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Abstract

Nowaday, microorganisms play the important role in agricultural system, especially the group of

bacteria called plant growth promoting rhizobacteria (PGPR). PGPR are widely studied because of

their potential for plant production under three characteristics. Firstly, PGPR act as biofertilizers

provide nitrogen via nitrogen fixation reaction, which can subsequently be used by the plants. Secondly,

phytostimulators can directly promote the growth of plant, usually by the production of hormones.

Finally, as biocontrol agents are able to protect plant from phyto-pathogenic organisms. PGPR can be

separated into 2 types based upon their localization; extracellular PGPR (ePGPR), existing in the

rhizosphere and intracellular PGPR (iPGPR), which exist inside root cells. For the binding of bacteria

to the plant, organic chemical such as N-acetyl
-
 homoserine lactone are secreted by a wide variety of

bacteria as a signaling. They can induce and enhance genes which involve in adhesion. This system is

called quorum sensing. Thereafter bacteria are attached to the plant root, this mechanism is somewhat

similar to biofilm production in the environment. Then the interaction between two partners is started.

On the other hand, the defense mechanism from plant to PGPR are to produce ethylene, jasmonic acid

(JA) and salicylic acid (SA) via the plant systemic acquired of resistance (SAR). The application of

PGPRs in agricultural system as inoculants are being very attractive as it would substantially reduce

the use of chemical fertilizers and pesticides. A growing number of PGPR are being marketed in the

developed countries such as EU and USA.
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 “¡“√∂ √â“ßŒÕ√å‚¡π„Àâæ◊™ (Phytostimulator) ·≈–¡’§«“¡ “¡“√∂§«∫§ÿ¡»—µ√Ÿæ◊™ (Biopesticide)  PGPR

 “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 2 ª√–‡¿∑ µ“¡∫√‘‡«≥∑’ËÕ¬ŸàÕ“»—¬„π√–∫∫√“° ·≈–Õ“≥“‡¢µ√“° (rhizosphere)

‰¥â·°à Extracellular PGPR (ePGPR) ·≈– Intracellular PGPR (iPGPR)  ‚¥¬„π°“√‡¢â“ Ÿà√–∫∫√“°

π—Èπ‡√‘Ë¡®“°·∫§∑’‡√’¬®– àß —≠≠“≥ (signal) ÷́ËßÕ¬Ÿà„π√Ÿª “√Õ‘π∑√’¬å ‡™àπ „π°≈ÿà¡ N-acetyl
-
 homoserine

lactone √–∫∫°“√„™â “√Õ‘π∑√’¬å‡ªìπ —≠≠“≥„π°“√ ◊ËÕ “√√–À«à“ß‡´≈≈å¢Õß·∫§∑’‡√’¬¥â«¬°—π‡Õß‡√’¬°«à“

quorum sensing ‚¥¬ “√π’È®–‰ª°√–µÿâπ°“√∑”ß“π·≈–°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë ”§—≠ À≈—ß®“°·∫§∑’‡√’¬

√«¡°≈ÿà¡°—π‰¥â·≈â«®–‡§≈◊ËÕπ‡¢â“ Ÿà∫√‘‡«≥º‘«¢Õß√“° ÷́Ëßæ∫«à“‡ªìπ°≈‰°∑’Ë§≈â“¬°—∫°“√ √â“ß biofilm „π

 ‘Ëß·«¥≈âÕ¡Õ◊Ëπ Ê ®“°π—Èπæ◊™®–¡’°“√µÕ∫ πÕßµà“ß Ê ‚¥¬‡©æ“–°“√µÕ∫ πÕßµàÕ “√∫“ß™π‘¥∑’Ë PGPR

ª≈¥ª≈àÕ¬ÕÕ°¡“‚¥¬ºà“π√–∫∫∑’Ë‡√’¬°«à“ Systemic Acquired Resistance (SAR) ´÷Ëß‡ªìπ√–∫∫Àπ÷Ëß

¢Õß°“√ªÑÕß°—πµ—«‡Õß®“° ‘Ëß·ª≈°ª≈Õ¡  “√ ”§—≠∑’Ëº≈‘µ®“°ΩÉ“¬æ◊™‰¥â·°à ethylene, jasmonic acid

(JA) ·≈– salicylic acid (SA) °“√„™â·∫§∑’‡√’¬°≈ÿà¡ PGPR ‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß ‚¥¬‡©æ“–°—∫ ¿“«–°“√≥å

ªí®®ÿ∫—π∑’Ë‡πâπ§«“¡‡ªìπ¡‘µ√°—∫ ‘Ëß·«¥≈âÕ¡ ´÷Ëß “¡“√∂„™â∑¥·∑πªÿÜ¬‡§¡’·≈– “√‡§¡’ª√“∫»µ√Ÿæ◊™

´÷Ëß„π°≈ÿà¡ª√–‡∑»∑’Ëæ—≤π“·≈â« ‡™àπ °≈ÿà¡ª√–‡∑» EU À√◊Õ À√—∞Õ‡¡√‘°“ ‰¥â¡’°“√æ—≤π“¢÷Èπ‡ªìπ°“√§â“

„π√Ÿª¢ÕßÀ—«‡™◊ÈÕ·≈â«

∫∑π”

°«à“ 20 ªï∑’Ëºà “π¡“°“√„™âªÿÜ¬ ‡§¡’„π√–∫∫

°“√‡°…µ√‰¥â‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á« ‚¥¬‡©≈’Ë¬Õ¬à“ß

πâÕ¬√âÕ¬≈– 3 µàÕªï ¥—ßπ—Èπ §«“¡µ◊Ëπµ—«∑’Ë¡’µàÕº≈

°√–∑∫‡™‘ß≈∫¢Õß°“√„™âªÿÜ¬‡§¡’ ‚¥¬‡©æ“–

¡Ÿ≈§à“°“√π”‡¢â“∑’Ë Ÿß¢÷Èπ À√◊Õ¡’º≈°√–∑∫µàÕ

‚§√ß √â“ß¢Õß¥‘π‡¡◊ËÕ¡’°“√„™âÕ¬à “ßµàÕ ‡π◊ËÕß

‡ªìπ‡«≈“π“π®÷ß‡°‘¥¢÷Èπ ªí®®ÿ∫—π„πÀ≈“¬ª√–‡∑»

‰¥â¡’°“√π”®ÿ≈‘π∑√’¬å¥‘π‚¥¬‡©æ“–·∫§∑’‡√’¬∑’Ë¡’

§ÿ≥ ¡∫—µ‘ ‡ªìπªÿÜ¬™’«¿“æ ‡™àπ ‰√‚´‡∫’¬¡

°—∫æ◊™µ√–°Ÿ≈∂—Ë«¡“„™â∑¥·∑π°—πÕ¬à“ß·æ√àÀ≈“¬

Õ¬à“ß‰√°Áµ“¡¥â«¬‡∑§‚π‚≈¬’¥â“πÕ≥Ÿæ—π∏ÿ»“ µ√å

∑’Ë∂Ÿ°æ—≤π“¢÷ÈπÕ¬à“ß√«¥‡√Á« ∑”„Àâ‡°‘¥°“√æ—≤π“

ª√– ‘∑∏‘¿“æ¢ÕßªÿÜ¬™’«¿“æ„Àâ Ÿß¬‘Ëß¢÷Èπ ª√–°Õ∫

°—∫∑”„Àâ‡°‘¥§«“¡‡¢â“„®≈÷° ÷́Èß¡“°¢÷Èπ ‚¥¬‡©æ“–

§«“¡ —¡æ—π∏å√–À«à“ß·∫§∑’‡√’¬·≈–æ◊™„π ¿“«–

æ÷Ëßæ“ (symbiosis) ¬‘Ëß‰ª°«à“π—Èπ®ÿ≈‘π∑√’¬å¥‘π°≈ÿà¡Õ◊Ëπ Ê

∑’Ë¡’ª√–‚¬™πåµàÕ°“√‡®√‘≠¢Õßæ◊™°Á∂Ÿ°§âπæ∫·≈–

¡’§«“¡‡¢â“„®¡“°¢÷Èπ¥â«¬ ª°µ‘¥‘π¡’®ÿ≈‘π∑√’¬å°≈ÿà¡

µà“ß Ê Õ“»—¬Õ¬Ÿà¡“°¡“¬ ‚¥¬„™â·À≈àß§“√å∫ÕπÀ√◊Õ

‰π‚µ√‡®π∑’Ë¡’Õ¬Ÿà„π¥‘π„π°“√‡®√‘≠‡µ‘∫‚µ ·≈–∑’Ë

æ∫‰¥â¡“°∑’Ë ÿ¥ §◊Õ „π¥‘π∑’ËÕ¬Ÿà√Õ∫Õ“≥“‡¢µ√“°æ◊™

À√◊Õ∑’Ë‡√’¬°«à“ rhizosphere √“°æ◊™®–ª≈¥ª≈àÕ¬ “√

Õ“À“√∑’Ë ”§—≠π“π“™π‘¥ ‚¥¬°≈ÿà¡¢Õß “√‡À≈à“π’È

‡√’¬°«à“ root exudates  Ÿà¥‘π„π∫√‘‡«≥√Õ∫ Ê ‰¥â·°à

°√¥Õ–¡‘‚π πÈ”µ“≈ ·≈–°√¥Õ‘π∑√’¬å ‡ªìπµâπ

´÷Ëß “√‡À≈à“π’È‡Õß®–‡ªìπ·À≈àßÕ“À“√·≈–æ≈—ßß“π∑’Ë

 ”§—≠¢Õß®ÿ≈‘π∑√’¬ ®ÿ≈‘π∑√’¬å∑’Ëæ∫∫√‘‡«≥Õ“≥“‡¢µ

√“°æ◊™ „π√–¥—∫§«“¡Àπ“·πàπ¡“°¢Õßª√–™“°√

¡—°®–æ∫„π√–¬–‡æ’¬ß 50 ‰¡‚§√‡¡µ√ ®“°∫√‘‡«≥

º‘«√“° „π¢≥–∑’Ë„π√–¬– 10 ‰¡‚§√‡¡µ√®“°

∫√‘‡«≥º‘«√“°  “¡“√∂æ∫®ÿ≈‘π∑√’¬å‰¥â∂÷ß®”π«π

1.2 x 108 ‡´≈≈åµàÕ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ À√◊Õ

109 - 1012 ‡´≈≈åµàÕ°√—¡¥‘π ·≈–¬‘Ëß‰ª°«à“π—Èπ

√âÕ¬≈– 7 ∂÷ß 15 ¢Õßæ◊Èπ∑’Ëº‘«√“°®–∂Ÿ°§√Õ∫§√Õß

‚¥¬·∫§∑’‡√’¬ (Foster et al., 1983; Pinton et al.,

2001) ¥—ßπ—Èπ ªØ‘ —¡æ—π∏å∑’Ë‡¥àπ™—¥‰¡à«à“®–‡ªìπ‡™‘ß

∫«°À√◊Õ‡™‘ß≈∫®–‡√‘Ë¡®“°∫√‘‡«≥ rhizosphere π’È‡Õß

PGPR §◊ÕÕ–‰√

„π∫∑§«“¡π’È®–°≈à“«∂÷ß∫∑∫“∑‡™‘ß∫«°¢Õß

®ÿ≈‘π∑√’¬å‚¥¬‡©æ“–·∫§∑’‡√’¬°≈ÿà¡∑’Ë‡√’¬°«à“ PGPR
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(Plant Growth Promoting Rhizobacteria) ¬âÕπ
°≈—∫‰ª‡¡◊ËÕ™à«ßªï §.». 1888 - 1904 ®“°°“√§âπæ∫
§«“¡ —¡æ—π∏å¢Õß·∫§∑’‡√’¬„π¥‘π°—∫√–∫∫√“°æ◊™
∫√‘‡«≥ rhizosphere ‚¥¬ Hellriegel and Wilfarth
(1888) §âπæ∫«à“¡’°‘®°√√¡¡“°¡“¬¢Õß·∫§∑’‡√’¬
„π∫√‘‡«≥ rhizosphere √«¡‰ª∂÷ß°“√ √â“ßª¡°—∫
æ◊™µ√–°Ÿ≈∂—Ë«‚¥¬·∫§∑’‡√’¬„π °ÿ≈‰√‚´‡∫’¬¡
(Rhizobium) ´÷Ëß “¡“√∂°àÕ„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√
µ√÷ß‰π‚µ√‡®π (Nitrogen Fixation) „Àâ°—∫æ◊™‰¥â
¥—ßπ—Èπ ®÷ßÕ“®°≈à“«‰¥â«à“°“√§âπæ∫·∫§∑’‡√’¬°≈ÿà¡
‰√‚´‡∫’¬¡‡ªìπ®ÿ¥°”‡π‘¥¢Õß°“√«‘®—¬ §âπ§«â“‡°’Ë¬«°—∫
ªÿÜ¬™’«¿“æ·≈– PGPR ∑’Ë·∑â®√‘ß ®“°π—Èπ„π™à«ßª’ §.».
1978 ®÷ß‰¥âπ‘¬“¡·≈–„™â§”«à“ PGPR ‡ªìπµâπ¡“

‚¥¬∑—Ë«‰ª PGPR À√◊Õ°“√®–°≈à“«‡√’¬°
®ÿ≈‘π∑√’¬å„¥ Ê «à“‡ªìπ PGPR ®–µâÕß§”π÷ß«à“¡’∫∑∫“∑
µàÕ°“√ àß‡ √‘¡°“√‡®√‘≠¢Õßæ◊™µ“¡°≈‰°¥—ßµàÕ‰ªπ’È
(Glick et al., 1999)

1. °≈‰°∑“ßµ√ßµàÕæ◊™ ‰¥â·°à
1.1 §«“¡ “¡“√∂„π°“√µ√÷ß‰π‚µ√‡®π
1.2 §«“¡ “¡“√∂„π°“√‡æ‘Ë¡§«“¡‡ªìπ

ª√–‚¬™πå¢Õß∏“µÿÕ“À“√æ◊™ ‡™àπ
≈–≈“¬øÕ øÕ√—  ·≈– ‚æ·∑ ‡ ’́¬¡
‡ªìπµâπ

1.3 §«“¡ “¡“√∂„π°“√ √â “ ß “√
siderophores „π°“√®—∫∏“µÿ‡À≈Á°

1.4 §«“¡ “¡“√∂„π°“√ √â“ßŒÕ√å‚¡πæ◊™
(phytohormone) ‡™àπ auxin, cytokinin,
gibberelin

1.5 ≈¥ª√‘¡“≥ ethylene „πæ◊™
2. °≈‰°∑“ßÕâÕ¡µàÕæ◊™ ‰¥â·°à

2.1 §«“¡ “¡“√∂„π°“√ √â“ß “√ªØ‘™’«π–
(antibiotics)

2.2 §«“¡ “¡“√∂„π°“√°√–µÿâπ„Àâæ◊™
 √â“ß¿Ÿ¡‘§ÿâ¡°—π (systemic resistance)

2.3 §«“¡ “¡“√∂„π°“√ √â“ß “√¬—∫¬—Èß
‡™◊ÈÕ√“°àÕ‚√§

2.4 §«“¡ “¡“√∂„π°“√ √â“ß‡Õπ‰´¡å
¬àÕ¬ ≈“¬ºπ—ß‡´≈≈å¢Õß‡™◊ÈÕ√“°àÕ‚√§

2.5 §«“¡ “¡“√∂„π°“√·¢àß¢—π‡æ◊ËÕ‡¢â“Õ“»—¬
∫√‘‡«≥√–∫∫√“°æ◊™

2.6 §«“¡ “¡“√∂„π°“√‡ªìπ‡™◊ÈÕªØ‘ªí°…å
(antagonist) ¬—∫¬—Èß‡™◊ÈÕ “‡Àµÿ‚√§æ◊™

2.7 §«“¡ “¡“√∂„π°“√‡ªìπ‡™◊ÈÕª√ ‘µ
(parasite) ¢Õß‡™◊ÈÕ “‡Àµÿ‚√§æ◊™

∫√‘‡«≥∑’ËÕ¬ŸàÕ“»—¬¢Õß PGPR

∫√‘‡«≥∑’ËÕ¬ŸàÕ“»—¬¢Õß PGPR „π√–∫∫√“°æ◊™·≈–

rhizosphere (√Ÿª∑’Ë 1) ∑”„Àâ “¡“√∂·∫àß™π‘¥¢Õß

PGPR ‰¥â 2 ª√–‡¿∑ ‰¥â·°à

1. Intracellular PGPR (iPGPR) À¡“¬∂÷ß

°≈ÿà¡ PGPR ∑’Ë‡¢â“Õ“»—¬¿“¬„π‡´≈≈å¢Õß√“°æ◊™

µ—«Õ¬à“ß∑’Ë™—¥‡®π ‰¥â·°à °“√‡¢â“Õ“»—¬ ·≈– √â“ßª¡

¢Õß‰√‚´‡∫’¬¡°—∫æ◊™°√–°Ÿ≈∂—Ë«
2. Extracellular PGPR (ePGPR) À¡“¬

∂÷ß °≈ÿà¡ PGPR ∑’Ë‰¡à‰¥âÕ“»—¬Õ¬Ÿà„π‡´≈≈å¢Õß
√“°æ◊™ ·µà¡’§ÿ≥ ¡∫—µ‘‡™àπ‡¥’¬«°—∫ PGPR ∑—Ë«‰ª
´÷Ëß “¡“√∂·∫àß‡ªìπ°≈ÿà¡¬àÕ¬µ“¡µ”·Àπàß∑’ËÕ¬Ÿà
‰¥âÕ’° 3 °≈ÿà¡ §◊Õ

2.1 °≈ÿà¡∑’ËÕ“»—¬Õ¬Ÿà„°≈â°—∫√“°
2.2 °≈ÿà¡∑’ËÕ“»—¬µ‘¥Õ¬Ÿà∑’Ëº‘«¢Õß√“°
2.3 °≈ÿà¡∑’ËÕ“»—¬Õ¬Ÿà∫√‘‡«≥√–À«à“ß‡´≈≈å

¢Õß√“°„π™—Èπ cortex

Figure 1. The schematic representation of the

extracellular PGPR (ePGPR) and

intracellular PGPR (iPGPR) (Gray

and Smith, 2005)

ePGPR

iPGPR

‡´≈≈å√“°æ◊™
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°≈‰°¢Õß PGPR °—∫°“√‡¢â“ Ÿà√–∫∫√“°æ◊™

„π°“√‡¢â“ Ÿà√–∫∫√“°æ◊™ ·∫§∑’‡√’¬ à«π„À≠à®–„™â
√–∫∫°“√ àß —≠≠“≥ (signal) ´÷Ëß —≠≠“≥¥—ß°≈à“«
®–Õ¬Ÿà„π√Ÿª “√Õ‘π∑√’¬å √–∫∫°“√„™â “√Õ‘π∑√’¬å∑’Ë
ª√–æƒµ‘µπ‡ªìπ —≠≠“≥„π°“√ ◊ËÕ “√√–À«à“ß
‡´≈≈å¢Õß·∫§∑’‡√’¬¥â«¬°—π‡Õß‡√’¬°«à“ quorum
sensing ´÷Ëß∂Ÿ°æ∫§√—Èß·√°‡¡◊ËÕª√–¡“≥ 25 ªï¡“π’È
®“°·∫§∑’‡√’¬∑’ËÕ“»—¬Õ¬Ÿà„π∑–‡≈ (Nealson and
Hastings, 1979) ‚¥¬æ∫«à“·∫§∑’‡√’¬®– √â“ß “√
‡À≈à“π’ÈµàÕ‡¡◊ËÕÕ¬Ÿà¥â«¬°—π„π§«“¡Àπ“·πàπ¢Õß
ª√–™“°√∑’ËæÕ‡À¡“– ®“°π—Èπ “√π’È®–‰ª°√–µÿâπ
°“√∑”ß“π·≈–°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë ”§—≠
‰¥â·°à °“√‡√◊Õß· ß °“√°àÕ‚√§ °“√ ◊∫æ—π∏å·∫∫
conjugation °“√ √â“ßª¡ ·≈–°“√‡§≈◊ËÕπ∑’Ë¢Õß
‡´≈≈å·∫§∑’‡√’¬‡Õß (Fray, 2002)  “√°≈ÿà¡ quorum
sensing ∑’Ë√Ÿâ®—°°—π·æ√àÀ≈“¬ ‚¥¬‡©æ“–∑’Ë √â“ß„π
°≈ÿà¡·∫§∑’‡√’¬·°√¡≈∫ §◊Õ N-acetyl-homoserine
lactone (AHL) µ—«Õ¬à“ß‡™àπ À≈“¬°≈ÿà¡¢Õß AHL
„π·∫§∑’‡√’¬ Rhizobium leguminosarum ‡ªìπµ—«
§«∫§ÿ¡°“√æ—≤π“°“√‡°‘¥ª¡¢Õß√“°æ◊™ (Cha et al.,
1998; Lithgow et al., 2000) ‡ªìπµâπ

‡¡◊ËÕ‡´≈≈å¢Õß·∫§∑’‡√’¬√«¡°≈ÿà¡°—π‰¥â·≈â« „π
≈”¥—∫µàÕ‰ª§◊Õ°“√‡§≈◊ËÕπ‡¢â“ Ÿà∫√‘‡«≥º‘«¢Õß√“°
´÷Ëß°≈‰°∑—Ë«‰ªæ∫«à“‡ªìπ°≈‰°∑’Ë§≈â“¬°—∫°“√‡√‘Ë¡ √â“ß
biofilm „π ‘Ëß·«¥≈âÕ¡Õ◊Ëπ Ê °√≥’»÷°…“∑’Ëæ∫‡ªìπ
§√—Èß·√°§◊Õ„π R. etli ®–„™â‚§√ß √â“ßºπ—ß‡´≈≈å∑’Ë
‡ªìπ “√°≈ÿà¡‚æ≈’·´§§“‰√¥å ∑’Ë‡√’¬°«à“ rhicadhesin
‡¢â“®—∫‡°“–°—∫‚¡‡≈°ÿ≈¢Õß “√ lectin  ∑’Ë√“°æ◊™ ®“°
π—Èπ°“√®—∫µ—«¢Õß‡´≈≈å·≈–√“°®–®—∫°—π·¢Áß·√ß
¡“°¢÷Èπ ·≈–¡’°“√√«¡®”π«π¢Õß‡´≈≈å·∫§∑’‡√’¬
¡“°¢÷Èπµ“¡≈”¥—∫ À√◊Õ„π°√≥’¢Õß Pseudomonas
fluorescens F113 æ∫«à“¡’°“√ √â“ß‚ª√µ’π∑’Ë™◊ËÕ
flagellin ´÷Ëß‰ª¡’º≈µàÕ°“√‡¢â“®—∫‡°“–°—∫√“°¢Õß
µâπ∂—Ë« alfalfa ·≈– Pseudomonas sp. DSS73 ‡¡◊ËÕ
º≈‘µ “√ cyclic lipopeptide amphisin √à«¡°—∫°“√
 √â“ß flagella ®–∑”„Àâ‡§≈◊ËÕπµ—«‡Õß‰ª¬—ßº‘«¢Õß√“°
æ◊™‰¥â‡√Á«¢÷Èπ°«à“ª°µ‘ ‡ªìπµâπ (Daniels et al., 2004)

„π¢≥–∑’Ë‡´≈≈å¢Õß PGPR ‡æ‘Ë¡∑«’®”π«π
·≈–®—∫°≈ÿà¡°—π∫√‘‡«≥√“°¡“°¢÷Èπ æ◊™‡Õß°Á¡’°“√
µÕ∫ πÕßµà“ß Ê ‚¥¬‡©æ“–°“√µÕ∫ πÕßµàÕ “√
∫“ß™π‘¥∑’Ë PGPR ª≈¥ª≈àÕ¬ÕÕ°¡“‚¥¬ºà“π
√–∫∫∑’Ë‡√’¬°«à“ Systemic Acquired Resistance
(SAR) ´÷Ëß‡ªìπ√–∫∫Àπ÷Ëß¢Õß°“√ªÑÕß°—πµπ‡Õß
®“° ‘Ëß·ª≈°ª≈Õ¡  “√ ”§—≠∑’Ëº≈‘µ®“°ΩÉ“¬æ◊™∑’Ë
‡°’Ë¬«¢âÕß°—∫°“√ªÑÕß°—πµπ‡Õßπ’È ‰¥â·°à ethylene,
jasmonic acid (JA) ·≈– salicylic acid (SA) ÷́Ëß
 “√∑—Èß “¡™π‘¥®—¥Õ¬Ÿà„π°≈ÿà¡∑’Ë¡’∫∑∫“∑„π°“√
°√–µÿâπ°“√‡®√‘≠¢Õßæ◊™ (Reymond and Farmer,
1998; Metraux, 2001) ¥—ßµ—«Õ¬à“ß„π°√≥’¢Õß ethylene
Mayak et al. (1999) ‰¥â√“¬ß“π«à“°“√„™â PGPR
 “¬æ—π∏ÿå P. putida GR12-2  “¡“√∂‡æ‘Ë¡√–¥—∫¢Õß
ethylene „π∂—Ë«‡¢’¬« ‚¥¬¡’°≈‰°¡“®“°°“√∑’Ë
·∫§∑’‡√’¬ “¬æ—π∏ÿåπ’È “¡“√∂ √â“ß indole-3 acetic
acid (IAA) ´÷Ëß‰ª°√–µÿâπ„Àâ‡°‘¥°“√ √â“ß ethylene

 “√µ—Èßµâπ (precursor)  ”§—≠∑’Ë„™â„π°“√
 —ß‡§√“–Àå ethylene „πæ◊™‰¥â·°à 1-aminocyclopropane-
1-carboxylic acid (ACC) ́ ÷Ëß„πÀ≈“¬°√≥’∑’Ë PGPR
 “¡“√∂„™â ACC ‡ªìπ·À≈àßÕ“À“√‰π‚µ√‡®π®÷ß¡’
º≈µàÕª√‘¡“≥ ethylene ·≈–°“√‡®√‘≠¢Õßæ◊™
°≈à“«§◊Õ PGPR ∫“ß°≈ÿà¡®– √â“ß‡Õπ‰´¡å ACC
deaminase ¬àÕ¬ ≈“¬ ACC „Àâ‡ªìπ·Õ¡‚¡‡π’¬·≈–
α -ketobutyrate ¥—ßπ—Èπ ethylene °Á®–∂Ÿ° √â“ßπâÕ¬≈ß
 àßº≈„Àâ√“°æ◊™∫“ß™π‘¥¡’°“√¬◊¥¬“«µàÕ‰ª‰¥â πÕ°

®“°π’È PGPR ∫“ß “¬æ—π∏ÿå∑’Ë “¡“√∂º≈‘µ IAA ‰¥â

¡“°‡°‘π‰ª®–¡’º≈„π∑“ßµ√ß°—π¢â“¡ °≈à“«§◊Õ IAA

∑’Ëº≈‘µ‰¥â„πª√‘¡“≥¡“°‡°‘πæÕ ®–‰ª àß‡ √‘¡°“√

∑”ß“π¢Õß‡Õπ‰´¡å ACC synthase

´÷Ëß¡’Àπâ“∑’Ë —ß‡§√“–Àå ACC ∑”„Àâ¡’°“√ —ß‡§√“–Àå

ethylene ¡“°¢÷Èπ®π‰ª¬—∫¬—Èß°“√‡®√‘≠¢Õß√“°

¥—ßπ—Èπ „π¿“æ√«¡¢Õß°“√∑’Ë PGPR  “¡“√∂

≈¥√–¥—∫¢Õß ethylene „πæ◊™®–‡√‘Ë¡®“°°“√∑’Ë PGPR

‡¢â“®—∫‡°“–∑’Ëº‘«¢Õß√“°À√◊Õ‡¡≈Á¥∑’Ë°”≈—ß¡’°“√‡®√‘≠

‡µ‘∫‚µ ®“°π—Èπ®–„™â°√¥Õ–¡‘‚π tryptophan ∑’Ë¡“

®“° exudates ¢Õß√“°À√◊Õ‡¡≈Á¥‡ªìπ “√µ—Èßµâπ
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„π°“√ —ß‡§√“–Àå IAA ́ ÷Ëß∂â“ PGPR  √â“ß IAA „π

ª√‘¡“≥∑’Ë‡À¡“– ¡∑”ß“π√à«¡°—∫ IAA ∑’Ë¡’Õ¬Ÿà‡¥‘¡

„πæ◊™ °Á®–‰ª àß‡ √‘¡°“√¬◊¥¬“«À√◊Õ°“√‡®√‘≠

¢Õßæ◊™‰¥â ∫“ß à«π°Á®–‰ª àß‡ √‘¡°“√ √â“ß ACC

´÷Ëß PGPR °Á®–π” ACC ‰ª„™â‡ªìπ·À≈àßÕ“À“√

‰π‚µ√‡®π ®÷ß àßº≈„Àâª√‘¡“≥ ethylene ≈¥≈ßµ“¡

≈”¥—∫ (√Ÿª∑’Ë 2)

µàÕ°√–∫«π°“√ªÑÕß°—πµπ‡Õß Singh et al. (2003)

æ∫«à“‡¡◊ËÕ„ à PGPR 2  “¬æ—π∏ÿå ‰¥â·°à P. fluorescens

 “¬æ—π∏ÿå Pf4 ·≈– P „Àâ°—∫∂—Ë« chickpea (Cicer

arietinum) ®–°√–µÿâπ„Àâæ◊™ √â“ß SA ‰¥â ·≈–

 “¡“√∂‡æ‘Ë¡°“√‡®√‘≠¢Õßæ◊™‰¥â‡™àπ°—π

 √ÿª∫∑∫“∑ ”§—≠·≈–°√≥’»÷°…“°“√

ª√–¬ÿ°µå„™â PGPR „π√–∫∫°“√‡°…µ√

·∫§∑’‡√’¬°≈ÿà¡ PGPR ‡ªìπ°≈ÿà¡·∫§∑’‡√’¬∑’Ë¡’

§ÿ≥ ¡∫—µ‘∑’Ë¥’µàÕæ◊™„π 3 ª√–°“√ (Glick et al., 1999)

‰¥â·°à

1. ‡ªìπªÿÜ¬™’«¿“æ (Biofertilizer) ‰¥â·°à °≈ÿà¡

·∫§∑’‡√’¬∑’Ë¡’§«“¡ “¡“√∂‡ª≈’Ë¬π°ä“´‰π‚µ√‡®π

„π∫√√¬“°“»¡“‡ªìπªÿÜ¬‰π‚µ√‡®π„Àâ°—∫æ◊™‰¥â ‡™àπ

·∫§∑’‡√’¬„π®’π—  Beijerinckia ·≈–‰´¬“‚π

·∫§∑’‡√’¬ °ÿ≈ Nostoc ·∫§∑’‡√’¬∑’Ë‡æ‘Ë¡øÕ øÕ√— 

À√◊Õ°≈ÿà¡·∫§∑’‡√’¬∑’Ë √â“ß siderophore ‡æ◊ËÕ °—¥

∏“µÿ‡À≈Á°„π¥‘π„Àâ°—∫æ◊™ ‡ªìπµâπ µ—«Õ¬à“ß∫∑∫“∑

¢Õß PGPR ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπªÿÜ¬™’«¿“æ ‡™àπ

·∫§∑’ ‡√’¬ Paenibacillus polymyxa ¡’§«“¡

 “¡“√∂„π°“√µ√÷ß‰π‚µ√‡®π‰¥â ·≈– “¡“√∂„Àâ

∏“µÿÕ“À“√‰π‚µ√‡®π°—∫æ◊™ (Wield et al., 2000)

À√◊Õ°“√„™â PGPR „π®’π—  Serratia proteoemaculans

1-10 ·≈– S. liquefaciens 2-68 √à«¡°—∫

Bradyrhizobium japonicum „π°“√ª≈Ÿ°∂—Ë«‡À≈◊Õß

 “¡“√∂‡æ‘Ë¡®”π«πª¡ ¡«≈™’«¿“æ·≈–ª√– ‘∑∏‘¿“æ

°“√µ√÷ß‰π‚µ√‡®π‰¥â¥’¢÷Èπ°«à“‡¡◊ËÕ„™â∂—Ë«°—∫ B. japonicum

µ“¡≈”æ—ß ´÷Ëßæ∫«à“ Serratia ∑—Èß Õß “¬æ—π∏ÿå™à«¬

¬àπ√–¬–‡«≈“°“√ √â“ßª¡¢Õß∂—Ë«·≈– “¡“√∂‡æ‘Ë¡

Õ—µ√“°“√ √â“ßª¡°—∫ B. japonicum Õ’°¥â«¬ (Bai

et al., 2002) µ—«Õ¬à“ß°“√º≈‘µ·∫§∑’‡√’¬°≈ÿà¡ PGPR

‡ªìπªÿÜ¬™’«¿“æ‡™‘ßæ“≥‘™¬å „π¿“§‡°…µ√°√√¡‰¥â·°à

ª√–‡∑»∫√“´‘≈ ‡¡°´‘‚° ·≈– À√—∞Õ‡¡√‘°“ ‰¥â

æ—≤π“ªÿÜ¬™’«¿“æ √â“ß∏“µÿ‰π‚µ√‡®π‚¥¬·∫§∑’‡√’¬

Gluconacetobacter diazotrophicus ·≈– Azospirillum

„™â°—∫æ◊™‰√à ”§—≠ ‡™àπ ÕâÕ¬ ¢â“« “≈’ ‚¥¬æ∫«à“

exudation
cell elongation and 

proliferation Amino acid : Tryptophan 

IAAIAASAM

ACC

Ethylene

ACC synthase 

ACC
ACC deaminase 

Ammonia +   -ketobutyrate

PGPR

Root or Plant seed 

Root elongation 

ACC oxidase 

Figure 2. A presentation of the role of ACC

deaminase in the promotion of

plant root elongation  Abbreviations:

IAA, indole-3-acetic-acid; SAM,

s-adenosylmethionine; ACC, 1

aminocyclopropane-1-carboxylic acid

(Glick et al., 1999)

 à«π JA ‚¥¬ª°µ‘¡’∫∑∫“∑„π°“√°√–µÿâπ

°≈ÿà¡¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ªÑÕß°—π°“√‡¢â“∑”≈“¬

¢Õß‚√§æ◊™ ·≈–°“√ —ß‡§√“–Àå ethylene °≈ÿà¡¬’π

¥—ß°≈à“«„πæ◊™ ‰¥â·°à defensins, thionins ·≈–

proteinase inhibitors ¥—ß‡™àπæ∫«à“ ‡¡◊ËÕ‡™◊ÈÕ√“

‡Õπ‚¥‰¡§Õ‰√´“ Glomus intraradicies ‡¢â“ Ÿà√–∫∫

√“°¢â“«∫“√å‡≈¬å ¬’π∑’Ë§«∫§ÿ¡°“√ √â“ß JA ∑’Ë™◊ËÕ JIP23

®–∂Ÿ°°√–µÿâπ ‚¥¬‡©æ“–∑’Ë„∫·≈–ª≈“¬√“° „π¢≥–

∑’Ë à«π∑’Ë‰¡à¡’°“√‡¢â“Õ“»—¬¢Õß‰¡§Õ‰√´“°Á®–

‰¡àæ∫°“√· ¥ßÕÕ°¢Õß¬’ππ’È·µàÕ¬à“ß„¥ (Hause

et al., 2000) À√◊Õ„π°√≥’¢Õß SA ́ ÷Ëßª°µ‘°Á¡’∫∑∫“∑
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‡¡◊ËÕ¡’°“√„ àªÿÜ¬™’«¿“æ„πæ◊Èπ∑’Ë 600,000 ‡Œ°‡µÕ√å

„πª√–‡∑»‡¡° ‘́‚° µ—Èß·µàªï §.». 1999 ·≈–‡æ‘Ë¡‡ªìπ

1.5 ≈â“π‡Œ°‡µÕ√å „πªï §.». 2000 ∑”„Àâº≈º≈‘µ

¢Õßæ◊™‡æ‘Ë¡¢÷Èπ‡©≈’Ë¬ 26 ‡ªÕ√å‡´πµå (Mellado, 2002)

2. ‡ªìπºŸâ √â“ß “√°√–µÿâπ°“√‡®√‘≠‡µ‘∫‚µ

(Phytostimulator) À√◊ÕŒÕ√å‚¡πæ◊™ (Phytohormone)

 “√°≈ÿà¡π’È∑’Ë·∫§∑’‡√’¬ √â“ß‰¥â·°à Auxin, Gibberllin

·≈– Cytokinin µ—«Õ¬à“ß °ÿ≈¢Õß·∫§∑’‡√’¬°≈ÿà¡π’È §◊Õ

Azospirillum ·≈– Azotobacter ¥—ßµ—«Õ¬à“ßß“π

«‘®—¬≈à“ ÿ¥¢Õß Ramos et al. (2002) æ∫«à“°“√„™â

·∫§∑’‡√’¬ Bacillus licheniformis °—∫°“√ª≈Ÿ°µâπ°≈â“

Alder (Alnus glutinosa) æ∫«à“ “¡“√∂ àß‡ √‘¡

°“√‡®√‘≠¢Õßµâπ Alder ‰¥âÕ¬à“ß¥’‡¡◊ËÕ‡∑’¬∫°—∫™ÿ¥

°“√∑¥≈Õß∑’Ë‰¡à‰¥â„ à‡™◊ÈÕ ‚¥¬‡©æ“–¡’√–∫∫√“°∑’Ë

 ¡∫Ÿ√≥å æ◊Èπ∑’Ëº‘«¢Õß„∫‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ ́ ÷Ëß

æ∫«à“‡ªìπ∫∑∫“∑¡“®“° “√ª√–°Õ∫°≈ÿà¡ Auxin

·≈– Gibberllin ∑’Ëº≈‘µ®“°·∫§∑’‡√’¬°≈ÿà¡π’È À√◊Õ

°“√„™â B. licheniformis √à«¡°—∫ B. pumis °—∫µâπ

°≈â“¢Õßæ◊™ Pinus pinae ´÷Ëß¡’§«“¡ “¡“√∂„π°“√

 √â“ß Gibberllin æ∫«à“‡æ‘Ë¡æ◊Èπ∑’Ëº‘«¢Õß„∫·≈–

§«“¡¬“«¢Õß√“°‰¥â Ÿß°«à“„™â Bacillus ‡æ’¬ß™π‘¥

‡¥’¬«Õ¬à“ß¡’π—¬ ”§—≠ (Probanaza et al., 2002)

3. ‡ªìπºŸâ§«∫§ÿ¡»—µ√Ÿæ◊™ (Biopesticide) ÷́Ëß

 à«π„À≠àæ∫«à“¡’°“√ √â“ß “√·Õπµ‘‰∫‚Õµ‘°¬—∫¬—Èß

‡™◊ÈÕ√“°àÕ‚√§‰¥â µ—«Õ¬à“ß‡™àπ ·∫§∑’‡√’¬®’π— 

Bacillus, Pseudomonas ¥—ß‡™àπ ®“°√“¬ß“π°“√

«‘®—¬‚¥¬„™â·∫§∑’‡√’¬ P. fluorescens °—∫¢â“« Rye

(Secale cereale) æ∫«à“ “¡“√∂¬—∫¬—Èß‡™◊ÈÕ√“

Fusaricum culmorum ∑’Ë∑”„Àâ‡°‘¥‚√§‡À’Ë¬«‰¥â¥’¬‘Ëß

¢÷Èπ ∂â“¡’°“√ª√—∫ ¿“æ¢Õß¥‘π„Àâ¡’ª√‘¡“≥Õπÿ¿“§

¥‘π‡Àπ’¬«¡“°¢÷Èπ (Kurek and Jaraszuk-Scise 2003)

À√◊Õ°“√„™â‡™◊ÈÕº ¡„π°≈ÿà¡®’π—  Bacillus ‡™àπ

B. amyloliquefaciens, B. sphaericus ·≈– B. pumilis

 “¡“√∂¬—∫¬—Èß°≈ÿà¡¢Õß‡™◊ÈÕ°àÕ‚√§ ‡™àπ Ralstonia,

Col lec to t r ichum À√◊Õ Rhizoctonia ‚¥¬

°√–∫«π°“√ √â“ß¿Ÿ¡‘§ÿâ¡°—π„Àâ·°àæ◊™‰¥â‡ªìπÕ¬à“ß¥’

(Jetiyanon and Kloepper, 2002) µ—«Õ¬à“ß

·∫§∑’‡√’¬°≈ÿà¡ PGPR ∑’Ë¡’°“√„™â„π√–¥—∫°“√§â“

·≈–‚¥¬‡©æ“–„π‡™‘ß∑’Ë ‡ªìπ°“√§«∫§ÿ¡‚√§æ◊™

¥—ß· ¥ß„πµ“√“ß∑’Ë 1 (Glick et al., 1999)

®–‡ÀÁπ‰¥â«à“°“√„™â·∫§∑’‡√’¬°≈ÿà¡ PGPR ‡ªìπ

Õ’°∑“ß‡≈◊Õ°Àπ÷Ëß‚¥¬‡©æ“–°—∫ ¿“«°“√≥åªí®®ÿ∫—π

∑’Ë‡πâπ§«“¡‡ªìπ¡‘µ√°—∫ ‘Ëß·«¥≈âÕ¡ ´÷Ëß “¡“√∂„™â

∑¥·∑πªÿÜ¬‡§¡’ ·≈–¬“ª√“∫»—µ√Ÿæ◊™ (‚¥¬‡©æ“–

‡™◊ÈÕ√“∑’Ë¡’¿“«–¥◊ÈÕ¬“ Ÿß¢÷Èπ„πªí®®ÿ∫—π) ®÷ß‡ÀÁπ‰¥â«à“

„π°≈ÿà¡ª√–‡∑»∑’Ëæ—≤π“·≈â« ‡™àπ °≈ÿà¡ª√–‡∑» EU

À√◊Õ  À√—∞Õ‡¡√‘°“ ‰¥â¡’°“√æ—≤π“¢÷Èπ‡ªìπ°“√§â“

„π√Ÿª¢Õß Bioinoculant ·≈â« ‡™àπ °≈ÿà¡ Rhizobium,

Pseudomonas, Bacillus ·≈– Streptomyces ‡ªìπµâπ

(Bloemberg and Lugtenberg, 2001)

‚¥¬∑—Ë«‰ª°“√„™â PGPR ¡’ 3 √Ÿª·∫∫ ‰¥â·°à

°“√·™à‡¡≈Á¥„π “√≈–≈“¬·∫§∑’‡√’¬ (bacterial

suspension) ‡ªìπ‡«≈“ 5 π“∑’ ®“°π—Èπº÷Ëß„Àâ·Àâß„π

∑’Ë√à¡‡ªìπ‡«≈“ 2-3 ™—Ë«‚¡ß ·™àµâπ°≈â“≈ß„π “√≈–≈“¬

·∫§∑’‡√’¬¢â“¡§◊π ·≈–°“√„ à “√≈–≈“¬·∫§∑’‡√’¬

≈ß„π¥‘π‚¥¬µ√ß (Islam and Bora, 1998) µ—«Õ¬à“ß

¢Õß‡™◊ÈÕ PGPR ∑’Ë„™â°—∫æ◊™∑’Ë‡§¬¡’°“√∑¥ Õ∫ ·≈–

‰¥âº≈¥’µàÕæ◊™ ‰¥â·°à ¢â“« ·≈– Azotobacter

(Kanungo et al., 1997), Azospillirum ·≈– ¢â“« “≈’

(Malik et al., 2002), Acetobater diazotrophicus

·≈– ÕâÕ¬ (James et al., 1994), Azorhizobium ·≈–

¢â“« “≈’ (Saleh et al., 2001), °“√„™â Az. vinelandii

√à«¡°—∫ Clostridium butyricum „π°“√ª≈Ÿ°¢â“« “≈’

∑“ßµ–«—πµ°¢ÕßÕÕ ‡µ√‡≈’¬ (Kennedy and Tchan,

1992), Herbaspirillum seropediceae  “¡“√∂‡æ‘Ë¡

º≈º≈‘µ¢Õß√«ß¢â“« (Arangarasan et al., 1998)

‡ªìπµâπ ·≈–‡¡◊ËÕ‰¡àπ“π¡“π’È‰¥â¡’°“√æ—≤π“ªÿÜ¬™’«¿“æ

„π√Ÿª·∫∫À—«‡™◊ÈÕº ¡ (Multi-strain inoculum)

‚¥¬„™â PGPR 3  °ÿ≈√à«¡°—π„π°“√ª≈Ÿ°¢â“«

·≈–æ∫«à“ “¡“√∂‡æ‘Ë¡º≈º≈‘µ„Àâ¢â“«‰¥â∂÷ß 1.1

µâπµàÕ‡Œ°µ“√å (‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 21) ‡¡◊ËÕ‡∑’¬∫°—∫‰¡à

„™âªÿÜ¬™’«¿“æ ∫√‘‡«≥‡¡◊ÕßŒ“πÕ¬ ª√–‡∑»‡«’¬¥π“¡

‚¥¬°“√º≈‘µªÿÜ¬™’«¿“æ¥—ß°≈à“«‡°‘¥¢÷Èπ¿“¬„µâ

§«“¡√à«¡¡◊Õ«‘®—¬√–À«à“ß π—°«‘∑¬“»“ µ√å‡«’¬¥π“¡
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Table 1. The samples of PGPRs as commercial biocontrol

Bacterium Commercial Parthogen/disease Crop (s) How Applied
Product

Agrobacterium Calltrol-A Crown gall disease Fruit, nut, and Cell suspension
radiobacter caused by ornamental applied to seeds,

Agrobacterium nursery stock seedlings, cuttings,
tumefaciens roots, stems, and as

a soil drench

Agrobacterium Nogall Agrobacterium Trees Root dips
radiobacter tumefaciens

Agrobacterium Diegall Agrobacterium Trees Root dips
radiobacter tumefaciens

Agrobacterium Norbac 84C Crown gall disease Fruit, nut, and Cell suspension
radiobacter caused by ornamental applied to root or stem,

Agrobacterium nursery stock used as a cutting dip,
tumefaciens or spray

Bacillus subtilis Epic Rhizoctonia solani, Cotton, Dry powder added to
Fusarium spp., legumes a slurry and mixed with
Alternaria spp., and commercial fungicide
Aspergillus spp. that  for seed treatment
attack roots

Bacillus subtilis Kodial Rhizoctonia solani, Cotton, Dry powder, mixed
Fusarium spp., legumes with chemical
Alternaria spp., and  fungicides
Aspergillus spp. that
attack roots

Bacillus subtilis System 3 Seedling pathogens Barley, beans, Seed treatment in
cotton, peanut, planter box
pea, rice, soybean

Burkholderia Blue Circle Fusarium spp., Vegetables Seed treatment mixed
cepacia Pythium with peat or drip

spp., nematodes irrigation

Burkholderia Deny Rhizoctonia spp., Alfalfa, barley, Seed treatment mixed
cepacia Fusarium spp., with peat and beans, clover,

Pythium a cotton, peas, sticking agent or drip
spp., nematodes grain sorghum, irrigation

vegetables, wheat

Burkholderia Intercept Rhizoctonia solani, Maize,
cepacia Fusarium spp., vegetables,

Pythium spp. cotton

Pseudomonas BlightBan Frost, Erwinia Almond, apple, Wettable powder
fluorescens A506 amylovora cherry, peach, applied postharvest to

pear,  potato, fruit as drench dip or
strawberry, spray
tomato

Pseudomonas Conquer Pseudomonas tolassii Mushroom Spray
fluorescens

Pseudomonas Victus Pseudomonas tolassii Mushroom Spray
fluorescens

Pseudomonas Bio-save 10 Botrytis cinerea, Citrus and Wettable powder
syringae Penicillium spp., Mucor pome fruit applied

pyroformis, postharvest to fruit
Geotrichum candidum as drench dip or spray

Pseudomonas Bio-sace11 Botrytis cinerea, Citrus and Wettable powder
syringae Penicillium spp., Mucor pome fruit applied

pyroformis, postharvest to fruit
Geotrichum candidum as drench dip or spray

Streptomyces Mycostop Fusarium spp., Field, Drench, spray or
griseoviridis Alternaria brassicola, ornamental and through irrigation

Phomopsis spp., vegetable crops  system
Botrytis spp., Pythium
spp., and Phytophthora spp.
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·≈–ÕÕ ‡µ√‡≈’¬ ªÿÜ¬™’«¿“æ¥—ß°≈à“«ª√–°Õ∫¥â«¬

Pseudomonas ∑’Ë “¡“√∂µ√÷ß‰π‚µ√‡®π Klebsiella

∑’Ë “¡“√∂µ√÷ß‰π‚µ√‡®π ·≈–¬àÕ¬ ≈“¬øÕ ‡øµ

„π√Ÿª Ca3(PO4)2 ·≈– Citrobacter freundii ´÷Ëß

™à«¬„π°“√‡æ‘Ë¡§«“¡ “¡“√∂„π°“√·¢àß¢—π¢Õß

PGPR °—∫‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥Õ◊Ëπ Ê „π¥‘π∑’Ë®–‡¢â“

Õ“»—¬∫√‘‡«≥√“°¢â“« ‚¥¬ —¥ à«π¢Õß°“√„™â

Pseudomonas, Klebsiella ·≈– Citrobacter freundii

®–Õ¬Ÿà∑’Ë 10 : 10 : 1 µ“¡≈”¥—∫ ‚¥¬ª√‘¡“≥ PGPR

·µà≈–™π‘¥‡∑à“°—∫ 3 x 109 : 1 x 108 : 1 x 107

‡´≈≈åµàÕ°√—¡«— ¥ÿµ—«æ“ µ“¡≈”¥—∫ ·≈–≈à“ ÿ¥

Han et al., (2005) ‰¥â§âπæ∫·∫§∑’‡√’¬°≈ÿà¡„À¡à∑’Ë¡’

§ÿ≥ ¡∫—µ‘‡ªìπ PGPR „π °ÿ≈ Delfia tsuruhatensis

HR4 ∑’Ë∑”°“√·¬°‰¥â®“°∫√‘‡«≥∑’Ëª≈Ÿ°¢â“«∑“ß

µÕπ‡Àπ◊Õ¢Õßª√–‡∑»®’π æ∫«à“·∫§∑’‡√’¬ “¬

æ—π∏ÿåπ’È “¡“√∂¬—∫¬—Èß°“√‡¢â“∑”≈“¬¢Õß®ÿ≈‘π∑√’¬å°àÕ

‚√§„πµâπ¢â“« ‰¥â·°à Xanthomonas oryzae,

Rhizoctonia solani ·≈– Pyricularia oryzae πÕ°®“°

π’È¬—ßæ∫«à“·∫§∑’‡√’¬°≈ÿà¡π’È¡’§«“¡ “¡“√∂„π°“√

µ√÷ß‰π‚µ√‡®π‰¥â (13.06 C2H4 nmol ml-1 h-1) ‚¥¬

¡’¬’π nif ´÷Ëß‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫¢∫«π°“√µ√÷ß

‰π‚µ√‡®πÕ¬Ÿà∫π chromosomal DNA
·µàÕ¬à“ß‰√°Áµ“¡°“√ª√–¬ÿ°µå„™â„π ¿“æ

®√‘ß¬—ß¡’§«“¡®”‡ªìπµâÕß»÷°…“»—°¬¿“æ ·≈–
ª√– ‘∑∏‘¿“æ„πæ◊Èπ∑’Ë·µà≈–æ◊Èπ∑’Ë°—∫æ◊™·µà≈–
™π‘¥¥â«¬ ´÷Ëß®“°°“√«‘®—¬À≈“¬ Ê ·Ààßæ∫«à“
ª√– ‘∑∏‘¿“æ¢Õß·∫§∑’‡√’¬™π‘¥‡¥’¬«°—π®–µà“ß
°—π‰ªµ“¡ ¿“æ ‘Ëß·«¥≈âÕ¡¢Õß¥‘π
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