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ĉ¨ ĩ¸¨µ¬ µħ´ħ¨¶¸¨²¯÷ ±¨°´© µ¬ħ©¾³ ħ¨©¯©¨¬¸¶÷ °´±¬´µ¸¯±¿ ð ī©¬²¯±¿²¾® ´ħ«¨², ©¾-

µ´±²÷ī½¯® ©¨Þ²·ī ¹·²°º¯ī ¨½¯¸¾ ²¨¶¸´÷½¬«´ ±¯¶¸¨. Č¬»¨²¯³¾ ħ¬«·±÷º¯¯ ħ´¶¸¨ ¯ ħ¨©¯¸¯÷ 
°´±¬´µ¸¯±÷ ©´ ³²´«´³ ²¬ ¯¶¶±¬ª´©¨²¾. Ċ¶´§´«´ ©²¯³¨²¯÷ ¨¶±·Þ¯©¨¬¸ ¬«´ ¹´ħ³¯ħ´©¨²¯¬ · µħ´-

ħ´¶¸°´© ħ¯¶¨, ¶µ´¶´§²¾» ħ¨©¯©¨¸¿¶÷ © ·¶±´©¯÷» ²¬ª´¶¸¨¸°¨ °¯¶±´ħ´ª¨. Ą µħ¬ª¶¸¨©±¬²²´® ħ¨§´¸¬ 
©µ¬ħ©¾¬ µħ´ª¬³´²¶¸ħ¯ħ´©¨²´ ²¨õ¬²¯¬ ¶°´ħ´¶¸¯ ħ´¶¸¨ ¯ Þ¯²¬¶µ´¶´§²´¶¸¯ °´±¬´µ¸¯±¬® µħ´ħ´¶¸-
°´© ħ¯¶¨ µħ¯ ¨¸´µ±¬²¯¯ © ´µħ¬ª¬±¬²¯¯ ·¶¸´®õ¯©´¶¸¯ ħ¨¶¸¬²¯® ¯ ̄» ħ¨©¯¸¯÷ © µ´¶±¬ª·ī½¬³ ´²-

¸´«¬²¬¬. ¥¬±¿ ħ¨§´¸¾ ¨°±īõ¨±¨¶¿ © ´º¬²°¬ ¶°´ħ´¶¸¯ ħ´¶¸¨ ¯ Þ¯²¬¶µ´¶´§²´¶¸¯ °´±¬´µ¸¯±¬® © 
·¶±´©¯÷» ¨¸´µ±¬²¯÷ · ´§ħ¨º´© ħ¯¶¨ (Oryza sativa L .)  ¯ °´±±¬°º¯¯ Ď¬ª¬ħ¨±¿²´«´ ²¨·õ²´«´ º¬²¸ħ¨ 

ħ¯¶¨ (Ďĉ¥ ħ¯¶¨). Ą ħ¨§´¸¬ ¯¶µ´±¿´©¨±¯ ¶¬³¬²¨ 36 ¶´ħ¸´© ¯ ¹´ħ³, © ¸´³ õ¯¶±¬ 24 ¶´ħ¸¨ ´¸¬õ¬-
¶¸©¬²²´® ¶¬±¬°º¯¯ (ê³¬¸¯¶¸, ê²¨¯¸, Ą¬±¬¶, Ą¯´±¨, Ą¯¸¨, ë¨³³¨, Î¬³õ·«, ąħ¨¶²´¨ħ³¬®¶°¯® 313, 
ą·§¨²¿ 3, ć¯ª¬ħ, ĉ¨¸¨ß¨, ĉ´©¨¸´ħ, Ċ±¯³µ, ċħ¯©´±¿²¾® 4, Ħ¨µ¨², Ħ¬«·±, ¤´²¨¸¨, ¤µħ¯²¸, Đ¯¸¨², 

č¶¶·ħ, Ď´²¸¨², ì¨¨ħ, Ï¨ħ³, ĪÞ²¨÷ ²´õ¿), ´ª¯² ¶´ħ¸ ¯ č§¬°¯¶¸¨²¨ ( ¬©ħ¨), ¸ħ¯ ¶´ħ¸¨ ¯ 
ą¯¸¨÷ (Xiannui, Zhongyon, Zhongyon 207) ¯ ©´¶¬³¿ ´§ħ¨º´© ¯ Č¬Þª·²¨ħ´ª²´«´ ¯²¶¸¯¸·¸¨ ħ¯¶¨ 

(Internat ional Rice Research Institute, Ď¯±¯µµ¯²¾) (AA WAB 56-125, HHZ 11 Y6-Y2-SUB 1, HHZ 8 
SAL 14 SUB 1, HHZ 9 DT12 SUB 1, IR  50, IR 14 L 110, Kirkpinar, ċĄ-1 IRBLSH ). ċ¬ħ©¯õ²´¬ 
¸¬¶¸¯ħ´©¨²¯¬ ¯²¸¬²¶¯©²´¶¸¯ ħ´¶¸¨ ħ¨¶¸¬²¯® µħ´©´ª¯±¯ © µ´±¬©´³ ´µ¾¸¬ © °´±±¬°º¯´²²´³ µ¯¸´³-

²¯°¬ (´ħ´¶¯¸¬±¿²¨÷ ¶¯¶¸¬³ ̈Ďĉ¥ ħ¯¶¨).  ±÷ ¶¬ħ¯¯ ±¨§´ħ¨¸´ħ²¾» ¯¶¶±¬ª´©¨²¯® ¶¬³¬²¨ µ´©¬ħ»-

²´¶¸²´ ¶¸¬ħ¯±¯´©¨±¯ ¯ ¨³¨õ¯©¨±¯ © «´ħ÷õ¬® ©´ª¬ (55 ¤̄) ²¨ 1 õ.  ¨±¬¬ µ´ 50 ¶¬³÷² °´²¸ħ´±¿²¾» 

´§ħ¨º´© µ´³¬½¨±¯ © ĩ³¨±¯ħ´©¨²²¾® µ´ªª´² ²¨ ¶¸¬°±÷²²¾¬ ³´¶¸°¯, µ´°ħ¾¸¾¬ ³¨ħ±¬®. Ą µ´ªª´² 

²¨±¯©¨±¯ 4 % µ¯¸¨¸¬±¿²¾® ħ¨¶¸©´ħ ą²´µ¨, ²¨°ħ¾©¨±¯ ¶¸¬°±´³ ¯ µħ´ħ¨½¯©¨±¯ © ·¶±´©¯÷» ²´ħ-
³¨±¿²´«´ ª´¶¸·µ¨ ©´ª·»¨. ¤¬³¬²¨ ´µ¾¸²¾» ©¨ħ¯¨²¸´© ª±÷ ¶´ª¨²¯÷ «¯µ´°¶¯¯ µ´³¬½¨±¯ © ¬³°´¶¸¯ 
´§¼¬³´³ 750 ³± ¯ ¨±¯©¨±¯ ¸¬³ Þ¬ ħ¨¶¸©´ħ´³ µ´ª ¶¨³¾® ©¬ħ»; ¬³°´¶¸¯ «¬ħ³¬¸¯õ²´ ¨°ħ¾©¨±¯ 

°ħ¾ß°´®. Ą ´§´¯» ©¨ħ¯¨²¸¨» ħ¨¶¸¬²¯÷ ©¾ħ¨½¯©¨±¯ © ¸¬õ¬²¯¬ 4 ¶·¸ µħ¯ 29 ¤̄ © ¸¬³²´¸¬.  ±÷ 

¯³¬ħ¬²¯÷ ª±¯²¾ °´±¬´µ¸¯±¬® µħ´ħ´¶¸°¯ ħ¨¶°±¨ª¾©¨±¯ © õ¨ß°¯ ċ¬¸ħ¯, ¶°¨²¯ħ´©¨±¯ ¶ µ´³´½¿ī 
HP ScanJet G2710 ( «Hewlett-Packardè, ¤Ïê) ¯ ´º¯¹ħ´©¾©¨±¯ ¯´§ħ¨Þ¬²¯÷ © µħ´«ħ¨³³¬ ImageJ 
(©¬ħ¶¯÷ 1.8.0_172; https://imagej.nih.gov/ij/download.html ). ċ´¶±¬ ¶°¨²¯ħ´©¨²¯÷ µ´ 5 °´±¬´µ¸¯±¬® 

¯ °´²¸ħ´±¿²¾» ¯ ´µ¾¸²¾» ©¨ħ¯¨²¸´© ¯¶µ´±¿´©¨±¯ ª±÷ ´µħ¬ª¬±¬²¯÷ Þ¯²¬¶µ´¶´§²´¶¸¯ © ¸¬¶¸¬ µ´ 
©´¶¶¸¨²´©±¬²¯ī ¶´±¬® ¸¬¸ħ¨´±¯÷. ċ´ ħ¬·±¿¸¨¸¨³ ´µ¾¸´© ° §¾¶¸ħ´ħ¨¶¸·½¯³ §¾±¯ ´¸²¬¶¬²¾ ¶´ħ-

¸¨³ ¤µħ¯²¸ ¯ ą·§¨²¿ 3, ª±¯²¨ °´±¬´µ¸¯±¬® · °´¸´ħ¾» ª´¶¸¯«¨±¨ 19-25 ³³ °¨° µħ¯ ²´ħ³´°¶¯¯, ¸¨° 
¯ µħ¯ «¯µ´°¶¯¯. Ą «ħ·µµ· ³¬ª±¬²²´ħ¨¶¸·½¯» ©´ß±¯ ¸ħ¯ ¶´ħ¸¨ ¹¯±¯µµ¯²¶°´® ¶¬±¬°º¯¯, ²¬¶·½¯¬ 
¨±±¬±¿ SUB1A (HH Z11 Y6-Y2-SUB1, HHZ8  SAL 14 SUB1, HHZ9  DT12 SUB1), °¯¸¨®¶°¯® ¶´ħ¸ 

Xiannui ¯ ´¸¬õ¬¶¸©¬²²¾¬ ¶´ħ¸¨ ê³¬¸¯¶¸, Î¬³õ·«, ĉ¨¸¨ß¨, Ħ¨µ¨² ¯ ĪÞ²¨÷ ²´õ¿.  ±÷ ĩ¸´® «ħ·µµ¾ 
§¾±´ »¨ħ¨°¸¬ħ²´ µ´ª¨©±¬²¯¬ ħ´¶¸¨ °´±¬´µ¸¯±¬® µ´ª ª¬®¶¸©¯¬³ «¯µ´°¶¯¯ © 2,5-3,0 ħ¨¨. ĉ·Þ²´ 

´¸³¬¸¯¸¿ ²¨±¯õ¯¬ µ´±´Þ¯¸¬±¿²´® °´ħħ¬±÷º¯¯ ³¬Þª· ª±¯²´® °´±¬´µ¸¯±÷ µħ¯ ²´ħ³´°¶¯¯ ¯ «¯µ´°¶¯¯ 

(r = 0,70, p = 10 -6), ¸´ ¬¶¸¿ ¹´ħ³¾, ¨°¸¯©²´ ħ¨¶¸·½¯¬ © ¨ĩħ´§²´® ¶ħ¬ª¬, §¾¶¸ħ´ ħ´¶±¯ ¯ µħ¯ 

¨¸´µ±¬²¯¯. ċ´¶±¬ª·ī½¯® ª¬¸¨±¿²¾® ¨²¨±¯ ħ´¶¸¨ °´±¬´µ¸¯±¬® © ·¶±´©¯÷» «¯µ´°¶¯¯ µ´°¨¨±, õ¸´ 
¯³¬²¬²¯÷ ħ´¶¸¨ ¶´´¸©¬¸¶¸©´©¨±¯ ²¬¶°´±¿°¯³ µ¨¸¸¬ħ²¨³. ĉ¨¯§´±¬¬ ħ¨¶µħ´¶¸ħ¨²¬²²´® ħ¬¨°º¯¬® ²¨ 

«¯µ´°¶¯ī °´±¬´µ¸¯±¬® ħ¯¶¨ (I  µ¨¸¸¬ħ²) §¾±´ µ´ª¨©±¬²¯¬ ħ´¶¸¨ ¶ ¶´»ħ¨²¬²¯¬³ ²¬§´±¿ß´® õ¨¶¸¯ 
ħ¨¶¸¬²¯®, µħ´ª´±Þ¨©ß¯» ħ´¶¸. Ĉ³¬²²´ © ĩ¸· «ħ·µµ· ©´ß±¯ ©¶¬ ¹¯±¯µµ¯²¶°¯¬ ¶´ħ¸¨ ð ²´¶¯¸¬±¯ 

¨±±¬±÷ SUB1A. Ą ªħ·«´® «ħ·µµ¬ (II  µ¨¸¸¬ħ²) ª±¯²¨ °´±¬´µ¸¯±¬® µ´ª ª¬®¶¸©¯¬³ «¯µ´°¶¯¯ µħ¬©¾ß¨±¨ 
¸¨°´©·ī µħ¯ ²´ħ³´°¶¯¯. ċħ¯³¬ħ²´ µ´±´©¯²¨ ħ¨¶¸¬²¯®, ¯¶µ´±¿·ī½¯» III  µ¨¸¸¬ħ², ¨³¬ª±÷±¨ ħ´¶¸, 
¨ ªħ·«¨÷ õ¨¶¸¿ µħ´ª´±Þ¨±¨ ħ¨¶¸¯ °¨° µħ¯ ²´ħ³´°¶¯¯. Ħ¨¶¸¬²¯÷, ¯¶µ´±¿·ī½¯¬ IV µ¨¸¸¬ħ², µ´°¨-

¨±¯ ²¨¯³¬²¿ß¯¬ ¯³¬²¬²¯÷ ħ¨¶µħ¬ª¬±¬²¯÷. Đ´±¿°´ · ¶´ħ¸¨ ¤µħ¯²¸ ²¨§±īª¨±¯¶¿ õ¬ħ¸¾ ¶¸ħ¨¸¬«¯̄  
¯§¬«¨²¯÷ (LOES, low oxygen escape syndrome), ¶©÷¨²²¾¬ ¶ ·¶¯±¬²¯¬³ ħ´¶¸¨, »´¸÷ ´²´ §¾±´ ²¬-

¶¯±¿²¾³. č²¯°¨±¿²¾³ V µ¨¸¸¬ħ²´³ ´§±¨ª¨± ¶´ħ¸ ĪÞ²¨÷ ²´õ¿, · °´¸´ħ´«´ °´±¬´µ¸¯±¯ µħ´ħ´¶¸°´© 
³¬ª±¬²²´ ħ´¶±¯ °¨° © °´²¸ħ´±¬, ¸¨° ¯ µħ¯ ¨¸´µ±¬²¯¯. Ą ·¶±´©¯÷» «¯µ´°¶¯¯ · ©¶¬» µħ´¸¬¶¸¯ħ´-
©¨²²¾» ¹´ħ³ Þ¯²¬¶µ´¶´§²´¶¸¿ ²¨õ¯¸¬±¿²´ ¶²¯Þ¨±¨¶¿. č ²¨¯§´±¬¬ §¾¶¸ħ´ħ¨¶¸·½¯» ¶´ħ¸´© 

(¤µħ¯²¸, ą·§¨²¿ 3) ¯²¸¬²¶¯©²´¶¸¿ ´°ħ¨ß¯©¨²¯÷ µħ¯ ¯¶µ´±¿´©¨²¯¯ ¶´±¬® ¸¬¸ħ¨´±¯÷ §¾±¨ ©¾ß¬ 

                                                 
 *Ĉ¶¶±¬ª´©¨²¯¬ ©¾µ´±²¬²´ ¨ ¶õ¬¸ «ħ¨²¸¨ Ħ´¶¶¯®¶°´«´ ²¨·õ²´«´ ¹´²ª¨ Į 22-14-00096, https://rscf.ru/project/22 -

14-00096/ ¶ µħ¯©±¬õ¬²¯¬³ ´§´ħ·ª´©¨²¯÷ Ħ¬¶·ħ¶²´«´ º¬²¸ħ¨ ¤¨²°¸-ċ¬¸¬ħ§·ħ«¶°´«´ «´¶·ª¨ħ¶¸©¬²²´«´ ·²¯-

©¬ħ¶¯¸¬¸¨ çĦ¨©¯¸¯¬ ³´±¬°·±÷ħ²¾» ¯ °±¬¸´õ²¾» ¸¬»²´±´«¯®è. 
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°¨° © °´²¸ħ´±¬ (© 6 ħ¨), ¸¨° ¯ © ´µ¾¸¬ (© 2 ħ¨¨) µ´ ¶ħ¨©²¬²¯ī ¶ ³¬ª±¬²²´ħ¨¶¸·½¯³¯ ¹´ħ³¨³¯ 
(ê³¬¸¯¶¸, ĪÞ²¨÷ ²´õ¿, ¹¯±¯µµ¯²¶°¯¬ SUB1A-¶´ħ¸¨). ċ´±·õ¬²²¾¬ ª¨²²¾¬ µ´©´±÷ī¸ ¨°±ī-
õ¯¸¿, õ¸´ ·ª±¯²¬²¯¬ °´±¬´µ¸¯±÷ °´ħħ¬±¯ħ´©¨± ́¶ ¯²¸¬²¶¯©²´¶¸¿ī ³¬¸¨§´±¯³¨ ¯ ·¶¸´®õ¯©´¶¸¿ī 

° ¨¸´µ±¬²¯ī,  ̈¶±¬ª´©¨¸¬±¿²´, ³´Þ¬¸ §¾¸¿ ¯¶µ´±¿´©¨² ́© °¨õ¬¶¸©¬ °ħ¯¸¬ħ¯÷ ª±÷ ´º¬²°¯ ħ¬¨°º¯¯ 
¶´ħ¸´© ¯ ¹´ħ³ ħ¯¶¨ ²  ̈²¬ª´¶¸¨¸´° °¯¶±´ħ´ª¨.  

 

ą±īõ¬©¾¬ ¶±´©¨: Oryza sativa, ħ¯¶, ¨¸´µ±¬²¯¬, «¯µ´°¶¯÷, °´±¬´µ¸¯±¿, ħ´¶¸, ·¶¸´®õ¯-
©´¶¸¿. 

 

Ħ¯¶ (Oryza sativa L.) ð ªħ¬©²¬®ß¨÷ ¶¬±¿¶°´»´÷®¶¸©¬²²¨÷ °·±¿¸·ħ¨, 

©´ª¬±¾©¨²¯¬ °´¸´ħ´® ²¨õ¨±´¶¿ §´±¬¬ 5 ¸¾¶. ±¬¸ ª´ ².ĩ. Ċ²¨ ¶´¶¸¨©±÷¬¸ ´¶-

²´©· µ¯¸¨²¯÷ ²¬¶°´±¿°¯» ³¯±±¯¨ħª´© õ¬±´©¬°. Ą 2022 «´ª· §¾±´ ¶´§ħ¨²´ 

525,6 ³±² ¸ ¬ħ²¨ ħ¯¶¨, °´¸´ħ¾® ©¾ħ¨½¯©¨¬¸¶÷ ²¨ §´±¬¬ õ¬³ 167 ³±² «¨ 

(http://www.fao.org/worldfoodsituation/csdb/ru/).  ´¶¸¨¸´õ²´ ¯²¸¬²¶¯©²´ ħ¯¶ 

©´ª¬±¾©¨¬¸¶÷ © Ħ´¶¶¯¯. ċ´¶¬©²¾¬ µ±´½¨ª¯ µ´ª ħ¯¶ ²¨ ¯ī²¿ 2022 «´ª¨ © 

Ħ́ ¶¶¯®¶°´® Ď¬ª¬ħ¨º¯¯ ¶´¶¸¨©¯±¯ 162,5 ¸¾¶. «¨ (https://sfera.fm/news/zer no-

vye/minselkhoz -otmetil -snizhenie-ploshchadi-seva-zerna-v-rf-na-07-mln -ga-god-

k-god). čħ´Þ¨® ħ¯¶¨ © «±¨©²´³ ħ¯¶´¶¬ī½¬³ ħ¬«¯´²¬ Ħ´¶¶¯®¶°´® Ď¬ª¬ħ¨-

º¯¯ ð ²¨ ą·§¨²¯ (92,3 ¸¾¶. «¨), µ´ ª¨²²¾³ Ħ´¶¶¸¨¸¨, © 2022 «´ª· ¶´¶¸¨©¯± 

582,6 ¸¾¶. ¸ (https://rosstat.gov.ru/compendium/document/13277 ). Ħ̈ ¶ß¯¹-

ħ´©°¨ ³¬»¨²¯³´© ¨ª¨µ¸¨º¯¯ ħ¨¶¸¬²¯® ħ¯¶¨ ° ¨¸´µ±¬²¯ī ³´Þ¬¸ §¾¸¿ ¯¶-

µ´±¿´©¨²¨ ª±÷ µ´±·õ¬²¯÷ ²´©¾», ·¶¸´®õ¯©¾» ° ª±¯¸¬±¿²´³· ¨¸´µ±¬²¯ī 

¶´ħ¸´© ª±÷ ¶²¯Þ¬²¯÷ °´±¯õ¬¶¸©¨ µ¬¶¸¯º¯ª´© © ħ¯¶´©¾» õ¬°¨» ¯ ĩ°´±´«¯¨-

º¯¯ ´¸ħ¨¶±¯ ħ¯¶´©´ª¶¸©¨. 

Ċ¸±¯õ¯¸¬±¿²¨÷ ´¶´§¬²²´¶¸¿ ħ¯¶¨ ¨°±īõ¨¬¸¶÷ © ¶µ´¶´§²´¶¸¯ µħ´-

ħ¨¶¸¨¸¿ © ·¶±´©¯÷» ²¬ª´¶¸¨¸°¨ («¯µ´°¶¯÷) ¯±¯ µ´±²´«´ ´¸¶·¸¶¸©¯÷ °¯¶±´ħ´ª¨ 

(¨²´°¶¯÷). Ħ¨¶¸¬²¯÷, µħ´¯ħ¨¶¸¨ī½¯¬ © ©´ª²´-§´±´¸²´® ¶ħ¬ª¬, © ¸´³ õ¯¶±¬ 

ħ¯¶, ¯¶µ´±¿·ī¸ ª©¬ ¶¸ħ¨¸¬«¯¯ ¨ª¨µ¸¨º¯¯ ° ª¬¹¯º¯¸· °¯¶±´ħ´ª¨. ċ¬ħ©¨÷ 

¶¸ħ¨¸¬«¯÷ ²¨µħ¨©±¬²¨ ²¨ ¨°¸¯©²´¬ ¯§¬«¨²¯¬ °¯¶±´ħ´ª²´® ²¬ª´¶¸¨¸´õ²´¶¸¯ 

(low oxygen escape syndrome, LOES), ©¸´ħ¨÷ ð µ¨¶¶¯©²¨÷ ¶¸ħ¨¸¬«¯÷ µ´°´÷ 

(low oxygen quiescence syndrome, LOQS) (1).  

ċħ¯ ħ¨©¯¸¯¯ LOES-¶¸ħ¨¸¬«¯¯ ²¨§±īª¨ī¸¶÷ §¾¶¸ħ´¬ ·ª±¯²¬²¯¬ µ´-

§¬«´©, «¯µ´²¨¶¸¯õ¬¶°¯® ¯«¯§ ¯ ¯³¬²¬²¯¬ ¨²¨¸´³¯¯ ±¯¶¸¿¬© ª±÷ ·±·õß¬-

²¯÷ ª¯¹¹·¯¯ «¨´©, ¹´ħ³¯ħ´©¨²¯¬ ¨ĩħ¬²»¯³¾, ·©¬±¯õ¬²¯¬ õ¯¶±¨ µ´©¬ħ»-

²´¶¸²¾» µħ¯ª¨¸´õ²¾» °´ħ²¬® (2-6). Ċ§ħ¨´©¨²¯¬ ¨ĩħ¬²»¯³¾, ²¬´§»´ª¯³´¬ 

ª±÷ ¯²¸¬²¶¯¹¯°¨º¯¯ «¨´´§³¬²¨ ³¬Þª· ´ħ«¨²¨³¯ ¯ ¸°¨²÷³¯ ħ¨¶¸¬²¯÷, ħ¬-

«·±¯ħ·¬¸¶÷ ¹¯¸´«´ħ³´²¨³¯, © µ¬ħ©·ī ´õ¬ħ¬ª¿ ĩ¸¯±¬²´³. Ĉ³¬²²´ ´² ħ¨¶-

¶³¨¸ħ¯©¨¬¸¶÷ © °¨õ¬¶¸©¬ °±īõ¬©´«´ ħ¬«·±÷¸´ħ¨ «´ħ³´²¨±¿²´«´ ¶¸¨¸·¶¨ ħ¨¶-

¸¬²¯÷ © µħ´º¬¶¶¬ ħ¨©¯¸¯÷ LOES-¶¸ħ¨¸¬«¯¯: ĩ¸¯±¬² ¯²¯º¯¯ħ·¬¸ µ´²¯Þ¬²¯¬ 

¶´ª¬ħÞ¨²¯÷ ¨§¶º¯´©´® °¯¶±´¸¾ ¯ ¶µ´¶´§¶¸©·¬¸ µ´©¾ß¬²¯ī °´²º¬²¸ħ¨º¯¯ 

¨·°¶¯²¨ ¯ «¯§§¬ħ¬±±¯²´© (3, 5, 7, 8). č ħ¯¶¨ LOES-¶¸ħ¨¸¬«¯÷ ħ¬«·±¯ħ·¬¸¶÷ 

«¬²¨³¯ SNORKEL1  (SK1) ¯ SNORKEL2  (SK2), °´¸´ħ¾¬ ´¸²´¶÷¸¶÷ ° ¶¬³¬®-

¶¸©· ERF-VII  (ethylene response factor). ċħ¯ µ´©¾ß¬²¯¯ ¯» ĩ°¶µħ¬¶¶¯¯ © 

³¬Þª´·±¯÷» ²¬ ¸´±¿°´ ·©¬±¯õ¯©¨¬¸¶÷ ¶´ª¬ħÞ¨²¯¬ «¯§§¬ħ¬±±¯²´©, ²´ ¯ µ´-

©¾ß¨¬¸¶÷ õ·©¶¸©¯¸¬±¿²´¶¸¿ ° ²¯³, õ¸´ ¶¸¯³·±¯ħ·¬¸ ¨°¸¯©²´¶¸¿ ©¶¸¨©´õ²¾» 

³¬ħ¯¶¸¬³ (9). 

Ą¨Þ²¨÷ ¨ª¨µ¸¨º¯÷ ° ª¬¹¯º¯¸· °¯¶±´ħ´ª¨ ð ´§ħ¨´©¨²¯¬ «¨´©´® 

µ±¬²°¯ ²¨ «¯ªħ´¹´§²´® µ´©¬ħ»²´¶¸¯ ±¯¶¸¿¬© ¯ ¶¸¬§±¬® ¨¸´µ±¬²²¾» ħ¨¶¸¬-

²¯®. Ĉ©¬¶¸²´, õ¸´ ħ¨¶¸¬²¯÷ ħ¯¶¨ ·ª¬ħÞ¯©¨ī¸ µ´©¬ħ»²´¶¸²·ī «¨´©·ī 

µ±¬²°· ª¨Þ¬ µħ¯ ª±¯¸¬±¿²´³ (4-5 ¶·¸) ¨¸´µ±¬²¯¯ (10). Ċ²¨ ´¸©¬õ¨¬¸ ¨ ª´-

¶¸¨©°· °¯¶±´ħ´ª¨ ¶ ²¨ª©´ª²´® µ´©¬ħ»²´¶¸¯ ¯ ©¨Þ²¨ ª±÷ ´¶·½¬¶¸©±¬²¯÷ µ´ª-

©´ª²´«´ ¹´¸´¶¯²¸¬¨, ´§¬¶µ¬õ¯©¨ī½¬«´ ħ¨¶¸¬²¯÷ ĩ²¬ħ«¯¬® (5, 6). č¶°´ħ¬²-

²¾® ħ´¶¸ µħ´¯¶»´ª¯¸ ¯ ¨ ¶õ¬¸ ³¬¸¨§´±¯¨º¯¯ ¶¨»¨ħ´©, °´¸´ħ¨÷ ´¶·½¬¶¸©-

±÷¬¸¶÷ µħ¯ ·õ¨¶¸¯¯ µħ´¸¬¯²°¯²¨. ĉ¨µħ¯³¬ħ, CIPK15 (calcineurin B- like 

proteininteracting protein kinase15) ¯²¯º¯¯ħ·¬¸ SnRK1A-¨©¯¶¯³¾® °¨¶°¨ª 
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¨²¨ĩħ´§²´«´ ħ¨¶½¬µ±¬²¯÷ °ħ¨»³¨±¨ (11). Ą ¶©´ī ´õ¬ħ¬ª¿, SnRK 1A (sucrose-

nonfermenting 1- related protein  kinase 1A), ©¨¯³´ª¬®¶¸©·÷ ¶ ¹¨°¸´ħ´³ ¸ħ¨²-

¶°ħ¯µº¯¯ MYBS1, ¶¸¯³·±¯ħ·¬¸ ĩ°¶µħ¬¶¶¯ī «¬²¨ a-¨³¯±¨¾, ´¶´§¬²²´ ©¨Þ-

²´® ª±÷ ħ¨¶½¬µ±¬²¯÷ °ħ¨»³¨±¨ µħ¯ µħ´ħ¨¶¸¨²¯¯ ¶¬³÷².  

Đ´ħ³´Þ¬²¯¬ ħ´¶¸¨ ¯ ´§³¬²¨ ©¬½¬¶¸© ð ´¶²´©²¾¬ °ħ¯¸¬ħ¯¯ ¨±¿¸¬ħ-

²¨¸¯©²´® LOQS ¶¸ħ¨¸¬«¯¯. Ĩ¸´® ¶¸ħ¨¸¬«¯¯ ¶´µ·¸¶¸©·ī¸ ³¬¸¨§´±¯õ¬¶°¯¬ 

¨ª¨µ¸¨º¯¯, µħ¬µ÷¸¶¸©·ī½¯¬ ĩ²¬ħ«¬¸¯õ¬¶°´³· «´±´ª¨²¯ī, ¨°¯¶±¬²¯ī º¯-

¸´µ±¨³¾ ¯ ¸´°¶¯õ²´¶¸¯ ¨²¨ĩħ´§²¾» ³¬¸¨§´±¯¸´©. Ĩ²¬ħ«¯÷, ©¾ħ¨§´¸¨²²¨÷ 

© µħ´º¬¶¶¬ ³¬¸¨§´±¯³¨ °ħ¨»³¨±¨, «±¯°´±¯¨ ¯ §ħ´Þ¬²¯®, µħ¬¯³·½¬-

¶¸©¬²²´ ¸ħ¨¸¯¸¶÷ ²¨ µħ´º¬¶¶¾ ¸ħ¨²¶µ´ħ¸,̈ ¨½¯¸· °±¬¸´° ´¸ ¨°¸¯©²¾» ¹´ħ³ 

°¯¶±´ħ´ª¨ (êĎą) ¯ µħ¬ª´¸©ħ¨½¬²¯¬ ª¬²¨¸·ħ¨º¯¯ §¬±°´© (5, 11, 12). ë±¨©-

²¾³ ħ¬«·±÷¸´ħ´³ LOQS · ħ¯¶¨, °¨° ¯ © ¶±·õ¨¬ ¶´ ¶¸ħ¨¸¬«¯¬® ¯§¬«¨²¯÷, 

¶±·Þ¯¸ ĩ¸¯±¬². Ć¬±´°, °´ª¯ħ·¬³¾® «¬²´³ SUB1A ¯ ´¸²´¶÷½¯®¶÷ ° «ħ·µµ¬ 

ĩ¸¯±¬²-õ·©¶¸©¯¸¬±¿²¾» ¹¨°¸´ħ´© ¸ħ¨²¶°ħ¯µº¯¯ (ERF-VII), ¸´ħ³´¯¸ ¶¯²-

¸¬ ĩ¸¯±¬²¨, µħ¯©´ª÷ ° ¶²¯Þ¬²¯ī °´±¯õ¬¶¸©¨ «¯§§¬ħ¬±±¯²´©. ċħ¯ ĩ¸´³ ¶¸¯-

³·±̄ħ·¬¸¶÷ ²¨°´µ±¬²¯¬ §ħ¨¶¶¯²´¶¸¬ħ´¯ª´© ð ħ¬«·±÷¸´ħ´© ħ´¶¸¨, ¶µ´¶´§-

¶¸©·ī½¯» ħ¨¶µ¨ª· §¯´±´«¯õ¬¶°¯ ¨°¸¯©²¾» «¯§§¬ħ¬±±¯²´© ¯ ¨°°·³·±÷º¯¯ 

§¬±°¨ SLENDER RICE1 (SLR1), °´¸´ħ¾® µ´ª¨©±÷¬¸ ¸ħ¨²¶ª·°º¯ī «¯§§¬-

ħ¬±±¯²´©´«´ ¶¯«²¨±¨ (13). ĉ¨ħ÷ª· ¶ ĩ¸¯³ SUB1A ¸´ħ³´¯¸ ³¬¸¨§´±¯³ ¶¨-

»¨ħ´©, ¶²¯Þ¨÷ ĩ°¶µħ¬¶¶¯ī «¬²´© ¨³¯±¨¾ ¯ ¶¨»¨ħ´´¶¯²¸¨¾ (14). ċħ¯ 

´¶·½¬¶¸©±¬²¯¯ ¶¸ħ¨¸¬«¯¯ LOQS ©´ ©ħ¬³÷ ¨¸´µ±¬²¯÷ ¨¸´ħ³¨Þ¯©¨¬¸¶÷ 

ħ´¶¸ ħ¨¶¸¬²¯®, ¨ ¶ĩ°´²´³±¬²²¾¬ ħ¬¶·ħ¶¾ ²¨µħ¨©±÷ī¸¶÷ ²¨ µ¬ħ¬Þ¯ª¨²¯¬ 

µ¬ħ¯´ª¨ ²¬ª´¶¸¨¸°¨ °¯¶±´ħ´ª¨ ¯ µ´¶±¬ª·ī½¬¬ ´¸ħ¨¶¸¨²¯¬ µ´¶±¬ ©´¶¶¸¨-

²´©±¬²¯÷ «¨´´§³¬²¨. 

ą´±¬´µ¸¯±¿ ð ´¶´§¾® ī©¬²¯±¿²¾® ´ħ«¨² µħ´ħ´¶¸°´© · ±¨°´©. Ċ² 

µħ´ħ¨¶¸¨¬¸ ¶°©´¿ µ´õ©·, ¶´»ħ¨²÷÷ ¯²¸¨°¸²¾³¯ ²¨¶¸´÷½¯¬ ±¯¶¸¿÷. ¡¶±¯ 

¶©¬¸ µ´µ¨ª¨¬¸ ²¨ °´±¬´µ¸¯±¿, ´² µħ¬°ħ¨½¨¬¸ ħ´¶¸ ¯ ¶°©´¿ ²¬«´ µħ´ħ¨¶¸¨¬¸ 

²¨¶¸´÷½¯® ±¯¶¸. ą´±¬´µ¸¯±¿ ¯³¬¬¸ ´«ħ¨²¯õ¬²²¾® µ¬ħ¯´ª ħ¨©¯¸¯÷, °´«ª¨ 

©¶¬ ¬«´ °±¬¸°¯ µħ´»´ª÷¸ ĩ¸¨µ ħ´¶¸¨ ħ¨¶¸÷Þ¬²¯¬³. ¤õ¯¸¨¬¸¶÷, õ¸´ ĩ°´±´«¯-

õ¬¶°¯ §´±¬¬ ª±¯²²¾¬ °´±¬´µ¸¯±¯ ©´ ³²´«¯» ¶±·õ¨÷» ´§±¨ª¨ī¸ µħ¬¯³·½¬-

¶¸©´³, ²¨µħ¯³¬ħ ´§¬¶µ¬õ¯©¨÷ ¨½¯¸· ´¸ ©¾¶´°´® ¸¬³µ¬ħ¨¸·ħ¾ ¯ µ±´¸²´® 

¶ħ¬ª¾ (15, 16). ¤µ´¶´§²´¶¸¿ ·ª±¯²÷¸¿ °´±¬´µ¸¯±¿ ´°¨¨±¨¶¿ µ´±¬²´® ª±÷ 

¶¬±¿¶°´»´÷®¶¸©¬²²¾» °·±¿¸·ħ © ²¬§±¨«´µħ¯÷¸²¾» ·¶±´©¯÷», µ´¶°´±¿°· «±·-

§´°¯® µ´¶¬© ©¨Þ¬² ª±÷ ħ´¶¸¨ © §´±¬¬ µ´ª»´ª÷½¯» ·¶±´©¯÷» ¸¬³µ¬ħ¨¸·ħ¾ ¯ 

©±¨Þ²´¶¸¯, ¶²¯Þ¨¬¸ ħ¯¶° µ´©ħ¬Þª¬²¯÷ µħ¯ ²¨µ¨ª¬²¯ ̄³¾ß¬® ¯±¯ ªħ·«¯» 

Þ¯©´¸²¾», ¨ ¸¨°Þ¬ ·³¬²¿ß¨¬¸ ©ħ¬ª ´¸ ª¬®¶¸©¯÷ «¬ħ§¯º¯ª´© ª´ µ´÷©±¬²¯÷ 

©¶»´ª´© (17-19).  

č¶¸¨²´©±¬²´ ²¨õ¯¸¬±¿²´¬ õ¯¶±´ ¹¨°¸´ħ´©, ħ¬«·±¯ħ·ī½¯» ·ª±¯²¬-

²¯¬ °´±¬´µ¸¯±¬® ²¨ ¸ħ¨²¶°ħ¯µº¯´²²´³ ¯ µ´¶¸¸ħ¨²¶±÷º¯´²²´³ ·ħ´©²÷» (20, 

21). Ħ´¶¸ ħ¨¶¸÷Þ¬²¯¬³ »´ħ´ß´ ¯·õ¬² ²¨ °´±¬´µ¸¯±÷» ±¨°´©, © õ¨¶¸²´¶¸¯ 

´©¶¨, °·°·ħ·¾ ¯ °¨²¨ħ¬¬õ²¯° .̈ Ċ¸³¬¸¯³, õ¸´ · ħ¯¶¨ ²¨ ĩ¸¨µ¬ µħ´ħ¨¶¸¨²¯÷ 

µ¬ħ©¾³ ¯ ¬ħ²´©°¯ ħ¨©¯©¨¬¸¶÷ ¯³¬²²´ °´±¬´µ¸¯±¿. ą´±¬´µ¸¯±¯ ĩ¸´«´ ħ¨¶-

¸¬²¯÷ ¨°¨²õ¯©¨ī¸ ¶©´® ħ´¶¸ ²¨ 6-9-¬ ¶·¸. Ą ·¶±´©¯÷» ¨¸´µ±¬²¯÷ ħ´¶¸ °´-

±¬´µ¸¯±¬® ¶´ħ¸´© ħ¯¶¨, µħ¯ª¬ħÞ¯©¨ī½¯»¶÷ LOES ¶¸ħ¨¸¬«¯¯, ²¨õ¯¸¬±¿²´ 

·¶°´ħ÷¬¸¶÷, ¨ · LOQS-¹´ħ³, ²¨´§´ħ´¸, ¨¸´ħ³¨Þ¯©¨¬¸¶÷ (22). Ą ¶©÷¯ ¶ 

ĩ¸¯³ º¬±¬¶´´§ħ¨²´ ¯¶µ´±¿´©¨¸¿ ª±¯²· °´±¬´µ¸¯±÷ °¨° °ħ¯¸¬ħ¯® µħ¯ ©¾-

§´ħ¬ «¬²´¸¯µ´©, °´²¸ħ¨¶¸²¾» µ´ ¶µ´¶´§²´¶¸¯ ° ħ´¶¸·, ¨ ¶±¬ª´©¨¸¬±¿²´, µ´ 

·¶¸´®õ¯©´¶¸¯.  

Ą ²¨¶¸´÷½¬¬ ©ħ¬³÷ © Ď¬ª¬ħ¨±¿²´³ ²¨·õ²´³ º¬²¸ħ¬ ħ¯¶¨ («. ąħ¨¶²´-

ª¨ħ) © č²¯°¨±¿²´® ²¨·õ²´® ·¶¸¨²´©°¬ ð čĉč ą´±±¬°º¯÷ «¬²¬¸¯õ¬¶°¯» ħ¬-

¶·ħ¶´© ħ¯¶¨ »ħ¨²¯¸¶÷ 7,3 ¸¾¶. ´§ħ¨º´©. ë¬²´¹´²ª ħ¯¶¨ © čĉč µħ¬ª¶¸¨©±¬² 

¶´ħ¸¨³¯, ¶´ħ¸´´§ħ¨º¨³¯, ³·¸¨²¸¨³¯, ª¯«¨µ±´¯ª¨³¯ O. sativa ª©·» µ´ª©¯-

ª´© ð indica ¯ japonica, ©°±īõ¨¬¸ 82 ħ¨²´©¯ª²´¶¸ ̄¯ 42 ħ¯¶´¶¬ī½¯» ¶¸ħ¨². 
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¤´»ħ¨²÷¬³¾® «¬²´¹´²ª ©¶¬¶¸´ħ´²²¬ ¯·õ¨¬¸¶÷ ª±÷ ©¾÷©±¬²¯÷ ¯¶¸´õ²¯°´© 

¯ ª´²´ħ´© º¬²²¾» µħ¯²¨°´© (23, 24). Ċª²¨°´ ¸¬¶¸¯ħ´©¨²¯¬ °´±±¬°º¯´²²¾» 

´§ħ¨º´© µ´ ·¶¸´®õ¯©´¶¸¯ ° ħ¨±¯õ²¾³ ²¬§±¨«´µħ¯÷¸²¾³ ¹¨°¸´ħ¨³ ´°ħ·-

Þ¨ī½¬® ¶ħ¬ª¾ (© ¸´³ õ¯¶±¬ µ´ ´¸²´ß¬²¯ī ° ²¬ª´¶¸¨¸°· °¯¶±´ħ´ª¨), ° ¶´-

Þ¨±¬²¯ī, ª¨±¬°´ ´¸ ¶©´¬«´ ¨©¬ħß¬²¯÷. ĉ¨ ²¨ß ©«±÷ª, ¶©´®¶¸©´ ħ¨¶¸¬²¯® 

ħ¯¶¨ ³¬²÷¸¿ ¶¸ħ¨¸¬«¯ī ¨ª¨µ¸¨º¯¯ © ·¶±´©¯÷» ¨¸´µ±¬²¯÷ ²¨ ħ¨²²¯» ¶¸¨ª¯÷» 

´²¸´«¬²¬¨ ¶µ´¶´§²´ ©´ ³²´«´³ ´µħ¬ª¬±¯¸¿ °´²¬õ²·ī ·ħ´Þ¨®²´¶¸¿ ĩ¸´® 

¶¬±¿¶°´»´÷®¶¸©¬²²´® °·±¿¸·ħ¾. ąħ´³¬ ¸´«´, ²¬ ÷¶²´, ³´Þ²´ ±¯ ĩ°¶¸ħ¨µ´-

±¯ħ´©¨¸¿ ħ´¶¸ ¯ ·¶¸´®õ¯©´¶¸¿ ī©¬²¯±¿²´«´ ´ħ«¨²¨ ²¨ ·¶¸´®õ¯©´¶¸¿ ¯ ħ¨-

©¯¸¯¬ ©ħ´¶±´«´ ħ¨¶¸¬²¯÷.  

Ą µħ¬ª¶¸¨©±¬²²´® ħ¨§´¸¬ ©µ¬ħ©¾¬ µħ´ª¬³´²¶¸ħ¯ħ´©¨²´ ²¨õ¬²¯¬ 

¶°´ħ´¶¸¯ ħ´¶¸¨ ¯ Þ¯²¬¶µ´¶´§²´¶¸¯ °´±¬´µ¸¯±¬® µħ´ħ´¶¸°´© ħ¯¶¨ µħ¯ ¨-

¸´µ±¬²¯¯ © ´µħ¬ª¬±¬²¯¯ ·¶¸´®õ¯©´¶¸¯ ħ¨¶¸¬²¯® ¯ ¯» ħ¨©¯¸¯÷ © µ´¶±¬ª·ī-

½¬³ ´²¸´«¬²¬¬.  

¥¬±¿ ħ¨§´¸¾ ¨°±īõ¨±¨¶¿ © ´º¬²°¬ ¶°´ħ´¶¸¯ ħ´¶¸¨ ¯ Þ¯²¬¶µ´¶´§-

²´¶¸¯ °´±¬´µ¸¯±¬® © ·¶±´©¯÷» ¨¸´µ±¬²¯÷ · ¶´ħ¸´© ¯ ¹´ħ³ ħ¯¶¨ ¯ °´±±¬°-

º¯¯ Ď¬ª¬ħ¨±¿²´«´ ²¨·õ²´«´ º¬²¸ħ¨ ħ¯¶¨. 

Č¬¸´ª¯°¨. Ą¾ħ¨½¯©¨²¯¬ ħ¯¶¨ (Oryza sativa L .) ¯ ¹¬²´¸¯µ¯ħ´©¨²¯¬ 

ħ¨¶¸¬²¯® µ´ »´÷®¶¸©¬²²´ º¬²²¾³ µħ¯²¨°¨³ µħ´©´ª¯±¯ © 2019-2022 «´ª¨» 

© °´±±¬°º¯´²²´³ µ¯¸´³²¯°¬ (´ħ´¶¯¸¬±¿²¨÷ ¶¯¶¸¬³¨ Ďĉ¥ ħ¯¶¨, «. ąħ¨¶²´-

ª¨ħ, µ/´ Ć¬±´¬ħ²´¬).  

Ą ħ¨§´¸¬ ¯¶µ´±¿´©¨±¯ ¶¬³¬²¨ 36 ¶´ħ¸´© ¯ ¹´ħ³ ¯ °´±±¬°º¯¯ Ďĉ¥ 

ħ¯¶¨. Ą ¨²¨±¯ §¾±¯ ©÷¸¾ 24 ¶´ħ¸¨ ħ¯¶¨ ´¸¬õ¬¶¸©¬²²´® ¶¬±¬°º¯¯ (ê³¬¸¯¶¸, 

ê²¨¯¸, Ą¬±¬¶, Ą¯´±¨, Ą¯¸¨, ë¨³³¨, Î¬³õ·«, ąħ¨¶²´¨ħ³¬®¶°¯® 313, ą·§¨²¿ 

3, ć¯ª¬ħ, ĉ¨¸¨ß¨, ĉ´©¨¸´ħ, Ċ±¯³µ, ċħ¯©´±¿²¾® 4, Ħ¨µ¨², Ħ¬«·±, ¤´²¨¸¨, 

¤µħ¯²¸, Đ¯¸¨², č¶¶·ħ, Ď´²¸¨², ì¨¨ħ, Ï¨ħ³, ĪÞ²¨÷ ²´õ¿), ´ª¯² ¶´ħ¸ ¯ 

č§¬°¯¶¸¨²¨ ( ¬©ħ¨), ¸ħ¯ ¶´ħ¸¨ ¯ ą¯¸¨÷ (Xiannui, Zhongyon, Zhongyon 

207) ¯ ©´¶¬³¿ ´§ħ¨º´© ¯ Č¬Þª·²¨ħ´ª²´«´ ¯²¶¸¯¸·¸¨ ħ¯¶¨ (International 

Rice Research Institute,  IRRI,  Ď¯±¯µµ¯²¾) (AA WAB  56-125, HHZ 11 Y6-Y2-

SUB1, HHZ 8 SAL 14 SUB1, HHZ 9 DT 12 SUB1, IR  50, IR 14 L  110, Kirkpinar , 

ċĄ-1 IRBLSH ). ¤ħ¬ª¯ ¹¯±¯µµ¯²¶°¯» ´§ħ¨º´© §¾±¯ ¸ħ¯ ¹´ħ³¾, ²¬¶·½¯¬ 

¨±±¬±¿ SUB1A, »¨ħ¨°¸¬ħ²¾® ª±÷ ²¨¯§´±¬¬ ·¶¸´®õ¯©¾» ¯ ³¬ª±¬²²´ħ¨¶¸·½¯» 

LOQS-¶´ħ¸´© ħ¯¶¨. 

Ą ħ¨³°¨» ³¬Þª·²¨ħ´ª²´«´ ¶´¸ħ·ª²¯õ¬¶¸©¨ ´§ħ¨º¾ ħ¯¶¨ ³¯ħ´©´® ¶¬-

±¬°º¯¯ µ´¶¸·µ¨±¯ © °´±±¬°º¯ī ²¨·õ²´«´ º¬²¸ħ¨ ¯ ħ¨²¾» ·²¯¹¯º¯ħ´©¨²-

²¾» µ¯¸´³²¯°´© ¶´ħ¸´¯¶µ¾¸¨²¯÷ (IRRI, Ď¯±¯µµ¯²¾), © °´¸´ħ¾» µħ¯³¬-

²÷±¯¶¿ ħ¨±¯õ²¾¬ ¶µ´¶´§¾ ©´ª¬±¾©¨²¯÷: IRLON ð µħ¯ ·°´ħ´õ¬²²´³ ¨-

¸´µ±¬²¯¯, IRCTN ð µ¯¸´³²¯° »´±´ª´¶¸´®°¯» ¹´ħ³, IRTON ð ¯¶°·¶-

¶©̧¬²²´ ´ħ´ß¨¬³¾® ħ¯¶ ·³¬ħ¬²²¾» ß¯ħ´¸, IRLYN-SUB ð «±·§´°´©´ª-

²¾®, ¸´±¬ħ¨²¸²¾® ° ¨¸´µ±¬²¯ī ħ¯¶, GAR - IRLL  ð ħ¯¶ ´ħ´ß¨¬³¾» ²¯-

³¬²²´¶¸¬®, µ¯¸´³²¯° ¬±¬²¾» ¸¬»²´±´«¯®; GSR-Rell  ð µ´±¯©²´®, ¶·µ¬ħ-

ħ¯¶, µ¯¸´³²¯° ¬±¬²¾» ¸¬»²´±´«¯®, (http://www.knowledgebank.irri.org/im -

ages/docs/rice-standard-evaluation-system.pdf).  

¤°´ħ´¶¸¿ ħ´¶¸¨ µħ´ħ´¶¸°´© ´µħ¬ª¬±÷±¯ ©¯·¨±¿²´ µ´ 9-§¨±±¿²´® 

ß°¨±¬, «ª¬ 1 §¨±± ð ²¯°̈÷, 3-5 §¨±±´© ð ¶ħ¬ª²÷÷, 7-9 §¨±±´© ð ©¾¶´°¨÷. 

ą ¶´ħ¸¨³ ¶ ©¾¶´°´® ¶°´ħ´¶¸¿ī ħ´¶¸¨ (9 §¨±±´©) ²¨ ²¨õ¨±¿²´® ¶¸¨ª¯¯ µħ´-

ħ¨¶¸¨²¯÷ ´¸²´¶¯± ̄«¬²´¸¯µ¾ ¶ ª±¯²´® µħ´ħ´¶¸°¨ ²¨ 7-¬ ¶·¸ §´±¬¬ 2 ¶³; 

7 §¨±±´© ð 1,5-2,0 ¶³, 3-5 §¨±±´© ð 1,0-1,5 ¶³, 1 §¨±± ð ³¬²¬¬ 1 ¶³. Ą 

ħ¬·±¿¸¨¸¬ ¶´ħ¸¨ ¯ ¶´ħ¸´¹´ħ³¾ ħ¯¶¨ ħ¨ª¬±¯±¯ ²¨ ¸ħ¯ «ħ·µµ¾ µ´ ¯²¸¬²¶¯©-

²´¶¸¯ ħ´¶¸¨ (²¯°¨÷, ¶ħ¬ª²÷÷ ¯ ©¾¶´°¨÷) ²¨ ħ¨²²¬® ¶¸¨ª¯¯ ´²¸´«¬²¬¨.  ¨-

±¬¬ ´º¬²¯©¨±¯ ħ¨©¯¸¯¬ ħ¨¶¸¬²¯® © ·¶±´©¯÷» ²´ħ³´°¶¯¯: ¹¯°¶¯ħ´©¨±¯ ´§-

½·ī ©¾¶´¸·, ª±¯²· ³¬¸¬±°¯, ª±¯¸¬±¿²´¶¸¿ µ¬ħ¯´ª¨ ħ¨©¯¸¯÷ ª´ º©¬¸¬²¯÷ ¯ 
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¶´©´°·µ²´«´ ©¬«¬¸¨º¯´²²´«´ µ¬ħ¯´ª¨ (ª±¯¸¬±¿²´¶¸¿ ©¬«¬¸¨º¯´²²´«´ µ¬ħ¯-

´ª¨ ¶´ħ¸´´§ħ¨º´© ´º¬²¯©¨±¯ ¶ ª¨¸¾ ©¶»´ª´© ª´ º©¬¸¬²¯÷, ¨ ¨¸¬³ ª´ µ´±²´® 

¶µ¬±´¶¸¯ ¬ħ²¨). Ċµħ¬ª¬±÷±¯ ĩ±¬³¬²¸¾ µħ´ª·°¸¯©²´¶¸¯, ©°±īõ¨÷ ³¨¶¶· 

1000 ¬ħ¬², ¯ ́§½·ī µħ´ª·°¸¯©²´¶¸¿ ³¬¸¬±°¯.  ±÷ §¯´³¬¸ħ¯õ¬¶°´«´ ¨²¨-

±¯¨ ²¨ ª¬±÷²°¨» ´¸§¯ħ¨±¯ ³´ª¬±¿²¾¬ ¶²´µ¾ ¯ 10 ħ¨¶¸¬²¯®. 

 ±÷ ¶¬ħ¯¯ ±¨§´ħ¨¸´ħ²¾» ¯¶¶±¬ª´©¨²¯® ¶¬³¬²¨ µ´©¬ħ»²´¶¸²´ ¶¸¬ħ¯-

±¯´©¨±¯ 50 % ħ¨¶¸©´ħ´³ «¯µ´»±´ħ¯¸¨ ²¨¸ħ¯÷ © ¸¬õ¬²¯¬ 15 ³¯², 10 ħ¨ µħ´-

³¾©¨±¯ ¶¸¬ħ¯±¿²´® ©´ª´® ¯ ¨³¨õ¯©¨±¯ © «´ħ÷õ¬® ©´ª¬ (55 ¤̄) ²¨ 1 õ.  ¨±¬¬ 

µ´ 50 ¶¬³÷² °´²¸ħ´±¿²¾» ´§ħ¨º´© µ´³¬½¨±¯ © ĩ³¨±¯ħ´©¨²²¾® µ´ªª´² ²¨ 

¶¸¬°±÷²²¾¬ ³´¶¸°¯, µ´°ħ¾¸¾¬ ³¨ħ±¬®. Ą µ´ªª´² ²¨±¯©¨±¯ 4 % µ¯¸¨¸¬±¿²¾® 

ħ¨¶¸©´ħ ą²´µ¨ (25) ª´ ·ħ´©²÷ ¶¸¬°±÷²²¾» ³´¶¸°´©, ²¨°ħ¾©¨±¯ ¶¸¬°±´³ ¯ 

µħ´ħ¨½¯©¨±¯ © ·¶±´©¯÷» ²´ħ³¨±¿²´«´ ª´¶¸·µ¨ ©´ª·»¨. ¤¬³¬²¨ ´µ¾¸²¾» ©¨-

ħ¯¨²¸´© ª±÷ ¶´ª¨²¯÷ «¯µ´°¶¯¯ µ´³¬½¨±¯ © ¬³°´¶¸¯ ´§¼¬³´³ 750 ³±, ¨-

±¯©¨±¯ ¸¬³ Þ¬ ħ¨¶¸©´ħ´³ µ´ª ¶¨³¾® ©¬ħ» (©¾¶´¸¨ ©´ª÷²´«´ ¶¸´±§¨ 12 ¶³) ¯ 

«¬ħ³¬¸¯õ²´ ¨°ħ¾©¨±¯ °ħ¾ß°´®. Ą ´§´¯» ©¨ħ¯¨²¸¨» ħ¨¶¸¬²¯÷ ©¾ħ¨½¯©¨±¯ 

© ¸¬õ¬²¯¬ 4 ¶·¸ µħ¯ 29 ¤̄ © ¸¬³²´¸¬. ĉ¨ 4-¬ ¶·¸ ¶´ª¬ħÞ¨²¯¬ °¯¶±´ħ´ª¨ © 

«¯µ´°¶¯õ¬¶°´³ ħ¨¶¸©´ħ¬ ¶´¶¸¨©±÷±´ © ¶ħ¬ª²¬³ 0,46 ³«/±. ¡«´ ¯³¬ħ÷±¯ ¶ 

µ´³´½¿ī ¨²¨±¯¨¸´ħ¨ ħ¨¶¸©´ħ¬²²´«´ °¯¶±´ħ´ª¨ Ĩ°¶µ¬ħ¸-009 (çĨ°´²¯°¶-

Ĩ°¶µ¬ħ¸è, Ħ´¶¶¯÷). ċ´¶·ª·, ³¨ħ±ī ¯ ħ¨¶¸©´ħ¾ ª±÷ ħ¨§´¸¾ ¶ ħ¨¶¸¬²¯÷³¯ 

µħ¬ª©¨ħ¯¸¬±¿²´ ¶¸¬ħ¯±¯´©¨±¯. 

 ±÷ ¯³¬ħ¬²¯÷ ª±¯²¾ °´±¬´µ¸¯±¬® µħ´ħ´¶¸°¯ ħ¨¶°±¨ª¾©¨±¯ © 

õ¨ß°¯ ċ¬¸ħ¯, ¶°¨²¯ħ´©¨±¯ ¶ µ´³´½¿ī HP  ScanJet G2710 («Hewlett -

Packardè, ¤Ïê) ¯ ´º¯¹ħ´©¾©¨±¯ ¯´§ħ¨Þ¬²¯÷ © µħ´«ħ¨³³¬ ImageJ (©¬ħ¶¯÷ 

1.8.0_172) (https://imagej.nih.gov/ij/download.html) .  ±÷ ¨²¨±¯¨ ¯¶µ´±¿´-

©¨±¯ ©¶¬ µħ´ħ´¶ß¯¬ ħ¨¶¸¬²¯÷ ¯ 50 µ´¶¬÷²²¾». ċ´¶±¬ ¶°¨²¯ħ´©¨²¯÷ µ´ 

5 °´±¬´µ¸¯±¬® ¯ °´²¸ħ´±¿²¾» ¯ ´µ¾¸²¾» ©¨ħ¯¨²¸´© ¯¶µ´±¿´©¨±¯ ª±÷ 

´µħ¬ª¬±¬²¯÷ Þ¯²¬¶µ´¶´§²´¶¸¯ © ¸¬¶¸¬ µ´ ©´¶¶¸¨²´©±¬²¯ī ¶´±¬® ¸¬¸ħ¨´-

±¯÷. ą´±¬´µ¸¯±¯ µ´³¬½¨±¯ © µħ´§¯ħ°¯ ¶ 5 ³± ħ¨¶¸©´ħ¨ »±´ħ¯ª¨ 2,3,5-¸ħ¯-

¹¬²¯±¸¬¸ħ¨´±¯÷ (8 «/±), µħ¯«´¸´©±¬²²´«´ ²¨ 0,1 Č ²¨¸ħ¯®-¹´¶¹¨¸²´³ §·-

¹¬ħ¬ (pH  6,9).  ¨±¬¬ © ¸¬õ¬²¯¬ 15 ³¯² ħ¨¶¸©´ħ ¶ ´¸ħ¬°¨³¯ ħ¨¶¸¯¸¬±¿²´® 

¸°¨²¯ µ´ª©¬ħ«¨±¯ ©¨°··³-¯²¹¯±¿¸ħ¨º¯¯ (-70 ċ¨), µ´¶±¬ õ¬«´ µħ´§¯ħ°¯ 

´¶¸¨©±÷±¯ ²¨ ²´õ¿ © ¸¬ħ³´¶¸¨¸¬ (29 ¤̄).  

ĉ¨ ¶±¬ª·ī½¯® ª¬²¿ µħ´©´ª¯±¯ ĩ°¶¸ħ¨°º¯ī ¸ħ¯¹¬²¯±¹´ħ³¨¨²¨ 

(©´¶¶¸¨²´©±¬²²¨÷ ¹´ħ³¨ ¸ħ¯¹¬²¯±¸¬¸ħ¨´±¯÷, ´°ħ¨ß¬²²¨÷ © °ħ¨¶²¾® º©¬¸) 

¯ ħ¨¶¸¯¸¬±¿²¾» ¸°¨²¬®.  ±÷ ĩ¸´«´ °´±¬´µ¸¯±¯, 3-°ħ¨¸²´ µħ´³¾¸¾¬ ª¯¶¸¯±-

±¯ħ´©¨²²´® ©´ª´®, ¨±¯©¨±¯ 1,5 ³± 96 % ĩ¸¯±´©´«´ ¶µ¯ħ¸¨ © ³¯°ħ´µħ´§¯ħ-

°¨» ´§¼¬³´³ 2 ³± ¯ ²¨«ħ¬©¨±¯ © ¸¬õ¬²¯¬ 10 ³¯² µħ¯ 85 ¤̄ © ¸©¬ħª´¸¬±¿²´³ 

¸¬ħ³´¶¸¨¸¬ TDB-120 (çBioSanè, ć¨¸©¯÷). Ċµ¸¯õ¬¶°·ī µ±´¸²´¶¸¿ ¯³¬ħ÷±¯ 

µħ¯ l = 485 ²³ ²¨ ¶µ¬°¸ħ´¹´¸´³¬¸ħ¬  SPECTROstar Nano («BMG LABTECH 

GmbH », ë¬ħ³¨²¯÷). Î¯²¬¶µ´¶´§²´¶¸¿ ´º¬²¯©¨±¯ © ¬ª¯²¯º¨» ´µ¸¯õ¬¶°´® 

µ±´¸²´¶¸¯ ê485 ²¨ 1 µħ´ħ´¶¸´°. Ĩ°¶µ¬ħ¯³¬²¸¾ µħ´©´ª¯±¯ © ¸ħ¬» §¯´±´«¯-

õ¬¶°¯» µ´©¸´ħ²´¶¸÷». 

¤¸¨¸¯¶¸¯õ¬¶°¯® ¨²¨±¯ ´¶·½¬¶¸©±÷±¯ © ¶ħ¬ª¬ ÷¾°¨ R (26). Ċµħ¬ª¬-

±÷±¯ ¶ħ¬ª²¯¬ ²¨õ¬²¯÷ µ´°¨¨¸¬±¬® (M) ¯ ¶¸¨²ª¨ħ¸²¾¬ ´ß¯§°¯ ¶ħ¬ª²¯» 

(± SEM ). ċħ´©¬ħ°· ²¨ ²´ħ³¨±¿²´¶¸¿ µħ´©´ª¯±¯, ¯¶µ´±¿·÷ ¸¬¶¸ Ï¨µ¯ħ´-

č¯±°¨. Ć´±¿ß¨÷ õ¨¶¸¿ ©¾§´ħ´° µ´°¨¨±¨ ħ¨¶µħ¬ª¬±¬²¯¬ ª±¯², ´¸±¯õ²´¬ ´¸ 

²´ħ³¨±¿²´«´, µ´ĩ¸´³· ª±÷ ¯» ¶ħ¨©²¬²¯÷ µħ¯³¬²÷±¯ ²¬µ¨ħ¨³¬¸ħ¯õ¬¶°¯® 

¸¬¶¸ Č¨²²¨-č¯¸²¯-č¯±°´°¶´²¨.  ±÷ ¶ħ¨©²¬²¯÷ ´°ħ¨ß¯©¨²¯÷ ¸¬¸ħ¨´±¯¬³ 

¯¶µ´±¿´©¨±¯ t-¸¬¶¸. ċħ¯ ³²´Þ¬¶¸©¬²²¾» ¶ħ¨©²¬²¯÷» p-²¨õ¬²¯÷ °´ħħ¬°¸¯-

ħ´©¨±¯ ³¬¸´ª´³ FDR (false discovery rate). ċħ´©¬ħ°· µħ¯²¨ª±¬Þ²´¶¸¿ ²¨õ¬-

²¯® ª±¯² µħ¯ «¯µ´°¶¯¯ ¯ ²´ħ³´°¶¯¯ ° ́ª²´³· ħ¨¶µħ¬ª¬±¬²¯ī µħ´©´ª¯±¯ 
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¶ µħ¯³¬²¬²¯¬³ ¸¬¶¸¨ ą´±³´«´ħ´©¨-¤³¯ħ²´©¨, ħ¨¶¶õ¯¸¾©¨±¯ ²¬¶»´ª¶¸©´ (D) 

¯ p-²¨õ¬²¯¬ (p-value). Çª¬ħ²·ī ´º¬²°· µ±´¸²´¶¸¯ ¶±·õ¨®²´® ©¬±¯õ¯²¾ 

¨²¨±¯¯ħ´©¨±¯ ¶ ¯¶µ´±¿´©¨²¯¬³ ¹·²°º¯¯ ¡µ¨²¬õ²¯°´©¨.  ±÷ ´µħ¬ª¬±¬²¯÷ 

°´ħħ¬±÷º¯¯ ©¾õ¯¶±÷±¯ °´ĩ¹¹¯º¯¬²¸ ¤µ¯ħ³¬²¨ (r). 

Ħ¬·±¿¸¨¸¾. ċ´ ª¨²²¾³ ¹¬²´¸¯µ¯ħ´©¨²¯÷, ħ̈©¯¸¯¬ ħ¨¶¸¬²¯® O. sa-

tiva ¯ °´±±¬°º¯¯ Ďĉ¥ ħ¯¶¨, ©´ß¬ªß¯» © ĩ°¶µ¬ħ¯³¬²¸, ²¬ ¨©¯¶¬±´ ´¸ 

¶¸ħ¨²¾ ¯ µ¯¸´³²¯°¨ µħ´¯¶»´Þª¬²¯÷ (¸¨§±. 1). ¤°´ħ´¶¸¿ ħ´¶¸¨ ´º¬²¯©¨±¯ ²¨ 

²¨õ¨±¿²¾» ĩ¸¨µ¨» ħ¨©¯¸¯÷ µħ´ħ´¶¸°´©. Ĉ³¬²²´ © ĩ¸´¸ µ¬ħ¯´ª ħ¨¶¸¬²¯÷³ 

µħ¯»´ª¯¸¶÷ µħ¬´ª´±¬¸¿ 10-¶¨²¸¯³¬¸ħ´©¾® ¶±´® ©´ª¾, ´§ħ¨·ī½¯®¶÷ © ħ¬-

·±¿¸¨¸¬ ¨±¯©¨ õ¬°¨ µ´¶±¬ µ´¶¬©¨ (ç·°´ħ´õ¬²²´¬ ¨¸´µ±¬²¯¬è).  

¤́ ħ¸¨ ħ¯¶¨ ĪÞ²¨÷ ²´õ¿, ĉ¨¸¨ß¨, Ą¬±¬¶ ¯ HHZ8 SAL 14 SUB1, ´¸-

²¬¶¬²²¾¬ ° «ħ·µµ¬ ²¯°¯» (²¯°¨÷ ¯²¸¬²¶¯©²´¶¸¿ ħ´¶¸¨), ¯³¬±¯ ´«ħ¨²¯õ¬²-

²·ī ©¾¶´¸· ¶¸¬§±÷ (¶³. ¸¨§±. 1). ą «ħ·µµ¬ ©¾¶´°¯» µħ¯²¨ª±¬Þ¨±¯ ©¾¶´°´-

ħ´¶±¾¬ ħ¨¶¸¬²¯÷ ¶´ħ¸´©  ¬©ħ¨, Kirkpinar ¯ ą·§¨²¿ 3. Ĉ²¸¬ħ¬¶²´, õ¸´ ° 

«ħ·µµ¬ ©¾¶´°¯» ³´Þ²´ §¾±´ ´¸²¬¶¸¯ ¯ ¶´ħ¸¨, ª´¶¸¯«¨©ß¯¬ ±¯ß¿ µ´±´©¯²¾ 

©¾¶´¸¾ ©¾¶´°´ħ´¶±¾», ð IR  50, Zhongyon ¯ Zhongyon 207. Ċª²¨°´ ´¸³¬-

¸¯³, õ¸´ ĩ¸´ µħ¬¯³·½¬¶¸©¬²²´ °¨¶¨±´¶¿ ¶´ħ¸´© ¯²´¶¸ħ¨²²´® ¶¬±¬°º¯¯, 

°´¸´ħ¾¬ ´¸§¯ħ¨±¯ µ´ ¯²¾³ °ħ¯¸¬ħ¯÷³. ąħ´³¬ ¸´«´, µħ¯ ħ¨±¯õ²¾» ¸¬³-

µ¬ħ¨¸·ħ²¾» ·¶±´©¯÷» ·¶¸´®õ¯©´¶¸¿ ħ¨¶¸¬²¯® ° ¨¸´µ±¬²¯ī © ²¨õ¯¸¬±¿²´® 

¶¸¬µ¬²¯ ©¨ħ¿¯ħ·¬¸ (27). Đ´ ¬¶¸¿ ¶°´ħ´¶¸¿ ħ´¶¸¨ ¯ ·¶¸´®õ¯©´¶¸¿ ¶´ħ¸´©, ©¾-

©¬ª¬²²¾» ²¨ Ď¯±¯µµ¯²¨» ¯±¯ © ą¯¸¨¬, ³´Þ¬¸ ¶·½¬¶¸©¬²²´ ³¬²÷¸¿¶÷ µħ¯ 

©¾ħ¨½¯©¨²¯¯ © ·¶±´©¯÷» ąħ¨¶²´ª¨ħ¶°´«´ °ħ¨÷. Ą 2022 «´ª· © µ¬ħ¯´ª µ´-

¶¬©¨ (I  ª¬°¨ª¨ ³¨÷) ¶ħ¬ª²¬¶·¸´õ²¨÷ ¸¬³µ¬ħ¨¸·ħ¨ ²¬ µħ¬©¾ß¨±¨ 16-17 ¤̄ 

(https://o -pogode.ru/prognoz -may-2022/krasnodar). Ą´³´Þ²´, ¯³¬²²´ ĩ¸´ ¶¸¨±´ 

µħ̄õ¯²´® ´¸¶·¸¶¸©¯÷ õ¬¸°´® °´ħħ¬±÷º¯¯ ³¬Þª· ¶°´ħ´¶¸¿ī ħ´¶¸¨ ²¨ ²¨õ¨±¿-

²´³ ĩ¸¨µ¬ ¯ µ´¶±¬ª·ī½¯³ ħ¨©¯¸¯¬³ ħ¨¶¸¬²¯® ħ¯¶¨ (¶³. ¸¨§±. 1). 

ą ²¨¯§´±¬¬ ³¬ª±¬²²´ħ¨¶¸·½¯³ ´¸²´¶¯±¯¶¿ ¸ħ¯ ¶´ħ¸¨ ¹¯±¯µµ¯²¶°´® 

¶¬±¬°º¯¯, ²¬¶·½¯¬ ¨±±¬±¿ SUB1A, °¯¸¨®¶°¯® ¶´ħ¸ Xiannui ¯ ´¸¬õ¬¶¸©¬²²¾¬ 

¶´ħ¸¨ ê³¬¸¯¶¸, Î¬³õ·«, ĉ¨¸¨ß¨, Ħ¨µ¨² ¯ ĪÞ²¨÷ ²´õ¿.  ±¯²¨ °´±¬´µ¸¯±¬® 

· ²¯» ¶´¶¸¨©±÷±¨ ´°´±´ 10 ³³ © °´²¸ħ´±¬ ¯ ´°´±´ 3 ³³ µħ¯ «¯µ´°¶¯¯, õ¸´ 

´²¨õ¨¬¸ µ´ª¨©±¬²¯¬ ħ´¶¸¨ © 2,5-3,0 ħ¨¨. ¤±¬ª·¬¸ ¨³¬¸¯¸¿, õ¸´ ¯ µħ¬ª¶¸¨©-

±¬²²¾» © ĩ°¶µ¬ħ¯³¬²¸¬ µ÷¸¯ ¹´ħ³, ¯³¬ī½¯» ´°ħ¨ß¬²²¾¬ ¨²¸´º¯¨²´³ ¬ħ-

²´©°¯ (Ą¯´±¨, Ą¯¸¨, ċĄ-1 IRBLSH, ĉ¨¸¨ß¨ ¯ ĪÞ²¨÷ ²´õ¿), ª©¬ µ´¶±¬ª²¯¬ 

´°¨¨±¯¶¿ ³¬ª±¬²²´ħ¨¶¸·½¯³¯. ¤¨³¾³ ³¬ª±¬²²´ħ¨¶¸·½¯³ §¾± ¶´ħ¸ ĪÞ²¨÷ 

²´õ¿, · °´¸´ħ´«´ © °´²¸ħ´±¬ °´±¬´µ¸¯±¯ ©¾ħ¨¶¸¨±¯ ª´ 4,0 ³³, ̈ © ´µ¾¸¬ ð 

ª´ 2,5 ³³. Đ¬³ ¶¨³¾³ ©µ¬ħ©¾¬ ª±÷ µ¬ħ¬õ¯¶±¬²²¾» ¶´ħ¸´© §¾±´ µ´°¨¨²´ 

¨³¬ª±¬²¯¬ ħ´¶¸¨ °´±¬´µ¸¯±¬® µħ¯ ²¬ª´¶¸¨¸°¬ °¯¶±´ħ´ª¨. Ċª²¨°´ ¯²¸¬²-

¶¯©²´¶¸¿ µ´ª¨©±¬²¯÷ © ·¶±´©¯÷» ¨¸´µ±¬²¯÷ §¾±¨ ¶´«±¨¶´©¨²¨ ¶ ²¨¸¯©²´® 

¯²¸¬²¶¯©²´¶¸¿ī ħ´¶¸¨ µħ´ħ´¶¸°´© ħ¯¶¨ © °´²¸ħ´±¿²¾» ·¶±´©¯÷». 

 ±÷ §´±¿ß¬® õ¨¶¸¯ ¶´ħ¸´© ¯ ¹´ħ³ §¾±´ »¨ħ¨°¸¬ħ²´ ¶²¯Þ¬²¯¬ ³¬ª¯-

¨²²´® (©²¯· ´¸ ª¯¨«´²¨±¯, ¶´´¸©¬¸¶¸©·ī½¬® ħ¨©¬²¶¸©·) ª±¯²¾ °´±¬´µ¸¯±÷ 

µħ¯ °¯¶±´ħ´ª²´³ «´±´ª¨²¯¯ (¶³. ħ¯¶. 1), ¸´±¿°´ · ¶´ħ¸´© Ą¯´±¨ ¯ ąħ¨¶²´-

¨ħ³¬®¶°¯® 313 ħ¨±¯õ¯÷ ³¬Þª· ²´ħ³´°¶¯¬® ¯ «¯µ´°¶¯¬® ´°¨¨±¯¶¿ ²¬ª´-

¶¸´©¬ħ²¾ (¸¨§±. 2). Ą ²¨¯§´±¿ß¬® ¶¸¬µ¬²¯ ħ´¶¸ © ·¶±´©¯÷» ¨¸´µ±¬²¯÷ µ´-

ª¨©±÷±¶÷ · ¶´ħ¸´© HHZ 11 Y6-Y2-SUB1, HHZ 8 SAL 14 SUB1, IR 14 L  110, 

IR  50, Xiannui, ê³¬¸¯¶¸, Î¬³õ·«, ĉ¨¸¨ß¨ ¯ ĪÞ²¨÷ ²´õ¿. Đħ¯ ¶´ħ¸¨ (¤µħ¯²¸, 

Ą¬±¬¶ ¯ ċħ¯©´±¿²¾® 4) µ´°¨¨±¯ ¶¸¨¸¯¶¸¯õ¬¶°¯ ²¨õ¯³´¬ (p ¢ 0,05) ·©¬±¯-

õ¬²¯¬ ª±¯²¾ µħ¯ «¯µ´°¶¯¯ (¶³. ħ¯¶. 1, ¸¨§±. 2). Đ¨°Þ¬ ²·Þ²´ ´¸³¬¸¯¸¿ 

²¨±¯õ¯¬ µ´±´Þ¯¸¬±¿²´® °´ħħ¬±÷º¯¯ ³¬Þª· ª±¯²´® °´±¬´µ¸¯±÷ µħ¯ ²´ħ-

³´°¶¯¯ ¯ «¯µ´°¶¯¯ (r =  0,70; p =  10-6), ¸´ ¬¶¸¿ ¹´ħ³¾, ¨°¸¯©²´ ħ¨¶¸·½¯¬ © 

¨ĩħ´§²´® ¶ħ¬ª¬, §¾¶¸ħ´ ħ´¶±¯ ¯ µħ¯ ¨¸´µ±¬²¯¯. 
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1. ì¨ħ¨°¸¬ħ¯¶¸¯°¨ ¶´ħ¸´© ¯ ¶´ħ¸´´§ħ¨º´© Oryza sativa L. ħ¨²´«´ µħ´¯¶»´Þª¬²¯÷ ¯ čĉč ą´±±¬°º¯÷ «¬²¬¸¯õ¬¶°¯» ħ¬¶·ħ¶´© ħ¯¶¨ Ď¬ª¬ħ¨±¿²´«´ 
²¨·õ²´«´ º¬²¸ħ¨ ħ¯¶¨ («. ąħ¨¶²´ª¨ħ) µħ¯ ©¾ħ¨½¯©¨²¯¯ © ·¶±´©¯÷» ąħ¨¶²´ª¨ħ¶°´«´ °ħ¨÷ (n = 10,  N = 3 , M± SEM , 2019-2022 «´ª¾) 

¤´ħ¸,  

¶´ħ¸´´§ħ¨¬º 

¤¸ħ¨²¨ µħ´-

¯¶»´Þª¬²¯÷  

ë´ª ħ¬µħ´-

ª·°º¯¯ ¶¬³÷² 

¤°´ħ´¶¸¿ ħ´¶¸¨, µ¯-

¸´³²¯°, º©¬¸ ¬ħ²¨ 

ċ¬ħ¯´ª, ¶·¸ Ą¾¶´¸¨  

ħ¨¶¸¬²¯÷, ¶³ 

 ±¯²¨ ³¬-

¸¬±°¯, ¶³ 

ĭ¯¶±´ °´±´¶°´© 

²¨ ³¬¸¬±°¬, ß¸. 

ċħ´ª·°¸¯©²´¶¸¿ 

³¬¸¬±°¯, « 

Č¨¶¶¨ 1000 

¬ħ¬², « ª´ º©¬¸¬²¯÷ ©¬«¬¸¨º¯¯ 
AA WAB 56 -125 Ď¯±¯µµ¯²¾ 2021 Ą, IRCTN  84 128±3 93,0±3,5  16,9±0,4  104±6 2,2±0,2  30,2±0,2  

HHZ11 Y6 -Y2-  

SUB1 

Ď¯±¯µµ¯²¾ 2018 ĉ, GAR -IRLL,   
IRLYN -SUB 

102 140±2 73,0±2,8  15,4±0,6  56±10 1,0±0,1  21,7±0,3  

HHZ8 SAL 14 SUB1  Ď¯±¯µµ¯²¾ 2018 ĉ, IRLYN -SUB  113 146±2 71,0±2,6  22,1±1,1  92±8  1,2±0,2  22,7±0,3  

HHZ 9 DT 12 SUB1 Ď¯±¯µµ¯²¾ 2018 ĉ, GSR-Rell  104 140±2 70,0±3,5  17,4±0,3  99±7  1,3±0,2  14,0±0,1  

IR 50  Ď¯±¯µµ¯²¾ 2020 Ą, IRTON  80 118±3 66,0±2,8  17,8±0,6  82±12 1,3±0,3  18,7±1,2  

IR14 L 110  Ď¯±¯µµ¯²¾ 2020 ¤, IRLON  95 134±1 76,0±3,8  19,6±0,7  115±17 1,6±0,3  22,3±0,3  

Kirkpinar  Ď¯±¯µµ¯²¾ 2019 Ą, IR LON  84 125±2 113,0±4,1  16,2±0,5  94±6  2,7±0,4  35,2±0,5  

Xiannui  ą¯¸¨® 2021 Ą, IRCTN 75 112±4 88,0±4,6  21,4±0,5  155±12 2,7±0,4  26,3±0,5  

Zhongyon  ą¯¸¨® 2019 Ą, IRCTN 70 110±4 68,0±4,5  20,2±1,0  203±21 4,3±0,3  27,9±0,3  

Zhongyon 207  ą¯¸¨® 2020 Ą, IRCTN  92 130±2 71,0±2,2  19,3±0,5  125±24 2,7±0,5  22,1±0,1  

ê³¬¸¯¶¸ Ħ´¶¶¯÷ 2019 ĉ 86 120±2 94,0±4,3  13,8±0,5  98±7  2,8±0,5  30,6±0,5  

ê²¨¯¸ Ħ´¶¶¯÷ 2021 ĉ 67 102±1 90,0±7,3  18,4±0,6  78±10 2,9±0,5  37,2±0,5  

Ą¬±¬¶ Ħ´¶¶¯÷ 2021 ĉ 88 125±3 73,0±3,7  16,2±0,2  189±21 3,8±0,5  26,4±0,2  

Ą¯´±¨ Ħ´¶¶¯÷ 2021 ¤, ¹¯´±¬¸´©´¬ħ²¾® 82 118±3 97,0±5,0  14,2±0,4  67±5  1,7±0,3  23,5±0,3  

Ą¯¸¨ Ħ´¶¶¯÷ 2021 Ą, ¹¯´±¬¸´©´¬ħ²¾® 70 106±4 88,0±3,3  18,3±0,4  121±13 2,6±0,6  22,1±0,3  

ë¨³³¨ Ħ´¶¶¯÷ 2019 Ą 77 115±4 79,0±6,1  16,0±1,0  124±12 3,4±0,6  26,8±0,5  

 ¬©ħ¨ č§¬°¯¶¸¨² 2020 Ą 70 105±2 130,0±5,4  20,5±0,7  82±7  2,6±0,4  30,7±0,5  

Î¬³õ·« Ħ´¶¶¯÷ 2019 Ą 67 102±2 90,0±4,8  13,9±0,3  88±12 2,0±0,2  24,0±0,2  

ąħ¨¶²´¨ħ³¬®¶°¯® 

313 Ħ´¶¶¯÷ 2020 Ą 61 98±3  105,0±2,2  15,4±0,2  

76±10 1,4±0,2  30,2±0,5  

ą·§¨²¿ 3 Ħ´¶¶¯÷ 2021 Ą 63 100±4 114,0±3,5  16,0±0,4  67±15 1,6±0,2  28,7±0,5  

ć¯ª¬ħ Ħ´¶¶¯÷ 2021 Ą 78 116±5 101,0±5,1  16,3±0,7  127±12 2,9±0,5  26,2±0,3  

ĉ¨¸¨ß¨ Ħ´¶¶¯÷ 2019 ĉ 77 118±2 74,0±8,2  18,5±0,5  91±7  1,7±0,2  25,6±0,7  
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ċħ´ª´±Þ¬²¯¬ ¸¨§±¯º¾ 1 
ĉ´©¨¸´ħ Ħ´¶¶¯÷ 2021 Ą 60 98±2  83,0±3,7  15,1±0,2  86±10 2,3±0,3  24,6±0,2  

Ċ±¯³µ Ħ´¶¶¯÷ 2019 Ą 85 122±4 89,0±3,4  15,3±0,4  130±15 3,0±0,7  23,5±0,5  

ċĄ-1 IRBLSH  Ď¯±¯µµ¯²¾ 2020 Ą, °ħ¨¶²´¬ħ²¾® 100 140±1 101,0±4,5  19,1±0,4  117±8 2,6±0,8  24,2±0,2  

ċħ¯©´±¿²¾® 4 Ħ´¶¶¯÷ 2021 ĉ 77 115±3 92,0±6,2  15,8±0,6  120±22 3,6±0,6  24,8±0,3  

Ħ¨µ¨² Ħ´¶¶¯÷ 2021 ¤ 78 116±2 85,0±2,4  15,3±0,6  121±10 3,2±0,3  26,3±0,3  

Ħ¬«·± Ħ´¶¶¯÷ 2021 Ą 82 118±2 92,0±2,7  16,5±0,5  105±15 2,5±0,3  30,4 ±0,5  

¤´²¨¸¨ Ħ´¶¶¯÷ 2019 ĉ 84 120±2 87,0±2,5  14,3±0,4  97±12 2,5±0,3  26,7±0,2  

¤µħ¯²¸ Ħ´¶¶¯÷ 2021 Ą 74 106±4 87,0±7,1  18,1±1,1  135±24 3,8±0,5  27,7±0,9  

Đ¯¸¨² Ħ´¶¶¯÷ 2021 Ą 74 115±5 86,0±4,3  14,6±0,8  104±6 3,1±0,3  35,0±0,4  

č¶¶·ħ Ħ´¶¶¯÷,  

ċħ¯³´ħ¿¬ 2020 Ą 63 98±1  86,0±6,0  19,7±0,6  122±10 3,2±0,3  29,2±0,4  

Ď´²¸¨² Ħ´¶¶¯÷ 2020 Ą 64 102±3 100,0±5,1  22,1±1,1  102±7 2,2±0,4  26,4±0,5  

ì¨¨ħ Ħ´¶¶¯÷ 2021 ĉ 74 110±4 89,0±3,2  17,1±0,6  103±13 2,7±0,4  26,6±0,3  

Ï¨ħ³ Ħ´¶¶¯÷ 2019 Ą 65 100±2 84,0±4,1  19,8±0,8  102±22 2,3±0,2  26,9±0,5  

ĪÞ²¨÷ ²´õ¿ Ħ´¶¶¯÷ 2021 ĉ, ¹¯´±¬¸´©´¬ħ²¾® 80 120±2 68,0±3,3  16,5±0,5  96±9  2,3±0,5  21,3±0,3  

ċħ¯³¬õ¨²¯¬. ĉ, ¤, Ą ð ¶´ħ¸¨ ¯ ¶´ħ¸´¹´ħ³¾ ¶´´¸©¬¸¶¸©¬²²´ ¶ ²¯°´®, ¶ħ¬ª²¬® ¯ ©¾¶´°´® ¶°´ħ´¶¸¿ī ħ´¶¸¨ ²¨ ħ¨²²¬® ¶¸¨ª¯¯ ´²¸´«¬²¬¨. Ą¶¬ ¶´ħ¸¨ §¬±´¬ħ²¾¬, ¨ ¯¶°±īõ¬²¯¬³ 

¸¬», ª±÷ °´¸´ħ¾» ·°¨¨² ¯²´® º©¬¸ ¬ħ²¨. IRLON ð ·°´ħ´õ¬²²´«´ ¨¸´µ±¬²¯÷, IRCTN ð µ¯¸´³²¯° »´±´ª´¶¸´®°¯», IRTON ð ¯¶°·¶¶¸©¬²²´ ´ħ´ß¨¬³¾®, ħ¯¶ ·³¬ħ¬²²¾» ß¯ħ´¸, GAR -

IRLL  ð ´ħ´ß¨¬³¾» ²¯³¬²²´¶¸¬®, µ¯¸´³²¯° ¬±¬²¾» ¸¬»²´±´«¯®; GSR-Rell  ð µ´±¯©²´®, ¶·µ¬ħ-ħ¯¶, µ¯¸´³²¯° ¬±¬²¾» ¸¬»²´±´«¯®;  IRLYN-SUB ð «±·§´°´©´ª²¾®. 
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Ħ¯¶. 1. Ą¾§´ħ´õ²¾¬ ³¬ª¯¨²¾ ª±¯² °´±¬´µ¸¯±¬® µħ´ħ´¶¸°´© · ¶´ħ¸´© ħ¯¶¨ (Oryza sativa L .) ħ¨²´«´ 
µħ´¯¶»´Þª¬²¯÷ ¯ čĉč ą´±±¬°º¯÷ «¬²¬¸¯õ¬¶°¯» ħ¬¶·ħ¶´© ħ¯¶¨ Ď¬ª¬ħ¨±¿²´«´ ²¨·õ²´«´ º¬²¸ħ¨ 

ħ¯¶¨ («. ąħ¨¶²´ª¨ħ) µ´¶±¬ 4 ¶·¸ µħ´ħ¨½¯©¨²¯÷ µħ¯ ²´ħ³´°¶¯¯ ¯ «¯µ´°¶¯¯ (±¨§´ħ¨¸´ħ²¾® ¸¬¶¸). 
ć¯²¯÷ µ´ ª¯¨«´²¨±¯ ¶´´¸©¬¸¶¸©·¬¸ ħ¨©¬²¶¸©· ª±¯²¾ µħ¯ ¨²´°¶¯¯ ¯ «¯µ´°¶¯¯. 

 

2. ¢²¨õ¬²¯÷ °ħ¯¸¬ħ¯¬© ´º¬²°¯ ª´¶¸´©¬ħ²´¶¸¯ ħ¨±¯õ¯® µħ¯ ¶ħ¨©²¬²¯¯ ª±¯²¾ °´-

±¬´µ¸¯±¬® µħ´ħ´¶¸°´© · ¶´ħ¸´© ħ¯¶¨ (Oryza sativa L.) ħ¨²´«´ µħ´¯¶»´Þª¬²¯÷ 

¯ čĉč ą´±±¬°º¯÷ «¬²¬¸¯õ¬¶°¯» ħ¬¶·ħ¶´© ħ¯¶¨ Ď¬ª¬ħ¨±¿²´«´ ²¨·õ²´«´ º¬²¸ħ¨ 

ħ¯¶¨ («. ąħ¨¶²´ª¨ħ) © ·¶±´©¯÷» ²´ħ³´°¶¯¯, «¯µ´°¶¯¯ ¯ ħ¬·±¿¸¨¸¾ ¸¬¸ħ¨´±¯-

¬©´«´ ¸¬¶¸¨ (n = 5, N = 3, M± SEM, ±¨§´ħ¨¸´ħ²¾® ¸¬¶¸) 

¤´ħ¸, ¶´ħ¸´´§ħ¨¬º 

¢²¨õ¬²¯÷ °ħ¯¸¬ħ¯÷ 
¢²¨õ¬²¯¬ ¸¬¸ħ¨´±¯¬©´«´ ¸¬¶¸¨, ´¸². ¬ª. 

Č¨²²¨-č¯¸²¯-č¯±°´°¶´²¨ FDR  
²´ħ³´°¶¯÷ «¯µ´°¶¯÷ 

AA WAB  56-125 4,32E-20 1,30E-19 0,077±0,0 07 0,008±0, 001 

HHZ11 Y6 -Y2-SUB1 2,61E-08 3,91E-08 0,013± 0,002 0,004± 0,001 

HHZ8 SAL 14 SUB1  8,05E-11 1,26E-10 0,027± 0,005 0,005± 0,001 

HHZ9 DT12 SUB1  1,66E-13 3,41E-13 0,012± 0,001 0,004± 0,001 

IR 50  5,52E-47 1,99E-45 0,050±0,01 2 0,006±0, 001 

IR14 L 110  1,15E-20 3,77E-20 0,131±0,01 7 0,008±0, 0001 

Kirkpinar  5,90E-31 1,06E-29 0,502±0,0 14 0,007±0,001  

Xiannui  1,25E-17 2,99E-17 0,046±0,0 07 0,004±0, 001 

Zhongyon  3,46E-11 5,66E-11 0,269± 0,013 0,005± 0,001 

Zhongyon 207  1,77E-14 3,99E-14 0,087±0,01 0 0,005±0, 001 

ê³¬¸¯¶¸ 4,94E-29 5,93E-28 0,057±0,0 09 0,006±0, 001 

ê²¨¯¸ 6,64E-22 2,39E-21 0,083±0,0 11 0,006±0,00 1 

Ą¬±¬¶ 2,69E-05 3,34E-05 0,090±0,0 05 0,008±0,00 1 

Ą¯´±¨ 0,193686* 0,193686* 0,094±0,01 9 0,010±0,00 1 

Ą¯¸¨ 1,56E-18 4,02E-18 0,160±0,019 0,010±0,00 1 

ë¨³³¨ 5,98E-24 3,07E-23 0,221±0, 018 0,010±0,0 01 

 ¬©ħ¨ 4,14E-07 5,74E-07 0,550±0, 009 0,006±0, 001 

Î¬³õ·« 5,05E-19 1,40E-18 0,275±0, 025 0,005±0,00 1 

ąħ¨¶²´¨ħ³¬®¶°¯® 313 0,134287* 0,138124* 0,148±0,0 07 0,015±0,0 02 

ą·§¨²¿ 3 0,000117 0,00014 0,172±0,0 09 0,017±0,00 1 

ć¯ª¬ħ 4,98E-06 6,64E-06 0,232±0, 010 0,010±0,0 01 

ĉ¨¸¨ß¨ 4,47E-27 3,22E-26 0,050±0,0 06 0,008±0,00 1 

ĉ´©¨¸´ħ 8,66E-08 1,25E-07 0,069±0,0 09 0,010±0,001  

Ċ±¯³µ 2,94E-28 2,64E-27 0,201±0,0 43 0,006±0,001  

ċĄ-1 IRBLSH  6,87E-13 1,18E-12 0,028±0, 003 0,010±0,00 1 

ċħ¯©´±¿²¾® 4 0,000828 0,000932 0,334±0,0 15 0,011±0, 001 

Ħ¨µ¨² 3,53E-13 6,68E-13 0,020± 0,004 0,004± 0,001 

Ħ¬«·± 0,001238 0,00135 0,160±0, 006 0,010±0,001  

¤´²¨¸¨ 2,91E-22 1,31E-21 0,149±0,0 21 0,008±0, 001 

¤µħ¯²¸ 1,58E-05 2,03E-05 0,129±0,0 24 0,011±0, 001 
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ċħ´ª´±Þ¬²¯¬ ¸¨§±¯º¾ 2 
Đ¯¸¨² 0,004084 0,004324 0,092±0,0 13 0,014±0, 001 

č¶¶·ħ 1,71E-13 3,41E-13 0,453± 0,014 0,006± 0,001 

Ď´²¸¨² 2,34E-24 1,40E-23 0,107±0,0 22 0,010±0,0 01 

ì¨¨ħ 5,18E-13 9,33E-13 0,268±0,0 11 0,006±0,00 1 

Ï¨ħ³ 5,55E-22 2,22E-21 0,234±0, 005 0,011±0, 001 

ĪÞ²¨÷ ²´õ¿ 0,000305 0,000354 0,061±0,0 13 0,009±0,00 2 

ċħ¯³¬õ¨²¯¬. FDR ð ·ħ´©¬²¿ ±´Þ²´µ´±´Þ¯¸¬±¿²¾» ħ¬·±¿¸¨¸´© (false discovery rate).  ±÷ ©¶¬» ¶´ħ¸´© 

©¨ħ¯¨²¸¾ ²´ħ³´°¶¯÷ ¯ «¯µ´°¶¯÷ © ¸¬¸ħ¨´±¯©´³ ¸¬¶¸¬ ¯³¬±¯ ¶¸¨¸¯¶¸¯õ¬¶°¯ ²¨õ¯³¾¬ ħ¨±¯õ¯÷ ( t-¸¬¶̧, 

p ¢ 0,05). 

* Ħ¨±¯õ¯÷ © ·¶±´©¯÷» ²´ħ³´°¶¯¯ ¯ «¯µ´°¶¯¯ ²¬ª´¶¸´©¬ħ²¾. 

 

ĭ¨¶¸¿ī ¨ª¨µ¸¯©²´® ¶¸ħ¨¸¬«¯¯ ²¨ ·ħ´©²¬ µ´µ·±÷º¯¯ ³´Þ¬¸ §¾¸¿ ¯-

³¬²¬²¯¬ ħ¨¶µħ¬ª¬±¬²¯® ²¨õ¬²¯® µħ¯²¨°´© © ´¸©¬¸ ²¨ ¯³¬²¬²¯¬ ·¶±´©¯® 

¶ħ¬ª¾. ċħ¯ µ´¶¸ħ´¬²¯¯ «¯¶¸´«ħ¨³³ ´º¬²°¯ µ±´¸²´¶¸¯ ©¬ħ´÷¸²´¶¸¯ ²¨õ¬-

²¯® ª±¯² °´±¬´µ¸¯±¬® µħ´ħ´¶¸°´© ħ¯¶¨ © ħ¨±¯õ²¾» ·¶±´©¯÷» ¨ĩħ¨º¯¯ 

³´Þ²´ ©¯ª¬¸¿, õ¸´ ¯³¬²¬²¯÷ ħ´¶¸¨ ¶´´¸©¬¸¶¸©´©¨±¯ ²¬¶°´±¿°¯³ µ¨¸¸¬ħ²¨³. 

¤¨³¾³ ħ¨¶µħ´¶¸ħ¨²¬²²¾³ ´¸©¬¸´³ (ħ¯¶. 2, I µ¨¸¸¬ħ²) ´°¨¨±¶÷ ¶ª©¯« 

ħ¨¶µħ¬ª¬±¬²¯÷ ° ³¨±¾³ ²¨õ¬²¯÷³ ª±¯² (ħ´¶¸ °´ĩ¹¹¯º¯¬²¸¨ ¨¶¯³³¬¸ħ¯¯). 

ċħ¯ ĩ¸´³ ª±÷ «¯¶¸´«ħ¨³³ µħ¯ «¯µ´°¶¯¯ §¾±´ ¶©´®¶¸©¬²²´ ²¨±¯õ¯¬ ©¾¶´-

°´«´ µ¯°¨ · ³¨±¾», §±¯°¯» ° ²·±ī ²¨õ¬²¯®, © ¶´õ¬¸¨²¯¯ ¶ µħ´¸÷Þ¬²²¾³ 

ç»©´¶¸´³è ²¨õ¬²¯® ¶µħ¨©¨. Ĩ¸´ ¶©¯ª¬¸¬±¿¶¸©·¬¸ ´ ¸´³, õ¸´ ²¨¯§´±¬¬ õ¨¶¸´ 

©¶¸ħ¬õ¨ī½¬®¶÷ ħ¬¨°º¯¬® ²¨ «¯µ´°¶¯ī °´±¬´µ¸¯±¬® ħ¯¶¨ © ĩ¸´® «ħ·µµ¬ §¾±´ 

µ´ª¨©±¬²¯¬ ħ´¶¸¨ ¶ ¶´»ħ¨²¬²¯¬³ ²¬§´±¿ß´® õ¨¶¸¯ ħ¨¶¸¬²¯®, µħ´ª´±Þ¨ī½¯» 

ħ´¶¸. Đ¨°¨÷ ¶¸ħ¨¸¬«¯÷, µ´-©¯ª¯³´³·, ¶©÷¨²¨ ¶ ´Þ¯ª¨²¯¬³ §´±¬¬ §±¨«´µħ¯÷¸-

²¾» ·¶±´©¯® ¯ §±¯°¨ ¶¸ħ¨¸¬«¯¯ µ´°´÷ LOQS. Ć´±¬¬ ¸´«´, ¯³¬²²´ © ĩ¸· 

«ħ·µµ· ©»´ª¯±¯ ©¶¬ ¹¯±¯µµ¯²¶°¯¬ ¶´ħ¸´¹´ħ³¾-²´¶¯¸¬±¯ ¨±±¬±÷ SUB1A ð 

²¨¯§´±¬¬ ÷ħ°¯¬ µħ¬ª¶¸¨©¯¸¬±¯ ¸¨°´® ¶¸ħ¨¸¬«¯¯ ¨ª¨µ¸¨º¯¯. 

II  µ¨¸¸¬ħ² (¶³. ħ¯¶. 2) ¨°±īõ¨±¶÷ © ¶²¯Þ¬²¯¯ ´¶¸ħ´°´²¬õ²´¶¸¯ 

(ĩ°¶º¬¶¶¨) ħ¨¶µħ¬ª¬±¬²¯÷ ©¬ħ´÷¸²´¶¸¯ ²¨õ¬²¯® ª±¯² µħ¯ «¯µ´°¶¯¯. ¤·-

½¬¶¸©¬²²·ī ª´±ī µħ¯ ĩ¸´³ ¶´¶¸¨©±÷±¯ ²¨¶¸´±¿°´ §´±¿ß¯¬ ħ¨¶¸¬²¯÷, °´-

¸´ħ¾» ²¬ §¾±´ ¯±¯ µ´õ¸¯ ²¬ §¾±´ µħ¯ ²´ħ³´°¶¯¯. Đ´ ¬¶¸¿ © ´¸©¬¸ ²¨ 

¶¸ħ¬¶¶ µ´µ·±÷º¯÷ ħ¨¶µħ¬ª¬±÷±¨ ħ¯¶°¯ ħ¨©²´³¬ħ²´ µ´ ©¶¬³ ©´³´Þ²¾³ ©¨-

ħ¯¨²¸¨³, õ¸´ ³´Þ¬¸ µ´©´±¯¸¿ ©¾Þ¯¸¿ »´¸¿ ²¬°´¸´ħ¾³ ´¶´§÷³ © ²¬´µħ¬-

ª¬±¬²²´® ¶¯¸·¨º¯¯.  

III µ¨¸¸¬ħ² µħ¬ª¶¸¨©±÷± °´³§¯²¨º¯ī ¯ ª©·» µħ¬ª¾ª·½¯». Ħ¨¶µħ¬-

ª¬±¬²¯÷ µħ¯ «¯µ´°¶¯¯ ¶¸¨²´©¯±¯¶¿ ¶«±¨Þ¬²²¾³¯ ¯ ¶ª©¯«¨±¯¶¿ ©±¬©´. ċħ¯ 

ĩ¸´³ §´±¿ß¨÷ õ¨¶¸¿ §¾±¨ ¶´¶ħ¬ª´¸´õ¬²¨ © ´§±¨¶¸¯ ²¬§´±¿ß¯» ²¨õ¬²¯®, ¨ 

¸¨°Þ¬ © ´§±¨¶¸¯ ²¨õ¬²¯®, »¨ħ¨°¸¬ħ²¾» ª±÷ ²´ħ³´°¶¯¯. ċħ¯³¬ħ²´ µ´±´-

©¯²¨ ħ¨¶¸¬²¯® ¨³¬ª±÷±¨ ħ´¶¸, ¨ ªħ·«¨÷ õ¨¶¸¿ µħ´ª´±Þ¨±¨ ħ¨¶¸¯ °¨° µħ¯ 

²´ħ³´°¶¯¯. ¤±¬ª´©¨¸¬±¿²´, ²¨ ·ħ´©²¬ µ´µ·±÷º¯¯ ³´Þ¬¸ §¾¸¿ ¨¹¯°¶¯ħ´-

©¨²¨ ª´±÷ µ´¸¬ħ¿, ¨©¯¶÷½¯» ´¸ ©¾§´ħ¨ ¶¸ħ¨¸¬«¯¯. 

Ħ¨¶¸¬²¯÷, ¯¶µ´±¿·ī½¯¬ IV  µ¨¸¸¬ħ², µ´°¨¨±¯ ²¨¯³¬²¿ß¯¬ ¯³¬²¬-

²¯÷ ħ¨¶µħ¬ª¬±¬²¯÷. ċħ¯ ĩ¸´³ · ¶´ħ¸¨  ¬©ħ¨ ´¸³¬õ¨±¯ ²¬§´±¿ß´¬ ¶²¯Þ¬²¯¬ 

´¶¸ħ´°´²¬õ²´¶¸¯ ħ¨¶µħ¬ª¬±¬²¯÷ ¯ ¶ª©¯« ©±¬©´, õ¸´ ¶»´ª²´ ¶ III µ¨¸¸¬ħ²´³. 

Ą ¶©´ī ´õ¬ħ¬ª¿ · ¶´ħ¸¨ ¤µħ¯²¸ §¾±¨ ©¾÷©±¬²¨ ·²¯°¨±¿²¨÷ ħ¬¨°º¯÷ ð ÷©²´¬ 

¶³¬½¬²¯¬ ħ¨¶µħ¬ª¬±¬²¯÷ ª±¯² ©µħ¨©´. Đ´ ¬¶¸¿ ¸´±¿°´ · ²¬«´ ²¨§±īª¨±¯¶¿ 

õ¬ħ¸¾ ¶¸ħ¨¸¬«¯ ¯§¬«¨²¯÷ (LOES), ¶©÷¨²²¾¬ ¶ ²¬°´¸´ħ¾³ ·¶¯±¬²¯¬³ ħ´¶¸¨ 

(¶³. ħ¯¶. 1, 2). Đ¨°Þ¬ ·²¯°¨±¿²¾³ µ¨¸¸¬ħ²´³ ħ´¶¸¨ (V µ¨¸¸¬ħ²) ´§±¨ª¨± ¶´ħ¸ 

ĪÞ²¨÷ ²´õ¿, °´±¬´µ¸¯±¯ µħ´ħ´¶¸°´© °´¸´ħ´«´ ³¬ª±¬²²´ ħ´¶±¯ °¨° © °´²-

¸ħ´±¬, ¸¨° ¯ µħ¯ ¨¸´µ±¬²¯¯ (¶³. ħ¯¶. 2).  

Č´Þ²´ ¨°±īõ¯¸¿, õ¸´ ©¾÷©±¬²²¾® ²¨³¯ ħ´¶¸´©´® ´¸©¬¸ °´±¬´µ¸¯±¬® 

¶´´¸©¬¸¶¸©´©¨± ²¨õ¨±· ¨ª¨µ¸¨º¯´²²¾» µħ´º¬¶¶´© ·Þ¬ ²¨ µ¬ħ©¾» ĩ¸¨µ¨» ´²¸´-

«¬²¬¨ µħ¯ ħ¨©¯¸¯¯ µħ´ħ´¶¸°´© ħ¯¶¨, ¨ µ¨¸¸¬ħ²¾ ¯³¬²¬²¯÷ ħ´¶¸´©´«´ ´¸©¬¸¨ 

´¸ħ¨Þ¨±  ̄¯²¸¬²¶¯©²´¶¸¿ µħ´÷©±¬²¯÷ ¸´® ¯±¯ ¯²´® ¶¸ħ¨¸¬«¯¯ ¨ª¨µ¸¨º¯¯.  
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Ħ¯¶. 2. ë¯¶¸´«ħ¨³³¾ ħ¨¶µħ¬ª¬±¬²¯÷ ª±¯² °´±¬´µ¸¯±¬® µħ´ħ´¶¸°´© · ¶´ħ¸´© ħ¯¶¨ (Oryza sativa L .) 

ħ¨²´«´ µħ´¯¶»´Þª¬²¯÷ ¯ čĉč ą´±±¬°º¯÷ «¬²¬¸¯õ¬¶°¯» ħ¬¶·ħ¶´© ħ¯¶¨ Ď¬ª¬ħ¨±¿²´«´ ²¨·õ²´«´ 
º¬²¸ħ¨ ħ¯¶¨ («. ąħ¨¶²´ª¨ħ) µ´¶±¬ 4 ¶·¸ µħ´ħ¨½¯©¨²¯÷ © ·¶±´©¯÷» ²´ħ³´°¶¯¯ (¶¯²¯® º©¬¸) ¯ 
«¯µ´°¶¯¯ (°ħ¨¶²¾® º©¬¸): I-V ð µ¨¸¸¬ħ²¾ ´¸©¬¸¨. ê§¶º¯¶¶¨ ð ª±¯²¨, ³³, ´ħª¯²¨¸¨ ð µ±´¸-

²´¶¸¿ ©¬ħ´÷¸²´¶¸¯. ċ·²°¸¯ħ²¾¬ ±¯²¯¯ ð ÷ª¬ħ²¨÷ ´º¬²°¨ µ±´¸²´¶¸¯ ¶ ¹·²°º¯¬® ¡µ¨²¬õ²¯-

°´©¨, K-S ð ¸¬¶¸ ą´±³´«ħ´©¨-¤³¯ħ²´©¨, ¨¶¯³³. ð °´ĩ¹¹¯º¯¬²¸ ¨¶¯³³¬¸ħ¯¯, ĩ°¶. ð °´ĩ¹-

¹¯º¯¬²¸ ĩ°¶º¬¶¶¨, ²´ħ³. ð ²´ħ³´°¶¯÷, «¯µ. ð «¯µ´°¶¯÷. 
 

ì´ħ´ß´ ¯©¬¶¸²´, õ¸´ °´±¬´µ¸¯±¯ ·©¬±¯õ¯©¨ī¸¶÷ © ª±¯²· ¨ ¶õ¬¸ 

°±¬¸´õ²´«´ ħ´¶¸¨ ħ¨¶¸÷Þ¬²¯¬³ (28). Đ¨°´® ħ´¶¸, °¨° ¯ ±ī§´® ªħ·«´®, ¸ħ¬-
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§·¬¸ ¨¸ħ¨¸ ĩ²¬ħ«¯¯, ´ª²¨°´ ¯³¬²²´ ĩ²¬ħ«¬¸¯õ¬¶°¯¬ ħ¬¶·ħ¶¾ °±¬¸°¯ ±¯³¯-

¸¯ħ´©¨²¾ µħ¯ ²¬ª´¶¸¨¸°¬ °¯¶±´ħ´ª¨. Ħ¨²´´§ħ¨¯¬ µ¨¸¸¬ħ²´© ħ´¶¸´©´® ħ¬-

¨°º¯¯, µ´-©¯ª¯³´³·, ´§·¶±´©±¬²´ ¯³¬²¬²¯÷³¯, µħ´¯¶»´ª÷½¯³¯ © ³¬¸¨§´-

±¯³¬ ħ¨¶¸¯¸¬±¿²´«´ ´ħ«¨²¯³¨ µħ¯ «¯µ´°¶¯¯. ą¯¶±´ħ´ª²´¬ «´±´ª¨²¯¬ µħ¯-

©´ª¯¸ ° ª¬¹¯º¯¸· ĩ²¬ħ«¯¯ (3, 6). Đ´ħ³´¯¸¶÷ ´°¯¶±¯¸¬±¿²´¬ ¹´¶¹´ħ¯±¯ħ´-

©¨²¯¬, ¶²¯Þ¨¬¸¶÷ µħ´ª·°º¯÷ ¨°¸¯©²¾» ¹´ħ³ °¯¶±´ħ´ª¨ (êĐĎ). ¡ª¯²¶¸©¬²-

²¾³ ¯¶¸´õ²¯°´³ êĐĎ ¶¸¨²´©¯¸¶÷ «±¯°´±¯, µ¬ħ¬»´ª÷½¯® © §ħ´Þ¬²¯÷. ¢¨-

µ·¶°¨ī¸¶÷ ¨º¯ª´ º¯¸´µ±¨³¾ ¯ ²¨°´µ±¬²¯¬ ¸´°¶¯õ²¾» µħ´ª·°¸´© ´§³¬²¨, 

© õ¨¶¸²´¶¸¯, ¨º¬¸¨±¿ª¬«¯ª¨ ¯ ĩ¸¨²´±¨ (1, 3, 6). ċ´³¯³´ ĩ¸´«´, «¯µ´°¶¯÷ ¸´ħ-

³´¯¸ §¯´¶¯²¸¬ §¬±°¨ ¯ ªħ·«¯» µ´±¯³¬ħ´© (6), ¯²ª·º¯ħ·¬¸ «¬²¬ħ¨º¯ī ¨°-

¸¯©²¾» ¹´ħ³ °¯¶±´ħ´ª¨ ¯ ¨´¸¨ (6, 29, 30) °´¸´ħ¾¬ ©¾¾©¨ī¸ ´°¯¶±¯¸¬±¿-

²¾¬ µ´©ħ¬Þª¬²¯÷ ±¯µ¯ª´© ¯ §¬±°´© (31, 32). ą¨° ´§¶·Þª¨±´¶¿ ħ¨²¬¬, ¶°·ª-

²¾¬ ¨µ¨¶¾ ĩ²¬ħ«¯¯, ©¾ħ¨§¨¸¾©¨¬³´® µħ¯ ³¬¸¨§´±¯¨º¯¯ °ħ¨»³¨±¨, µħ´-

ħ´¶¸°¯ ħ¯¶¨ ¸ħ¨¸÷¸ © ¨©¯¶¯³´¶¸¯ ´¸ ©¾§ħ¨²²´® ¶¸ħ¨¸¬«¯¯ ·¶¸´®õ¯©´¶¸¯: 

ħ¨¶¸¬²¯÷, µħ¯ª¬ħÞ¯©¨ī½¯¬¶÷ ¶¸ħ¨¸¬«¯¯ ¯§¬«¨²¯÷ (LOES), ð ²¨ ¶¸¯³·±÷-

º¯ī ħ´¶¸¨, ¨ ¸¬, °´¸´ħ¾¬ ¸´ħ³´÷¸ ħ´¶¸ (LOQS), ð ²¨ µ´ªª¬ħÞ¨²¯¬ °±¬¸´õ-

²¾» ¶¸ħ·°¸·ħ (2-6, 11, 12).  
 

 

Ħ¯¶. 3. ¤©÷¿ ©¾§´ħ´õ²¾» ³¬ª¯¨² ª±¯² °´±¬´µ¸¯±¬® µħ´ħ´¶¸°´© · ¶´ħ¸´© ħ¯¶¨ (Oryza sativa L .) 
ħ¨²´«´ µħ´¯¶»´Þª¬²¯÷ ¯ čĉč ą´±±¬°º¯÷ «¬²¬¸¯õ¬¶°¯» ħ¬¶·ħ¶´© ħ¯¶¨ Ď¬ª¬ħ¨±¿²´«´ ²¨·õ²´«´ 
º¬²¸ħ¨ ħ¯¶¨ («. ąħ¨¶²´ª¨ħ) µ´¶±¬ 4 ¶·¸ µħ´ħ¨½¯©¨²¯÷ µħ¯ «¯µ´°¶¯¯ ¶ ħ¬·±¿¸¨¸¨³¯ ¸¬¸ħ¨´±¯¬©´«´ 
¸¬¶¸¨.  

 

Ą ¶©÷¯ ¶ ĩ¸¯³ ¶±¬ª·ī½¯® ĩ¸¨µ ²¨ß¬® ħ¨§´¸¾ §¾± ¶¹´°·¶¯ħ´©¨² ²¨ 

´º¬²°¬ Þ¯²¬¶µ´¶´§²´¶¸¯ °´±¬´µ¸¯±¬® ¶ µ´³´½¿ī ¸¬¸ħ¨´±¯¬©´«´ ¸¬¶¸¨, 

°´¸´ħ¾® ´º¬²¯©¨¬¸ ¯²¸¬²¶¯©²´¶¸¿ ³¬¸¨§´±¯³¨. Ĉ©¬¶¸²´, õ¸´ õ¬³ ²¨¶¾-

½¬²²¬¬ ´°ħ¨ß¯©¨²¯¬, °´¸´ħ´¬ ħ¨©¯©¨¬¸¶÷ © ¸¬¶¸¬ ¶ ¶´±÷³¯ ¸¬¸ħ¨´±¯÷, ¸¬³ 

©¾ß¬ Þ¯²¬¶µ´¶´§²´¶¸¿. č ©¶¬» µħ´¸¬¶¸¯ħ´©¨²²¾» ¹´ħ³ Þ¯²¬¶µ´¶´§²´¶¸¿ 

µ´ ¸¬¸ħ¨´±¯¬©´³· ¸¬¶¸· ²¨õ¯¸¬±¿²´ ¶²¯Þ¨±¨¶¿ © ·¶±´©¯÷» «¯µ´°¶¯¯ µ´ 

¶ħ¨©²¬²¯ī ¶ °´²¸ħ´±¬³ (t-¸¬¶¸, p ¢ 0,05, ¶³. ¸¨§±. 2). Ċª²¨°´ · ³¬ª±¬²²´-

ħ¨¶¸·½¯» ¹´ħ³ ĩ¸´ ¶²¯Þ¬²¯¬ §¾±´ ²¬ ¸¨°¯³ ¶¯±¿²¾³, °¨° · §¾¶¸ħ´ħ¨¶¸·-

½¯», õ¸´ ³´Þ¬¸ §¾¸¿ ¶©÷¨²´  ̄¶ ¯²¸¬²¶¯©²´¶¸¿ī ´§³¬²¨ ©¬½¬¶¸©, ¯ ¶ ©¾-

§ħ¨²²´® ¶¸ħ¨¸¬«¯¬® ¨ª¨µ¸¨º¯¯. Đ¬¸ħ¨´±¯¬©¾® ¸¬¶¸ »¨ħ¨°¸¬ħ¯·¬¸ ³¬¸¨§´-
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±¯õ¬¶°·ī ¨°¸¯©²´¶¸¿ ¸°¨²¬®. č §¾¶¸ħ´ħ¨¶¸·½¯» ¹´ħ³ ³¬¸¨§´±¯³ ¯²¸¬²-

¶¯©²¾®, ¯ © ·¶±´©¯÷» ¨¸´µ±¬²¯÷ ¬«´ ¸´ħ³´Þ¬²¯¬ §¾±´ ¶·½¬¶¸©¬²²´ (© 10-

20 ħ¨). č ³¬ª±¬²²´ħ¨¶¸·½¯» ¹´ħ³ ´² ¯ ¸¨° ¨³¬ª±¬², ¯ ¬«´ ¶²¯Þ¬²¯¬ µħ¯ 

«¯µ´°¶¯¯ §¾±´ ²¬ ¸¨°¯³ ¯²¸¬²¶¯©²¾³, ²´ ©´ ©¶¬» ¶±·õ¨÷» ¶¸¨¸¯¶¸¯õ¬¶°¯ 

²¨õ¯³¾³ (© 7 ħ¨). Ć´±¬¬ ¸´«´, ³¬Þª· ¯²¸¬²¶¯©²´¶¸¿ī ´°ħ¨¶°¯ ¸¬¸ħ¨´-

±¯¬³ ¯ ª±¯²´® °´±¬´µ¸¯±÷ µ´°¨¨²¨ µ´±´Þ¯¸¬±¿²¨÷ ¨©¯¶¯³´¶¸¿ (r =  0,69; 

p =  10-5), ´¶´§¬²²´ µħ¯ «¯µ´°¶¯¯ (ħ¯¶. 3). č ²¨¯§´±¬¬ §¾¶¸ħ´ħ¨¶¸·½¯» ¶´ħ-

¸´© (¤µħ¯²¸, ą·§¨²¿ 3, ąħ¨¶²´¨ħ³¬®¶°¯® 313) ¯²¸¬²¶¯©²´¶¸¿ ´°ħ¨¶°¯ ¶´-

±¬® ¸¬¸ħ¨´±¯÷ §¾±¨ ©¾ß¬ °¨° © °´²¸ħ´±¬ (© 6 ħ¨), ¸¨° ¯ © ´µ¾¸¬ (© 2 ħ¨¨), 

µ´ ¶ħ¨©²¬²¯ī ¶ ³¬ª±¬²²´ħ¨¶¸·½¯³¯ ¹´ħ³¨³¯ (ê³¬¸¯¶¸, Ħ¨µ¨², ĪÞ²¨÷ 

²´õ¿, Xiannui, ¹¯±¯µµ¯²¶°¯¬ SUB1A-¶´ħ¸¨). 

Ĉ³¬²¬²¯¬ ¯²¸¬²¶¯©²´¶¸ ̄´°ħß̈¯©¨²¯÷ ¸¬¸ħ¨´±¯¬³ ħ¨²¬¬ §¾± ́¯¶-
µ´±¿´©¨² ́ ª±÷ ¸¬¶¸¯ħ´©¨²¯÷ Þ¯²¬¶µ´¶´§²´¶¸¯ µħ´ħ´¶¸°´© µß¬²¯º¾ ¯ 
ħ¯¶¨, ħ¨±¯õ¨ī½¯»¶÷ µ´ ·¶¸´®õ¯©´¶¸¯ ° ²¬ª´¶¸¨¸°· °¯¶±´ħ´ª¨ (33, 34). ċ´-
°¨¨²´, õ¸´ ¸¬¶¸ µħ¯³¬²¯³ ª±÷ ´º¬²°¯ ·¶¸´®õ¯©´¶¸¯ ²¨ª¬³²´® õ¨¶¸¯. č ħ¯¶¨ 
µ´§¬«¯ ³¬²¿ß¬ µ´©ħ¬Þª¨ī¸¶÷ © ·¶±´©¯÷» °¯¶±´ħ´ª²´«´ «´±´ª¨²¯÷. 

Đ¨°¯³ ´§ħ¨´³, µħ´¸¬¶¸¯ħ´©¨²²¾¬ ¶´ħ¸¨ ¯ ¹´ħ³¾ ħ¯¶¨ ¯ °´±±¬°-

º¯¯ Ď¬ª¬ħ¨±¿²´«´ ²¨·õ²´«´ º¬²¸ħ¨ ħ¯¶¨ ²¨õ¯¸¬±¿²´ ħ¨±¯õ¨±¯¶¿ µ´ ̄²-

¸¬²¶¯©²´¶¸ ̄ħ´¶¸¨. ĉ¨ ¶¸¨ª¯¯ µħ´ħ¨¶¸¨²¯÷ © ·¶±´©¯÷» µ´±¬©´«´ ĩ°¶µ¬ħ¯-

³¬²¸¨ §¾±´ ©¾÷©±¬²´ ¸ħ¯ «ħ·µµ¾ ¶´ħ¸´© ¶ ©¾¶´°´®, ¶ħ¬ª²¬® ¯ ²¯°́® ¶°´-

ħ´¶¸¿ī ħ´¶¸¨. Ĉ³¬²²´ © ĩ¸´¸ µ¬ħ¯´ª ħ¨©¯©¨ī½¯¬¶÷ µħ´ħ´¶¸°¯ §¾±¯ ¨-

¸´µ±¬²¾. Ċª²¨°´ ¯²¸¬²¶¯©²´¶¸¿ ħ´¶¸¨ ²¨ ħ¨²²¬® ¶¸¨ª¯¯ ´²¸´«¬²¬ ̈²¬ °´ħ-

ħ¬±¯ħ´©¨± ̈ ¶ ©¾¶´¸´® ©ħ´¶±´«´ ħ¨¶¸¬²¯÷, õ¸´ ³ Þ́²´ ́§¼÷¶²¯¸¿ ´¸¶·¸-

¶¸©¯¬³ ¶¸¨²ª¨ħ¸¯¨º¯¯ ĩ¸¨µ¨ µħ´ħ¨¶¸¨²¯÷ (7 ¶·¸), ¨ ¸¨°Þ¬ ²¨±´Þ¬²¯¬³ ª´-

µ´±²¯¸¬±¿²´«´ ¶¸ħ¬¶¶´©´«´ ¹¨°¸´ħ¨ ð ²¯°´® ¸¬³µ¬ħ¨¸·ħ¾ (14 ¤̄). ċ´¶±¬-

ª·ī½¯® ±¨§´ħ¨¸´ħ²¾® ĩ¸¨µ ¨²¨±¯¨ µ´©´±¯± µħ´¸¬¶¸¯ħ´©¨¸¿ ħ´¶¸ °´±¬-

´µ¸¯±¬® ²¨ 4-¬ ¶·¸ ħ¨©¯¸¯÷. ¤¨³¾³¯ §¾¶¸ħ´ħ¨¶¸·½¯³¯ ´°¨¨±¯¶¿ ¶´ħ¸¨ 

¤µħ¯²¸ ¯ ą·§¨²¿ 3, ª±¯²¨ °´±¬´µ¸¯±¬® °´¸´ħ¾» ª´¶¸¯«¨±¨ 19-25 ³³ °¨° © 

°´²¸ħ´±¬, ¸¨° ¯ µħ¯ ¨¸´µ±¬²¯¯. Ċ¸³¬¸¯³, õ¸´ ¶´ħ¸ ´¸¬õ¬¶¸©¬²²´® ¶¬±¬°º¯¯ 

ą·§¨²¿ 3 ª´¶¸¯«¨± ³¨°¶¯³¨±¿²´® ©¾¶´¸¾ © µ´±¬©¾» ¯¶¶±¬ª´©¨²¯÷». Ċ² §¾± 

´¸²¬¶¬² ° µ¨¸¸¬ħ²· II  µħ¯ ¨²¨±¯¬ ħ¨¶µħ¬ª¬±¬²¯÷ ª±¯² °´±¬´µ¸¯±¬® · µħ´-

ħ´¶¸°´© ħ¯¶¨ ħ¨²¾» ¶´ħ¸´©, © ¸´ ©ħ¬³÷ °¨° ¶´ħ¸ ¤µħ¯²¸ ð ° µ¨¸¸¬ħ²· IV. 

¤¨³¾³¯ ³¬ª±¬²²´ħ¨¶¸·½¯³¯ ´¸¬õ¬¶¸©¬²²¾³¯ ¶´ħ¸¨³¯ §¾±¯ ê³¬¸¯¶¸, 

Î¬³õ·«, ĉ¨¸¨ß¨, Ħ¨µ¨² ¯ ĪÞ²¨÷ ²´õ¿. Ą °´²¸ħ´±¬ ¯» °´±¬´µ¸¯±¿ ª´¶¸¯«¨± 

10 ³³, ¨ µħ¯ «¯µ´°¶¯¯ ð ´°´±´ 3 ³³. Ą¶¬ ĩ¸¯ ¶´ħ¸¨ ´¸²¬¶±¯ ° µ¨¸¸¬ħ²· I , 

°¨° ¯ ¶´ħ¸¨ ¹¯±±¯µ¯²¶°´® ¶¬±¬°º¯¯, ²¬¶·½¯¬ ¨±±¬±¿ SUB1A, ª±÷ °´¸´ħ¾» 

»¨ħ¨°¸¬ħ²¨ ¶¸ħ¨¸¬«¯÷ ¸´ħ³´Þ¬²¯÷ ħ´¶¸¨ (LOQS). Đ¬³ ¶¨³¾³ µ´±·õ¬²²¾¬ 

²¨³¯ ħ¬·±¿¸¨¸¾ ©µ¬ħ©¾¬ ·°¨¾©¨ī¸ ²¨ ©¨ħ¯¨¸¯©²´¶¸¿ ¨ª¨µ¸¨º¯´²²¾» ³¬-

»¨²¯³´©, ´¸ħ¨Þ¨ī½¯»¶÷ © ¯²¸¬²¶¯©²´¶¸¯ ħ´¶¸´©¾» µħ´º¬¶¶´© ·Þ¬ ²¨ ħ¨²-

²¯» ĩ¸¨µ¨» ´²¸´«¬²¬¨. ĉ¨ ¸´ħ³´Þ¬²¯¬ ³¬¸¨§´±¯³¨ µħ¯ ²¬ª´¶¸¨¸°¬ °¯¶±´-

ħ´ª¨ ·°¨¾©¨¬¸ ¶ħ¨©²¯¸¬±¿²¾® ¨²¨±¯ ´°ħ¨¶°¯ ¸°¨²¬® °´±¬´µ¸¯±¬® ¶´±÷³¯ 

¸¬¸ħ¨´±¯÷. č §¾¶¸ħ´ħ¨¶¸·½¯» ¶´ħ¸´©, © ¸´³ õ¯¶±¬ · ¶´ħ¸´© ą·§¨²¿ 3 ¯ 

¤µħ¯²¸, ´²¨ §¾±¨ © 6 ħ¨ §´±¬¬ ¯²¸¬²¶¯©²´®, õ¬³ · ³¬ª±¬²²´ ħ¨¶¸·½¯» ð 

ê³¬¸¯¶¸, Ħ¨µ¨², ĪÞ²¨÷ ²´õ¿, Xiannui, ¹¯±¯µµ¯²¶°¯¬ SUB1A-¶´ħ¸¨. ċ´±·-

õ¬²²¾¬ ²¨³¯ ª¨²²¾¬ µ´©´±÷ī¸ ¨°±īõ¯¸¿, õ¸´ ¯²¸¬²¶¯©²´¶¸¿ ħ´¶¸¨ °´±¬-

´µ¸¯±¬® °´ħħ¬±¯ħ·¬¸ ¶ ¯²¸¬²¶¯©²´¶¸¿ī ³¬¸¨§´±¯³¨ ¯ ·¶¸´®õ¯©´¶¸¿ī ° ¨-

¸´µ±¬²¯ī. ą ¶´Þ¨±¬²¯ī, ³¬»¨²¯³¾ ħ´¶¸¨ °´±¬´µ¸¯±¬® µħ¯ ²¬ª´¶¸¨¸°¬ 

°¯¶±´ħ´ª¨ ¬½¬ ´°´²õ¨¸¬±¿²´ ²¬ ·¶¸¨²´©±¬²¾. Đħ¬§·¬¸¶÷ µħ´ª´±Þ¬²¯¬ ¯¶-

¶±¬ª´©¨²¯® ª±÷ µ´²¯³¨²¯÷ ¸´«´, ° °¨°´® ¯ ¶¸ħ¨¸¬«¯® ·¶¸´®õ¯©´¶¸¯ ´¸²´-

¶÷¸¶÷ µħ´¸¬¶¸¯ħ´©¨²²¾¬ ¶´ħ¸¨ ¯ °¨°´©¾ ¹¨°¸´ħ¾, ´µħ¬ª¬±÷ī½¯¬ ¯» ©´-

³´Þ²´¬ ¶´´¸²´ß¬²¯¬. Ċª²¨°´ µħ¬ª¶¸¨©±¬²²¾¬ ħ¬·±¿¸¨¸¾ ·Þ¬ ¶¬®õ¨¶ »¨-
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A b s t r a c t   
 

The distinctive ability of rice seedlings lies in the ability to germinate under conditions of 

oxygen lack. At the germination stage, the first to develop is the coleoptile, a juvenile organ that 

protects the true leaf in cereals. The mechanisms of regulat ion of growth and development of this 

organ have not been studied to a large extent. Special attention may be paid to a coleoptile in seedlings 

capable of germinating under oxygen conditions.  In the presented study, for the first time, the 

importance of the growth rate and viability of coleoptiles of rice seedlings during flooding in deter-

mining survival and development was demonstrated.  A total of 36 varieties and forms from the 

collection of  the Federal Research Center for Rice, Krasnodar, were tested. Sprint and Kuban  3 

were among the fastest growing varieties. Their coleoptiles reached 19 -25 mm length both under 

normoxia and hypoxia. The slowest growing group included three Philippine varie ties harbouring 

the SUB1A allele (HHZ11  Y6-Y2-SUB1, HHZ8  SAL 14 SUB1, HHZ9  DT12  SUB1), Chinese vari-

ety Xiannui and domestic varieties Amethyst, Zhemchug, Natasha, Rapan and Yuzhnaya noch. This 

group of varieties was characterized by inhibition of the growt h of coleoptiles by 2.5 -3 times under 

submergence. In main a positive correlation was estimated between the coleoptile length in normoxia 

and hypoxia (r =  0.70, p = 10 -6), i.e. forms that actively grow in an aerobic environment also grow 

rapidly when flooded. Further detailed analysis of the growth of coleoptiles under hypoxic conditions 

showed that growth changes correspond to several patterns. The most common reaction t o hypoxia in 

rice coleoptiles of the first group was growth suppression, but with the preservation of a small part of 

the plants that continue to grow. This group included all Philippine cultivars harbouring the SUB1A 

allele. In the second group, a signifi cant proportion was plants which length under submergence ex-

ceeded that at normoxia. Approximately half of the plants of the third group slowed growth arrest, 

while the other part continued to grow as in normoxia. The fourth group included the variety Spri nt, 

which was the only one to have traits of avoidance strategy (LOES ð low oxygen escape syndrome) 

associated with growth enhancement, although this enhancement was not intensive. The variety Yu-

zhnaya noch had a unique growth pattern, the coleoptiles of which grew slowly both in normoxia and 

being submerged. In addition to growth, the viability of coleoptiles was analyzed in the work, which 

was assessed using a tetrazolium test. Under hypoxic conditions, th e viability of all tested forms signif-

icantly decreased. In the fastest growing varieties (Sprint, Kuban  3), the color intensity of tetrazolium 

salts was higher both in the control (6 - fold) and in the experiment (2 - fold), compared to slow growing 

forms (Am ethyst, Yuzhnaya noch, Philippine SUB1A varieties). In general, growth rate correlates with 

metabolic rate and submergence tolerance. Obtained results illustrate the tolerance to oxygen deficiency 

of the genotypes from the collection of the Federa l Research Center of Rice, and show that coleoptile 

elongation can be used as a criterion for assessing the tolerance of rice varieties to the lack of oxygen.  
 

Keywords: Oryza sativa, rice, submergence, hypoxia, coleoptile, growth, tolerance.   


