

The agroecological conditions of the field experiment were on a me-
dium or higher level, which is proved by the crops obtained (Table 1).
Indeed the highest crops were observed ni the case of the Yugoslav va-
riety Sava, which at the same time turned out to react truly positively
to increased fertilization (450 kg NPK/ha), which is not true in relation
to the Polish variety Grana, and the Russian variety Kaukaz even lo-
wered its crops at the level of fertilization. Not too differentiated —
within one variety — crops of grain do not necessarily indicate the lack
of influence of the applied measures on other properties.

One of the more important indicators of the quality of crops is the
weight of 1000 grains, the value of which indicates the quality of grains
produced. Results presented in Table 2 have a direction of changes simi-
lar to crops. And thus for both the Grana and Kaukaz varieties increased
density of plants on an unit of area (greater quantity of sowing) leads to
retardation of grain quality. Such a relationship was to be -expected,
which is confirmed by data existing in literature of the subjects. Also, in
the case of these two varieties, there is no positive influence of increased
fertilization on the weight of 1000 grains, and with the Kaukaz variety
even a significant drop of the value of this property was observed. Sava
reacted differently, since increased density of sowing did not have signi-
ficant influence on the property in question, and greater doses of ferti-
lizers led to increased weight of 1000 grains.

Differentiation of the weight of 1 hl (the volumetric weight) is pre-
sented in Table 3. The greatest differences occur among the varieties.
Sava, characterized by the smallest grain among the investigated varie-
ties (mean values of the weight of 1000 grains — 33.8 g), shows at the
same time the highest value of the weight of 1 hl (75.77 kg). Grana and
Kaukaz, differing less in the weight of 1000 grains, show almost identi-
cal weight of 1 hl (72.41 and 72.39 kg). The value of this property drops
in the Grana and Kaukaz varieties with increase of fertilization (as does
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Table 1

Crop yields of winter wheat (g/ha) in dependence from variety, level of fertilization
and grian quantity sown (1975)

Fertilization (kg/ha) NPK Mean values

) Quéntity independent
Variety sown

- 150 300 450 from
g fertilization
180 37.62 38.21 39.76 38.53

Grana 250 38.69 39.29 33.81 37.26
320 37.38 36.67 39.05 317.70

Mean values independent

from the quantity sown 37.90 c 38.06 c 37.54 cd 37.83 b
180 35.24 41.19 46.67 41.03

Sava 250 36.79 42.00 45.36 41.38
320 36.90 42.74 43.81 41.15

Mean values independent :

from the quantity sown 36.31 d 4198 b 45.28 a 41.19 a
180 29.52 31.31 27.50 29.44

Kaukaz 250 28.81 30.36 27.74 28.97
320 27.98 27.93 25.12 27.02

Mean values independent

from the quantity sown 28.77 ef 29.88 e 26.79 £ 28.48 ¢

Mean values 180 34.13 36.90 37.98 36.34

independent 250 34.76 37.22 35.64 35.87

from variety 320 34.09 35.80 35.99 35.29

Mean values independent

from variety and quantity

sown 34.33 b 36.64 a 36.54 a 35.83

Lack of significant differences between the particular variants is marked with the same
letters.

their weight of 1000 grains), while with Sava it stays on the same level.
The density of sowing in relation to the particular varieties did not have
significant influence on the value of the property in question.

Even more interesting are the ersults concerning the porosity of grain
layer (Table 4). It turnes out that the lowest porosity is shown by the
grain of Sava (47.48%0) and it is not subject to significant influence of
fertilization, while with Grana (48.69%0) and Kaukaz (49.05%0) increased
fertilization causes increase of porosity.
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Table 2

Mass of 1000 grains of winter wheat (g) in dependence from variety, level of
fertilization and the quantity sown (1975)

NPK fertilization (kg/ha) Mean values

Quantity .
Vari independent
ariety sown
150 300 450 from
kg/ha .
fertilization
180 42.14 40.07 41.28 41.17 c
Grana 250 40.39 37.95 36.79 38.38 d
320 40.55 37.65 38.44 38.88 d
Mean values independent
from quantity sown 41.03 ¢ 38.56 d 38.84 d 3948 b
180 33.78 34.11 34.87 34.26 e
Sava 250 33.42 33.71 34.38 3384 e -
320 32.43 33.5%7 33.86 33.29 e
Mean values independent
from quantity sown 33.21 £ 33.79 ef 34.37 e 33.80 ¢
180 44.84 43.91 43.31 44.02 a
Kaukaz 250 43.33 42.89 - 41.50 42.58 b
320 43.82 42.02 39.90 ] 41.91 bc
Mean values independent
from quantity sown 44.00 a 42.94 b 41.57 bc 42.84 a
Mean values 180 40.26 39.37 39.82 39.82 a
independent 250 39.05 38.19 37.56 38.17 b
from variety 320 38.93 37.75 37.38 38.03 b
Mean values independent
from variety and quantity
sown 3941 a 3843 b 38.26 b 38.70

Explanations as below Table 1.

The characterization of the immediate resistance of grain to mecha-
nical loading is presented in Fig. 1. The greatest variability of force (from
12 to 175 N) is observed for Kaukaz, then comes the value for Grana
(lower) and the lowest for Sava. The direction of variability of the values
of this property depends in the quality of grain (thickness), fertilization,
and the quantity of sowing. Small grains (thickness of 2.0 mm) are deci-
‘dedly less resistant to loading and the destruction of their structure
occurs already at low forces. Thicker grains (2.5 and 3.0 mm) can stand
much higher loadings. Hence the conclusion that the better quality the
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Table 3

Mass of 1 hl of winter wheat (kg) in dependence from variety, level of fertilization

and the quantity sown (1975)

NPK fertilization (kg/ha)

Mean values

Quantity .
Variety sown independent
— 150 300 450 ﬁom _
fertilization

180 73.25 cdefgh  72.65 fghi 72.80 fghi 72.90 b

Grana 250 73.15 defgh 71.83 fghi 70.80 hi 71.93 b
320 73.00 defghi  72.25 fghi 71.97 fghi 72.41 b

Mean values independent

from quantity sown 73.13 b 72.24 b 71.86 bc 72.41 b
180 75.70 abc 75.95 ab 75.85 ab 75.83 a

Sava 250 75.45 abed 75.30 abcde 75.80 ab 75.52 a
320 75.65 abc 76.00 ab 76.25 a 7597 a

Mean values independent

from quantity sown 75.60 a 75.75 a 75.97 a 75.77 a
180 74.25 abcdef 73.52 bcdefg 71.05 ehi 72.94 b

Kaukaz 250 73.95 abcdef 72.85 efghi 71.36 ehi 7252 b
320 73.25 cdefgh 70.50 i 70.80 hi 71.52 b

Mean values independent

from quantity sown 73.82 ab 72.29 b 71.07 ¢ 72.39 b

Mean values 180 74.40 74.04 73.23 73.89 a

independent 250 74.18 73.33 72.65 73.39 b

from variety 320 73.97 72.92 73.01 73.30 b

Mean values independent

from variety and quantity

sown 74.18 a 73.43 b 72.94 ¢ 73.52

Explanations as below Table 1.

grains, the more they are resistant to mechanical damage. On the basis
of the results obtained we can assume that the variability of this proper-
ty is more stabilized in the case of Sava (the smallest ranges of values)
than with the other two varieties. The influence of fertilization and the
density of sowing is particularly apparent with the Kaukaz wariety,
where clear differentiation among the particular combinations of the
experiments were observed.

Evaluating the values of the 1mmed1ate deformations of grain, first
of all high intervariety differences were observed (Table 5). The greatest
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Fig. 1. Variability of the immediate resistance of winter wheat grain to mechanical

loadings in relation to the density of sowing, level of fertilization and the thickness

of grain. Thickness of grain: @ — 2.0 mm, b — 2.5 mm, ¢ — 3.0 mm, 1—9 — expe-
rimental combinations, o — mean values, — range of variability

N

deformations characterize the grain of the Kaukaz variety. With this
-variety also the influence of increased NPK fertilization on the increase
of the values of deformations becomes apparent. Grana and Sava react
less to differentiated agrotechnological factors, and the ‘relative values
of deformations are much lower than with Kaukaz.
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Restricting ourselves in the present report to presenting a very con-
densed characterization of some properties of wheat grain, it seems that
we have sufficient foundations for the following statement:

The influence of agroecological conditions does not always have to
be apparent in the quantity of crops obtained. But the differentiation of
some physical properties of grain can be very strong, the knowledge of
which may and should be utilized in various branches of practical acti-
vities.

Table 4

Porosity of winter wheat grain layer (%) in dependence from variety, level of
fertilization and the quantity sown (1975)

NPK fertilization (kg/ha) Mean values

Vari Quantity independent
aslety o 150 300 450 from

g/ha fertilization
180 47.40 jk 49.10 cde 49.25 cd 48.58 cd

Grana 250 48.20 h 48.30 gh 49.80 b 48.77 bc
320 47.40 jk 49.30 cd 49.50 bc 48.73 bc

Mean values independent

from quantity sown 47.67 d 48.90 b 49.52 a 48.69 b
180 47.70 ij 4790 bhi 47.70 ij 4777 e

Sava 250 47.60 i) 47.70 ij 47.55 ij 47.62 e
320 47.05 kl 47.25 jkl 46.85 1 47.05 £

Mean values independent

from quantity sown 47.45 de 47.62 de 47.37 e 47.48 c
180 48.20 h 48.25 h 48.85 de 48.43 d

Kaukaz 250 /7 48.60 fg 48.90 de 49.15 cd 48.88 b
320 48.75 def 49.75 b 51.00 a 49.83 a

Mean values independent

from quantity sown 48.52 ¢ 48.97 b 49.67 a 49.05 a

Mean values 180 47.77 £ 48.42 cd 48.60 bc 48.26 b

independent 250 48.13 e 48.30 de 48.83 b 48.42 a

from variety 320 47.73 f 48.77 b 49.12 a 48.54 a

Mean values independent

from variety and quantity . \

sown 47.88 c 48.49 b 48.85 a 48.41

Explanations as below Table 1.
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Table 5

Volume of immediate deformations of wheat grains (°/0)

Density Thicknsss NPK fertilization (kg/ha)
Varie f ing f grai
ty of sowing of grains 38 200 450
kg /ha mm
2.0 10.5 12.2 14.8
180 2.5 15.0 17.8 16.9
3.0 17.1 16.6 17.2
2.0 120 12.0 16.3
Kaukaz 9250 2.5 13.2 12.4 14.6
3.0 11.7 12.4 14.3
390 2.0 9.3 13.0 13.2
2.5 12.5 13.3 17.5
3.0 11.6 14.4 14.6
180 2.0 7.8 7.0 6.2
2.5 8.8 11.9 11.2
3.0 9.4 11.2 7.6
Grana 2.0 7.1 8.3 5.6
n 250 2.5 7.0 9.8 6.1
3.0 9.6 7.8 9.7
2.0 6.2 75 7.7
320 2.5 9.8 9.6 9.8
3.0 10.3 9.2 9.7
2.0 7.2 10.3 6.2
180 2.5 9.0 11.2 9.7
3.0 8.8 10.5 9.2
2.0 8.1 103 7.7
Sava 250 2.5 74 - 10.3 12.3
3.0 8.8 9.9 8.9
2.0 7.3 8.1 8.6
320 2.5 72 9.6 75
3.0 9.5 7.0 77 ‘
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WPLYW NIEKTORYCH' WARUNKOW AGROTECHNICZNYCH NA ZMIENNOSC
PODSTAWOWYCH CECH MECHANICZNYCH ZIARNA PSZENICY

Streszczenie

Przeprowadzono badania podstawowych cech mechanicznych ziarna pszenicy
na podstawie materialu pochodzacego ze zréznicowanych warunkéw agrotehcnicz-
nych. DoSwiadczenie obejmowalo 3 odmiany pszenicy ozimej (Sawa, Grana, Kaukaz)
przy 3 gesto$Sciach wysiewu (180, 250, 320 kg/ha) oraz 3 poziomach nawozenia mi-
neralnego (150, 300, 450 kg NPK/ha). Dla poszczegbdlnych kombinacji do$wiadczenia
okresSlono plon ziarna, mase 1000 ziarn, mase 1 hl, porowato$§¢ warstwy =ziarna
w stanie usypnym, dorazng odporno$é ziarna na obcigzenia mechaniczne (przy zna-
nej grubos$ci ziarniak6éw) oraz wielko$S¢é doraznych odksztalcen ziarna, powstalych
na skutek obcigzen.

Na podstawie uzyskanych wynikéw badan stwierdzono, ze wplyw warunkow
agroekologicznych nie zawsze musi ujawniaé sie w wysoko$ci uzyskiwanych plonéw.
Zroznicowanie natomiast niektoérych cech fizycznych  ziarna jest bardzo silne,
a wplyw na nie ma zar6wno gestos¢é wysiewu, jak i nawozenie NPK.

B. Crvix, B. Illor

BJAUAHUE HEKOTOPBLIX ATPOTEXHUYECKUX YCJIOBUM
HA U3MEHYMBOCTH OCHOBHBIX MEXAHUYECKUX CBOJVICTB
IIIIIEHNYHOTI'O 3EPHA

Pe3dmome

Brlay mpoBeAeHbl MCCISXNOBAHMA OCHOBHBIX MEXaHWYECKMX CBOJCTB MILIEHUYHOTO
3epHa Ha OCHOBAHMM MaTepuasa, IPOUCXOoAAIlero m3 aAuddepeHIMpoBaHHBIX arpo-
TeXHMYecKux ycJuaosuit. OneIT oxBaTbIBaJ 3 copra o3mmon muenunsl (CaBa, I'paHa,
Kaska3) mpu 3 rycrorax mocesa (180, 250, 320 kr/ra) m 3 ypPOBHAX MMHEPaJbHOTO
yaobpenusa (150, 300, 450 xr NPK/ra). Jlia OTAEIbHBIX KOMOMHAUMI SKCIIEPMMEHTA
ompemeanaM ypozkait 3epHa, maccy 1000 3epeH, maccy 1 rekToamTpa, IIOPUCTOCTDL CJIOA
HaChLIIAHHOIO 3epHAa, BPEeMEHHYIO YCTOMYMBOCTb 3€pPHa K MEXaHMYECKMM Harpy3KaM
(IpM M3BECTHO} TOJILMHE 3ePHOBOK) JM BeJIMUMHY BPEMEHHBIX AedopManuii 3epHa,
BO3HUKIIIMX BCJIEICTBYE HaArpy30K.

5‘
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Ha ocHOBaHMM IOJYYEHHBIX Pe3yJbTaTOB MCCJENOBAHMIT KOHCTATUPOBAJN, YTO
BJIMAHME arpo3KO0JIOTMYECKMX YCJOBMII He Bcerja MAOJI3KHO NPOABJIAETHECA B YyPOBHE
JIOJIy4YaeMbIX ypozkaeB. B To e Bpema auddepeHImaumsa HEKOTOPbIX (OU3NUYECKUX
CBOMCTB 3€pHa OYeHb CMJIbHA, a BJIMAHME Ha Hee MMEIOT KaK TIyCcToTa IIoceBa, Tak
un ynobpenmne NPK.
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