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St reszczeni e. �3U]HSURZDG]RQR�EDGDQLD�VWUXNWXU\����SRGáR*\�RJURGQLF]\FK�Z\NRU]\VW\Za-
Q\FK�GR�XSUDZ\�UR�OLQ�Z�SRMHPQLNDFK��'R�PRUIRORJLF]QHM�DQDOL]\�VWUXNWXU\�Z\NRU]\VWDQR�VSHFMDOQH�
preparaty –�]JáDG\�MHGQRVWURQQH��:\NRQDQR�MH��QDV\FDM�F�ZF]H�QLHM�SU]\JRWRZDQH�SUyENL�SRGáR*\�
UR]WZRUHP� *\ZLF\� SROLHVWURZHM� 3ROLPDO-109. Próbki przygotowano w pojemnikach o wymiarach 
8 x 9 x ��FP�]�SRGáR*\�XV\SDQ\FK�OX(QR�Z�VWDQLH�ZLOJRWQR�FL�RGSRZLDGDM�FHM�SRORZHM�SoMHPQR�FL�
wodnej (–�����N3D���:\SROHURZDQH�SRZLHU]FKQLH�]JáDGyZ�MHGQRVWURQQ\FK�SRVáX*\á\�GR�VSRU]�G]e-
QLD� U]HF]\ZLVW\FK� REUD]yZ� VWUXNWXU\� SR� ZSURZDG]HQLX� GR� SDPL
FL� NRPSXWHUD� ]� UR]G]LHlF]R�FL��
600 x ����SXQNWyZ�QD�FDO��6WZLHUG]RQR��*H�VWUXNWXUD�GZX�JUXS�EDGDQ\FK�SRGáR*\�– mineralnych i 
RUJDQLF]Q\FK�]QDF]QLH�VL
� Uy*QLáD��:�OX(Q\FK�SRGáR*DFK�RUJDQLF]Q\FK�QDMF]
�FLHM�Z\VW
SoZDáD�Z�
SHáQL�Z\NV]WDáFRQD�VWUXNWXUD�DJUHJDWRZD��]D��GOD�ZL
NV]R�FL�SRGáR*\�PLQHUDOQ\FK�FKDUDNWHU\VW\Fz-
QD�E\áD�VWUXNWXUD�UR]G]LHOQRF]�VWNRZD� 

6 áRZD � N O X F ]RZH � �VWUXNWXUD��SRGáR*D�RJURGQLF]H��DQDOL]D�REUD]X 

:67	3 

6WUXNWXUD��MDNR�IRUPD�SU]HVWU]HQQHJR�XSRU]�GNRZDQLD�ID]\�VWDáHM��RNUH�OD�Ii-
zyczne, przede wszystkim wodno-SRZLHWU]QH�� ZáD�FLZR�FL� JOHE\�� (OHPHQWDPL�
VWUXNWXUDOQ\PL�Z�JOHELH�V��F]�VWNL�ID]\�VWDáHM��LFK�VNXSLHQLD�– agregaty oraz pory 
JOHERZH�� Z\SHáQLRQH� ZRG�� OXE� SRZLHWU]HP�� 6WUXNWXUD� GHF\GXMH� Z� ]QDF]Q\P�
VWRSQLX�R�ZDUXQNDFK�UR]ZRMX�UR�OLQ��WDNLFK�MDN�]DRSDWU]HQLH�Z�ZRG
�L�SRZLHWU]H�
oraz o temperaturze w strefie korzeniowej. Stworzenie i utrzymanie optymalnych 
ZDUXQNyZ�GOD�Z]URVWX�UR�OLQ�MHVW�PR*OLZH�G]L
ki stosowaniu zabiegów uprawo-
Z\FK�ZSá\ZDM�F\FK�QD�SRSUDZ
� VWUXNWXU\��&KDUDNWHU\]XM�� VL
�QL��JOHE\��Z�NWó-
U\FK�F]
�FL�HOHPHQWDUQH�WZRU]��DJUHJDW\�–�VNXSLHQLD�VWDáHM�VXEVWDQFML�RGG]LHORQH�
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RG� VLHELH� L� W\ONR� Z� QLHNWyU\FK� SXQNWDFK� OX(QR� SRá�F]RQH��:yZF]DV� Z� GX*\ch 
SU]HVWU]HQLDFK�PL
G]\DJUHJDWRZ\FK�]QDMGXMH�VL
�SRZLHWU]H��QDWRPLDVW�Z�PDá\FK�
SRUDFK�XWU]\P\ZDQD�MHVW�ZRGD��FR�]DSHZQLD�VZRERGQ\�GRVW
S�NRU]HQLRP�UR�OLQ�
zarówno do wody, jak i tlenu.  

:�XSUDZLH�UR�OLQ�Z�SRMHPQLNDFK�NV]WDáWRZDQLH�VWUXNWXU\�DJUHJDWRZHM�SRGáo*D�
QLH�MHVW�WDN�ZD*QH�MDN�Z�SU]\SDGNX�JOHE\�QDWXUDOQHM��%DUG]R�GREUH�ZDUXQNL�Z]URVWX�
L�UR]ZRMX�UR�OLQ��PLPR�EUDNX�VWUXNWXU\�DJUHJDWRZHM��]DSHZQLD�QS��ZHáQD�PLQHUDOQD� 
0DWHULDá�WHQ�GDMH�VL
�QDV�F]Dü�SR*\ZN���]DFKRZXM�F�SR�QDV�F]HQLX�RSW\PDOQH�SUo-
porcje woG\� L� SRZLHWU]D�Z� VWUHILH�NRU]HQLRZHM� UR�OLQ� �%ORN������� Podobnie jest 
w SU]\SDGNX�LQQ\FK�QLHRUJDQLF]Q\FK�SRGáR*\�RJURGQLF]\FK��SoQLHZD*��V]F]HJyOQLH�
Z�XSUDZLH�SRMHPQLNRZHM�� LOR�ü�ZRG\�L�SRZLHWU]D�Z�SRGáR*X�Z�]QDF]Q\P�VWRSQLX�
X]DOH*QLRQD� MHVW� RG� VSRVREX� QDwadniania, regulowania odSá\ZX�ZRG\��ZLHONR�FL�
i NV]WDáWX�SRMHPQLND��D�QLH�RG�JHRPHWULL�ID]\�VWDáHM (Argo 1998).  

0(72'<.$�%$'$� 

'R�PLNURPRUIRJUDILF]Q\FK�EDGD�� VWUXNWXU\�SRGáR*\�RJURGQLF]\FK�Z\NRU]y-
VWDQR� ]JáDG\� MHGQRVWURQQH�� 3UHSDUDW\� WH� VSRU]�G]RQR� ]� F]WHrnastu mineralnych 
i RUJDQLF]Q\FK�PDWHULDáyZ�VWRVRZDQ\FK�Z�XSUDZLH�UR�OLQ�Z�SRMHPQLNDFK, zgod-
QLH�]�PHWRG\N��RSUDFRZDQ��Z�,QVW\WXFLH�*OHER]QDZVWZD�L�.V]WDáWRZDQLD��URGo-
ZLVND�$NDGHPLL�5ROQLF]HM�Z�/XEOLQLH��6áRZL�VND-Jurkiewicz 1989). Analizowa-
QR�QDVW
SXM�FH�PDWHULDá\��WRUI�Z\VRNL�NZD�Q\��WRUI�Z\VRNL�RGNZDV]RQ\��VXEVWUDW�
WRUIRZ\�GR�XSUDZ\�SURIHVMRQDOQHM�� ]LHPL
� XQLZHUVDOQ��� ]LHPL
�.URQHQ�]�GRGDt-
NLHP�ZáyNQD�NRNRVRZHJR��ZáyNQR�NRNRVRZH��NRU
�VRVQRZ��NRPSRVWRZ���SLDVHN��
JU\V��NHUDP]\W��SHUOLW��ZHáQ
�PLQHUDOQ��*52DAN® 0DVWHU��D�SRQDGWR�PLHV]DQN
�
WRUIX�Z\VRNLHJR�NZD�QHJR�]�ZáyNQHP�NRNRVRZ\P� �Z�VWRVXQNX�REM
WR�FLRZ\P�
���� L� ������ 3UyENL� SRGáR*\� SREUDQR� ]H� VWDQGDUGRZ\FK� RSDNRZD�� GRVW
SQ\FK�
w VSU]HGD*\���-���OLWUyZ��L�GRSURZDG]RQR�GR�ZLOJRWQR�FL�RGSRZLDGDM�FHM�SRWHn-
FMDáowi wody -�����N3D��7DN�SU]\JRWRZDQ\�PDWHULDá�XPLHV]F]RQR�Z�PHWDORZ\FK�
SRMHPQLNDFK���[�[��FP��Z���SRZWyU]HQLDFK��D�QDVW
SQLH�VXV]RQR�SU]H]�WU]\�PLe-
VL�FH�Z�WHPSHUDWXU]H�SRNRMRZHM��3R�Z\VXV]HQLX�SUyENL�]RVWDá\�QDV\FRQH�UR]WZo-
UHP�LPSUHJQXM�F\P�R�VNáDG]LH��*\Zica poliestrowa POLIMAL 109, monostyren 
�UR]FLH�F]DOQLN��� QDGWOHQHN� PHW\ORHW\ORNHWRQX� /XSHUR[® GZ-S (katalizator) i 
QDIWHQLDQ�NREDOWX�����DNW\ZDWRU���1DV\FDQLH�SURZDG]RQH�E\áR�Z�VXV]DUFH�SUy*�
QLRZHM�SU]\�FL�QLHQLX���–���K3D��3R�RNRáR��–���W\JRGQLDFK�QDVW�SLáD�SROLPHUy-
]DFMD�*\ZLF\��8WZDUG]RQH�SUyENL�SRFL
WR�QD�SODVWU\�R�JUXER�FL���FP�]D�SRPRF��
SU]HFLQDUNL�]�RVWU]HP�GLDPHQWRZ\P��3RZLHU]FKQLH�SU]HNURMX�]RVWDá\�Z\UyZQDQH�
L�Z\V]OLIRZDQH�QD�V]OLILHUFH�]D�SRPRF��SURV]NX�NRUXQGRZHJR�L�SDSLHUX��FLHUQe-
go. Otrzymano w WHQ�VSRVyE�QLHSU]H]URF]\VWH� V]OLI\��F]\OL� ]JáDG\� MHGQRVWURQQH��



MIKROMORFOGRAFICZNA ANALIZA STRUKTURY PO'à2)<�2*52'1,&=<&+ 

 
209 

3RZLHU]FKQLH� SU]HNURMX� ]JáDGyZ� ]RVWDá\� ]DUHMHVWURZDQH� L� ZSURZDG]RQH� GR� Sa-
PL
FL� NRPSXWHUD� ]D� SRPRF�� VNDQHUD� 6QDS6FDQ� ���� $*)$�� ]� UR]G]LHOF]R�FL��
600 x 600 dpi (1 pixel = 42,333 µm).  

=GM
FLD� ]JáDGyZ� Z\NRQDQ\FK� ]� SRGáR*\� RJURGQLF]\FK� XND]XM�� SU]HNURMH�
o Z\PLDUDFK���[���FP��Z�VNDOL���������SU]H]��URGNRZ��F]
�ü�SUyEHN�� 

WYNIKI 

3RGáR*D� RUJDQLF]QH� OX(QR�XV\SDQH�Z�ZL
NV]R�FL�Z\ND]\ZDá\� VWUXNWXU
� DJUHJa-
WRZ��]�OLF]Q\PL�SRUDPL�R�QLHUHJXODUQ\FK�NV]WDáWDFK��1DMZL
NV]H�DJUHJDW\��R�UR]PLa-
UDFK����PP��Z\VW
SRZDá\�Z�]LHPL�]�GRGDWNLHP�ZáyNQD�NRNRVRZHJR��U\V������Z�VXb-
stracie torfowym (rys. 3), torfie ogrodniczym wysokim, zarówno kwa�Q\P��U\V������
MDN�L�RGNZDV]RQ\P��U\V������D�WDN*H�Z�PLHV]DQNDFK�WRUIX�Z\VRNLHJR�]�ZáyNQHP�No-
kosowym (rys. 7, 8). Najmniejsze agregaty, o rozmiarach 3 mm, stwierdzono w na-
WRPLDVW�VDP\P�ZáyNQLH�NRNRVRZ\P��U\V�����L�]LHPL�XQLZHUVDlnej (rys. 4). Struktura 
WD�]DSHZQLD�EDUG]R�NRU]\VWQ\�VWDQ�IL]\F]Q\�EDGDQ\FK�SRGáR*\��V]F]HJyOQLH�Z�SRGáo-
*DFK�SU]\JRWRZ\ZDQ\FK�]�GX*\P�XG]LDáHP�WRUIX�ZyVRNLHJR��SRQLHZD*�Z�SU]HVWU]HQL�
PL
G]\�DJUHJDWDPL�]QDMGXMH�VL
�QDMFHQQLHMV]D�NDWHJRULD�ZRG\ –�ZRGD�QDMáDWZLHM�Go-
VW
SQD�GOD�UR�OLQ�RUD]�SRZLHWU]H��:eZQ
WU]Q��EXGRZ
�DJUHJDWyZ�QDOH*\�RFHQLü�MDNR�
EDUG]R�NRU]\VWQ�� ]H�Z]JO
GX�QD�GX*��SRURZDWR�ü��XPR*OLZLDM�F��XWU]\P\ZDQLH�Ue-
]HUZ\�ZRG\�R�GX*HM�GRVW
SQo�FL�GOD�UR�OLQ��:�SRGáR*X�]�NRU\�NRPSRVWRZHM��U\V�����
ZLGRF]QH�V��OLF]QH�QLH�Z�SHáQL�UR]áR*RQH�NDZDáNL�NRU\�VRVQRZHM� 

3RGáR*H�]�SLDVNX��U\V������FKDUDNWHU\]RZDáR�VL
�VWUXNWXU��UR]G]LHOQRF]�VWNo-
Z���R�UR]PLDUDFK�F]�VWHN�RG�� mm do 0,1 PP�L�GRPLQDFM��SRUyZ�PL
G]\]LDUQo-
Z\FK��,QQH�SRGáR*D�PLQHUDOQH��WDNLH�MDN�JU\V (rys. 11), keramzyt (rys. 12) i perlit 
�U\V�������Z\ND]\ZDá\�WDN*H�VWUXNWXU
�UR]G]LHOQRF]�VWNRZ���(OHPHQW\�VWUXNWXUDl-
QH� VWDáHM� ID]\�PLDá\� Uy*Q�� JUDQXODFM
�� RG� QDMZL
NV]\FK� F]�VWHN� ��-5 mm w ke-
ramzycie do najmniejszych 4-0,1 PP��Z� SHUOLFLH�� 6LHü�ZROQ\FK� SU]HVWU]HQL� So-
PL
G]\�HOHPHQWDPL�ID]\�VWDáHM�PLDáD�UyZQLH*�]Uy*QLFRZDQH�Z\PLDU\��QDMZL
ksze 
pory, o wymiarach ponad 15 PP��Z\VW
SRZDá\�Z�JU\VLH�L�NHUDP]\FLH��PQLHjsze, 
R� Z\PLDUDFK� QLH� SU]HNUDF]DM�F\FK� � PP�� Z� SHUOLFLH�� D� QDMPQLHMV]H�� SRQL*HM�
1 PP��Z�SLDVNX��1DVW
SVWZHP�WDNLHM�VWUXNWXU\�MHVW�SU]HZDJD�SRZLHWU]D�Z�SRGáo-
*X��Vzczególnie w keramzycie i grysie. 

:HáQD�PLQHUDOQD�*URGDQ��U\V������RG]QDF]DáD�VL
�VWUXNWXU��ZáyNQLVW���Z�NWó-
UHM�SRV]F]HJyOQH�VSUDVRZDQH�ZáyNQD�UR]áR*RQH�V��Z�Uy*Q\FK�NLHUXQNDFK��WZoU]�F�
ZLHORZDUVWZRZ��VLDWN
��7HQ�W\S�EXGRZ\�XPR*OLZLD�QDJURPDG]HQLH�EDUG]R�GX*HM�
LOR�FL�ZRG\�Z�IRUPLH�ZRG\�QDMáDWZLHM�GRVW
SQHM�GOD�UR�OLQ��FR�SRWZLHUG]DM��Záa-
sne badania (Jaroszuk-6LHURFL�VND������� 
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Rys. 1.�5]HF]\ZLVW\�REUD]�VWUXNWXU\�WRUIX�Z\VRNLHJR�NZD�QHJR��VNDOD������� 
Fig. 1. Real image of structure of acid sphagnum peat; scale 0.85:1 
 
 
 

 
Rys. 2. Rzeczywisty obraz struktury torfu wysokiego odkwaszonego; skala 0,85:1 
Fig. 2. Real image of structure of dacid sphagnum peat; scale 0.85:1 
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Rys. 3. Rzeczywisty obraz struktury substratu torfowego; skala 0,85:1 
Fig. 3. Real image of structure of peat substrate; scale 0.85:1 
 
 

 
Rys. 4. Rzeczywisty obraz struktury ziemi uniwersalnej; skala 0,85:1 
Fig. 4. Real image of structure of universal soil; scale 0.85:1 
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Rys. 5.�5]HF]\ZLVW\�REUD]�VWUXNWXU\�]LHPL�]�GRGDWNLHP�ZáyNna kokosowego; skala 0,85:1 
Fig. 5. Real image of structure of soil with coconut fibre; scale 0.85:1 

 
 

 
Rys. 6.�5]HF]\ZLVW\�REUD]�VWUXNWXU\�ZáyNQD�NRNRVRZHJR��VNDOD������� 
Fig. 6. Real image of structure of coconut fibre; scale 0.85:1 
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Rys. 7. RzeczyZLVW\�REUD]�VWUXNWXU\�PLHV]DQNL�����WRUIX�Z\VRNLHJR�]�ZáyNQHP�NRNRVRZ\P��
skala 0,85:1 
Fig. 7. Real image of structure of 1:1 mixture of peat with coconut fibre;  scale 0.85:1 

 
 

 
Rys. 8.�5]HF]\ZLVW\�REUD]�VWUXNWXU\�PLHV]DQNL�����WRUIX�Z\VRNLHJR�]�ZáyNQHP kokosowym; 
skala 0,85:1 
Fig. 8. Real image of structure of 3:1 mixture of peat with coconut fibre 3:1; scale 0.85:1 
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Rys. 9. Rzeczywisty obraz struktury kory sosnowej kompostowej; skala 0,85:1 
Fig. 9. Real image of structure of composting pine bark; scale 0.85:1 
 
 

 
Rys. 10. Rzeczywisty obraz struktury piasku; skala 0,85:1 
Fig. 10. Real image of structure of sand; scale 0.85:1 
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Rys. 11. Rzeczywisty obraz struktury grysu; skala 0,85:1 
Fig. 11. Real image of structure of grit; scale 0.85:1 
 
 

 
Rys. 12. Rzeczywisty obraz struktury keramzytu; skala 0,85:1 
Fig. 12. Real image of structure of keramsite; scale 0.85:1 
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Rys. 13. Rzeczywisty obraz struktury perlitu; skala 0,85:1 
Fig. 13. Real image of structure of perlite; scale 0.85:1 
 
 

 

Rys. 14. 5]HF]\ZLVW\�REUD]�VWUXNWXU\�ZHáQ\�PLQHUDOQHM��VNDOD������� 
Fig. 14. Real image of structure of rockwool; scale 0.85:1 
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WNIOSKI 

1. 3RGVWDZRZ\�SDUDPHWU�FKDUDNWHU\]XM�F\�EDGDQH�PDWHULDá\��F]\OL ich struk-
WXUD��E\á�RGPLHQQ\�Z�SRGáR*DFK�RUJDQLF]Q\FK�L�SRGáR*DFK�PLQeralnych. 

2. :�SRGáR*DFK�RUJDQLF]Q\FK�Z\VW
SRZDáD�QDMF]
�FLHM�Z�SHáQL�Z\NV]WDáFo-
QD� VWUXNWXUD� DJUHJDWRZD�� JZDUDQWXM�FD� NRU]\VWQ\� GOD� UR�OLQ� XNáDG� ZDUXnków 
wodno-powietrznych.  

3. 6WUXNWXUD�UR]G]LHOQRF]�VWNRZD��FKDUDNWHU\VW\F]QD�GOD�ZL
NV]R�FL�SRdáR*\�
mineralnych,�GHF\GRZDáD�R�SU]HZDG]H�SRZLHWU]D�Z�W\FK�PDWHULaáDFK� 

4. :áyNQLVWD� VWUXNWXUD�ZHáQ\�PLQHUDOQHM�*URGDQ�V]F]HJyOQLH�VSU]\MD� �XGo-
VW
SQLDQLX�UR�OLQRP�ZRG\�QDMVáDELHM�ZL�]DQHM�SU]H]�ID]
�VWDá��SRGáR*D� 
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A bst ract .  An investigation was carried out on the structure of 14 horticultural substrates, ap-

plied to plant cultivation in containers. Special preparations – soil blocks were used for the mor-
phologic analysis of the structure. They had been prepared, earlier, by saturation of prepared sam-
ples of the beds with a solution of Polimal-109 polyester resin. The samples were prepared inside 
boxes of dimensions 8 x 9 x 4 cm, from the substrates, piled loosely at a degree of moisture  corre-
sponding to the field water capacity (–9.81 kPa). The polished surfaces of the soil blocks were used 
to prepare the real images of the structure, after saving in computer memory, at a resolution of 600 x 
600 points per inch. It was found out that the structure of the two groups of investigated beds – the 
mineral and the organic ones – differed considerably. In the loose organic beds fully formed aggre-
gate structure occurred most frequently, while the single grains structure was characteristic for most 
of the mineral beds.  

K eywords:  structure, horticultural substrates, image analysis 
 


