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RELATIONSHIP BETWEEN MORPHOLOGICAL AND PHYSI-
OLOGICAL ATTRIBUTES OF HOP HORNBEAM SEEDLINGS

Abstract: Most commonly used morphological attributes were correlated with nu-
trient concentration in order to standardize quality assessment of two-year-old hop
hornbeam (Ostrya carpinifolia Scop.) seedlings. Diameter has proven to be the best
single morphological indicator of seedling quality given its strong positive correla-
tion with all other observed morphological attributes. Seedling dry mass (shoot and
root dry mass) and Dickson Quality Index can be considered the most comprehen-
sive indicators of hop hornbeam seedling quality. However, the measuring of mass
is destructive and requires a certain amount of time. The absence of strong correla-
tions between physiological and morphological attributes of two-year old seedlings
of hop hornbeam suggests the need for further research. The only significant corre-
lation between physiological and morphological attributes (weak and positive) was
recorded between the potassium concentration in root and root collar diameter after
the second growing season.

Key words: seedling quality, correlation, nutrient concentration, Ostrya carpini-

folia, morphological attributes

OJJHOC MOP®OJIOIIKUX U ®U3HUOJIOMKUX TAPAMETAPA
KBAJIMUTETA CAJJHUIIA IIPHOI I'PABA (Ostrya carpinifolija Scop.)
H3Bon: Y 0BOM pajy je yCTaHOBJbEHA Kopenaiuja u3mel)y MopQoIIOmKuX 0coou-
Ha Koje ce Hajuemrhe KOpPHCTE M KOHIIGHTpaLHje XpamHBHUX MarepHja Kako Ou ce
CTaHapAn30Baja MPOICHa KBAJIUTETa JBOTOMIIBLUX CaHHUIA LPHOT rpabda (Ostria
carpinifolia Scop.). [Ipedrnk ce mMoka3zao kao HajOOJEN jeANHCTBEHH MOP(OIIOIIKI
[0Ka3aTesb KBAJINUTETa CaJHHIA C 003UPOM Ha HEroBY jaKy MO3UTHUBHY KOpeialujy

D.Sc Vladan Iveti¢, docent, University of Belgrade — Faculty of Forestry, Belgrade (vladan.ivetic@

sfb.bg.ac.rs)
M.Sc Zoran Davorija, PE ,,Srbijasume*, Belgrade

D.Sc Dragica Viloti¢, full professor, University of Belgrade — Faculty of Forestry, Belgrade

39



Vladan Iveti¢, Zoran Davorija, Dragica Viloti¢

ca CBMM OCTaJIMM HOCMaTpaHuM MOP(OIOMKNM KapakTepucTikama. Maca caaHu-
11a y CYBOM CTamy (Maca KOpeHa M M3JaHKa) U JIMKCOHOB MHJICKC KBAJIUTETA MOTY
ce cMaTpaTy HajcBeOOYXBAaTHU]UM I0Ka3aTes/buMa KBAJINTETa CaJHULA LIPHOT rpada,
aJn Meperme Mace je AeCTPYKTHBHO U 3axTeBa oapeheno Bpeme. OACyCTBO jake KO-
penanuje usmely Gpu3HoTOmMKUX H MOPHOIOIIKHX KAPAKTEPUCTHKA TBOTOIHUIIEBUX
caJHULA IPHOT rpada yka3yje Ha noTpely 3a Aa/buM HUCTPAKUBabUMA. JeanHA 3Ha-
YajHa Kopesanuja n3mely GU3HOIOMKIX 1 MOP(HOIONIKHX KapaKTepUCTHKa (ciada
1 TIO3UTHBHA) Omia je 3abenesxkeHa n3Mel)y KOHIEHTpalyje KajaujyMa y KOpeHy U
[PEYHHKA KOPEHOBOT BpaTa MOCIIe APYyre Bereraruje.

KibyuHe peun: KBaJIUTET CaJHHIA, KOpEalija, KOHIEHTPAlNja XpambHBUX Mare-

puja, Ostria carpinifolia, mopdomnorike ocoOuHe

1. INTRODUCTION

Assessment of seedling quality is more important for afforestation planning than
for the pricing of seedlings. Further, during the selection of methods and interpretation of
the results of seedling quality testing, assessment of performance should be clearly sepa-
rated from the assessment of field survival (Grossnickle, Folk, 1993). The choice of
parameters to measure when assessing seedling quality, in addition to the use of results
should be based on the efficiency in terms of time, cost and destructiveness of the chosen
method. The measuring of dry mass of seedlings and the mass of individual parts of fresh
plants is certainly destructive. In addition, the measurement of most parameters of root
development is destructive and time consuming. The measuring of height and root collar
diameter is quick, easy and non-destructive. However, used individually, these param-
eters are not sufficient to assess seedling quality (Haase, 2008). Because of that, many
derived indicators have been proposed, such as sturdiness quotient (Roller, 1977) which
includes height and diameter or quality index (Dickson et al., 1960), which includes
height and diameter combined with biomass. Grossnickle and Folk (1993) reported
that the measurement of four variables (diameter, height, shoot water potential at planting
and root growth capacity) is sufficient to evaluate the morphological and physiological
condition of seedlings.

The analysis of nutrient concentration for the assessment of seedling quality has
been mainly focused on nitrogen, phosphorus and potassium, or stored nutrients, usually
in the form of sugars and starches (Mattsson, 1996).

In Serbia, there are no certified seed sources of hop hornbeam (Iveti¢ et al.,
2010), as well as organized production of reproductive material, despite recommendations
by many authors on its use as the main or associated species in a number of sites (Jovi¢
etal., 1998, Isajev etal., 2006, 2010, Tomi¢ et al., 2011). Testing of the relationship be-
tween different morphological attributes, as well as between nutrient concentrations, will
contribute to the defining of the quality standards of this and other species.
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2. MATERIAL AND METHOD OF RESEARCH

The fruit was harvested immediately after maturation, at three sites northeast of
Gazivodsko Lake. The fruit was dried in a thin layer at room temperature. After drying,
the seed was extracted by thrashing in small sacks, and then separated from the mixture
by wind blowing. In order to break dormancy, the seed was stratified in moist sand at a
temperature of 0° to 5° C for 140 days. The stratified seeds were sown in large contain-
ers in a mixture of sand and peat with the 2: 1 ratio. The first germinants appeared on the
fifth day after sowing. By the end of the growing season, manual weeding was performed
every four weeks. Irrigation was performed at least twice a week. After the first growing
season, 945 seedlings were transplanted into three seedbeds (315 per seedbed). During
the second growing season, manual weeding was performed every 15 days.

Before transplanting, all 945 one-year-old seedlings were measured for height
(H,), root collar diameter (D,) and the number of developed buds (NBd). After the second
growing season, all seedlings were measured for height (H,), root collar diameter (D,),
number of branches (NBr) and dry mass, as total seedling mass (Msd), shoot mass (Msh)
and root mass (Mro). Seedling dry mass was measured after drying the plant material in
the thermostat cabinet at a temperature of 68° C for 48 hours.

The quality index (QI) was calculated (Dickson et al., 1960) from the measured
morphological parameters after the second growing season:

Msd (g)

[H (cm) } N |:Msh (g):l
D(mm)| |[Mro(g) . ... .................... o)

Concentration of nitrogen, phosphorus and potassium in shoots and roots was
measured at the end of the second growing season. Sample preparation for the determina-
tion of P and K was performed using wet combustion of plant material in nitric acid and
hydrogen peroxide. From the obtained extract, phosphorus was determined colorimetric
with the use tin chloride and ammonium molybdate. Potassium was determined by flame
photometry. Nitrogen content was determined by the Kjeldahl method.

The relationship between individual morphological attributes and physiological
attributes of the seedlings was measured by simple linear correlation (Pearson R). The
correlation coefficients were calculated in the statistical program STATISTICA 7.

3. RESULTS
The calculated Pearson coefficient of a sample of 907 (after casewise deletion of

missing data) showed a significant positive correlation between all morphological attri-
butes, table 1.

41



Vladan Iveti¢, Zoran Davorija, Dragica Viloti¢

Table 1. Correlation coefficients between the morphological attributes: height after the first (H))
and second (H,) growing seasons, diameter after the first (D,) and second (D,) growing
seasons, number of buds (NBd), number of branches (NBr), total dry mass (Msd), shoot
dry mass (Msh), root dry mass (Mro) and quality index (QI)

Tao6ena 1. Koepunujentu xopenaruje uszmel)y MopQoJIOMIKHX MOKa3aTe/ba: BHCHHE HAKOH
npse (H)) u npyre (H,) gronune, npeunuka nakon npee (D)) u npyre (D,) ronune,
opoja mymnoseaka (NBd), 6poja rpana (NBr), mace cagauiia y cyBoMm cramy (Msd),
Mace M3aHKa y cyBoM ctamy (Msh), mace kopeHa y cyBoM ctamy (Mro) u HHICKCA
kBanurera (QI)

H | D, | Nbd | H, | D, | Nbr | Msd | Msh | Mro | QI
H, |1,0000
D, [0,6773 | 1,0000

Nbd |0,6610 [0,6027 | 1,0000

0,7529 10,8635 |0,5766 | 1,0000

0,6647 0,9809 |0,6064 |0,8700 |1,0000

Nbr |0,6277 |0,6145 [0,9707 |0,5893 |0,6250 | 1,0000

Msd |0,7233 |0,8483 | 0,6098 |0,8837 |0,8571 |0,6169 | 1,0000

Msh | 0,7322 |0,8415 |0,6066 |0,8877 |0,8502 [0,6115 |0,9908 | 1,0000

Mro |0,6769 |0,8243 |0,5884 |0,8392 10,8328 [0,5991 |0,9726 |0,9324 | 1,0000

QI |0,6513 {0,8509 |0,5880 |0,7619 |0,8618 |0,5941 |0,9309 |0,9085 |0,9330 | 1,0000

Marked correlations are significant at p <0.01.

H, shows strong correlation with H,, as well as with Msh and Msd. D, shows a
very strong correlation with D,, as well as with other measured morphological attributes,
except with Nbd and Nbr. Nbd shows very strong correlation with Nbr. H, shows very
strong correlation with Msh, Msd and D,, and moderate correlation with Nbd and Nbr.
The strongest correlation of D, is with D,, but is very strong with all the other measured
morphological attributes, except with Nbd and Nbr. Interestingly, D, shows moderate
correlation with H,, but very strong correlation with H,. In addition to very strong cor-
relation with Nbd, Nbr shows a moderate correlation with other measured morphologi-
cal attributes. As expected, Msd showed an extremely strong correlation with Msh, and
a very strong correlation with Mro and QI and a moderate correlation with Nbd and Nbr.
Except the extremely strong correlation with Msd, Msh shows a very strong correlation
with Mro and QI. Mro shows a very strong correlation with Msd, Msh and QI and strong
correlation with H. QI shows a very strong correlation with Mro, Msd and Msh and
moderate correlations with Nbd, Nbr (0.5941) and H,, figure 1.
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Scatterplot: Ik vs. h2
(Casewise MD deletion)
h2 =14,771 + 125,41* Tk
Correlation: r =,76187

"8.95% confidence

01 0 01 02 03 04 05 06 Ik

Scatterplot: Ik vs. d2
(Casewise MD deletion)
d2=1,7706 + 14,470* Tk
Correlation: r=,86178

"8.95% confidence

Scatterplot: Ik vs. Mi
(Casewise MD deletion)
Mi =,02645 + 6,0664* 1k
Correlation: r =,90806

"8.95% confidence

Scatterplot: Ik vs. Mk
(Casewise MD deletion)
Mk =,00956 + 3,6343* Tk
Correlation: r=,93299

"8.95% confidence

Diagram 1. Regression line of quality index (QI) relationship with height (H,) and diameter (D,)
after second growing season and shoot (Msh) and root (Mro) dry mass
I'paduxon 1. Perpecnona nunuja onnoca unaekca ksamurera (QI) ca Bucunom (H,) u npeanukom
(D,) naxon 1pyre ronuHe u MacoM usnanka (Msh) n kopena (Mro) y cyBom cTamy
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Table 2. Correlation coefficients between nitrogen concentration in shoot (Ns) and root (Nr),
phosphorus concentration in shoot (Ps) and root (Pr), potassium concentration in shoot
(Ks) and root (Kr), height (H,) and diameter (D,) after the second growing season, dry
mass of seedlings (Msd) and quality index (QI) in a sample of 135 seedlings
Tao6ena 2. Koepunumjentu xopenamuje usmely caapikaja azora y msnanky (Ns) u xopeny (Nr),
caapkaja pochopa y uznanky (Ps) u kopeny (Pr), canpxaja kanujyma y uznanky (Ks)
u kopeny (Kr), sucune (H,) u npeunuka (D,) HakoH gpyre roauHe, Mace cajHuIa y
cyBoM ctamy (Msd) u nnnekca kpanurteta (QI) Ha y3opky ox 135 cagnuia

Ns Nr Ps Pr Ks Kr H, D, Msd QI
Ns 1,000
Nr | 0,580 | 1,000
Ps | -0,053| -0,202 | 1,000
Pr | -0,356 | -0,086 | 0,281 | 1,000
Ks | 0,296 | 0,218 | -0,320 | -0,139 | 1,000
Kr | -0,124| -0,032 | -0,325 | 0,222 | 0,556 | 1,000
H, |-0,323| -0,069 | 0,162 0,140 | 0,065 | 0,145 1,000
D, |-0,366 | -0,016 0,061 | 0,059 | 0,039 | 0,195| 0,890 | 1,000
Msd | -0,318 | -0,028 | 0,103 | 0,135| 0,013 | 0,122 | 0,771 | 0,738 | 1,000
QI |-0,313| 0,005| 0,052| 0,094| 0,034| 0,155| 0,770 | 0,879 | 0,822 | 1,000

Marked correlations are significant at p <0.05.

d2

6,0

5,5 e S
5,0 Fmmm

4,5
4,0
39
3,0
P55
2,0
1,5

0,1

0,3 0,4

0,6

0,7

0,8

Scatterplot: Kk vs. d2
(Casewise MD deletion)
d2=12,5019 + 1,1835* Kk
Correlation: r=,19486

"8.95% confidence

Ik

Diagram 2. Regression line of the relationship between potassium concentration in root (Kr) and
diameter after the second growing season (D,)
I'paduxon 2. Perpecnona nuHMja omHOCa cagpxkaja Kanujyma y kopeny (Kr) m mpeuHuka HaKoH
apyre ronune (D))
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The calculated Pearson coefficient of a sample of 135 (after casewise deletion of
missing data) showed a weak but significant positive correlation between Ps and Pr. There
is also a weak but significant negative correlation between Ps and Ks and between Ps and
Kr. There is also a weak but significant positive correlation between Pr and Kr. A moder-
ate positive correlation exists between Ks and Kr. The only significant correlation between
physiological and morphological attributes (weak and positive) exists between Kr and D,,.

4. DISCUSSION

The examination of the relationship between the measured morphological and
physiological attributes showed a strong positive correlation between all morphological
attributes. As expected, H, showed the strongest positive correlation with H,. In addition,
H, showed a strong positive correlation with Msh and Msd, measured after the second
growing season. H, showed the strongest positive correlation with Msh, as previously re-
ported for the wild cherry (Stjepanovié, Ivetié, 2013). These strong correlations of
height and shoot mass are consistent with seedling structure. According to Mattsson
(1996), correlation between the initial height and success after planting in the field is often
contradictory, while diameter is a useful indicator of survival and growth after planting in
the field. Height is a reliable indicator of seedling quality only when used combined with
the diameter. Jacobs et al. (2005) found significant positive correlation between height,
diameter, root volume and fresh mass with height and diameter of red oak seedlings in
the first and second year after planting in the field.

There is a strong positive correlation between D, and D, with all other measured
morphological attributes, except with the Nbd and Nbr. Significant correlation between
diameter and shoot and root was reported by Ruehle and Kormanik (1986) for red
oak seedlings. Binotto et al. (2010) reported that the root collar diameter is the best sin-
gle indicator of seedling quality, given its high-level correlation with the quality index.
Stjepanovié¢ and Ivetié (2013) also reported on the high level of correlation between
the diameter and the quality index. Diameter is a good indicator of root development, such
as volume and dry mass (Jacobs etal.,2004, Stjepanovic,Ivetic, 2013). It seems that
the correlation between the diameter and height grows stronger with age because the corre-
lation between D, and H, is much stronger compared to the correlation between D, and H;.

Dry masses of seedling, shoot and root expected, showed the strongest correlation
with each other. In addition, all masses show a very strong correlation with QI.

QI showed the strongest correlation with dry masses (Msd, Msh, Mro), which is
consistent with the results reported by Binotto ez al. (2010), and expected considering
the calculation method.

In the case of physiological attributes, a weak positive correlation was recorded
between the nutrient concentration in shoot and root; as well as between Pr and Kr. On
the other hand, a negative correlation was recorded between Ps with Ks and Kr. Mattsson
(1996) states that despite the extensive literature on nutrient concentration in seedlings,
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there is no extensive research on their correlation with their success on the field and the
results are often contradictory. He also states that nitrogen concentration in the leaves
has a certain potential as a predictor of seedling growth after planting in the field. On the
other hand, the results obtained in this research indicate a lack of significant correlation
between nitrogen concentration in shoot and root, with all measured morphological at-
tributes. Even if it is not significant, there is a negative correlation between Ns with all
measured morphological attributes.

The only significant correlation between physiological and morphological param-
eters (weak and positive) was recorded between Kr and D,.

The results from this research confirm the statements of a number of authors about
the correlations among the morphological attributes of seedling quality (Thompson,
1985, Roller, 1976, Haase, 2007, Iveti¢, 2013, Stjepanovic, Ivetié¢ 2013).

5. CONCLUSION

The diameter has proven to be the best single morphological indicator of hop horn-
beam seedling quality, given its strong correlation with other measured morphological at-
tributes. Seedling height should be used only when combined with the diameter. Assess-
ment based on height is reliable only for shoot development, given the strong correlation
with dry mass. However, height is important, because it can refer to seedling survival and
success in the field, especially in weedy habitats.

Seedling dry mass (shoot and root mass) and quality index represent the most
comprehensive indicators of hop hornbeam seedling quality, but the measuring of mass
is destructive and requires a certain amount of time.

The absence of strong correlations between physiological and morphological at-
tributes of the quality of two-year hop hornbeam seedlings suggests the need for further
research. The presence of strong correlations among the measured morphological attri-
butes can simplify common methods of seedling quality assessment for practical purpos-
es. However, standardization of quick, easy, inexpensive and non-destructive methods of
seedling quality assessment requires a much more extensive research.
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3opan JlaBopuja
Hparuna Bunotuh

OJHOC MOPOOIOIIKUX U ®U3NOJOLIIKUX [TAPAMETAPA KBAJIMTETA
CAJJHUIA L PHOTI I'PABA (Ostrya carpinifolija Scop.)

Peszume

Cakympame IJI0f0BA IPHOT I'pada M3BPIICHO je Ha TPH JIOKAJINTETa CEBEPOMCTOUHO O
lazuBoxckor jezepa. Hakon nopazne, cTpaTu(hIKOBAHO ceMe je IOCejaHo y MOCyAe, y CYICTPaT Of
MeIIaBHHE Iecka U TpeceTa y ogHocy 2 : 1. HakoH mpBor BereTanyoHoOr neproja, y TpH jeje je
npecaleno mo 315, onHocHO yKymHO 945 cagnuna. Ha kpajy npBe roauHe, Ha y30pKy o 945 can-
HUIIa, U3MEPEHE Cy BUCHHE U MPETHHIN CaJHNUIA U n30pojaHu cy mymnosbiiu. Ha kpajy npyre ro-
JIMHe, Ha y30pKy of1 945 canHuIa, n3MepeHe ¢y BUCHHE U IPEYHUIN CaIHUIA, N30pojaHe cy TpaHe
1 N3MEpeHa je Maca caJHHUIA y CyBOM CTamby: YKyITHa Maca, Maca Ha/[3eMHOT JieJla I Maca KOpeHa.
Ha ocHoBY m3MepeHnX MOP(]OIOMKIX MOKa3aTesba y APyToj TOANHH, H3padyHaT je HHIEKC KBa-
nureta. M3mepeH je canpxkaj azora (N), pocdopa (P) u kanujyma (K) y HagzeMHOM ey U KOPEHY
aHAJIN3MPAaHUX OmJbaka. McnutnBame MelhycoOHE 3aBHCHOCTH IOCMAaTPaHUX MOP(OIOMKHX U
(U3HONIOMIKUX TTOKa3aTesba KBAJTUTETa, TOKA3aIo0 je jaKy IMO3UTHBHY Kopenanujy usMehy cBux
MOP]OIIOIMIKUX TOKa3aTesba. OUeKHBaHO, Hajjada O3UTHBHA KOPEJIalHja BUCHHE jeTHOT O I IHIX
j€ ca BUCHHOM JIBOTOAMIIIBLNX caguuma. [lopen Tora, 3abenekeHa je U jaka Mo3UTHBHA KOpeTannja
JEMHOTOANIILUX CaJHHUIIA Ca MACOM M3JJaHKa M YKYITHOM MacoM CaJHHUIA y CyBOM cTamy. Hajjaua
MO3UTHBHA KOpeJalyja ABOTOAUIIHUX CaJHHUIA je ca MacOM M3JaHKa y CyBOM cTamy. [IpucyTHa
j€ CHakHa TIO3UTHBHA KOpeEJIaIlyja IPEeYHNKA jeTHOTONUIIHIX U IBOTOAUIIBLAX CaIHUIA CA CBUM
OCTaJINM UCITUTUBAaHUM MOP(OIOIIKAM ITapaMeTpruMa, OCHM ca OpojeM Irymosbaka u 6pojem rpa-
Ha. Moske ce KOHCTAaTOBATH Jja Be3a MPEeYHHKA U BICHHE jada ca cTapolnrhy caJHUIA jep je Kope-
nanuja n3Mely mpedHnKa ¥ BUCHHA JBOTOANIIBLUX CaJHHUIA 3HATHO Beha of oHe m3Mel)y jenHoro-
IUmBEX. Mace y CyBOM CTamy OYEKHMBAHO MOKA3yjy HajCHAXHH]Y Mel)ycoOHy Kopemanujy. [1o-
pen Tora, IOKa3yjy U CHa)KHY KOpelalujy ca HHAEKCOM KBannTeTa. Hajjaua kopenanuja nuaekca
KBaJINTETA je yIPAaBO Ca MACOM y CyBOM CTamy (MacoM CaJHHIIA, MAaCOM H3/laHKa, MAaCOM KOPEHa).
Koxn ¢m3monomkux mokasarespa 3abenexeHa je ciaba MO3UTHBHA Kopeamuja u3Mehy cagpxaja
MaKpoeJieMeHaTa y HaJ3eMHOM JIeJTy U KOpeHy; kao u uzMely caapixaja pochopa u cagpikaja ka-
nujyma y kopeny. Ca pyre cTpane, 3abeexeHa je HeraTuBHa Kopenanuja usmehy canpixkaja doc-
¢dopa y U3maHKy U cajprkaja KalHjyMma y U3JaHKy U KOopeHy. Re3ynratu nobujeHn y oBoM pangy
yKa3yjy Ha OJICYCTBO CHTHHU()HKAHTHE KOpeJaIyje caapkaja a30Ta, Kako y HaJ3eMHOM Jemy, Ta-
KO 1 y KOPEHY, Ca CBUM HCIUTHBAHUM MOP(OIOIIKHAM ITapaMeTpuMa pacTta cagauna. 1 ako Huje
CUTHH(UKAHTHA, IIOCTOjH N3pa’keHa HeraTHBHA KOpeJalnja caapikaja a30Ta y U3aHKy ca CBUM
HCTINTUBAHUM MOP(OJIOMIKUM MapaMeTpuMa. JequHa CUTHU(HUKAaHTHA Kopenanuja usmehy ¢u-
3HMOJIOIIKHUX M MOP(OJIOIIKHX IToKa3aTesba (caaba u Mo3uTHBHA) 3abenexena je n3melhy cagpxaja
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KaJHnjyMa y KOpeHY U IpeYHHKa ABOTOANIIBUX cafHuna. [Ipednnk ce mokas3ao kao HajooJbH Moje-
JIMHAYHA MOPQOIOIIKH MapaMeTap KBaJIUTETa CaJHHIIA IIPHOT rpada jep BHCOKA BPEAHOCT Mped-
HUKa yKa3yje Ha BUCOKE BPEAHOCTH OCTAJNX UCIUTHBAHUX MOP(OJIOLIKKX TTapamMerapa u Moxe
UX MOY3JaHO 3aMEHUTH. BucHHy cagHuIa Tpeba KOPUCTUTH CaMO y KOMOMHALM]U ca IPEYHUKOM.
W3nBojeHo mocmarpame BUCHHE MOY3JaHO yKa3yje Ha Pa3BHjEHOCT HAA3EMHOT Jiea CaJHuIa,
HCKa3aHy Kpo3 Macy HaJ3eMHOT JieJla y CyBOM cTamy. nak, Bucuny Tpeda 00aBe3HO MEPUTH, jep
MOJKE YKa3aTH Ha IIPEKUBIbABAE U YCIIEX Ca/JHHUIA HA TEPEHY, HAPOYHUTO Ha 3aKOPOBJLEHUM CTa-
HHUIITHMA. Maca caJlHHLA y CyBOM cTarby (HaJI3eMHOT Jiefla ¥ KOPeHa) U HHJIEKC KBAJUTETA Ipe-
CTaBJbajy HajoOyXBaTHHUjE TOKA3aTesbe KBAIMTETA CATHUIA LPHOT I'pada, alld je Mepeme Mace
NIECTPYKTHBHO U 3axTeBa oapeheno Bpeme. OACyCTBO CHaXHUX Kopenanuja nusMely Gpusuonom-
KHMX ¥ MOP(QOJIOIIKNX MOKa3aTesba KBAJIUTETa JIBOTOJUIIUX CAJAHUIA IPHOT rpaba HaBOIM Ha
noTpely 3a JaJbUM HCTPaKUBamkUMa. [IpHCYCTBO CHAXKHUX KOpeJaluja nu3Melhy ncTpakuBaHUX
MOpP(OJIOLIKUX MapaMeTapa OMoryhyje nojeqHoCTaB/beHhe yOOHUajeHnX METO/Ia TIPOIICHE KBaU-
TeTa CaaHUIla y MpaKTHYHE cBpXe. Mmak, paau craHgapan3anyje Op3ux, Jakux, jeOTHHUX U He-
JIECTPYKTHBHUX METOZA MPOLICHE KBAJTUTETa CaTHULIA TOTPEOHO je M3BPIIUTH 3HATHO OOMMHUja
HCTpaKMBamba, KOja HUCY OMJIa MPEeAMET OBOJ paja.
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