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For Creation and Maintenance of Natural Pond, Artificial Pond, 
Lily Pool, Koi Pond and other Aquascapping, Landscaping,
creation of Urban Forest, Orchard, Kitchen Garden, Roof Garden

Contact

BioMates
6/7 Bijoygarh, Kolkata 700032. Dial: 9874357414/9477275731

!‹�e�¤)e�-�¥zr�þyîûöìl�þÐ
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ö‹þy‡�™„y™yöìly�îûöì.îû��lÄÐ�|Iµ¡�†þyöì¡yîû�’þzþ›îû�ôëû%îûþ›C#�îû.�Séy’þüyG�öë�~¥z�
ôySé�þyîû�!îöì¢£ìc�¥¡�ôySé!�þîû�xq$•þ�îÄî¥yîûÐ�ôySé!�þ�¥Éöì˜îû�!†þlyîûyîû�!˜öì†þ�xÒ�
�öì¡�˜¡�öî„öì™�íyöì†þÐ�öë¤î�~¡y†þyëû�îy!¡�èþ!•þÅ�ö¤‡yöìl�!¢†þyöìîûîû�¤¦þyöìl�
ö‰yîûyöìæþîûy�†þöìîûÐ�ö†þyl�!îöì¢£ì�†þyîûöì”�xye«yhsý�¥öì¡�!†þ‚îy�èþëû�öþ›öì¡�~†þ˜ô�
’þy¥zèþ� !˜öìëû� îy!¡îû� !löì‹þ� “%þöì†þ� þ›öì’þüÐ� xöìl†þ�þy� ˆÄyöì¡�þ� þ›y!‡� îy� þ›yöìëû’þ�
!†þ‚!æþ¢yöìîûîû� !¢†þyîû�†þîûyîû�ö�þ†þ!löì†þîû�ôöì•þy�†þöìîûÐ�~î‚�˜#‰Å�¤ôëû�îy!¡îû�
!löì‹þ�¡%!†þöìëû�öíöì†þ�!îþ›˜�ö†þöì�þöìSé�î%Vþöì¡�•þöìî¥z��%þ†þ�†þöìîû�öî!îûöìëû�þ›öì’þüÐ�ö¤¥z�
öíöì†þ¥z� ~öì˜îû� lyô� ¥öìëûöìSé� Malawi Sand diverÐ� ôy¡y’þz¥z� ¥Éöì˜îû�
öî!¢îûèþyˆ�!¤†þ!¡öì’þîû�ôöì•þy¥z�îûÞ�þÆy�þy¤îûyG�Sexually dimorphic–�xíÅyê�
ßf#�G�þ›%îû&öì£ìîû�îû‚�xy¡y˜y–�öSéy�þöìî¡y�öíöì†þ�î’þü�¥Gëûy�þ›ëÅhsý�þ›%îû&£ì�ôySé!�þ�™#öìîû�
™#öìîû� îû‚�î˜¡yëû–�ßf#�ôySé!�þ�~†þ¥z�îû†þô� öíöì†þ�ëyëûÐ�xÄyöì†þyëûy!îûëûyöìô�~¥z�
!�!l¤�ö˜‡y�!l/¤öì¨öì¥�‡%î�xy†þ£ìÅ”#ëû�îÄþ›yîûÐ

Œ2Š�!¡!èþ‚öìÞ�þy!l�!¤†þ!¡’þ�ŒNimbochromis livingstoniiŠ�­�
¥z‚îûy!�öì•þ�~†þ�þy�†þíy�xyöìSé�Love me or hate me but you can 
not ignore me–� !¡!èþ‚öìÞ�þy!löì˜îû� ¤yöìí� öî!¢îûèþyˆ� ë„yîûy� †þôéŸéöî!¢�
ôy¡y’þz¥z�¥Äyþ›�þ›Sé¨�†þöìîû�•þyöì˜îû�¤Á›†þÅ�~îû†þôÐ�†þyîû”�~¥z�ôySé�öë�ö†þyl�

xy!æÊþ†þyl��þÄyöìBþîû��lÄ�10�¥z!Méþîû�ô)!•þÅôyl�!îèþ#!£ì†þyÐ�‹þîûô�xy@ýÌy¤#–�ôyîûyd†þ�
ôyîûyôy!îûîy��þ›yöì¡yëûyl�¥Äyþ›–�öë�ôySé�xÄyöì†þyëûy!îûëûyöìôîû�¤î�ôySéöì†þ�¥zFSéy�
ôöì•þy�¢y¤yöìî–�~î‚�öSéy�þ�ôySé�öþ›öì¡�™öìîû�™öìîû�‡yöìîÐ�•þöìî�~öì•þy�!†þS%éîû�þ›îûG�
Göì†þ�xyþ›lyîû�èþyöì¡y�¡yˆöìîÐ�†þyîû”–�G�¥zFSéy�ôöì•þy�îû.�î˜¡yöìî–�~¥z�~‡l�
�‚¡y�Séyþ›�Gëûy¡y�ö•þy�!†þS%éÇþ”�þ›öìîû¥z�¤îöì��l#¡�¥öìëû�ëyöìîÐ�†þ‡öìly�ö˜‡öìîl�
þ›yíöìîûîû�’þzþ›îû�Ööìëû�ôîûyîû�ôöì•þy�þ›öì’þü�xyöìSé�†þ‡öìly�xyîyîû�ö˜‡öìîl�îy!¡îû�
’þzþ›îû�‹%þþ›‹þyþ›�îöì¤Ð�!‘þ†þ�ë‡l�èþyîöìîl�ôySé�þy�x¤%ßi�¥ëûöì•þy�îy�ôöìîû¥z�öˆöìSé–�
!‘þ†þ�•þ‡l¥z�ö†þyl�öSéy�þ�ôySé�¤yôöìl�öˆöì¡�•þ#îÊ�ˆ!•þöì•þ�!î¢y¡y†þyîû�ô%‡�‡%öì¡�
’þz˜îûßi�†þöìîû�ölöìîÐ�~î‚�ô�yîû�îÄyþ›yîû�¥öì¡y�öë�xÄyöìDöì¡�ôySé!�þ�Ööìëû�íy†þöìî�
!‘þ†þ�ö¤¥z�xÄyöìDöì¡¥z�!ß›’þ�xÄy!:¡yöìîû�þ�†þöìîû�¡Äyöì�þîûy¡�ô%èþöìôr�þ�†þîûöìîÐ�
•þy¥z�~¥z�îû†þô�ëyîû�xq$•þ�xq$•þ�¤î�!îöì¥!èþëûyîû–�•þyöì†þ�!†þ�xyþ›!l�èþyöì¡y�ly�
öîöì¤�þ›yîûöìîlÚ

•þöìî�~¥z�îû†þô�!îöì¥!èþëûyöìîûîû�!þ›Séöìl�xyöìSé�xyîûG�ô�yîû�~†þ�þy�̂ ÒÐ�ßºöì˜öì¢�
†þy!¡öìDyöìly�lyöìô�þ›!îû!‹þ•þ�~¥z�ôySé!�þ�þ›yGëûy�ëyëû�ô)¡•þ�!•þl!�þ��yëûˆyëû–�ö¡†þ�
ôy¡y’þz¥z–�ö¡†þ�ôyöì¡yöìÁº�~î‚�!¤öìîû�l˜#öì•þÐ�öë‡yöìl��¡��‰yöì¤îû�öˆy’þüyëû–�
èþÄy!¡¤öìl!îûëûyîû� �Döì¡� îy� þ›yíöìîûîû� ‡„yöì�îû� ôöì™Ä� ~îûy� !¢†þyöìîûîû� xy¢yëû�
‰yþ›!�þ�öôöìîû�þ›öì’þü�íyöì†þÐ�~î‚�!löì�îû�ô%öì‡îû�ö‹þöìëû�ö‹þöìëû�xy†þyöìîû�öSéy�þ�öë�
ö†þyl�ôySéöì†þ¥z�!l!mÅÅ™yëû�xye«ô”�†þöìîûÐ
öëöì¥•%þ�~îûy�¡%!†þöìëû�öíöì†þ�!¢†þyöìîû�þ›�%þ�•þy¥z�~öì˜îû�ˆyöìëûîû��‚¡y�îû‚�~öì˜îû�
camouflage ¥öì•þ�¤y¥yëÄ� †þöìîûÐ� •þöìî� !¢†þyîû� ™îûyîû� ö’Èþ¤� ö˜öì‡� öëöì¥•%þ�
ö†þyöìly�ô!¥¡y�xy†,þÜT�¥öì•þ�‹þy¥zöìî�ly�~î‚�!¢†þyîû†þy¡#l�öþ›y¢y†þ�xyîû�ö†þyl�
ô!¥¡yîû�¤yöìí� ö’þöì�þ� ëyGëûyîû� öþ›y¢y†þ�xy¡y˜y�xy¡y˜yÐ� ö†þyöìly�ô!¥¡yöì†þ�
¥zôöì²Ì¤�†þîûöì•þ�¥öì¡�~îûy�!löì�öì˜îû�ˆyöìëûîû�îû‚�o&•þ�î˜öì¡�¤îöì��l#¡�†þöìîû�
ölëûÐ�•þöìî�¡Çþl#ëû�!î£ìëû�¥öìFSé�²Ìy†,þ!•þ†þ�þ›!îûöìîöì¢�xlÄylÄ�ôy¡y’þz¥z�¥Äyöìþ›îû�

�ô,•þ�ôyöìSéîû�èþyl�†þöìîû�!¡!èþ‚öìÞ�þy!l



ôöì•þy�~îûy�!†þv�†þöì¡y!löì•þ�íyöì†þ�lyÐ�þ›%îû&£ì�!¡!èþ‚öìÞ�þy!lîûy�èþî‰%öìîû�!¢†þyîû#Ð�
ô!¥¡yîûy� ôy’þzí� îÊ&’þyîûÐ�~î‚�~îûy¥z� ö¤¥z� ¤î�¥yöì•þöìˆyly� ¥Äyöìþ›öì˜îû� ôöì™Ä�
~†þ�þy�ë„yîûy�~‡lG�îà�ö�lyöìîû¢öìlîû�captive breeding ~îû�þ›öìîûG�æÊþy¥z�
!îû!¡�� G� !îûéŸéö¥y!Óþ‚� !îöì¥!èþëûyîû�þy� �þÄyöìBþîû� ôöì™ÄG� †þöìîû� íyöì†þÐ� öSéy�þ�
îyF‹þyöì˜îû�ôy�ö˜’þü�öíöì†þ�˜%¥z�¤®y¥�!löì�îû�ô%öì‡�öîûöì‡�îyF‹þyöì˜îû�!îþ›˜�öíöì†þ�
îûÇþy� †þöìîû–� •þyîûþ›îû� îyF‹þyîûy�~†þ�%þ� î’þü� ¥öì¡� öîûöì‡�xyöì¤�èþÄy!¡¤öìl!îûëûyîû�
�Döì¡Ð�ö¤‡yöìl�þ›yíöìîûîû�‡„yöì��îy�ˆyöìSéîû�xy’þüyöì¡�¡%!†þöìëû�~îûy�Öîû&�†þöìîû�
ßºyî¡Áº#�!¢†þyîû#��#îlÐ

Œ3Š�ôy¡y’þz¥z�xy¥z�îy¥z�þyîû�ŒDimidiochromis compressicepsŠ�­�
S%é!îûîû�æþy¡yîû�ôöì•þy�•þ#Çøþ�xy†,þ!•þîû�~†þ�þy�ôySé�ôy¡y’þz¥z�¥Éöì˜îû�!†þlyîûyîû�!˜öì†þ�
öë‡yöìl� þ›yíîû� •%þ¡lyëû� †þô� îîû‚� ˆySéþ›y¡y� ~†þ�%þ� öî!¢� ö¤‡yöìl� ¡%!†þöìëû�
îûöìëûöìSéÐ� æ%þ�þ� ‡yöìl†þ� ¡Áºy� ~¥z� ôySé�þyîû� ˆyöìëûîû� îû‚�þy� |Iµ¡� ™y•þî� l#¡–�
ö‹þyëûy¡�þy�¢_«–�~î‚�~†þ˜,öìÜT�•þy!†þöìëû�xyöìSé�öSéy�þ�öSéy�þ�~†þ˜¡�!¤†þ!¡öì’þîû�
îyF‹þyöì˜îû� !˜öì†þ�ë„yîûy�î%Vþöì•þG� þ›yîûöìSé�ly�•þyöì˜îû�¤yôöìl� !†þ� !îþ›˜�¡%!†þöìëû�
xyöìSéÐ�‹þÄy²Wzy�ö˜öì¥îû�Çþ#²Ì�ˆ!•þîû�~¥z�ôySé�þyîû�lyô¥z�ôy¡y’þz¥z�xy¥z�îy¥z�þyîûÐ�
xy¤öì¡�!†þ‚î˜!hsý�xyöìSé�ôySé�þy�ly!†þ�•þyîû�!¢†þyöìîûîû�ö‹þy‡�‡%îöì¡�‡yëûÐ�ö¤†þíy�
†þ•þ�þy�¤!•þÄ�•þy��yly�öl¥z�•þöìî�~�ôySé�öë�ô%öì‡�ëy�™öìîû�•þy¥z�!ˆöì¡�‡yëû�~�!löìëû�
ö†þyöìly�¤öì¨¥�öl¥zÐ�íy†þöìî¥z�îy�ö†þl�¥z!l�öë�ôy¡y’þz¥z�¥Éöì˜îû�xlÄ•þô�˜%™Å£ìÅ�
!¢†þyîû#–� !ë!l�¡%!†þöìëû� öíöì†þ� !¢†þyîû�™îûöì•þ� þ›Sé¨�†þöìîûlÐ�èþÄy!¡¤öìl!îûëûyîû�
�Döì¡�ö¥y†þ�îy�þ›yíöìîûîû�‡„yöì�–�!¢†þyîû#�îyöì�îû�ôöì•þy�ôyíy�!l‹%þ�†þöìîû�!lÙ‹%þþ›�
¥öìëû�̃ #‰Å�¤ôëû�xöìþ›Çþy�†þîûöì•þ�þ›yöìîûÐ�•þyîûþ›îû�¤%öìëyˆ�î%Vþöì¡¥z�!î˜%Äê�̂ !•þöì•þ�
Vþ„y!þ›öìëû�þ›öì’þüÐ�¤îû&�ö˜¥�þy�•þ‡l�xlyëûyöì¤�öVþyþ›��D¡�îy�þ›yíöìîûîû�‡„yöì��“%þöì†þ�
!¢†þyîûöì†þ�ö�þöìl�öîîû�†þöìîûÐ�xÄyöì†þyëûy!îûëûyöìô�¢öì‡G�xy¥z�îy¥z�þyîû�!†þv�öî¢�
�l!²Ìëû�ôySéÐ�~öì˜îû�!¢†þyîû#�ßºèþyî�G�|Iµ¡�îûöì.îû�Sé�þyëû�îà�ôySéþ›%!£ìöìëû¥z�
‰yöìëû¡�¥l–�•þöìî�ôöìl�îûy‡öì•þ�¥öìî�xÄyöì†þyëûy!îûëûyöìô�~öì˜îû�èþyöì¡y�îûy‡öì•þ�
¥öì¡�!lëû!ô•þ�öSéy�þ‡yöì�þy�ôyöìSéîû�öëyˆyl�!˜öì•þ�¥öìî�•þöìî¥z�Göì˜îû�G¥z�xyÙ‹þëÅ�
xy‹þyîû�xy‹þîû”�‹þyÇ%þ£ì�†þîûy�ëyöìîÐ�xy¥z�îy¥z�þyîû� þ›%£ìöì•þ�¥öì¡�xî¢Ä¥z�~†þ!�þ�
!î£ìëû� ö‡ëûy¡�îûy‡öìîl–� !‘þ†þ�xy¥z�îy¥z�þyîûöì˜îû�ôöì•þy¥z� ö˜‡öì•þ�~öì˜îû¥z�~†þ�
�y•þèþy¥z�îy�yöìîû�‡%î¥z�†þôl–�ëyöì˜îû�îöì¡ Dimidiochromis strigatus�
îy�æþ¡¤�xy¥z�îy¥z�þyîûÐ�öSéy�þöìî¡yëû�~¥z�˜%¥z�²Ì�y!•þ�²Ìyëû�~†þ¥z�îû†þô�ö˜‡öì•þ�
íyöì†þÐ�•þöìî�î’þü�¥öì¡¥z�ö˜öì¥îû�̂ ‘þöìl�þ›yíÅ†þÄ�ö‹þyöì‡�þ›öì’þüÐ�xy¤¡�xy¥z�îy¥z�þyîû�
!Þ�þÆöìˆ�þyöì¤îû�•%þ¡lyëû�xöìl†þ�öî!¢�™l%†þy†,þ!•þîû�¥öìëû�íyöì†þ–�~î‚�xy¤¡�xy¥z�
îy¥z�þyîûîûy�¤y™yîû”•þ�!¢†þyöìîûîû�ö¡öì�îû�!˜†þ�öíöì†þ�ö‡öì•þ�Öîû&�†þöìîûÐ

Œ4Š�ôy¡y’þz¥z�¥†þ�ŒAristochromis christyiŠ�­�
’þz_îû�xyöìô!îû†þyîû�ö@ýÌ�þ�ö²ÕlÐ�!ô!¤!¤!þ›�l˜#îû�þ›!Ù‹þô�!˜öì†þ�îû!†þ�þ›îÅ•þ�þ›ëÅhsý�
!îhß,ì•þ�!î¢y¡�‰yöì¤îû�îlÐ�ö¤‡yöìl�ôy!�þöì•þ�̂ •þÅ�†þöìîû�î¤îy¤�†þöìîû�x�ßË�¥z„˜%îû�
�y•þ#ëû�²Ìy”#–�xy˜%öìîû�ö˜‡öì•þ�ö¤�²Ìyl#îû�lyô�ö²Ì¥z!îû�’þˆÐ�lyöìô¥z�’þˆ–�xy¤öì¡�
!èþöì��öî’þüy¡Ð�¤yîûy!˜l�ˆöì•þÅîû�îy¥zöìîû�~öì¤�ôyíy�’þz„‹%þ�†þöìîû�˜„y!’þüöìëû�íyöì†þÐ�
†þyîû”�~öì˜îû�!îþ›˜�öë�Ö™%�ôy!�þöì•þ¥z�lëû�xy†þy¢�öíöì†þG�xy¤öì•þ�þ›yöìîûÐ�’þz_îû�
xyöìô!îû†þyîû�îy�þ›y!‡–�~öì˜îû�˜%™Å£ìÅ�˜%¢ôlÐ�öSé„y�öôöìîû�~öì¤�ö²Ì¥z!îû�’þˆ�™öìîûÐ�
èþyîöìSél�ôyöìSéîû�ö¡‡yöì¡!‡îû�ôöì™Ä�~¤î�’þyDyîû�ˆÒ�ö†þl�î¡!SéÚ�öî¢�•þöìî�
ö‡y¡¤y� †þöìîû¥z� î!¡–� !‘þ†þ�~¥z� !�!l¤�þy¥z�xyþ›!l� ö˜‡öì•þ� þ›yöìîl�ôy¡y’þz¥z�
¥Éöì˜îû��öì¡îû� !löì‹þÐ� öSéy�þ‡yöì�þy� ’þz�þy†þy� !†þ‚îy� ôî%lyöì˜îû� †þÒly� †þîû&l�G¥z�
ö²Ì¥z!îû�’þöìˆîû�ôöì•þy�†þöìîû–�xyîû�îy�þ›y!‡�ßºëû‚�ôy¡y’þz¥z�¥†þÐ�Çþ#²Ì�ˆ!•þîû�
!¢†þyîû#� ôySéÐ� þ›yíöìîûîû� ‡„yöì��îy¤y� †þîûy� ôî%ly=öì¡yöì†þ� îy�þ›y!‡îû� ôöì•þy¥z�
’þzþ›îû�öíöì†þ�~öì¤�™öìîûÐ�²Ìyëû�æ%þ�þ‡yöìl†þ�¡Áºy�~¥z�ôySé�þy�xöìl†þ�’þzþ›îû�öíöì†þ�
!¢†þyîû�ö†þ��þyöìˆÅ�þ�†þîûöì•þ�¥öìîÐ�ö†þyly†%þ!l�èþyöìî�~†þöì‹þyöì‡�!¢†þyîûöì†þ�ö˜öì‡�
!löìëû¥z�G¥z�xÄyöìDöì¡¥z�öSé„y�öôöìîû�Vþy!þ›öìëû�þ›öì’þüÐ�îy�þ›y!‡îû�ôöì•þy�Ö™%�ßºèþyî¥z�
lëû�xyÙ‹þëÅ�l†þ�!ô¡�~öì˜îû�ô%öì‡GÐ�xöìl†þ�þy�îy�þ›y!‡îû�ôöì•þy¥z�~öì˜îû�ô%öì‡�
öSéyR�~†þ�þy�ö‘þ„þöì�þîû�ôöì•þy�ö˜‡öì•þ�x‚¢�íyöì†þÐ�xy‚�þyîû�ôöì•þy�ö˜‡öì•þ�G¥z�
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¤î� !ô!¡öìëû� ~öì˜îû� ¤ô�xy†þyîû� xy†,þ!•þîû� !²Ìöì’þ�þîû� ¥Äyþ›öì˜îû� ¤yöìí� îûy‡y¥z�
èþyöì¡yÐ�x•þ~î�ö¢£ì�†þíy�xy�þ�˜¢�æ%þöì�þîû�xÄyöì†þyëûy!îûëûyô�ly�¥öì¡�~öì˜îû�
îûy‡yîû�†þíy�!‹þhsýy�ly�†þîûy¥z�èþyöì¡yÐ� ¤î�Sé!î­�¥zr�þyîûöìl�þ



ÐÐ�›yí%öìîû�ôyöìSéîû�þ›„y‹þy¡#ÐÐ
¤O#î�þ›ye

ö�þyDy� îy� îyöì�þyDy� ¥öì¡y� ~ôl�~†þ!�þ� ’þzþ›�y!•þ� ëyöì˜îû� ²Ì™yl� î¤!•þ� ¥öì¡y�
xy!æÊþ†þyîû� ôy¡y’þz¥z� ¥Éöì˜îû� ’þz_îû� !˜öì†þîû� ’þzþ›†)þöì¡Ð� xyîû� xy!æÊþ†þy� xlÄ•þô�
!î‡Äy•þ�G�î,¥_ô�¥Éöì˜îû�þ›y¢yþ›y!¢�íy†þöì•þ�öˆöì¡�ßºyèþy!î†þèþyöìî¥z�ôySé�™îûy�
¥öìëû�Göì‘þ�•þyöì˜îû�²Ì™yl��#!î†þyÐ�xyîû�~¥z�ôySé�™îûyîû�¤)öìe¥z�•þyîûy�þ›!îû!‹þ•þ�¥ëû�
ôy¡y’þz¥z�¥Éöì˜îû�ôöì™Ä�íy†þy�~ôl�~†þ�²Ì�y!•þîû�ôyöìSéîû�¤yöìí�ëyîûy�G¥z�¥Éöì˜îû�
þ›yíöìîûîû� ‡„yöì�öì‡„yöì�� ¡%!†þöìëû� íy†þöì•þ� þ›Sé¨� †þöìîûÐ� •þyöì˜îû� •%þ¡lyëû� öSéy�þ�
xy†,þ!•þG�•þyöì˜îû�~¥z�þ›yíöìîûîû�‡„yöì��¡%öì†þy‹%þ!îû�ö‡¡yîû�öî¢�¤¥yëû†þÐ�•þy¥z�~¥z�
²Ì�y!•þîû�ôySéöì†þ�•þyîûy�lyô�ö˜ëû� òôî%lyó�îy� � òþ›yí%öìîû�ôySéóÐ�xyîû�xy��~¥z�
lyöìôîû�†þ˜îû�¤yîûy�þ›,!íî#îû�îû!.l�ôySé�þ›%!£ìöìëûöì˜îû�†þyöìSé�öë�†þöì•þy�þy�ö¤�þy�xyîû�
î¡yîû�xöìþ›Çþy�îûyöì‡�lyÐ�ˆyöìëûîû�’þzIµ¡�îû.�xyîû� þ›yíöìîûîû�~†þy!™†þ�æþ„yöì†þ�
¡%!†þöìëû�íy†þy–�’þz„!†þ�ôyîûyîû�!îöì¥!èþëûyîû–�~¥z�˜%¥z�~îû��lÄ�†þ„y‹þîyöì:îû�xlÄ•þô�
�l!²Ìëû�ôySé�¥öìëû�’þz‘þöì•þ�~öì˜îû� öî¢#�¤ôëû�¡yöìˆ!lÐ�¤yöìí�îûöìëûöìSé�~öì˜îû�
þ›yíöìîûîû�ˆy�öíöì†þ�¢ÄyG¡y�‡%„öì�þ�‡yGëûyîû�!lîûy!ô£ì�xèþÄy¤�ëy�²Ì™yl•þ�~öì˜îû�
!¢†þyîû#�ôy‚¢y¤#�¥Äyþ›öì¡yöìe«y!ô¤�@ýÌ&öìþ›îû�öíöì†þ�xy¡y˜y�†þöìîû�ö˜ëûÐ�•þy¥öì¡�
‹þ¡%l–�ö�öìl�!l¥z�ôy¡y’þz¥z�¥Éöì˜îû�!†þS%é��l!²Ìëû�ôî%lyîû�¤%¡%†þéŸé¤¦þylÐ

Œ1Š�¥zöìëûyöì¡y�¡Äyîù�îÄylyly�!¤†þ!¡’þ�ŒLabidochromis caeruleusŠ�­
xÄyöì†þyëûy!îûëûyöìôîû�ö˜y†þyöìlîû�!î‡Äy•þ�¥¡%˜�ôySé�—�¥yöì�þ–�þ›öìíéŸé‰yöì�þ�öë‡yöìl¥z�
îû!.l�ôySé�!î!e«�¥öì•þ�ö˜‡öìîl�ö¤‡yöìl¥z�̃ %éŸé‹þyîû!þ›¤�~öì˜îû�þ›yöìîlÐ�xy˜öìîûîû�
îÄylyly–�îy.y!¡îû�ò†þ¡y�ôySéóÐ�ë„yîûy�~öìEþîyöìîû�xylöì†þyîûy�l•%þl�Öîû&�†þöìîûöìSél�
•þ„yîûy�öíöì†þ�îy‰y�ôy¡y’þz¥z�!†þþ›yîû�¥¡%˜�îûöì.îû�!¤†þ!¡’þ�î¡öì¡¥z�~öì˜îû�†þíy�
¤îyîû� xyöìˆ� ¤îyîû� xyöìˆ� ôöìl� xy¤öì•þ� îy™ÄÐ� •þöìî� �yöìll� !†þ� ~¥z�
†þ¡yîyˆyöìlîû� ¤î� †þ¡y� !†þv� ¥¡%˜� lëû–� ¥Ä „y� !‘þ†þ¥z� ÖlöìSél� ¤î�
¡Äy!îéöì’þyéöìe«y!ô¤�¥¡%˜�¥ëû�ly�ô¢y¥z–�ö†þ’þz�ö†þ’þz�¤y˜y–�ö†þ’þz�ö†þ’þz�l#¡öì‹þ�
þ›ëÅhsý� ¥ëûÐ� •þöìî� öë� îûöì.îû� ö¥y†þ� ly� ö†þl� ßºèþyöìî� ¤îy¥z� öôy�þyô%!�þ� ¢yhsý�
¤yôy!�†þ�!¤†þ!¡’þ�ë„yîûy�xy!æÊþ†þyîû�ôy¡y’þz¥z�¥Éöì˜îû�xy!˜îy!¤¨yÐ�G¥z�¥Éöì˜îû�
þ›)îÅ�G�þ›!Ù‹þô�þ›yöì’þü�öë�þ›yí%öìîû�~¡y†þy�xyöìSé�ö¤‡yöìl¥z�~öì˜îû�‰îû�¤‚¤yîûÐ�
G‡yöìl¥z�xˆèþ#îû��öì¡�þ›yíöìîûîû�ôöì™Ä�¡%!†þöìëûéŸé‹%þ!îûöìëû��#îl�ëyþ›l�†þîûöì•þ�
èþyöì¡yîyöì¤Ð� þ›yíöìîûîû� ’þzþ›îû� öë�¢ÄyG¡y�¥ëû� ö¤=öì¡y� !˜öìëû¥z�¡yMéþéŸé!’þlyîû�
¤yöìîûÐ�•þöìî�¤yöìí�öSéy�þ‡yöì�þy�öþ›y†þyôy†þöì’þüîû�¡yèþÅy–�¢yô%öì†þîû�îyF‹þy�¥z•þÄy!˜G�
xÒéŸéßºÒ� ’þz˜îûßi� †þöìîûÐ� ö¤!˜†þ� !˜öìëû� ö˜‡öì¡� ²Ìy†,þ!•þ†þ� èþyöìî� öî!¢îûèþyˆ�
öÇþöìe¥z�~îûy�¢y†þy¥yîû#�¥öì¡G–�†þ‡öìly�†þ‡öìly�¤yôylÄ�²Ìyl#��ö²Ìy!�þöìlîû�’þzþ›îû�
!lèþÅîû�†þöìîûÐ�xÄyöì†þyëûy!îûëûyöìôG�•þy¥z�‡yîyîû�ö˜Gëûyîû�¤ôëû�öèþ!�öì�þî¡�æ%þöì’þîû�
’þzþ›îû�=îû&c�ö˜Gëûy¥z�èþyöì¡yÐ�

öëöì¥•%þ�þ›yíîû�‡%„öì�þ¥z�~öì˜îû�!˜l�‹þöì¡–�•þy¥z�þ›yíöìîûîû�˜‡¡�!löìëû�~öì˜îû�ëöì•þy�
ôyîûyôy!îûÐ�¤y™yîû”•þ�~†þ!�þ� þ›%îû&£ì�ôySé�ö†þyl�~†þ!�þ� þ›yíöìîûîû�‡„yöì��!löì�îû�
îy¤y� îylyëû–�~î‚�¤‚!ÙÕÜT� þ›yíîû!�þöì†þ� !löì�îû�¤Á›!_�ôöìl� †þöìîû–� ö¤‡yöìl�
!m•þ#ëû�ö†þyl�þ›%îû&£ì�†%þéŸél�îû�!˜öìëûöìSé�î%Vþöì¡¥z�òö†þ!¡öìëû�î,¨yîló�ö˜!‡öìëû�!˜öì•þ�
þ›Sé¨�†þöìîûÐ�G¥z�þ›yíöìîûîû�’þzþ›öìîû¥z�Gîûy�ly‹þyly!‹þ�†þöìîû�öôöìëûöì˜îû�¥zôöì²Ì¤�†þöìîû�
G‡yöìl¥z�Séylyöìþ›yly�’þzêþ›y˜öìlîû��lÄ�ëy�ëy�†þîûyîû�̃ îû†þyîû�•þy¥z�•þy¥z�†þöìîû�~î‚�
!’þô�þ›y’þüöì¡¥z�ôyöìëûîû�ô%öì‡îû�èþîû¤yëû�¤î�̃ yëûéŸé˜y!ëûc�!˜öìëû�þ›%îû&£ì�ö†þöì�þ�þ›öì’þüÐ�
ôyöìëûîûy� ²Ìyëû� ôy¤� ‡yöìl†þ� ly� ö‡öìëûéŸéö˜öìëû� ö¤¥z� îyF‹þyöì˜îû� ôyl%£ì� †þöìîû�
xÄyöì†þyëûy!îûëûyöìô�~öì˜îû� îûy‡öì•þ� ¥öì¡�¤îöì‹þöìëû� èþyöì¡y� ¥öìî� Vþ„yöì†þ� îûy‡öì¡–�
10éŸé12��þyîû�Vþ„yöì†þ�2éŸé3�ö�þ�öô¡–�îy!†þ=öì¡y�!æþöìô¡Ð�~†þ�þy�200�!¡�þyöìîûîû�
xÄyöì†þyëûy!îûëûyôÐ�²Ì‹%þîû�þ›yíîû–�þ›yíöìîûîû�̂ yöìëû�¢ÄyG¡y–�æþ„y†þ�öæþ„y†þöìîû�¥¡%öì˜îû�
àöì�þyþ›%!�þ�ö‡¡y��öìô�ëyöìî�î¤Ð�

Œ2Š�ö’þôy¤!l�!¤†þ!¡’þ�ŒPseudotropheus demasoniŠ�­
1993� ¤yöì¡îû� xöìQyîîûéŸélöìèþÁºîû� ôy¤Ð� ö¡†þ� ôy¡y’þz¥zéŸéîû� •þyOy!lëûyl�
’þzþ›†)þöì¡� þ›yíîûîy¤#� !¤†þ!¡’þöì˜îû�Gþ›îû�xyöìëûy!�•þ�¥!FSé¡�~†þ�¤yöìèþÅ�ëyîû�
xlÄ•þô�¤˜¤Ä�!Séöì¡l�~’þ�ö†þy!l‚¤Ð�¤yöìèþÅ†þyîû#öì˜îû��þÆ¡yîû�îû&àà�l˜#îû�ö’þÎ�þy�
Séy!’þüöìëû�²Ìyëû�15�!†þƒ!ô�ôöì•þy�̃ !Çþöì”�~¤öìSé�öþ›yöìÁºy�îûöì†þîû�†þyöìSéÐ�öþ›yöìÁºy�îû†þ�
¥öì¡y�~†þ�þy�xˆèþ#îû�îû#æþ�xMéþ¡�öë�þy�!î!èþ§¬�~öìuþ!ô†þ�!¤†þ!¡’þöì˜îû�ßºˆÅîûy�Ä�
î¡y� ‹þöì¡Ð�ßºyèþy!î†þ�èþyöìî¥z� öþ›yöìÁºy�îûöì†þîû�†þyöìSé�xy¤öì•þ¥z�¤yöìèþÅëûyîûöì˜îû�
l�îû� ¥öìëû� ’þz‘þ¡� öî¢#� ¤•þ†þÅÐ� !î!èþ§¬� ²Ì�y!•þîû� !¤†þ!¡öì’þîû� ¤yöìí� •þyîûy�
²Ìíôîyîû�¡ÇþÄ�†þîûöì¡l�~†þ�’þzIµ¡�l#¡�îûöì.îû�!¤†þ!¡’þöì†þ�ëyîû�̂ yöìëû�†þyöì¡y�
ö’þyîûy†þy�þy�˜yˆœ�•þöìî�•þyîûy�¤‚‡Äyëû�öë�!î¢y¡�þ›!îûôyöì”�xyöìSé�•þy�lëûÐ�•þy¥z�
~’þ� ö†þy!l‚¤� •þ„yîû� ~¥z� ¤yöìèþÅîû� x!èþKþ•þy� î”Åly� †þîûyîû� ¤ôëû� ~¥z� ôySé!�þîû�
¤Á›öì†þÅ� !¡öì‡!Séöì¡l�It is however not abundant and therefore 
collection of  this very desirable Œaquaristically speakingŠ 
cichlid should be restricted to those specimens deemed 
necessary for its propagation in captivityÐ�~‡lG�!†þv�~¥z�ôySé 
ICUN ~îû�!¡öìÞ�þ�Vulnarable  †þÄyöì�þöìˆy!îûîû�xhsýˆÅ•þÐ�xy��xyôyöì˜îû�
xyöì¡y‹þlyîû�ö†þw!î¨%�~¥z�’þzIµ¡�l#¡î”Å�ôî%ly!�þ�ëyîû�lyô�~’þ�ö†þy!l‚¤�•þ„yîû�
G¥z�¤yöìèþÅîû�!þ›Séöìl�’þzê¤y¥�ö˜Gëûy�ôyl%£ì!�þ–�!ôÞ�þyîû�¡¥zæþ�ö’þôy¤l�~îû�lyöìô�
öîûöì‡!Séöì¡l�ö’þôy¤!l�!¤†þ!¡’þÐ
î•þÅôyöìl�ôî%ly!†þþ›yîûöì˜îû�†þyöìSé�xlÄ•þô��l!²Ìëû�~¥z�ôySé!�þ�¡Áºyëû�²Ìyëû�3�¥z!Méþ�



ôöì•þy�îy’þüöì•þ�þ›yöìîûÐ�~öì˜îû�ö˜‡öì•þ�x•þÄhsý�xy†þ£ìÅ”#ëûÐ�̂ yöìëû�ô‡ôöì¡îû�ôöì•þy�
‰l�l#¡�îû.�~î‚�•þyîû�ôöì™Ä�†þyöì¡y�~î‚�!l!˜ÅÜT�˜)îûc�xhsýîû�¥y¡†þy�l#¡�~î‚�
¤y˜yîû� ˜yˆ�íyöì†þÐ� þ›%îû&£ì� ö’þôy¤!lîû�~ly¡� !æþöìl�~†þ�þy�ß›�þ�íyöì†þ� öë�þy�
!æþöìô¡öì˜îû� íyöì†þ� lyÐ� xyîû� !æþöìô¡� ö’þôy¤!l� •%þ¡lyëû� †þô� ’þzIµ¡� ~î‚�
xyëû•þöìl�†þô�îöì’þüy�¥ëûÐ�xÄyöì†þyëûy!îûëûyöìô�îy!†þ�ôî%lyöì˜îû�öíöì†þ�~öì˜îû�‹þy!¥˜y�
‡%î�xy¡y˜y� !†þS%é� lëûÐ��öì¡îû� ’þz£�•þy� öôy�þyô%!�þ� 23éŸé27� ö¤¡!¤ëûy¤�xyîû�
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‹þy¥z�¡%öì†þyöìlyîû�ôöì•þy�xæ%þîûhsý�þ›yíöìîûîû�æþ„y†þÐ�•þy¥z�~öì˜îû��þÄyBþ�ö¤�þyöìþ›îû�¤ôëû�
öë�þy�ôyíyëû�îûy‡y��îû&îû#�ö¤�þy�¥öì¡y�xöìl†þ�þ›yíîû�!î!èþ§¬èþyöìî�¤y!�öìëû�~öì˜îû�
ëöìíFSé�¥y¥z!’þ‚�öß›¤�ö˜GëûyÐ�xyîû�¤yîöìÞ�þÆ�þ�!¥¤yöìî�~†þ�%þ�!ô!¥�îy!¡–†þyîû”�
~îûy� îy!¡� ‡%„’þüöì•þ� !¤kþ¥hßìÐ� þ›Sé¨ôöì•þy� þ›!îûöìî¢� öþ›öì¡� ~îûy� !löì�îûy¥z�
e«ôyˆ•þ�!î!èþ§¬�îû†þô�îy!¡îû�Þ�þÆy†þ‹þyîû�÷•þîû#�†þîûöìî�öë�þy�~öì˜îû��þÄyBþöì†þ�xyöìîûy�
xy†þ£ìÅ”#ëû�†þöìîû� ö•þyöì¡Ð�xyîû�¥Ä„y–èþyöì¡y� !æþöìÎ�þÆ¢l� !†þv�‡%î��îû&îû#�†þyîû”�
ly¥öì¡� G¥z� xöì•þy� þ›yíöìîûîû� ‡„yöì�–•þ¡yëû� ôëû¡y� �öìô� �öì¡îû� þ›Äyîûy!ô�þyîû�
!îˆöì’þü�!˜öì•þ�þ›yöìîûÐ�~öì˜îû�îûy‡yîû��lÄ�~†þ�%þ�îöì’þüy��þÄyBþ�îûy‡y�²Ìöìëûy�l�†þyîû”�
îy!†þ�ôî%lyöì˜îû�ôöì•þy¥z�~îûy� !æÊþ�¤%¥zôyîû�~î‚�˜öì¡�íy†þy� þ›Sé¨�†þöìîûÐ�•þy¥z�
öôy�þyô%!�þ�7éŸé8��þyîû�~†þ�þy�ö’þôy¤!l�†þöì¡y!l�îûy‡öì•þ�öˆöì¡�†þôþ›öìÇþ�!•þl�æ%þ�þ�
öíöì†þ� ‹þyîûæ%þöì�þîû� �þÄyBþ� ˜îû†þyîûÐ� ö’þôy¤!lîûy� ²Ì™yl•þ� !lîûy!ô¢y£ì#� ~î‚�
‡yîyîûéŸé˜yîyîû�!löìëû�ly†þéŸé’þz„‹%þ�lëû�‡%î�~†þ�þyÐ�•þy¥z�~öì˜îû�‡yGëûy˜yGëûy�!löìëû�
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‡yëûÐ�•þöìî�ôyöìVþôöì™Ä�ö²Ìy!�þl��y•þ#ëû�‡yîyîû�ö˜Gëûy¥z�ëyëûÐ
!îÊ’þyîû�!¥¤yöìî�~îûy�ôy’þzí!îÊ’þyöìîûîû�þ›ëÅyöìëû�þ›öìîû�ëyîûy�ô%öì‡îû�ôöì™Ä¥z�•þyöì˜îû�
æþy!�þÅ¡y¥z¤’þ� !’þôöì†þ� ™öìîû� îûyöì‡–îyFSéy� öæþy�þyëû� ~î‚� !lîûyþ›˜� ôöìl� †þîûöì¡�
•þyöì˜îû�ô%‡�öíöì†þ�öîîû�†þöìîûÐ�•þöìî�~îûy�îyFSéy�ˆ¡y™/†þîû”�†þîûöì•þG�!¤kþ¥hßìÐ�
!îÊ!’þ‚�†þîûyîû�¤ôëû�öô¡�ö’þôy¤!l�ëöìíÜT�~öì@ýÌ!¤èþ�¥öìëû� þ›öì’þü�æþöì¡�~öì˜îû�
!îÊ!’þ‚� !îöì¥!èþ¥yîû� !lîûyþ›öì˜�xî¤yèþÅ� †þîûyîû��lÄ� !†þv� öî¢�îöì’þüy� �þÄyöìBþîû�
²Ìöìëûy�l�öë‡yöìl�†þôþ›öìÇþ�~†þ�’þ�öìlîû�~†þ�þy�†þöì¡y!löì†þ�îûy‡y�ëyöìî�1­�4éŸé5�
öô¡�!æþöìô¡�xl%þ›yöì•þÐ

Œ3Š�öëy¥y!l�!¤†þ!¡’þÐ�ŒPseudotropheus johanniiŠ�­
ôy¡y’þz¥z� ¥Éöì˜îû�xyöìîû†þ�þy�x•þÄhsý��l!²Ìëû�~î‚�’þzIµ¡�ôySé� ¥öì¡y� öëy¥y!l�
!¤†þ!¡’þÐ�~îûy�ôy¡y’þz¥z�¥Éöì˜îû�~öìuþ!ô†þ�ôySé–�xíÅyê�~öì˜îû�ö†þî¡�~¥z�¥Éöì˜¥z�
²Ìy†,þ!•þ†þ�èþyöìî�þ›yGëûy�ëyëûÐ�öSéy�þ�xîßiyëû�~öì˜îû�ˆyöìëûîû�îû.�~†þ�%þ�¥¡öì˜öì�þ�
¥öì¡G�îëû¤�îy’þüyîû�¤yöìí�¤yöìí�~öì˜îû�ˆyöìëû�’þzIµ¡�l#¡�xyîû�xy†þy¢#�l#¡�
îûöì.îû�‹þG’þüy�þ›y¢yþ›y!¢�̃ yˆ�æ%þöì�þ�Göì‘þ�ëy�~öì˜îû�öíöì†þ�ö‹þy‡�öæþîûyöì•þ�ö˜ëû�lyÐ�
xlÄylÄ� ôy¡y’þz¥z� !¤†þ!¡öì’þîû� ôöì•þy� ~öì˜îûG� †þôþ›öìÇþ� 8éŸé10� �þyîû� Vþ„yöì†þ�
öôy�þyô%!�þèþyöìî�1­�3éŸé4�öô¡�!æþöìô¡�xl%þ›yöì•þ�îûy‡y�èþyöì¡yÐ�¤y¥zöì��öôy�þyô%!�þ�
3éŸé4�¥z!Méþ�¥öì¡G�~îûy�î˜ôy¥z!¢�xyîû�ôyîûyôy!îûöì•þ�xöìl†þöì†þ¥z�!þ›Séöìl�öæþöì¡�
!˜öì•þ� þ›yöìîûÐ�~îûy�²Ì™yl•þ�!lîûy!ô£ìöìèþy�#–¢ÄyG¡y�ö‡öì•þ� þ›Sé¨�†þöìîûÐ�•þöìî�

~îûy�²Ìy”#��ö²Ìy!�þl�G�~†þ˜ô�‡yëû�ly�•þy�lëûÐ�~öì˜îû�öô¡éŸé!æþöìô¡�xy¡y˜y�
†þöìîû�ö‹þlyîû�’þzþ›yëû�¥öì¡y�~öì˜îû�!æþöìô¡öì˜îû�ˆyöìëû�íy†þy�¥¡öì˜öì�þ�†þô¡y�îû.Ð�
!îÊ!’þ‚�~îû�¤ôöìëû�öô¡îûy�þ›Sé¨�ôöì•þy�!æþöìô¡öì†þ�öîöìSé�!löìëû�îy!¡�‡%„öì’þü�!îÊ!’þ‚�
!þ›�þ�÷•þîû#�†þöìîûÐ�ö¤‡yöìl�!æþöìô¡�~†þ¤yöìí�50éŸé60��þy�xî!™�!’þô�ö˜ëû�~î‚�
!’þô�æ%þöì�þ�îyF‹þy�öîöìîûyöìlyîû�¤ôëû�xî!™�!æþöìô¡�îûy�•þyöì˜îû�ô%öì‡�öîûöì‡�ö˜ëûÐ

Œ4Š�öˆyÓþ�†þy’þzëûyDy�Metriaclima sp. Gold Kawanga:
xy!æÊþ†þyl�ôî%ly�ôyöìl�Ö™%ôye�îû.‹þöì.�ˆ’þüöìlîû��lÄ¥z�lëû–�•þyöì˜îû�‹þ�þþ›öì�þ�G�
xye«ô”yd†þ�¥yîèþyî�öëöì†þyöìly�þ›yí%öìîû��þÄy‚öì†þ�~†þ�xllÄ�ôyey�~öìlöì˜ëûÐ�
ôy¡y’þz¥zîû�l#¡�ôyöìSéîû�èþ#öì’þü�Kawanga Gold�öël�~†þ�%þ�xlÄîû†þôÐ�lyöìôîû�
¤yöìí�¤y˜,¢Ä�öîûöì‡¥z�~öì˜îû�î”Å�’þzIµ¡�ö¤yly¡#�¥¡%˜Ð�Ö™%¥z�¥¡%˜�xî¢Ä�lëû–�
¤yöìí�†þyöì¡y�†þyöì¡y�ö’þyîûy�†þy�þy�˜yˆÐ�þ›)”ÅyD�xîßiyëû�÷˜‰öìÅÄ�²Ìyëû�5éŸé5ƒ5�¥z!Méþ�
x!·�öþ›ï„Séöì•þ�þ›yîûy�~¥z�ôySé!�þ�ôî%lyöì˜îû�ôöì™Ä�öî¢�î’þü�²Ì�y!•þÐ�þ›%îû&£ì�ôyöìSéîû�
îû‚�’þzIµ¡�¥öì¡G�ßf#îûy�•%þ¡lyô)¡†þ�xöìl†þ�xl%Iµ¡Ð�ßf#�ôySé�=öì¡y�¥y¡†þy�
îy˜yô#� îöì”Åîû� Gþ›îû� ¥y¡†þy� ¥¡%öì˜îû� ²Ìöì¡þ›ë%_«� ¥ëû–� ö¤¥z� ö¤yly¡#� îlÅ�þy�
~öìÇþöìe� ö˜‡öì•þ� þ›yGëûy� ëyëû� lyÐ� � x•þÄhsý� ôyîû†%þöì�þ� ²Ì†,þ!•þîû� !¥öì¤öìî�
kawanga gold ~îû�öë�î˜lyô�îûöìëûöìSé�•þy�!†þv�!ôöìíÄ�lëûÐ�xyôyîû�!löì�îû�
x!èþKþ•þyîû�öíöì†þ�î¡öì•þ�þ›y!îû�ôye�xy™y�‰r�þyîû�ôöì™Ä�dominance ö˜‡öì•þ�
!ˆöìëû�~†þ!�þ�þ›%îû&£ì�xþ›îû�~†þ!�þ�þ›%îû&öì£ìöì†þ�~ôlèþyöìî�xy¥•þ�†þöìîû�öë�þ›îûî•þÅ#�
~†þ�ôy¤�•þyöì†þ�¥y¤þ›y•þy¡��þÄy‚öì†þ�ßiylyhsý!îû•þ�†þöìîû�!‹þ!†þê¤y�!˜öì•þ�¥ëûÐ�xíÅyê�
~†þy!™†þ�þ›%îû&£ì�ôySé�îûy‡öì•þ�¥öì¡�xÄyöì†þyëûy!îûëûyô�î’þü�¥îyîû�þ›y¢yþ›y!¢�~ôl�
¥öì•þ�¥öìî�ëyöì•þ�²Ìöìëûy�öìl�•%þ¡lyëû�˜%îÅ¡�îy�öSéy�þ�ôySé=!¡îû�¡%öì†þyöìlyîû��lÄ�
ëöìíÜT��yëûˆy�íyöì†þÐ�substrate !¥öì¤öìî�aragonite îy�reef  sand�
îÄî¥yîû�†þîûöì•þ�þ›yöìîûl�~öì•þ�ph buffer ¥ëû�G�!lëûsföìl�íyöì†þÐ�~îû�Gþ›îû�
²Ì‹%þîû�þ›!îûôöìl�þ›yíîû�îÄî¥yîû�†þöìîû�~†þ�þy�†,þ!eô�ôy¡y’þz¥z�îû!†þ�ößñþ›�÷•þ!îû�†þîûy�
öëöì•þ�þ›yöìîûÐ�ë!˜�xÄyöì†þyëûy!îûëûyöìô�þ›yíöìîûîû�’þzþ›îû�xÄy¡!ˆîû�xyhßìîû”�÷•þ!îû�
¥ëû�•þöìî�îÄyþ›yîû�þy�xyöìîûy�̃ ,!ÜTl¨l�¥öìîÐ�
ôy¡y’þz¥z�ö¡öì†þîû�þ›yí%öìîû�xMéþöì¡�öôy�þyô%!�þ�ö¡öì†þîû�’þzþ›!îûèþyöìˆîû�6�öíöì†þ�22�
!ô�þyöìîûîû� ôöì™Ä� ~öì˜îû� î¤!•þÐ� þ›yí%öìîû� •þ¡öì˜öì¢îû� Gþ›îû� �§Ãyöìly� ö¢G¡y�
ö‡öìëû¥z�~öì˜îû��#îlëyþ›lÐ� !†þv�•þyîöì¡�~öì˜îû� þ›!îûþ›)”Å�¢y†þy¥y!îû�èþyîöì¡�
‹þ¡öìî�ly–�†þyîû”�ö¢G¡yîû�¤yöìí�¤yöìí�•þyöì•þ�î¤îy¤�†þîûy�Ç%þoy!•þÇ%þo�²Ìy”#îûyG�
!†þv�~öì˜îû�‡y˜ÄÐ�¤%•þîûy‚�xÄyöì†þyëûy!îûëûyöìô�öþ›y£ìyîû�¤ôëû�ö¤!�þ�ö‡ëûy¡�öîûöì‡�
¢y†þ¤!¶�G�ö²Ìy!�þöìlîû�~îû�†þ!Áºöìl¢l�÷•þ!îû�†þîûy�‡yîyîû�~öì˜îû��lÄ�xyî¢Ä†þÐ�
Spirulina�!˜öìëû�÷•þ!îû�ö†þyöìly�èþyöì¡y�öæÏþ†þ��y•þ#ëû�‡yîyîû�!˜öìl�˜%¥z�öíöì†þ�
!•þlîyîû� x•þÄhsý� xÒ� þ›!îûôyöì”� ö˜Gëûy� ’þz!‹þ•þÐ� •þöìî� ö‡ëûy¡� îûy‡öì•þ� ¥öìî�
†þ‡öìly¥z�öël�‡yîyîû�öî!¢�ly�¥ëû–�†þyîû”�¤ôhßì�ôî%ly�ö˜îû�ô•þ¥z�~öì˜îûG�îÏöì�þîû�
²Ìî”•þy�öî!¢Ð�’%þîhsý�‡yîyîû�îÄî¥yîû�‡yGëûyöìly�~¥z�!˜†þ�!˜öìëû�xöìl†þ�!lîûyþ›˜Ð
öî!¢îûèþyˆ� ôy¡y’þz¥z� !¤†þ!¡’þ� ~îû� ô•þ� kawanga gold G�mouth 
brooderÐ�¤y™yîû”•þ�~†þ�þy�þ›%îû&£ì�xöìl†þ�ßf#�îû�¤yöìí�!ô!¡•þ�¥öì•þ�þ›yöìîûÐ�
•þöìíÄîû�!èþ!_öì•þ�î¡y�ëyëû�ß›!l‚�~îû�þ›îû�öíöì†þ�18éŸé24�!˜l�þ›ëÅhsý�ßf#�ôySé!�þ�
•þyîû�ô%öì‡îû�öèþ•þîû�!’þô�G�þ›îûî•þÅ#�¤ôöìëû�îyFSéyöì˜îû�¤%îû!Çþ•þ�îûyöì‡Ð�~¥z�¤ôëû�



ßf#�¤Á›)”Å�îû*öìþ›�ly�ö‡öìëû�íyöì†þÐ�îyF‹þyîûy�þ›!îûþ›)”Å�èþyöìî�¤„y•þyîû�ö¢‡yîû�þ›îû�
ôyöìëûîû�ô%‡�öíöì†þ�öî!îûöìëû�xyöì¤Ð

Œ5Š�Pseudotropheus sp. ‘red top’ Ndumbi ­�
~îyîû�~†þ�!¤„˜%öìîû�ôyöìSéîû�̂ ÒÐ�ôy¡y’þz¥z�¥Éöì˜îû�xlhsý��¡îûy!¢�~öì˜îû�îy¤è)þ!ô�
¥öì¡G� !îˆ•þ� †þöìëû†þ� îSéöìîûîû� ôöì™Ä¥z�‡%î�¤¥öì�¥z�~îûy�~öì˜îû�~¥z�xlî˜Ä�
îû*öìþ›îû� ö˜ï¡öì•þ� �yëûˆy� †þöìîû� !löìëûöìSé� öôöìSéyöì˜îû� †þ „yöì‹þîû� ‰öìîûÐ�
Pseudotropheus sp. ‘red top’ Ndumbi lyô!�þ�˜„y•þèþyDy�¥öì¡G�ôySé!�þ�
x•þÄhsý� ¤¥öì�¥z� öþ›y£ìy� ëyëûÐ� ¤y™yîû”•þ� ²Ì�löìlîû� ¤ôëû� Séy’þüy� ~îûy� öî!¢�
xy@ýÌy¤l�ö˜‡yëû�ly�Œë!˜G�!mô•þ�íy†þöì•þ�þ›yöìîûŠÐ�ôy¡y’þz¥z�¥Éöì˜îû�’þz_îûèþyöìˆ�
•þyl�y!lëûyîû� þ›yí%öìîû� xMéþöì¡� !î‹þ!îû•þ� ~¥z� ²Ì�y!•þ� ²Ìíô� ö¢yly� ëyëû�
Andreas Spreinat ~îû�î¥zöì•þÐ�
’þz_îû�ôy¡y’þz¥z�îû�Ndumbi xMéþöì¡îû�!îhß,ì•þ��¡îûy!¢�öôy�þyô%!�þèþyöìî�!•þl�
îû†þöìôîû�ndumbi !¤†þ!¡’þ�~îû�îy¤ßiyl�¥öì¡G�–�!îöì¢£ìKþ�îûy�~öì˜îû�~†þ�þy�
!ß›!¤öì¤îû� ôöì™Ä¥z� ~öìlöìSél� ŒPseudotropheus sp. NdumbiŠÐ� öë‡yöìl�
Ndumbi rift ~îû� †þyöìSé� þ›yGëûy� !ß›!¤¤� ö†þ� lyô� ö˜Gëûy� ¥öìëûöìSé�
Pseudotropheus sp. Ndumbi –�G�̃ !Çþ”�èþyöìˆ�Pombo reef  ~îû�†þyöìSé�
þ›yGëûy� ~†þ¥z� ôyöìSéöì˜îû� lyô†þîû”� ¥öìëûöìSé� ëíye«öìô� Pseudotropheus sp. 
perspicax orangcax orange-cap G Pseudotropheus sp. perspicax 
yellow breast icax yellow breast Œ!îÙ»l!¨•þ� !¤†þ!¡’þ� !îöì¢£ìKþ�
†þy¡Å¤l�1997–�G�ö†þy!l‚¤�1995�~îû�ôöì•þŠÐ
²Ìy†,þ!•þ†þ�îy¤è)þ!ô­�•þyl�y!lëûyîû�þ›)îÅ�’þzþ›†)þ¡�•þíy�ôy¡y’þz¥z�¥Éöì˜îû�’þz_îû�!˜öì†þîû�
!îhßì#”Å� xMéþöì¡îû� þ›yíöìîûîû� ‡„y�� =öì¡y¥z� ~öì˜îû� ²Ì™yl� !î‹þîû”öìÇþeÐ� ¥Éöì˜îû�

’þzþ›!îûèþyˆ�öíöì†þ�öôy�þyô%!�þ�!•þl�!ô�þyöìîûîû�ôöì™Ä�öë‡yöìl��öì¡îû�²Ìîy¥�~†þ�%þ�
öî!¢îû�!˜öì†þ�ö¤‡yöìl¥z�~öì˜îû�‰%öìîû�öî’þüyöì•þ�ö˜‡y�ëyëûÐ�
¢yîû#!îû†þ�̂ ’þüöìlîû�!˜†þ�!˜öìëû�þ›!îû”•þ�xîßiyëû�þ›%îû&£ì�Ndumbi ‹þyîû�¥z!Méþ�þ›ëÅhsý�
î’þü�¥öì•þ�þ›yöìîû�öë‡yöìl�ßf#�ôySé�~†þ�%þ�öSéy�þ–�¥z!Méþ�!•þöìlöì†þîû�¥ëûÐ�öî!¢îûèþyˆ�
xy!æÊþ†þyl�ôî%lyöì˜îû�ôöì•þy¥z�~öì˜îû�þ›%îû&£ìöì˜îû�¢îû#öìîû¥z�îûöì.îû�Sé�þy�xöìl†þ�öî!¢�
ö˜‡öì•þ�þ›yGëûy�ëyëûÐ�l#¡yèþ�¤y˜y�îöì”Åîû�Gþ›îû�ôyíyîû�¡y¡�!¤„˜%öìîû�îû.�~†þ�
xlî˜Ä� îû*þ›� ö˜ëû� ~öì˜îûÐ� ë!˜G�ßf#� îûy� ¥y¡†þy� ™)¤îû� îöì”Åîû� ¥ëûÐ� ‡yîyöìîûîû�
îÄyþ›yöìîû�Ndumbi !lîûy!ô£ìy¢#�¥öì¡G�~öì†þîyöìîû¥z�öë�²Ìy”#��ö²Ìy!�þl�~öì˜îû�
‡y˜Ä�•þy!¡†þyöì•þ�íyöì†þ�ly�•þy�î¡y�ëyëû�lyÐ�²Ìy†,þ!•þ†þ�xyîy¤ßiöì¡� þ›yíöìîûîû�
‡„yöì�� ‡„yöì�� �§Ãyöìly� �¡�� ÷¢îyöì¡îû� ¤yöìí� ¤yöìí� öSéy�þ� öSéy�þ� phyto 
plankton G�öþ›y†þy�ôy†þöì’þüîû�!’þô�¤î¥z�~öì˜îû�‡y˜Ä•þy!¡†þy�ö•þ�‹þöì¡�xyöì¤Ð�
•þöìî�•þyîû�þ›!îûôyl�!†þv�¤#!ô•þÐ�Aquarium ~îû�öÇþöìe�~¥z�îÄyþ›yîû�þy�ö†þ�
~†þ�%þ� ôyíyëû� öîûöì‡� ~öì˜îû� ö‡öì•þ� !˜öì¡¥z� xyîû� ö†þyöìly� ¤ô¤Äy� íyöì†þ� lyÐ�
!ß›îû&!¡ly� ’þzþ›y˜yl� ë%_«� þ›Äyöì¡�þ� æ%þ’þ� îy� öæÏþ†þ� æ%þ’þ� !˜öì•þ� þ›yöìîûlÐ� ôyöì¤�
~†þîyîû� †þöìîû� brine shrimp ¤yöìí� xÒ� daphnia G� îûy‡öì•þ� þ›yöìîûl�
‡y˜Ä•þy!¡†þy�ö•þ�–�•þöìî�ö¤�þy�Ö™%ôye�ßºy˜�î˜öì¡îû��lÄÐ
öëöì†þyöìly�²Ì�y!•þîû�îy¤ßiyl�!lôÅyöì”îû�¤ôëû�•þyöì˜îû�²Ìy†,þ!•þ†þ�xyîy¤ßiöì¡îû�
†þíy�ö‡ëûy¡�îûy‡öì¡¥z�xyîû�ö†þyöìly�¤ô¤Äy�íyöì†þlyÐ�•þy¥z�~öì˜îû��lÄ��þÄy‚†þ�
÷•þ!îûîû�¤ôëû�îy!¡îû�¤yîöìÞ�þÆ�þ�!˜öìëû�•þyîû�’þzþ›îû�²Ì‹%þîû�þ›yíîû�!˜l–�öëöì¥•%þ�~îûy�
~†þ�%þ��öì¡îû�²Ìîy¥�þ›Sé¨�†þöìîû�~†þ�%þ�èþyöì¡y flow�~îû�îÄîßiy�†þîûöì•þ�þ›yöìîûlÐ�
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²Ì!•þ!˜l�!˜öì•þ�¥öìî�ëyöì•þ�xÄyöì†þy!îûëûyô�Ammonia ôyey�îy’þüöì•þ�þ›yöìîû�~î‚�
•þyîûþ›îû�ö¤¥z�xÄyöìôy!lëûyöì†þ�ly¥zöì�þÆy�ö¤yöìôyly¤�îÄy†þ!�þ!îûëûyû�öèþöì.�ly¥z�þÆy¥zöì�þ�
þ›!îû”•þ�†þöìîûÐ�•þyîûþ›îû�ly¥zöì�þÆy�îÄy†þþ!�þ!îûëûy�ö¤¥z�ly¥z�þÆy¥z�þ�þyöì†þ�öèþöì.�ly¥zöì�þÆ�þ�
ö¤�þ›!îû”•þ�†þöìîûÐ�öë�ly¥zöì�þÆ�þöì†þ�@ýÌ¥”�†þöìîû�ˆySé�î,!kþ�þ›yëûÐ�ë‡l�~¥zèþyöìî�
xÄyöì†þy!îûëûyöìô�îûy‡y��¡�ly¥zöì�þÆyöì�l�¤y¥zöì†þ¡�†þô!²Õ�þ�†þöìîû�xÄyöìôy!lëûy�0–�

ly¥z�þÆy¥z�þ�0 ~î‚� �ly¥zöì�þÆ�þ�20�öíöì†þ�30� !þ›ƒ� !þ›ƒ�~ô�~öì¤�˜„y’þüyëû�•þ‡l�
ly¥zöì�þÆyöì�l�¤y¥zöì†þ¡�¤Á›)”Å� ¥ëû�~î‚�xÄyöì†þy!îûëûyöìô�ˆySé�G�ôyöìSéîû��lÄ�
¤Á›)”Å�èþyöìî�²ÌÝ•þÐ
Œ3Š� Substrate- ²ÕÄylöì�þ’þ� xÄyöì†þy!îûëûyöìôöì•þ� ¤yî¤öì�þÆ�þ� !¥öì¤öìî� ëy�
îÄî¥yîû�†þîûy�¥ëû�•þy�²Ì™yl•þ�!•þl�²Ì†þyöìîûîû�¥öìëû�íyöì†þ�~î‚�~¥z�¤yî¤öì�þÆ�þ=!¡�
²Ì™yl•þ�îÄî¥yîû�†þîûy�¥ëû�̂ ySéöì†þ�xÄy†þîû�†þîûyîû��lÄ�!m•þ#ëû•þ�̂ yöìSéîû�!¢†þöì’þüîû�
ôy™Äöìô�!l’þz!�þÆöìëûr�þ�¤y²Õy¥z�†þîûyîû��lÄÐ�!•þl�²Ì†þyöìîûîû�¤yî¤öì�þÆ�þ�1ƒ�îy!¡�2ƒ�
îy!¡�‹þy¡y� þ›ye�~î‚�3ƒ�ôy!�þ� éŸŸŸé�~¥z�ôy!�þ�ˆyöì’Åþl�¤öìëû¡G�¥öì•þ� þ›yöìîû�îy�
îÊÄyöìuþ’þ� ôy!�þ� ¥öì•þ� þ›yöìîûÐ� ~¥z� îÊÄyöìuþ’þ� ôy!�þ=!¡� ²Ì™yl•þ� ôy!�þ–� !þ›�äþô¤–�
‹þyîûöì†þy¡�îy�†þy‘þ†þëû¡y�~î‚�xÄyöìôy!lëûy�G�ly¥zöì�þÆ�þ�!˜öìëû�÷•þ!îû�¥ëû�íyöì†þ�öë�þy�
!†þly� xÄyöì†þy!îûëûyöìôöì•þ� �öì¡îû�pH öô¥zlöì�þl� †þîûöì•þ� ¤y¥yëÄ� †þöìîû� ~î‚�
ˆySéöì†þ�!¢†þöì’þüîû�ôy™Äöìô�!l’þz!�þÆöìëûr�þ¤ä�¤y²Õy¥z�†þöìîûÐ�
Œ4Š�¡y¥z�þéŸŸ�²ÕÄylöì�þ’þ� xÄyöì†þy!îûëûyô� ‡%î¥z� ¤%¨îû� ö˜‡öì•þ� ¡yöìˆ�xyîû� ~¥z�
ö¤ï¨ëÅ�Ö™%ôye�¡y¥zöì�þîû��lÄ�¤½þî�¥ëûÐ�†þyîû”�¡y¥z�þ�ly�íy†þöì¡�ö¤¥z�ö¤ï¨ëÅ�
xyôîûy�ö˜‡öì•þ¥z� þ›yîûî�lyÐ�xÄyöì†þy!îûëûyöìôîû�¡y¥z�þ�xyôîûy� !†þ�ö˜îÚ�†þ•þ�þy�
¡y¥z�þ�!˜öì¡�þ›öìîû�̂ ySé�î,!kþ�þ›yöìîÚ�!†þ�†þy¡‹þyöìîûîû�¡y¥z�þ�xyôîûy�îÄî¥yîû�†þîûîÐ
²ÕÄylöì�þ’þ�xÄyöì†þy!îûëûyöìôîû�¡y¥z�þ�!l™Åy!îû•þ�†þîûöì•þ�öˆöì¡�¤îyîû�²Ìíô�ôyíyëû�
îûy‡öì•þ�¥öìî�•þyîû� ’þzIµ¡•þy� ö†þôl�~î‚� !†þ�ˆySé�xyôîûy�xÄyöì†þy!îûëûyöìôöì•þ�
îÄî¥yîû�†þîû!SéÐ�²Ì™yl•þ�²ÕÄylöì�þ’þ�xÄyöì†þy!îûëûyöìôîû�ˆySéöì†þ�!•þl!�þ�èþyöìˆ�èþyˆ�
†þîûy� ¥öìëûöìSééŸŸŸé� Œ1Š� ¥z!�� !’þôy!uþ‚� Œ2Š� !ô!’þëûyô� !’þôy!uþ‚�~î‚� Œ3Š� ¥y¥z�
!’þôy!uþ‚Ð�
Œ1Š�¥z!��!’þôy!uþ‚�= 10éŸé20�¡%öìôl�þ›yîû�!¡�þyîûÐ
Œ2Š�!ô!’þëûyô�!’þôy!uþ‚��=�20éŸé40�¡%öìôl�þ›yîû�!¡�þyîûÐ
Œ3Š�¥y¥z�!’þôy!uþ‚��=�40�•þyîû�öíöì†þ�öî!¢�¡%öìôl�þ›yîû�!¡�þyîûÐ
²ÕÄylöì�þ’þ� xÄyöì†þy!îûëûyöìôîû� ˆyöìSéöì˜îû� P.A.R� Œöæþyöì�þy!¤öìsi!�þ†þ� xÄy†þ!�þèþ�
öîû!’þöìëû¢ylŠ
�Göìëûèþöì¡si�400éŸé700�nmÐ�
îÏ%�¡y¥z�þ�400éŸé460�nmÐ
öîû’þ�¡y¥z�þ�580éŸé700�nmÐ
~¥z� Göìëûèþöì¡öìsiîû� ²Ìöìëûy�l� ¥öìëû� íyöì†þ� ëyöì†þ� ˆyöìSéîû� öæþyöì�þy!¤öìsi!¤öì¤îû�
¤%!î™y� ¥ëû� ˆyöìSéîû� öÞ�þöìôîû� ö@ýÌyí� ¥ëû� ~î‚� ëöìíÜT� þ›!îûôyöì”� ö†Ïþyöìîûy!æþ¡�
²Ì’þy†þ¢l�¥ëûÐ
öë� ö†þyl� ™îûöìlîû� ¤y˜y�¡y¥z�þ� ëyîû�Kelvin 6500�íyöì†þ�~î‚� öß›†þ�þÆyô�
Göìëûèþ�ö¡si�400éŸé700�¥ëû�ö¤¥z�¡y¥z�þ�xyôîûy�xÄyöì†þy!îûëûyöìô�îÄî¥yîû�†þöìîû�
öë�ö†þyl�îû†þöìôîû�̂ ySé�î’þü�†þîûöì•þ�þ›y!îûÐ
~†þ!�þ�=îû&cþ›)”Å�!î£ìëû�l#¡�xyöì¡yîû�öæþy�þl�öSéy�þ�Göìëûèþ�ö¡öìsiîû�¥öìëû�íyöì†�
~î‚�¡y¡�xyöì¡yîû�öæþy�þl�¡Áºy�Göìëûèþ�ö¡öìsiîû�¥öìëû�íyöì†þÐþˆyöìSéîû�8éŸé10�þy�
öæþy�þl¤ä� ²Ìöìëûy�l� ¥ëûÐ� ô!¡!†þ’þz¡� †þyîÅl’þy¥zx:y¥z’þ� öæþyöì�þy!¤öìsi!¤öì¤�
îy¥zuþ�†þîûyîû��lÄÐ 
•þy¥z�¡y¡�xyöì¡y�l#¡�xyöì¡yîû�öíöì†þ�öî!¢�öæþy�þl�’þzêþ›y˜l�†þöìîû–�•þy¥z�¡y¡�
xyöì¡y� öæþyöì�þy!¤öìsi!¤öì¤îû� �lÄ� ‡%î¥z� èþyöì¡yÐ� öæþy�þlöì†þ� †þy’þzr�þ� †þîûy� ¥ëû�
ôy¥zöìe«yöìôy¡¤ä�!˜öìëûÐ
~†þ!�þ� ²ÕÄylöì�þ’þ� xÄyöì†þy!îûëûyöìô� ¥z!�� !’þôy!uþ‚� ²ÕÄyr�þ¤� ö@ýÌy� †þîûöì•þ� öˆöì¡�
!ô!lôyô�50-60 Mmo/s/m2�Œôy¥zöìe«yöìôy¡¤ä�²Ì!•þ�!ô�þyîû�ößñyëûyîû�²Ì!•þ�

oö¤öì†þuþŠ–�!ô!’þëûyô�!’þôy!uþ‚�²ÕÄyr�þ�90-100 Mm�~î‚�¥y¥z!’þôy!uþ‚�180 -

˜#þ›Bþîû�èþRy‹þyëÅ



200 mmols/m2/s�²ÕÄyr�þ�²Ìöìëûy�l�¥ëûÐ
6500K-1000 ¡%öìôöìlöì•þ�¥ëû�–�23mmols/s/m2/s
ö¤¥z�†þyîûöì”�•þy’þüy•þy!’þü�ˆyöìSéîû�ö@ýÌyí�†þîûyîû��lÄ�xöìlöì†þ�W.R.G.B�¡y¥z�þ�
îÄî¥yîû�†þöìîû�íyöì†þÐ

CO2�†þyîÅl’þy¥zx:y¥z’þ
²ÕÄylöì�þ’þ�xÄyöì†þy!îûëûyöìô�æþy!�Åþ¡y¥z�yîû�!löìëû�xyöì¡y‹þly�†þîûöì•þ�öˆöì¡�²Ìíöìô¥z�
ôyíyëû�îûy‡öì•þ�¥öìî�öë�xÄyöì†þy!îûëûyöìôöì•þ�†þyîÅléŸé’þy¥zéŸéx:y¥z’þ�ö˜Gëûy�¥öìFSé�
!†þlyÐ� †þyîÅléŸé’þy¥zéŸéx:y¥z’þ� ö˜Gëûyîû� !†þS%é� þ›kþ!•þ� îûöìëûöìSéÐ� ²Ìíô� þ›kþ!•�
ö²Ì¢yîûy¥z¤’þ�CO2 !¤öìÞ�þôÐ�öë‡yöìl�¥y¥z�ö²Ì¤yöìîûîû�CO2�™y•þî�!¤!¡uþyöìîûîû�
!èþ•þöìîû�èþîûy�íyöì†þ�~î‚�èþyÍº–�†þöìr�þÆy¡yîû–�ö²Ì¤yîû�öˆ�ä–�îyöìî¡�†þy’þzr�þyîû�~î‚�
ö†þ’þz�ö†þ’þz�ö¤yöì¡löìëû’äþ�èþyÍº�G�îÄî¥yîû�†þöìîûl�xöì�þyöìô!�þ†þ�¤y²Õy¥z�xlä�G�
¤y²Õy¥z�xæþ�†þîûyîû��lÄÐ�~¥zîyîû� ö¤¥z� ö²Ì¤yîûy¥z’þ�CO2� !¤!¡†þlä� þ›y¥zöìþ›�
ôy™Äöìô�xÄyöì†þy!îûëûyô�ô™Äßi�!’þ!æþ’þz¤yîû�!˜öìëû��öì¡îû�ôöì™Ä�öSéy�þ�öSéy�þ�îyîä¡¤ä�
÷•þ!îû�†þöìîû�!’þ!æþ’þz¤�†þîûy�¥ëûÐ��xyîyîû�xöìlöì†þ�¥zl�¡y¥zl�CO2�!’þ!æþ’þz¤yîû�
îÄî¥yîû�†þöìîû�íyöì†þ�öë‡yöìl�!æþÎ�þyîû�öíöì†þ��¡�xÄyöì†þy!îûëûyöìôîû�ôöì™Ä�ëyGëûyîû�
¡y¥zöìlîû�ôöì™Ä�~!�þöì†þ�¡yˆyöìly�¥ëû�ëyöì•þ�CO2 !�þ�¤Á›)”Å�èþyöìî��öì¡îû�¤öìD�
öôöì¢�~öì•þ�CO2�lÜTG�†þô�¥ëû�~î‚�¤¥öì�¥z�öîû�yÎ�þ�þ›yGëûy�ëyëûÐ�!m•þ#ëû�
þ›kþ!•þ� ¥¡� DIY !¤¤öì�þôÐ� ~¥z� þ›kþ!•þöì•þ� !löì�îûy¥z� ²Ìöìëûy�l#ëû� CO2�
ö�lyöìîû�þ�†þöìîû�ölGëûy�öëöì•þ� þ›yöìîûÐ�~îû�ôöì™Ä�¤y¥z!�þÆ†þ�xÄy!¤’þ�G�öî!†þ‚�
ö¤y’þy� þ›kþ!•þ�¤î�öíöì†þ�öî!¢�†þyëÅ†þîû�xyöìîûy�†þöìëû†þ!�þ�²Ìöìôy¤ä�îûöìëûöìSé�öë�
îû†þô�!‹þ!l�G�¥zÞ�� �CO2þ�ö�lyöìîû�þyîû�Œ•þöìî�~¥z�þ›kþ!•þöì•þ�ö²Ì¤yîû�‡%î¥z�†þô�
íyöì†þ�~î‚�!l!˜ÅÜT�ôyeyëû�xÄyöì†þy!îûëûyöìôîû��öì¡îû�¤öìD�oî#è)þ•þ�†þîûy�ëyëû�lyŠÐ
ë!˜�xyôîûy�xÄyöì†þy!îûëûyöìôîû��öì¡îû�¤yöìí�25-30 PPM CO2�öô¢yöì•þ�¤Çþô�
¥¥z�•þy¥öì¡��öì¡îû�pH�~†þ�¥z’þz!l�þ�†þôyöì•þ�¤Çþô�¥îÐ�ë!˜�™îûy�ëy†þ�CO2�
xÄyöì†þy!îûëûyöìô�‹þy¡%�†þîûyîû�xyöìˆ�pH�7.5�¥z’þz!l�þ�¥ëû�~î‚�î¦þ�†þîûîyîû�¤ôëû�
pH�6.5 ¥ëû�•þy¥öì¡�xy¨y��25-30�PPM CO2�xyôîûy�oî#è)þ•þ�†þîûöì•þ�
¤Çþô�¥öìëû!SéÐ
¥z!��!’þôy!uþ‚�̂ yöìSéöì˜îû�5-10�PPM CO2�²Ìöìëûy�l�¥ëûÐ
!ô!’þëûyô�!’þôy!uþ‚�̂ yöìSéöì˜îû�10-15�PPM CO2�²Ìöìëûy�l�¥ëûÐ
¥y¥z�!’þôy!uþ‚�̂ yöìSéöì˜îû�30�G�•þyîû�öî!¢�PPM CO2�²Ìöìëûy�l�¥ëûÐ�

!m•þ#ëû�=îû&cþ›)”Å� !î£ìëû� !†þ�æþy!�þÅ¡y¥z�yîû� ö’þ!�‚�†þîûî�†þ•þ�þy�æþy!�ÅþÅ¡y¥z�yîû�
ö’þ!�‚� †þîûî� ö¤� !î£ìöìëû� xyöì¡y‹þly� †þîûöì•þ� öˆöì¡� ²Ìíöìô� î¡öì•þ� ¥ëû�
æþy!�Åþ¡y¥z�yîû�ö’þ!�‚�̃ %�²Ì†þyöìîûîû�¥ëûÐ
²Ìíô� !îû‹äþ� æþy!�Åþ¡y¥z�yîû� ö’þ!�‚� îy� ~¤!�þöìô!�þèþ� ¥zlöì’þ:� Œ~¥z� þ›kþ!•þîû�
xy!îÜñyîûöì†þîû�lyô��þô�îîûäŠÐ�~¥z�þ›kþ!•þöì•þ�!l’þz!�þÆöìëûr�þ¤ä�ö’þ!�‚�†þîûîyîû�þ›öìîû�
ö�þÞ�þ�!†þ�þ�!˜öìëû�ôyþ›îyîû�²Ìöìëûy�l�þ›öì’þü�lyÐ�xÄyöì†þy!îûëûyöìôîû��öì¡�²Ìöìëûy�l#ëû�
!l’þz!�þ Æöìëûr�þ¤� x!•þ!îû_«� ôyeyëû� íyöì†þÐ� ëyöì•þ� !†þly� ‡%î� ¥y¥z¡y¥z�äþ�
Œ450Mmo/s/m2/sŠ� öæþyöì�þy!¤öìsi!�þ†þ� öæþy�þl� æÏþÄy:� ö’þl!¤!�þöì•þ�G�
!l’þz!�þÆöìëûr�þ¤ä� ö’þ!æþ!¤öìëûl!¤� ö‹þyöì‡� þ›öì’þü� lyÐ� ~¥zîyîû� !†þ� æþy!�Åþ¡y¥z�yîû�
~!Þ�þöìô!�þèþ¥z�ö’þöì:�öôíöì’þ�†þ•þ�þy�̂ yöìSéîû�myîûy�xÄyî¤èÅþþ�¥öì•þ�þ›yöìîûÐ�
ly¥zöì�þÆ�þ�NO3 1-5PPM 
xÄyöìôy!lëûy� �NH4 0,1-0.8 PPM  Œë!˜�ly¥zöì�þÆ’þ� ly� ö’þy¤ä� †þîûy� ¥ëû�
•þy¥öì¡�‡%î�˜Çþ�xÄyöì†þy!îûëûyô�ly�¥öì¡�xÄyöìôy!lëûy�xÄyöì†þy!îûëûyöìô�ö’þy!�‚�
†þîûyîû�ö†þyöìly�²Ìöìëûy�l�öl¥zÐŠ
æþ¤öìæþ�þ�PO4 0.2-0.6 PPM 
~¥z�þ›kþ!•þ�îÄî¥yîû�†þîûyîû�öÇþöìe�¥y¥z¡y¥z�þ�~î‚��öì¡�oî#è)þ•þ�íy†þy�îyNþl#ëû�
~î‚�25-30PPM CO2�²Ì!•þ�¤®yöì¥�†þôþ›öìÇþ��¡�þ›y¡�þyöìly�îyNþl#ëûÐ�
~!Þ�þöìô!�þèþ�¥zlöì’þöì:�æþy!�Åþ¡y¥z�yîû�ö’þy!�‚�~îû� þ›kþ!•þ�x¡�þyîûöìl!�þèþ�ö’þ�
ö•þ� !•þl!˜l�ôy¥zöìe«y�xyîû� !•þl!˜l�ôÄyöìe«y�~î‚�¤®yöì¥îû� ö¢£ì!˜l�50% 
Gëûy�þyîû�ö‹þOÐ�

Example–

Sunday  Monday  Tuesday  Wednesday  Thursday  Friday  Saturday
(50% 
Water
Change)
Macro   Micro     Macro     Micro       Macro     Micro  No Dosing

10-20�̂ Äy¡l�
*KNO3 -1/8 tsp
*KH2PO4 -1/32tsp
*K2SO4 -1/32tsp
*Micros-1/32tsp

40-60 ̂ Äy¡l 
*KNO3 -1/2 tsp
*KH2PO4-1/8tsp
*K2SO4-1/8tsp
*Micros-1/8tsp

60-80 ̂ Äy¡l 
*KNO3 -3/4 tsp
*KH2PO4 -3/16tsp
*K2SO4 -1/4tsp
*Micros-1/4tsp

100-125 ̂ Äy¡l 
*KNO3-1tsp+1/2 tsp
*KH2PO4 -1/2tsp
*K2SO4 -1/2tsp
*Micros-1/2tsp

’þz¥z†þ!¡��þyöìˆÅ�þ�öîûöìO¤ä�xæþ�!l’þz!�þÆöìëûr�þ¤�~uþ��CO2 
*CO2-30 PPM
*NO3-5-30 PPM
*K- 10-30 PPM
*PO4-1.0-3.0 PPM
*Fe-0.2-0.5 PPM or higher
*GH range 3-5 degrees-50 PPM or high 
*KH range 3-5

ö�þy�þy¡�ö’þ¥z!¡�ö’þy�ä�¥zl�tsp/10�̂ Äy¡l�(PPM) 
7.5 PPM NO3� �þyöìˆÅ�þ� öþ›„ïSéöì•þ� 463� !ô!¡@ýÌyôä� Œ¥z!†þ’þzèþÄyöì¡r�þ� �%þ�
1/16tspŠ KNO3 10�̂ Äy¡öìlîû�xÄyöì†þy!îûëûyöìôîû��lÄ
NO3 7.5 PPM
N-1.69 PPM
K-4.73 PPM
7.5 PPM K� �þyöìˆÅöì�þ� öþ›„ïSéöì•þ� 633� !ô!¡@ýÌyôä� Œ¥z!†þ’þzèþÄyöì¡r�þ� �%þ�
1/16tsp+1/32tspŠ K2SO4 10�̂ Äy¡öìlîû�xÄyöì†þy!îûëûyöìôîû��lÄÐ
K-7.5 PPM
S-3.08 PPM
1.3 PPM PO4� �þyöìˆÅöì�þ� öþ›„ïSéöì•þ� 90� !ô!¡@ýÌyôä� Œ¥z!†þ’þzöìèþöì¡r�þ� �%þ�
1/64tspŠ K2HPO4 10�̂ Äy¡öìlîû�xÄyöì†þy!îûëûyöìôîû��lÄÐ
PO4 -1.3 PPM
P- 0.42 PPM
K-1.07 PPM



0.2 PPM Fe �þyöìˆÅöì�þ� öþ›„ïSéöì•þ� 116� !ô!¡@ýÌyôä� Œ¥z!†þ’þzöìèþöì¡r�þ� �%þ�
1/64tspŠ�EDTA micromix 10�̂ Äy¡öìlîû�xÄyöì†þy!îûëûyöìôîû��lÄÐ
Fe- 0.2 PPM
Mn- 0.057 PPM
Cu- 0.003 PPM
Mg-0.043 PPM
Zn- 0.011 PPM
Mo- 0.002 PPM
B- 0.025 PPM
dGH-0.01
þ›yîû!þ›‹%þöìëû¡�!þ›�yîûöìèþ¢l�!¤öìÞ�þô�ŒPPSŠ�~¥z� !¤öìÞ�þöìô�æþy!�Åþ¡y¥z�yöìîûîû�
Þ�þ†þ�¤!¡’þz¢l�!löì��îy!löìëû�¥zl!’þ!èþ�%ëûy!¡�²Ì!•þ!˜l�¥z’þz¤�†þîûy�ëyëûÐ�~îû�
�öìlÄ�²Ìöìëûy�l#ëû�öë�¤Î�þ=!¡�xyôyöì˜îû�!löì•þ�¥öìî�ö¤=!¡�ëíye«öìôéŸŸŸé
ôÄyöìe«y¤�Œ500ml�!’þ!Þ�þ¡�Gëûy�þyöìîû�öô¢yöì•þ�¥öìîŠ
K2SO4éŸéþ›�þy!¢ëûyô�¤y¡öìæþ�þéŸé29.3 gm
KNO3þ�›�þy!¢ëûyô�ly¥zöì�þÆ�þéŸé�32.6 gm
KH2PO4 ôöìlyþ›�þy!¢ëûyô�æþ¤öìæþ�� -2.9 gm
MgSO4�ôÄyˆöìl!¢ëûyô�¤y¡öìæþ�þéŸé�20.2 gm

ôy¥zöìe«y¤éŸŸŸé (TE-ö�þÆ¤�~!¡öìôr�þŠþéŸé�500ml� !’þ!Þ�¡�Gëûy�þyöìîû� öô¢yöì•þ�
¥öìîÐ
EDTA-Micromix-28.6gm. 
þ�~¥z�™îûöìlîû�æþy!�Åþ¡y¥z�yîû�ö’þy!�‚�~îû�†þÄy¡†%þöì¡¢yl�
ôÄyöìe«y¤éŸé²Ì!•þ!˜l�ö’þy��†þîûöì•þ�¥öìî�1ml�þ›yîû�10�ˆÄy¡l¤ä�îy�40�!¡�þyîû�
�öì¡Ð�²Ì!•þ!˜l�xÄyöì†þy!îûëûyöìôîû�xyöì¡y��µy¡yöìlyîû�xyöìˆÐ��
ôy¥zöìe«yéŸé²Ì!•þ!˜l�ö’þy�ä�†þîûöì•þ�¥öìî�þ0.5ml�þ›yîû�10�̂ Äy¡l¤ä�îy�40�!¡�þyîû�
�öì¡Ð�²Ì!•þ!˜l�xÄyöì†þy!îûëûyöìôîû�xyöì¡y��µy¡yöìlyîû�xyöìˆÐ�
~¥z�ôyeyëû�ö’þy!�‚�†þîûyîû�þ›öìîû�öë�æþ¡yæþ¡�þ›yGëûy�ëyöìî�•þy�¥¡�ëíye«öìôéŸŸŸ
1PPM No3
0.1 PPM PO4
1.33 PPM K
0.1 PPM Mg
0.05PPM TE (ö�þÆ¤�~!¡öìôr�þŠ
²Ì!•þ�¤®yöì¥ 50% Gëûy�þyîû�ö‹þO�†þîûy�îyNþl#ëûÐ
ö¡y�¡y¥z�þéŸŸŸé�PPS�þ›kþ!•þöì•þ�†þô�xyöì¡yîû�²ÕÄylöì�þ’þ�xÄyöì†þy!îûëûyöìô�ö’þy!�‚�
ëíye«öìô�ôÄyöìe«y¤�þ0.5ml�ùû�10�̂ Äy¡l¤ä�îy�40�!¡�þyîû�ôy¥zöìe«yô�0.25ml�
ùû�10 ̂ Äy¡l¤ä�îy�40�!¡�þyîû�Gëûy�þyîû�ö‹þO�50% �¤®yöì¥�~†þîyîûÐ�~¥z�ôyeyëû�
ö’þy!�‚�†þîûöì¡�!l’þz!�þÆöìëûr�þ¤�~îû�ö¡öìî¡éŸŸŸé
7PPM No3
0.7 PPM Po4
9 PPM K
0.7 PPM Mg
0.35PPM Fe (TE)
!ô!’þëûyô� ¡y¥z�þéŸŸŸé� PPS þ›kþ!•þöì•þ� !ô!’þëûyô� xyöì¡yöì•þû� ²ÕÄylöì�þ’þ�
xÄyöì†þy!îûëûyöìô�ö’þy!�‚�ëíye«öìô�ôÄyöìe«y¤�1ml�ùû�10�̂ Äy¡l¤ä�îy�40 !¡�þyîû�
ôy¥zöìe«yô�0.5ml�ùû�10 ̂ Äy¡l¤ä�îy�40�!¡�þyîû�Gëûy�þyîû�ö‹þO�50%  ¤®yöì¥�
~†þîyîûÐ�~¥z�ôyeyëû�ö’þy!�‚�†þîûöì¡�!l’þz!�þÆöìëûr�þ¤�~îû�ö¡öìî¡éŸŸŸé
14PPM No3

1.4 PPM PO4

18 PPM K
1.4 PPM Mg
0.7PPM Fe (TE)

¥y¥z¡y¥z�þéŸŸŸé� þPPS þ›kþ!•þöì•þ�¥y¥z¡y¥zöì�þû�²ÕÄylöì�þ’þ�xÄyöì†þy!îûëûyöìô�ö’þy!�‚�
ëíye«öìô�ôÄyöìe«y¤�þ2ml�ùû�10 ̂ Äy¡l¤ä�îy�40�!¡�þyîû�ôy¥zöìe«yô�1ml ùû�10�
ˆÄy¡l¤ä�îy�40� !¡�þyîû�Gëûy�þyîû�ö‹þO�50% �¤®yöì¥�~†þîyîûÐ�~¥z�ôyeyëû�
ö’þy!�‚�†þîûöì¡�!l’þz!�þÆöìëûr�þ¤�~îû�ö¡öìî¡�ëíye«öìô�éŸŸŸé
28 PPM No3

2.8 PPM PO4

36 PPM K
2.8 PPM Mg
1.4PPM Fe (TE)
~¥z�þ›kþ!•þîû�ôöì™Ä�‡%î�¤¥�èþyöìî¥z�xyôîûy�!îû‹þ�æþy!�Åþ¡y¥z�yîû�ö’þy!�‚�~î‚�¡#l�
æþy!�Åþ¡y¥z�yîû�ö’þy!�‚�̃ %öì�þy¥z�þ›kþ!•þîû�îÄy‡Äy�öþ›öìëû�ëy!FSéÐ
’Èþy¥z�æþy!�Åþ¡y¥z�yîû�ö’þy!�‚�!¤öìÞ�þôéŸŸŸé�þyöìˆÅ�þ� !l’þz!�þÆ¢ylöì•þ�öþ›„ïSéöìlyîû��lÄ�
xöìl†þ�¤ôëû�~¥z�þ›kþ!•þ!�þ�xî¡Áºl�†þîûy�¥ëû�öë�þ›kþ!•þöì•þ�’Èþy¥z�¤Î�þ�’þyëûöìîûQ�
xÄyöì†þy!îûëûyöìôîû� �öì¡� ö˜Gëûy� ¥ëû� 1PPM (NO3Š� �þyöìˆÅöì�þ� öþ›„ïSéöì•þ� 
62Mg �Œ�¥z!†þ’þzèþÄyöì¡r�þ�îy�ö¡¤�ö˜l�1/64 tspŠ�KNO3 10�̂ Äy¡l�îy�
40�!¡�þyîûÐ
NO3 1PPM
N-0.23 PPM
K-0.63 PPM
2.8 PPM Mg
0.1PPM (PO4) ��þyöìˆÅöì�þ�öþ›„ïSéöì•þ�6.94 Mg (¥z!†þ’þzèþÄyöì¡r�þ�îy�ö¡¤�
ö˜l�1/64 tspŠ�K2HPO4 /10�̂ Äy¡l�îy�40 !¡�þyîûÐ
PO4 -0.1PPM
P-0.03 PPM
K-0.08 PPM
0.33 PPM (K) ��þyöìˆÅöì�þ�öþ›„ïSéöì•þ�112 Mg (¥z!†þ’þzèþÄyöì¡r�þ�îy�ö¡¤�
ö˜l�1/64 tspŠ�K2SO4 /10�̂ Äy¡l�îy�40�!¡�þyîûÐ
K -1.33PPM
S-0.55 PPM
0.05 PPM (Fe) ��þyöìˆÅöì�þ�öþ›„ïSéöì•þ�29 Mg (¥z!†þ’þzèþÄyöì¡r�þ�îy�ö¡¤�ö˜l�
1/64 tspŠ�EDTA micromix /10 ̂ Äy¡l�îy�40 !¡�þyîûÐ
Fe -0.05PPM
Mn-0.0143 PPM
Cu-0.0007 PPM
Mg-0.0107 PPM
Zn-0.0028 PPM
Mo-0.0004 PPM
B-0.0061 PPM
dGh 0.0025
ˆyöìSéîû�²Ìöìëûy�l–�!l’þz!�þÆöìëûr�þ�ö¤y¤Å–�xþ›!�þôyô�ö¡öìî¡¤ä�~î‚�öôy!î!¡!�þ�
ll� !ôlyöìîû¡� !l’þz!�þÆöìëûr�þ¤éŸŸŸé� ˆyöìSéîû� öæþyöì�þy!¤öìsi!¤öì¤îû� �lÄ� ¤îûy¤!îû�
²Ìöìëûy�l#ëû� llä� !ôlyöìîû¡� !l’þz!�þÆöìëûr�þ¤=öì¡y� ¥¡ŒHŠ� ¥y¥zöì’Èþyöì�l–� ŒOŠ�
x!:öì�l–�~î‚�ŒCŠ�†þyîÅlÐ
ôÄyöìe«y� !l’þz!�þÆöìëûr�þ¤äéŸé!•þl!�þ� ²Ìy¥zôy!îû� ôÄyöìe«y� !l’þz!�þÆöìr�þ¤ä–� !ôlyöìîû¡�
!l’þz!�þÆöìëûr�þ¤ä�ŒNKPŠ�ˆyöìSéîû�ö@ýÌyöìíîû��lÄ�~î‚�xÄy¡!ˆ�†þöìr�þÆyöì¡îû��lÄ�
ëöìíÜT�þ›!îûôyöì”�~¥z�!•þl!�þ�!ôlyöìîû¡�²Ìöìëûy�l�¥ëûÐ�ŒNŠ�ly¥zöì�þÆyöì�l–�ŒKŠ�
þ›�þy!¢ëûyô�~î‚�ŒPŠ�æþ¤æþîûy¤Ð
ö¤öì†þuþy!îû� ôÄyöìe«y� !l’þz!�þÆöìëûr�þ¤ä� ŒMgŠ�ôÄyˆöìl!¤ëûyô� ŒCaŠ� †þÄy¡!¤ëûyô�
~î‚�ŒSŠ�¤y¡æþyîûÐ
ôy¥zöìe«y!l’þz!�þÆöìëûr�þ¤ùö�þÆ¤�~!¡öìôr�þ¤� ŒTEŠééŸŸŸéˆyöìSéîû� öî„öì‹þ� íy†þyîû��lÄ�
~¥z�ö�þÆ¤�~!¡öìôr�þ¤ä=!¡�¤î¥z�²Ìöìëûy�l�ŒFeŠ�xyëûîûl–�ŒBŠ�öîyîûl–�ŒMgŠ�
ôÄyDy!l�–�ŒZnŠ�!�Bþ–�ŒMoŠ�ô!¡î’äþlyô–�ŒCuŠ�†þþ›yîû–�ŒNiŠ�!löì†þ¡Ð



xþ›!�þôy¡� Gëûy�þyîû� †þ¡ôä� !l’þz!�þÆöìëûr�þ¤ä� ö¡öìî¡� ’þz¥z†þ!¡� �þyöìˆÅ�þ� öîûöìO¤�
ŒPPMŠ�~uþ�!l’þz!�þÆöìëûr�þ¤ä�ö¤y¤Å
†þyîÅléŸŸŸé�ŒCŠ CO2 ¥zlöì�†þ¢léŸé�30PPM  Co2Ð�
ly¥zöì�þÆyöì�l� ŒN/NO3,NH4Š� éŸéö¤y¤Å�KNO3� ôyöìSéîû� GöìëûÞ�þ–� ²ÕÄyr�þ�
!’þöì†þ¥z�5-10 PPM �xyþ›�%þ�30PPM Œ¥y¥z¡y¥z�þ��þÄyöìBþîû��lÄŠ�ö’þy!�‚�
~öì²Ìy:�1PPM ö’þ¥z!¡Ð�
æþ¤æþîûy¤� ŒP/PO4Š� ö¤y¤Å�KH2PO4–�ôyöìSéîû�GöìëûÞ�þ–�²ÕÄyr�þ� !’þöì†þ¥z–�
†þöì¡îû��¡éŸŸŸé�0.1-1PPM–�xyþ›� �%þ�3PPM� Œ¥y¥z¡y¥z�þ� �þÄyöìBþîû��lÄŠ�
ö’þy!�‚� 1/10� ly¥zöì�þÆ�þ� ö¡öìî¡éŸŸŸé� ~öì²Ìy:� 0.1 PPM ö’þ¥z!¡� öë�
xÄyöì†þy!îûëûyöìôîû�!æþ¤ä�ö¡y’þ�†þô�ö¤‡yöìl�æþ¤æþîûy¤�ö’þy!�‚�îy’þüyöì•þ�¥öìîÐ
þ›�þy!¢ëûyô� ŒK/K+Š� ö¤y¤Å� K2SO4, KNO3, KH2PO4-5-20 
PPM ö’þy�ä�~öì²Ìy:�1.33 PPM ö’þ¥z!¡Ð
ôÄyˆöìl!¤ëûyô�ŒMg/Mg2+Š�ö¤y¤Å–�MgSO4†þöì¡îû��¡–�¤yî¤äöì�þÆ�þ�- 5-
10PPM  
†þÄy¡!¤ëûyô� ŒCa/Ca2Š� ö¤y¤Å�CaSO4� †þöì¡îû��¡–�¤yî¤öì�þÆ�þéŸŸŸé20-30 
PPM
ö�þÆ¤�~!¡öìôr�þ�ŒFe, Mn, B, Zn, Mo, Cu,NŠ�ö¤y¤Å�EDTA ôy¥zöìe«y�
!ô:Š�0.05 PPM-0.2 PPM  
!l’þz!�þÆöìëûr�þ� îÄy¡yª� ~uþ� ö’þ!æþ!¤öìëû!ª–� !l’þz!�þÆöìëûr�þ� öôy!î!¡!�þ� ~†äþöì¤¤�
æþ¤æþîûy¤�̂ yöìSéöì˜îû�!�Bþ�xyþ›öì�þ†þ�†þ!ôöìëû�ö˜ëûÐ
~†äþöì¤¤�þ›�þy!¢ëûyô�̂ yöìSéöì˜îû�ôÄyˆöìl!¢ëûyô�xyþ›öì�þ†þ�†þ!ôöìëû�ö˜ëû�~î‚�èþy¥z¤�
èþy¤ÅyÐ�
~†äþöì¤¤�†þÄy¡!¤ëûyô�ˆyöìSéöì˜îû�öîyîûl�G�ôÄyˆöìl!¤ëûyô�ö’þ!æþöì¤l!¤�÷•þ!îû�
†þöìîûÐ�öî!¢�ôyeyëû�NO3 ~î‚�PO4–�ôy¥zöìe«y�xyîû�ôÄyöìe«y�!l’þz!�þÆöìëûr�þöì¤îû�
îÄyöì¡ª� ÷•þ!îû� †þöìîû� ~î‚� öô�þy¡� �þ†þ!¤!¤!�þîû� !îûßñ� †þôyëûÐ� ë‡l� ¥y¥z�
†þlöì¤löì�þÆ¢öìlîû�ö�þÆ¤�~!¡öìôr�þ¤�ö’þy!�‚�†þîûy�¥ëûÐ
†þôôyeyëû� îy� öî!¢� ôyeyëû� !l’þz!�þÆöìëûr�þ¤� ë!˜� xÄyöì†þy!îûëûyöìô� íyöì†þ� ~î‚�
xÄyöì†þy!îûëûyô�ë!˜�öôöìr�þöìlª�ly�†þîûy�¥ëû�îy�ëöìíÜT�þ›!îûôyöì”�¡y¥z�þ�~î‚�CO2 
ë!˜� ly� íyöì†þ� •þy¥öì¡� !‘þ†þôöì•þy� !l’þz!�þÆöìëûr�þ¤ä� xÄyî¤èÅþ� ly� ¥Gëûyîû� æþöì¡�
xÄyöì†þy!îûëûyöìôîû� �þ!:!¤!�þ� ~î‚� xÄy¡y!�Å� î,!kþ� þ›yëûÐ� xÄyöì†þy!îûëûyöìô� ë‡l�

ëöìíÜT�þ›!îûôyöì”�!l’þz!�þÆöìëûr�þ¤ä�íyöì†þ–�ˆySéþ›y¡y�ë‡l�ö¥¡!˜�íyöì†þ�~î‚�þ›%öìîûy�
¥zöì†þy!¤öìÞ�þô¤�ë‡l�îÄyöì¡ª’äþ�íyöì†þ�•þ‡l�xÄyöì†þy!îûëûyöìô�xÄy¡y!�Å�î,!kþ�þ›yëû�
ly�~î‚�¤Á›)”Å�èþyöìî�‹þöì¡�ëyëûÐ�Œô)¡•þ�ly¥zöì�þÆyöì�l�~î‚�æþ¤öìæþ�þ�îÄyöì¡ª�ë!˜�
!‘þ†þôöì•þy� öôöìr�þl� †þîûy� ëyëû� ôyöìSé� GöìëûÞ�þ–� ²ÕÄyr�þ!’þöì†þ� ~î‚� æþy!�Åþ¡y¥z�yîû�
îÄyöì¡ª�îûy‡öì•þ�öˆöì¡�!lëû!ô•þ�Gëûy�þyîû�ö‹þO�†þîûy�̃ îû†þyîûÐ
ˆyöìSéîû�ë‡l�ly¥zöì�þÆyöì�l�ö’þ!æþ!¤öìëû!ª�¥ëû�•þ‡l�ˆyöìSéîû�þ›y•þyîû�ô!™Ä‡yöìlîû�
!¢îûyîû�öíöì†þ�¥¡%˜�¥öìëû�ëyëû�Œö†Ïþyöìîûy!æþ¡Š–�~öìÇþöìe�þ›y•þyîû�!�þ†þ�öíöì†þ�™#öìîû�
™#öìîû�̂ yöìSéîû�öÞ�þöìôîû�!˜†þ�þ›ëÅhsý�¥¡%˜�¥öì•þ�íyöì†þ–�l•%þl�þ›y•þyîû�ö@ýÌyí�ößÔy�¥öìëû�
ëyëû�~î‚�þ›%îûöìly�þ›y•þy=!¡�¥¡%˜�¥öìëû�‡öì¤�ëyëûÐ
ˆyöìSéîû�ë‡l�æþ¤æþîûy¤�ö’þ!æþ!¤öìëû!ª�¥ëû�•þ‡l�̂ yöìSéîû�þ›y•þy�ôy!�Ål�îy�þ›y•þyîû�
~��öíöì†þ�¡y¡öì‹þ�îy�þ›yîûöìþ›¡�†þy¡yîû�¥öìëû�ëyëû–�ˆyöìSéîû�ö@ýÌyí�öíöìô�ëyëû–�
ˆyöìSéîû�!¢†þöì’þüîû�ö@ýÌyí�G�öíöì†þ�ëyëû�~î‚�xÄy¡y!�Åöì•þ�èþöìîû�ëyëûÐ
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