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ABSTRACT

Plant and microbes relationship can be beneficial and harmful to plants. The pattern
of plant and microbes interaction can be either pathogenic or beneficial. Pathogenic microbes are
bacteria, fungi, virus and viroid that can cause disease in host plant. Beneficial microbes, such as
rhizospheric microbes that can produce plant growth promoters, increase nutrient acquisition and
help plant to resist physiological and biochemical stress. Some endophytic bacteria can produce
plant growth promoters. Some symbioses such as Rhizobium and Frankia can reduce nitrogen
gas in the air into other form of nitrogen compounds. In addition, mycorrhizal fungi can increase
absorption area of the root and water availability. Furthermore, they can help plant defense
against pathogens. From these knowledges, bioactive compounds produced from microbes are
widely used to stimulate plant growth in the form of biofertilizers, phytostimulators and biopesticides
to control plant pathogen and increase crop yield.
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∫∑π”
ªØ‘ —¡æ—π∏å√–À«à“ßæ◊™°—∫®ÿ≈‘π∑√’¬å‰¥â‡¢â“¡“¡’∫∑∫“∑Õ¬à“ß¡“° μ—Èß·μà¬ÿ§∑’Ë¡πÿ…¬å‡√‘Ë¡¡’°“√‡æ“–

ª≈Ÿ°‡æ◊ËÕ„Àâ‰¥âÕ“À“√ §«“¡ —¡æ—π∏å¢Õßæ◊™·≈–®ÿ≈‘π∑√’¬å‰¡à‰¥â· ¥ßÕÕ°¡“„π√Ÿª¢Õß‚√§æ◊™‡ ¡Õ‰ª ·μà¬—ß¡’
°“√Õ¬Ÿà√à«¡°—π·∫∫æ÷Ëßæ“°—π (mutualism) ÷́Ëß®ÿ≈‘π∑√’¬å·≈–æ◊™‰¥âª√–‚¬™πå√à«¡°—π ®ÿ≈‘π∑√’¬å¡’º≈μàÕº≈º≈‘μ
∑“ß°“√‡°…μ√·≈– ÿ¢¿“æ¢Õßæ◊™ ·≈–¬—ß¡’§«“¡ —¡æ—π∏å·∫∫´‘¡‰∫‚Õ´‘  (symbiosis) ∑’Ë®ÿ≈‘π∑√’¬å™à«¬æ◊™
„π°“√¥Ÿ¥´÷¡ “√Õ“À“√À√◊Õ¡’°≈‰°∑“ß‡§¡’¡“™à«¬„Àâæ◊™ “¡“√∂¥Ÿ¥´÷¡·√à∏“μÿ∑’ËμâÕß°“√‰¥â ·≈–ªÑÕß°—πæ◊™
®“°‡™◊ÈÕ°àÕ‚√§ [1] °“√»÷°…“∂÷ßªØ‘ —¡æ—π∏å¢Õßæ◊™°—∫ —ß§¡¢Õß®ÿ≈‘π∑√’¬å∑’ËÕ“»—¬Õ¬Ÿà√à«¡°—∫æ◊™®÷ß ”§—≠μàÕ
°“√æ—≤π“«‘∏’∑“ß°“√‡°…μ√∑’Ë¬—Ëß¬◊π

®ÿ≈‘π∑√’¬å∑’ËÕ“»—¬Õ¬Ÿà√à«¡°—∫æ◊™π—Èπ¬—ß§ß¡’πâÕ¬™π‘¥‡¡◊ËÕ‡∑’¬∫°—∫ª√–™“°√¢Õß·∫§∑’‡√’¬„π¥‘π
[2-4] °“√·∫àß°≈ÿà¡¢Õß§«“¡ —¡æ—π∏å√–À«à“ßæ◊™°—∫®ÿ≈‘π∑√’¬åÕ“®·∫àß‰¥â‡ªìπ ·∫∫°àÕ‚√§ (pathogenic) ‡™◊ÈÕ
°àÕ‚√§ “¡“√∂‡¢â“ Ÿàæ◊™ºà“π∑“ß„∫ ≈”μâπ À√◊Õ√“°æ◊™ ·≈–¬—ßæ∫®ÿ≈‘π∑√’¬å°≈ÿà¡∑’Ë‡ªìπºŸâ¬àÕ¬ ≈“¬ (saprophytic)
´÷ËßÕ“»—¬Õ¬Ÿà∫π´“°æ◊™∑’Ëμ“¬·≈â« ®ÿ≈‘π∑√’¬å‡À≈à“π’È¡’ª√–‚¬™πå¡“°„π·ßà¢Õß°“√¬àÕ¬ ≈“¬·≈–À¡ÿπ‡«’¬π “√
Õ“À“√„π ‘Ëß·«¥≈âÕ¡ πÕ°®“°π’È¬—ßæ∫®ÿ≈‘π∑√’¬å°≈ÿà¡∑’Ë„Àâª√–‚¬™πåμàÕæ◊™ ®ÿ≈‘π∑√’¬å°≈ÿà¡π’Èπ‘¬¡„™â‡ªìπªÿÜ¬™’«¿“æ
(biofertilizer) ‡™àπ ·∫§∑’‡√’¬°≈ÿà¡ Rhizobium ∑’Ë„™â„π∑“ß°“√§â“¡“·≈â«¡“°°«à“»μ«√√… À√◊Õ®ÿ≈‘π∑√’¬å
°≈ÿà¡∑’Ë„™â‡ªìπμ—«°√–μÿâπæ◊™ (phytostimulator) ‡™àπ Azotospirillum ∑’Ë “¡“√∂ √â“ßŒÕ√å‚¡πÕÕ° ‘́π¡“
°√–μÿâπ°“√¬◊¥¬“«¢Õß‡´≈≈å√“°æ◊™ [5] ¡’√“¬ß“π«à“ “¡“√∂·¬°‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’ËÕ“»—¬Õ¬Ÿà√à«¡°—∫æ◊™‰¥âÀ≈“¬
™π‘¥ ‡™àπ ÕâÕ¬ [6] ¡–‡¢◊Õ‡∑» [7] ¡—πΩ√—Ëß [8] ¬Ÿ§“≈‘ªμ—  [7] ¢â“« [9-10] º—°°“¥ÀÕ¡ [11] ·≈–
Arabidopsis [12-13]

®ÿ≈‘π∑√’¬å®¥®”μâπæ◊™‰¥âÕ¬à“ß‰√
°“√®¥®” (recognition) ‡ªìπ°≈‰°À≈—°„π°“√μÕ∫ πÕß¢Õßæ◊™μàÕ®ÿ≈‘π∑√’¬å ‡™àπ°“√®¥®”‚ª√μ’π

·Õ¥Œ’´‘π (adhesins) øî¡‡∫√’¬ (fimbriae) ·ø≈°‡®≈≈“ (flagella) ·≈–®“°°“√À≈—Ëß‚¡‡≈°ÿ≈ àß —≠≠“≥
ºà“π∑“ß Type III ·≈– Type IV secretion systems [5] ‰¥â¡’°“√ª√–¡“≥¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ √â“ß
·≈–°“√∑”ß“π¢Õßæ‘‰≈ (pili) „π Pseudomonas aeruginosa ´÷Ëß‡ªìπ type 4 pili «à“¡’ 30-40 ¬’π¥â«¬
°—π [5, 14] ´÷Ëß™à«¬„Àâ‡°‘¥°“√‡§≈◊ËÕπ∑’Ë∑’Ë‡√’¬°«à“ twitching ·≈–‡°’Ë¬«¢âÕß°—∫°“√ √â“ß‰∫‚Õøî≈å¡ (biofilm)
[5, 15] ´÷Ëßæ‘‰≈∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡ type 4 pili π’Èæ∫¡“°„π‡™◊ÈÕ∑’Ë°àÕ‚√§æ◊™À≈“¬™π‘¥ πÕ°®“°π’È¬—ß¡’
Õß§åª√–°Õ∫Õ◊Ëπ¢Õß·∫§∑’‡√’¬∑’Ë¡’∫∑∫“∑ ”§—≠„π°“√®¥®”æ◊™„π·μà≈–√–¬–¢Õß°“√‡°‘¥ª¡√“°‰¥â·°à
Nod-factors, EPSs (extracellular polysaccharides), LPSs (lipopolysaccharides), K-antigens ·≈–
periplasmatic cyclic glucans [5, 16]

§«“¡ —¡æ—π∏å„π¥â“π∑’Ë‡ªìπª√–‚¬™πåμàÕæ◊™
·∫§∑’‡√’¬·≈–øíß‰®∫“ß™π‘¥∑’ËÕ“»—¬Õ¬Ÿà√à«¡°—∫æ◊™ “¡“√∂ √â“ß “√ àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ

¢Õßæ◊™‰¥â ‡√’¬°®ÿ≈‘π∑√’¬å°≈ÿà¡π’È«à“ ®ÿ≈‘π∑√’¬å àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ (plant growth promoting
microorganism; PGPM) ÷́Ëß PGPM ∂Ÿ°¬Õ¡√—∫«à“ “¡“√∂§«∫§ÿ¡‡™◊ÈÕ°àÕ‚√§‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ·≈–
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‡ªìπ¡‘μ√μàÕ ‘Ëß·«¥≈âÕ¡  “¡“√∂°√–μÿâπ°√–∫«π°“√μâ“π∑“π‚√§¢Õßæ◊™ ‡™àπ ∑”„Àâ‡´≈≈å·μ°‡æ◊ËÕªÑÕß°—π
°“√≈ÿ°≈“¡¢ÕßÕ“°“√‚√§  √â“ßºπ—ß‡´≈≈å¢÷Èπ¡“„À¡à À√◊Õ‡æ‘Ë¡°“√ – ¡‡¡∑“∫Õ‰≈μå∑ÿμ‘¬¿Ÿ¡‘ (secondary
metabolite) ŒÕ√å‚¡π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ªÑÕß°—π‚√§ ‡™àπ jasmonic acid (JA), ethylene ·≈– salicylic
acid (SA) ́ ÷Ëß¡’∫∑∫“∑ ”§—≠„π°√–∫«π°“√ àß —≠≠“≥·≈–„π°≈‰°°“√ªÑÕß°—π‚√§ (defense mechanism)
[17-18]

1. ·∫§∑’‡√’¬∑’ËÕ“»—¬Õ¬Ÿà√Õ∫√“°æ◊™ (rhizospheric bacteria)
Rhizosphere À¡“¬∂÷ß∫√‘‡«≥∑’Ë¡’¥‘π‚Õ∫≈âÕ¡√“°æ◊™∑’Ë¡’®ÿ≈‘π∑√’¬åÕ“»—¬Õ¬Ÿà¿“¬„π [19-21] ‚¥¬

·∫àß‡ªìπ 3 ∫√‘‡«≥§◊Õ endorhizosphere, rhizoplane ·≈– ectorhizosphere [19, 22] ÷́Ëß„π ¿“«–
·«¥≈âÕ¡μà“ß°—ππ’È ªØ‘ —¡æ—π∏å√–À«à“ß√“°æ◊™ ¥‘π ·≈–®ÿ≈‘π∑√’¬å®–‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—μ‘¢Õß¥‘π∑—Èß∑“ß
°“¬¿“æ·≈–∑“ß‡§¡’ ·≈–¡’º≈‡ª≈’Ë¬π·ª≈ßª√–™“°√¢Õß®ÿ≈‘π∑√’¬å„π∫√‘‡«≥√Õ∫Ê √“°æ◊™ [19, 23] πÕ°®“°
π’È “√ª√–°Õ∫Õ‘π∑√’¬å∑’Ëª≈àÕ¬®“°√“° (root exudate) ¬—ß‡ªìπμ—«°≈“ß∑’Ë∑”„Àâ‡°‘¥ªØ‘ —¡æ—π∏å√–À«à“ß√“°æ◊™
·≈–®ÿ≈‘π∑√’¬å„π¥‘π∫√‘‡«≥ rhizosphere [24-26] √“°æ◊™®–¡’°“√ª≈¥ª≈àÕ¬∏“μÿ§“√å∫Õπ∑’Ë‰¥â¡“®“°
°√–∫«π°“√ —ß‡§√“–Àå¥â«¬· ß∂÷ß 5-21% ÕÕ°¡“„π√Ÿª¢ÕßπÈ”μ“≈∑’Ë≈–≈“¬πÈ”‰¥â °√¥Õ–¡‘‚π À√◊Õ‡¡∑“
∫Õ‰≈μå∑ÿμ‘¬¿Ÿ¡‘ [19, 26-28] ‡æ◊ËÕ„Àâ®ÿ≈‘π∑√’¬å∫√‘‡«≥√“°æ◊™‰¥â„™âª√–‚¬™πå [19]

Root exudate ·∫àßÕÕ°‰¥â‡ªìπ 2 °≈ÿà¡
1. °≈ÿà¡∑’Ë¡’¡«≈‚¡‡≈°ÿ≈μË” (low molecular weight compounds) ‡™àπ °√¥Õ–¡‘‚π °√¥Õ‘π∑√’¬å

πÈ”μ“≈  “√ª√–°Õ∫øï‚π≈‘° (phenolic compound) ·≈–‡¡∑“∫Õ‰≈μå∑ÿμ‘¬¿Ÿ¡‘Õ◊ËπÊ
2. °≈ÿà¡∑’Ë¡’¡«≈‚¡‡≈°ÿ≈ Ÿß (high molecular weight compounds) ‡™àπ ‚æ≈’·´§§“‰√¥å ·≈–

‚ª√μ’π [19, 27, 29-30]
™π‘¥¢Õß root exudate ·≈–ª√‘¡“≥∑’Ëª≈¥ª≈àÕ¬ÕÕ°¡“π—Èπ·μ°μà“ß°—πμ“¡ “¬æ—π∏ÿåæ◊™ ™π‘¥

æ◊™ √–¬–°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ ·≈–ªí®®—¬·«¥≈âÕ¡Õ◊ËπÊ ‡™àπ ™π‘¥¥‘π pH Õÿ≥À¿Ÿ¡‘ ·≈–ª√‘¡“≥®ÿ≈‘π∑√’¬å
„π¥‘π [19, 27, 31] ¥—ß√Ÿª∑’Ë 1

ª√‘¡“≥®ÿ≈‘π∑√’¬å∑’ËÕ“»—¬Õ¬Ÿà√Õ∫Ê √“°æ◊™ (rhizosphere) ¡’μ—Èß·μàæ—π∂÷ß≈â“π ªï™’ å [19, 23]
ªØ‘ —¡æ—π∏å√–À«à“ß√“°æ◊™·≈–®ÿ≈‘π∑√’¬å„π¥‘π¬—ß¡’§«“¡®”‡æ“–μàÕ°—π¡“° ‡π◊ËÕß¡“®“°°“√º≈—°¥—π„Àâ‡°‘¥
«‘«—≤π“°“√√à«¡°—π (coevolutionary pressure) [19-20, 32-34] √–À«à“ßæ◊™·≈–®ÿ≈‘π∑√’¬å„π∫√‘‡«≥√Õ∫Ê
√“°æ◊™ ‡æ◊ËÕ„Àâ‡°‘¥§«“¡‡À¡“– ¡·≈–‡Õ◊ÈÕª√–‚¬™πå´÷Ëß°—π·≈–°—π §«“¡ —¡æ—π∏å√–À«à“ßæ◊™·≈–®ÿ≈‘π∑√’¬å¡’
§«“¡ ”§—≠‡ªìπÕ¬à“ß¡“°μàÕ√–∫∫π‘‡«» ‡™àπ°“√À¡ÿπ‡«’¬π·√à∏“μÿ·≈–§“√å∫Õπ [19, 35] ªØ‘ —¡æ—π∏å∑“ß
∫«°¢Õßæ◊™·≈–®ÿ≈‘π∑√’¬å„π¥‘π ‰¥â·°à ®ÿ≈‘π∑√’¬å∑’Ë √â“ß “√ àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ (plant-growth
promoting rhizobacteria; PGPR) ·≈–√“Õ“√å∫— §Ÿ≈“√å‰¡§Õ√å‰√´“ (arbuscular mycorrhizal fungi) [19,
36] °àÕ„Àâ‡°‘¥º≈¥’μàÕæ◊™ ‡™àπ ≈¥°“√‡°‘¥‚√§¢Õßæ◊™ [19, 37-39] ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√„™â·≈–¥Ÿ¥´÷¡
·√à∏“μÿ [19, 34, 40] §«∫§ÿ¡ ¡¥ÿ≈Õ“À“√·≈– ¡¥ÿ≈ŒÕ√å‚¡π¢Õßæ◊™ [19, 41] ·≈–‡æ‘Ë¡§«“¡μâ“π∑“π
¢Õßæ◊™μàÕ§«“¡‡§√’¬¥∑—Èß∑“ß°“¬¿“æ (abiotic stress) [19, 42-43] ·≈–∑“ß™’«¿“æ (biotic stress) [19,
28, 36, 44] ´÷Ëß∑”„Àâº≈º≈‘μ¢Õßæ◊™¥’¢÷Èπ „π∑“ß°≈—∫°—π æ◊™°Á‰¥âª≈¥ª≈àÕ¬ “√ª√–°Õ∫Õ‘π∑√’¬å®“°√“°
‡æ◊ËÕ„Àâ®ÿ≈‘π∑√’¬å‰¥âπ”‰ª„™â‡ªìπ·À≈àßÕ“À“√¥â«¬‡™àπ°—π [19]
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√Ÿª∑’Ë 1 ªí®®—¬∑’Ë àßº≈μàÕª√–™“°√¢Õß®ÿ≈‘π∑√’¬å„π∫√‘‡«≥√Õ∫√“°æ◊™ (rhizophere) ¥—¥·ª≈ß®“° [45]

2. ·∫§∑’‡√’¬‡Õπ‚¥‰øμå (bacterial endophytes)
·∫§∑’‡√’¬‡Õπ‚¥‰øμå “¡“√∂æ∫‰¥â„π‡π◊ÈÕ‡¬◊ËÕ¿“¬„π¢Õßæ◊™ ´÷Ëßæ∫„πæ◊™‡°◊Õ∫∑ÿ°™π‘¥∑—Ë«‚≈°

·∫§∑’‡√’¬‡Õπ‚¥‰øμå∫“ßμ—«¡’§«“¡ “¡“√∂„π°“√ àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ ´÷Ëß°≈‰°∑’Ë„™â„π°“√
 àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™π—Èπ‡ªìπ°≈‰°‡¥’¬«°—∫∑’Ëæ∫„π rhizospheric bacteria ‡™àπ ™à«¬
„π‡√◊ËÕß°“√À“ “√Õ“À“√∑’Ë®”‡ªìπμàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ ·≈–°“√ àß‡ √‘¡°√–∫«π°“√‡®√‘≠‡μ‘∫‚μ
·≈–·∫§∑’‡√’¬‡Õπ‚¥‰øμå¬—ß “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥â∑—Èß„π∑“ß°“√‡°…μ√ °“√ª»ÿ —μ«å ·≈–‡æ◊ËÕ àß‡ √‘¡
°“√∫”∫—¥ ‘Ëß·«¥≈âÕ¡¥â«¬æ◊™ (phytoremediation) [46-49]

ºŸâ‡¢’¬π∫“ß∑à“π‰¥â„Àâ§”®”°—¥§«“¡‰«â«à“ ·∫§∑’‡√’¬‡Õπ‚¥‰øμå §◊Õ·∫§∑’‡√’¬∑’Ë “¡“√∂·¬°‰¥â
®“°æ◊Èπº‘«‡π◊ÈÕ‡¬◊ËÕ¢Õßæ◊™∑’Ë‰¡à‡ªìπ‚√§ À√◊Õ “¡“√∂ °—¥‰¥â®“°„πμâπæ◊™ ‚¥¬®–‰¡à°àÕ„Àâ‡°‘¥Õ—πμ√“¬°—∫μâπæ◊™
[50] ·≈–/À√◊Õ ·∫§∑’‡√’¬∑’ËÕ“»—¬Õ¬Ÿà√à«¡°—∫√“°æ◊™ (root-associated bacterial population) [51-52] ·∫§∑’‡√’¬
‡Õπ‚¥‰øμå®–¡’°“√ ◊ËÕ “√·≈–¡’ªØ‘ —¡æ—π∏å°—∫æ◊™¡“°°«à“ rhizospheric bacteria [53-54] ‡π◊ËÕß®“°¡’
‚Õ°“  —¡º— μ‘¥μàÕ°—∫‡´≈≈åæ◊™‰¥âμ≈Õ¥‡«≈“

·∫§∑’‡√’¬‡Õπ‚¥‰øμå “¡“√∂‡¢â“ Ÿà‡´≈≈åæ◊™‰¥â‚¥¬ºà“π√Õ¬·μ°¢Õß√“° (root crack) À√◊Õ∫“¥
·º≈Õ◊ËπÊ ¢Õßæ◊™∑’Ë‡°‘¥¡“®“°°“√¢¬“¬¢π“¥¢≥–‡®√‘≠‡μ‘∫‚μ [55-57] ∫“¥·º≈∑’Ë√“°®–∑”„Àâ‡¡∑“∫Õ‰≈μå
¿“¬„π‡°‘¥°“√√—Ë«‰À≈ÕÕ°¡“ ·≈–¥÷ß¥Ÿ¥·∫§∑’‡√’¬ [50] πÕ°®“°π’È·∫§∑’‡√’¬‡Õπ‚¥‰øμå¬—ß “¡“√∂‡¢â“ Ÿàæ◊™
‰¥âºà“π∑“ßª“°„∫ (stomata) ∫π„∫æ◊™À√◊Õμ“¡≈”μâπæ◊™∑’ËÕ“¬ÿπâÕ¬ [58] À√◊Õμ“¡√Õ¬·μ° (lenticel)
∑’Ë¡—°‡°‘¥¢÷Èπ„π™—Èπ periderm ¢Õß≈”μâπÀ√◊Õ√“°æ◊™ [59] ·≈–√“°·√°‡°‘¥∑’Ë°”≈—ßßÕ° (germing radicle)
[60] πÕ°®“°π’È·∫§∑’‡√’¬¬—ß “¡“√∂‡¢â“ Ÿàæ◊™√–À«à“ß°√–∫«π°“√√“°·¢πß (lateral root) À√◊Õ¢π√“° (root
hair) ‰¥âÕ’°¥â«¬ [61] ¥—ß√Ÿª∑’Ë 2
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√Ÿª∑’Ë 2 °“√‡¢â“ Ÿàμâπæ◊™¢Õß·∫§∑’‡√’¬‡Õπ‚¥‰øμå ¥—¥·ª≈ß®“° [46]

3. ´‘¡‰∫‚Õ´‘  (symbiosis)
¡’°“√»÷°…“Õ¬à“ß·æ√àÀ≈“¬∂÷ß¿“«–∑’Ëæ◊™·≈–®ÿ≈‘π∑√’¬åÕ¬Ÿà√à«¡°—π·≈â«‡°‘¥º≈¥’ ´÷Ëß·∫§∑’‡√’¬À√◊Õ

øíß‰®‡À≈à“π’È‰¥â‡¢â“‰ªÕ¬Ÿà√à«¡°—∫æ◊™™—Èπ ŸßÕ¬à“ß·¬°®“°°—π‰¡à‰¥â [1, 62-63] ‡√’¬°®ÿ≈‘π∑√’¬å°≈ÿà¡π’È«à“ ́ ‘¡‰∫‚Õ 
(symbiose) ´‘¡‰∫‚Õ ‡ªìπμâπ·∫∫„π°“√»÷°…“°≈‰°æ◊Èπ∞“π¢Õßæ◊™·≈–/À√◊Õ ·∫§∑’‡√’¬ ‡™àπ °“√√—∫·≈– àß
 —≠≠“≥¿“¬„π‡´≈≈å °“√§«∫§ÿ¡«—Ø®—°√‡´≈≈å ·≈–°“√æ—≤π“‰ª∑”Àπâ“∑’Ë‡©æ“–¢Õß‡´≈≈å (differentiation) [1]

´‘¡‰∫‚Õ ∑’Ë¡’§«“¡ “¡“√∂„π°“√μ√÷ß‰π‚μ√‡®π ·∫§∑’‡√’¬„π¥‘π´÷ËßÕ¬Ÿà„π®’π—  Rhizobium ·≈–
Frankia  “¡“√∂°√–μÿâπ°“√·∫àßμ—«¢Õß‡´≈≈å·≈–°√–μÿâπ°“√‡ª≈’Ë¬π·ª≈ß‰ª∑”Àπâ“∑’Ë‡©æ“–¢Õß‡´≈≈å
∫√‘‡«≥§Õ√å‡∑°´å (cortex) À√◊Õ‡æÕ√‘‰´‡§‘≈ (pericycle) ¢Õß√“°æ◊™„π«ß»å°ÿÀ≈“∫ (Rosaceae) ·≈–«ß»å∂—Ë«
(Leguminosae) ‰¥â ·∫§∑’‡√’¬®–‡¢â“ Ÿà√“°·≈–°√–®“¬μ—«‰ª¬—ß™àÕß«à“ß√–À«à“ß‡´≈≈å (intercellular) ·≈–
¿“¬„π‡´≈≈å (intracellular) ¢Õßæ◊™ ‡¡◊ËÕ‡´≈≈åæ◊™‡°‘¥°“√·∫àßμ—«·≈–‡°‘¥‚§√ß √â“ß∑’Ë‡ªìπªÿÉ¡ª¡ (nodule)
¢÷Èπ ®“°π—Èπ·∫§∑’‡√’¬®–¡’°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß‰ªÕ¬Ÿà„π√Ÿª∑’Ë “¡“√∂μ√÷ß°ä“´‰π‚μ√‡®π®“°Õ“°“»‰¥â ‡™àπ
 “¡“√∂√’¥‘«´å°ä“´‰π‚μ√‡®π„Àâ°≈“¬‡ªìπ “√ª√–°Õ∫Õ◊Ëπ Õ¬à“ß‡™àπ ·Õ¡‚¡‡π’¬ ·≈–¢π àß‰ª∑—Ë«μâπæ◊™ ·≈–
‡æ◊ËÕ‡ªìπ°“√μÕ∫·∑π·∫§∑’‡√’¬ μâπæ◊™°Á®–ª°ªÑÕß·∫§∑’‡√’¬¿“¬„π ·≈–¡Õ∫Õ“À“√∑’Ë‰¥â®“°°√–∫«π°“√
 —ß‡§√“–Àå¥â«¬· ß„Àâ°—∫·∫§∑’‡√’¬ [1]

´‘¡‰∫‚Õ °≈ÿà¡∑’Ë‡ªìπøíß‰®¡’§«“¡À≈“°À≈“¬¡“°°«à“°≈ÿà¡´‘¡‰∫‚Õ ∑’Ëμ√÷ß‰π‚μ√‡®π ·≈–¡’º≈
μàÕ°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ ‰¡§Õ√å‰√´“ (mycorrhiza) ‡ªìπ°“√Õ¬Ÿà√à«¡°—π¢Õß√“°æ◊™°—∫‡™◊ÈÕ√“„π¥‘π ‡ âπ„¬
√“®–™à«¬‡æ‘Ë¡æ◊Èπ∑’Ëº‘«„π°“√¥Ÿ¥´÷¡ “√Õ“À“√·≈–·√à∏“μÿ„Àâ√“°æ◊™ ‚¥¬‡©æ“–∏“μÿøÕ øÕ√—  ´÷Ëß¡—°¡’®”°—¥
„π¥‘π °“√Õ¬Ÿà√à«¡°—π¢Õß‡™◊ÈÕ√“°—∫√“°æ◊™ “¡“√∂ª°ªÑÕß√“°æ◊™®“°‡™◊ÈÕ°àÕ‚√§„π¥‘π‰¥â [1]
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´‘¡‰∫‚Õ´‘ √–À«à“ßæ◊™°—∫√“‰¡§Õ√å‰√´“ (mycorrhizal symbioses)
°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß‡™◊ÈÕ√“°—∫æ◊™¡’§«“¡ ”§—≠ μ—«Õ¬à“ß‡™àπ ªí≠À“„π°“√ª≈Ÿ°ªÉ“

‚¥¬„™â¥‘π®“°·À≈àß„À¡à¡“·∑π·À≈àß‡¥‘¡∑”„Àâæ◊™‰¡à‡μ‘∫‚μ ‡π◊ËÕß®“° ¿“«–„À¡à¢“¥‡™◊ÈÕ√“∑’Ë¡’º≈μàÕ°“√¡’
™’«‘μ¢Õßæ◊™ ‡Õ§‚μ‰¡§Õ√å‰√´“ (ectomycorrhizal symbiose) ®–‡μ‘∫‚μ„π cortical cell ¢Õß√“°æ◊™ ·≈–
®– √â“ß‡ âπ„¬¡“æ—π√Õ∫√“°æ◊™‡ªìπ·ºàπ∫“ßÊ ¥—ß√Ÿª∑’Ë 3 °“√Õ¬Ÿà√à«¡°—π¢Õßæ◊™°—∫√“‡Õπ‚¥‰¡§Õ√å‰√´“
(endomycorrhizal association) ‡™àπ √“Õ“√å∫— §Ÿ≈“√å‰¡§Õ√å‰√´“ ®–·∑ß‡ âπ„¬‡¢â“‰ª„π‡´≈≈å√“°·≈–¡’°“√ àß —
≠≠“≥ (signal) ‡©æ“–®“°æ◊™‡æ◊ËÕ°“√·≈°‡ª≈’Ë¬π “√Õ“À“√ ®“°π—Èπ cortical cells ¢Õßøíß‰®®–‡°‘¥°√–
∫«π°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡´≈≈å‡æ◊ËÕ‰ª∑”Àπâ“∑’Ë‡©æ“– (cell differentiation) °≈“¬‡ªìπ‚§√ß √â“ß ∑’Ë‡√’¬°«à“
Õ“√å∫— §Ÿ≈ (arbuscules) ́ ÷Ëß≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢ÕßÕ“√å∫— §Ÿ≈®–§≈â“¬°—∫ŒÕ ∑Õ‡√’¬            (haus-
toria) ·μàÀπâ“∑’Ë¢ÕßŒÕ ∑Õ‡√’¬°—∫Õ“√å∫— §Ÿ≈π—Èπμà“ß°—πÕ¬à“ß¡“°
‚¥¬ŒÕ ∑Õ‡√’¬‡ªìπ‚§√ß √â“ß„π°“√À“Õ“À“√„πøíß‰®°àÕ‚√§ „™â„π°“√¥Ÿ¥Õ“À“√‡æ◊ËÕ·¬àßÕ“À“√®“°‚Œ μå
 à«πÕ“√å∫— §Ÿ≈‡ªìπ‚§√ß √â“ß∑’Ë„™â„π°“√ – ¡∏“μÿÕ“À“√„πμâπæ◊™ [1]

√“‰¡§Õ√å‰√´“ “¡“√∂ àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™‰¥â‡π◊ËÕß®“°™à«¬‡æ‘Ë¡æ◊Èπ∑’Ëº‘«·≈–§«“¡
 “¡“√∂„π°“√¥Ÿ¥´—∫πÈ”·≈–·√à∏“μÿÕ“À“√„πæ◊™ ·≈–ªÑÕß°—π√“°æ◊™®“°°“√‡¢â“∑”≈“¬¢Õß‡™◊ÈÕ‚√§‰¥â

√Ÿª∑’Ë 3 ∫√‘‡«≥∑’Ë¡’°“√‡μ‘∫‚μ¢Õß ectomycorrhiza ·≈– endomycorrhiza „π√“°æ◊™ ¥—¥·ª≈ß®“° [46]

§«“¡ —¡æ—π∏å„π¥â“π∑’Ë‡ªìπº≈‡ ’¬μàÕæ◊™
„π∏√√¡™“μ‘ ¥‘π·≈–√“°æ◊™‡ªìπ·À≈àß∑’ËÕ¬Ÿà∑’Ë‡À¡“– ¡ ”À√—∫®ÿ≈‘π∑√’¬å°àÕ‚√§∑’Ë¡“°—∫¥‘π (soil

borne pathogen) ‡π◊ËÕß®“° “√ª√–°Õ∫Õ‘π∑√’¬å∑’Ëª≈àÕ¬®“°√“°¡’ “√Õ“À“√∑’Ë¥÷ß¥Ÿ¥®ÿ≈‘π∑√’¬å‡À≈à“π’È ´÷Ëß
®ÿ≈‘π∑√’¬å‡À≈à“π’È “¡“√∂‡ªìπ‰¥â∑—Èß·∫§∑’‡√’¬ øíß‰® ‰«√—   àßº≈‡ ’¬μàÕº≈‘μº≈∑“ß°“√‡°…μ√ [64]
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‡™◊ÈÕ°àÕ‚√§„πæ◊™ (plant pathogens)
À¡“¬∂÷ß°“√∑’Ë‡™◊ÈÕ¡’§«“¡ “¡“√∂„π°“√°àÕ‚√§„πæ◊™ ‡™◊ÈÕ “¡“√∂∂à“¬∑Õ¥‰ª Ÿàæ◊™Õ◊Ëπ∑’Ë¡’

 ÿ¢¿“æ¥’·≈– “¡“√∂∑”„Àâ‡°‘¥‚√§·∫∫‡¥’¬«°—π ‡™◊ÈÕ°àÕ‚√§æ◊™ à«π„À≠à “¡“√∂Õ“»—¬Õ¬Ÿà¿“¬„πμâπæ◊™‰¥â ·μà
‡™◊ÈÕ∫“ß™π‘¥ “¡“√∂Õ“»—¬Õ¬Ÿà∫πæ◊Èπº‘«¢Õßμâπæ◊™‰¥â ‡™àπ øíß‰®·≈–·∫§∑’‡√’¬∫“ß™π‘¥ [65-66]

°“√»÷°…“∂÷ß®ÿ≈‘π∑√’¬å°àÕ‚√§„πæ◊™ ”§—≠μàÕ‡»√…∞°‘® ·≈– ÿ¢Õπ“¡—¬¢Õßº≈º≈‘μ
‡™◊ÈÕ°àÕ‚√§„πæ◊™‰¥â·°à·∫§∑’‡√’¬ øíß‰® ‰«√— ·≈–‰«√Õ¬¥å °“√»÷°…“‡™◊ÈÕ°àÕ‚√§„πæ◊™®÷ß¡’§«“¡‡°’Ë¬«¢âÕß°—∫»“ μ√å
¥â“πÕ◊ËπÊ ‡™àπ ·∫§∑’‡√’¬«‘∑¬“ √“«‘∑¬“ ·≈–‰«√— «‘∑¬“ °“√§«∫§ÿ¡‚√§æ◊™‚¥¬«‘∏’ ¡—¬„À¡à¡—°„™â«‘∏’°“√
§«∫§ÿ¡∑“ß™’«¿“æ ‡™àπ  “√μâ“π®ÿ≈™’æ (antimicrobial agent) ·≈–ª√—∫ª√ÿßæ—π∏ÿåæ◊™„Àâ¡’§«“¡μâ“π∑“π‚√§
¡“°¢÷Èπ ‡π◊ËÕß®“°«‘∏’∑“ß™’«¿“æπ’È¥’μàÕ ‘Ëß·«¥≈âÕ¡·≈– ‘Ëß¡’™’«‘μ ‡™àπ ¡πÿ…¬å·≈– —μ«å [65, 67]  à«π∑’Ëæ◊™
μ‘¥‡™◊ÈÕ “¡“√∂∫àß∫Õ°‰¥â∂÷ß™π‘¥¢Õß‚√§æ◊™‰¥â ‡™àπ √“°æ◊™∑’Ëμ‘¥‡™◊ÈÕ¡—°‡°’Ë¬«¢âÕß°—∫‚√§√“°‡πà“ (root-rot
disease) ‡ªìπμâπ [65, 68] ‚√§æ◊™ “¡“√∂·∫àß‰¥âμ“¡Õ“°“√‚√§ (disease symptom) Õ«—¬«–∑’Ëμ‘¥‡™◊ÈÕ
(infected organ) ™π‘¥¢Õßæ◊™∑’Ëμ‘¥‡™◊ÈÕ (infected plant) ·≈–™π‘¥¢Õß‡™◊ÈÕ°àÕ‚√§„πæ◊™ (type of phyto-
pathogens) ́ ÷Ëß°“√·∫àß‚√§æ◊™μ“¡™π‘¥¢Õß‡™◊ÈÕ°àÕ‚√§‡ªìπ°“√·∫àß°≈ÿà¡¢Õß‚√§æ◊™∑’Ë‡ªìπª√–‚¬™πå¡“° ‡π◊ËÕß®“°
 “¡“√∂∫àß∫Õ°∂÷ß “‡Àμÿ·≈–À“·π«∑“ß°“√√—°…“‰¥â [65, 69]

1. ‡™◊ÈÕ°àÕ‚√§∑’Ë‡ªìπøíß‰®
øíß‰®∑’Ëæ∫„πæ◊™¡’ 2 ª√–‡¿∑ §◊Õ øíß‰®∑’Ë‡ªìπ‡™◊ÈÕ°àÕ‚√§ (pathogenic fungi) ·≈–øíß‰®∑’Ë‡ªìπ

ºŸâ¬àÕ¬ ≈“¬ (saprophytic fungi) øíß‰®∑’Ë‡ªìπ‡™◊ÈÕ°àÕ‚√§¡—°Õ“»—¬Õ¬Ÿà∫πÀ√◊Õ„π‡π◊ÈÕ‡¬◊ËÕæ◊™ °àÕ„Àâ‡°‘¥º≈
∑“ß¥â“π √’√«‘∑¬“¢Õßæ◊™  à«πøíß‰®∑’Ë‡ªìπºŸâ¬àÕ¬ ≈“¬®–Õ“»—¬Õ¬Ÿà∫πÀ√◊Õ„π‡π◊ÈÕ‡¬◊ËÕ∑’Ëμ“¬·≈â« °“√«‘π‘®©—¬
‚√§∑’Ë‡°‘¥®“°øíß‰®¡—°„™â°“√μ√«®‚¥¬ àÕß°≈âÕß®ÿ≈∑√√»πå (microscopic examination) ‡æ◊ËÕ¥Ÿ≈—°…≥–∑“ß
 —≥∞“π«‘∑¬“¢Õßøíß‰® ‡™àπ ªÕ√å ·≈–ø√ÿμμ‘ß∫Õ¥’ (fruiting body) ‡¡◊ËÕ√–∫ÿ™π‘¥¢Õßøíß‰®·≈–‚√§∑’Ë‡°‘¥
°—∫æ◊™‰¥â·≈â« μâÕß¡’°“√»÷°…“‡ª√’¬∫‡∑’¬∫Õ“°“√¢Õß‚√§∑’Ë‡°‘¥¢÷Èπ°—∫ß“π«‘®—¬Õ◊ËπÊ °“√»÷°…“‡™àππ’È®–∑”„Àâ
·¬°§«“¡·μ°μà“ß√–À«à“ßøíß‰®°àÕ‚√§°—∫øíß‰®∑’Ë‡ªìπºŸâ¬àÕ¬ ≈“¬‰¥â ·¡â«à“°“√μ√«®‚¥¬°“√ àÕß°≈âÕß®–¡’
§«“¡ ”§—≠·≈–‡ªìπ«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√√–∫ÿ™π‘¥¢Õßøíß‰® ·μà∫“ß§√—Èß°Á‰¡à “¡“√∂√–∫ÿ™π‘¥øíß‰®
‰¥â ‡π◊ËÕß®“°¡Õß‰¡à‡ÀÁπ ªÕ√åÀ√◊Õø√ÿμμ‘ß∫Õ¥’¢Õßøíß‰®∫π‡π◊ÈÕ‡¬◊ËÕæ◊™ ®÷ßμâÕß¡’°“√æ—≤π“«‘∏’Õ◊ËπÊ
‡™àπ „™âÕ“À“√§—¥‡≈◊Õ° (selective media) ‡æ◊ËÕ·¬°‡™◊ÈÕ √–∫ÿ™π‘¥ À√◊Õ àß‡ √‘¡°“√ √â“ß ªÕ√å¢Õßøíß‰® ·μà
øíß‰®∫“ß™π‘¥®– “¡“√∂‡μ‘∫‚μ‰¥âμâÕßÕ“»—¬ ¿“«–∑’Ë§àÕπ¢â“ß®”‡æ“–‡™àπ Õÿ≥À¿Ÿ¡‘∑’Ë®”‡æ“–„π°“√∫à¡®“π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ °“√„ÀâÕ“°“» À√◊Õ· ß ‡æ◊ËÕ àß‡ √‘¡°“√ √â“ß ªÕ√å [65]

2. ‡™◊ÈÕ°àÕ‚√§∑’Ë‡ªìπ·∫§∑’‡√’¬·≈–‡™◊ÈÕ‰ø‚μæ≈“ ¡“
≈—°…≥–¢Õß·∫§∑’‡√’¬∑’Ëæ∫∫πÀ√◊Õ„π‡π◊ÈÕ‡¬◊ËÕ¢Õßæ◊™À¡“¬∂÷ß‚√§æ◊™∑’Ë‡°‘¥®“°·∫§∑’‡√’¬ ·μà°Á

Õ“®æ∫·∫§∑’‡√’¬∑’Ë‡ªìπºŸâ¬àÕ¬ ≈“¬‰¥â‡™àπ°—π ¥—ßπ—Èπ°“√√–∫ÿ™π‘¥·∫§∑’‡√’¬„Àâ∂Ÿ°μâÕß·¡àπ¬”®”‡ªìπμâÕß
Õ“»—¬§«“¡√ŸâÀ≈“¬·¢πß ‚¥¬‡©æ“–§«“¡√Ÿâ∑“ß √’√«‘∑¬“¢Õß·∫§∑’‡√’¬ °“√‡≈’È¬ß‡™◊ÈÕ∫πÕ“À“√§—¥‡≈◊Õ°®÷ß
®”‡ªìπ¡“°„π°“√√–∫ÿ™π‘¥·∫§∑’‡√’¬ ‚¥¬ “¡“√∂√–∫ÿ‰¥â∂÷ß√–¥—∫®’π— À√◊Õ∂÷ß√–¥—∫ ªï™’ å‰¥â„π·∫§∑’‡√’¬∫“ß™π‘¥
πÕ°®“°π’È °“√¬◊π¬—πº≈¢Õß°“√°àÕ‚√§μâÕß„™â‚§‚≈π’ (colony) ¢Õß·∫§∑’‡√’¬∫√‘ ÿ∑∏‘Ï (pure culture)
„π°“√ª≈Ÿ°‡™◊ÈÕ≈ß‰ª„π‡π◊ÈÕ‡¬◊ËÕæ◊™‡æ◊ËÕ¥Ÿ«à“¡’Õ“°“√‚√§μ√ß°—πÀ√◊Õ‰¡à ·≈–¬—ß “¡“√∂„™â«‘∏’∑“ßÕ‘¡¡Ÿ‚π«‘∑¬“
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(Immunodiagnostic techniques À√◊Õ serodiagnostic assay) „π°“√»÷°…“‰¥âÕ’°¥â«¬ ‡™àπ bacterial
agglutination, precipitation, fluorescent antibody staining ·≈– enzyme-linked immunosorbent
assay (ELISA) ´÷Ëß«‘∏’‡À≈à“π’È¡’§«“¡‰« (sensitivity)  Ÿß ¡’§«“¡®”‡æ“– (specificity) √«¥‡√Á« ·≈–∑”‰¥â
ßà“¬°«à“ πÕ°®“°π’È¬—ß¡’‡∑§π‘§„À¡àÊ∑’Ë “¡“√∂√–∫ÿ™π‘¥·∫§∑’‡√’¬‰¥â·∫∫Õ—μ‚π¡—μ‘ ‡™àπ °“√«‘‡§√“–Àå°√¥
‰¢¡—π¢Õß·∫§∑’‡√’¬ (bacterial fatty acid profile) ·≈–«‘∏’∑’Ë·æ√àÀ≈“¬‡™àπ°—π§◊Õ°“√„™â‡∑§π‘§∑“ß
™’««‘∑¬“‚¡‡≈°ÿ≈ [65, 70] ‡™àπ °“√«‘‡§√“–Àå≈”¥—∫‡∫ ∫π¬’π 16S rRNA ·≈–∑¥ Õ∫‡™◊ÈÕ‚¥¬«‘∏’∑“ß™’«‡§¡’
‡ª√’¬∫‡∑’¬∫§ÿ≥ ¡∫—μ‘‡™◊ÈÕμ“¡ Bergeyûs manual of determinative bacteriology

®ÿ≈‘π∑√’¬å°≈ÿà¡‡™◊ÈÕ‰ø‚μæ≈“ ¡“„π Class Mollicutes ∑’Ë¡’¢π“¥‡≈Á°¡“° ¡’ —≥∞“π‰¥âÀ≈“¬·∫∫
(polymorphism) ‰¡à¡’ºπ—ß‡´≈≈å §≈â“¬ mycoplasma  ‘Ëß¡’™’«‘μ™π‘¥π’ÈÕ“»—¬Õ¬Ÿà„π‡´≈≈å‚ø≈‡ÕÁ¡ (phloem)
∑”„Àâ‡°‘¥‚√§∑’Ë√ÿπ·√ß„πæ◊™ ‡™àπ ·§√–·°√Áπ „∫‡À≈◊ÕßÀ√◊Õ‡ª≈’Ë¬π‡ªìπ ’·¥ß ¡’°“√ÕÕ°¥Õ°∑’Ëº‘¥ª°μ‘ ·≈–
Õ“®∑”„Àâæ◊™μ“¬‰¥â„π∑’Ë ÿ¥ ‡™◊ÈÕ„π Class Mollicutes  “¡“√∂‡æ“–‡≈’È¬ß‰¥â∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ¬°‡«âπ®’π— 
Spiroplasma  “¡“√∂μ√«® Õ∫‰¥â‚¥¬°“√ àÕß°≈âÕß®ÿ≈∑√√»πå ·≈–¡’§«“¡‰«μàÕ¬“‡μμ√“‰´§≈‘π [71]

3. ‡™◊ÈÕ°àÕ‚√§∑’Ë‡ªìπ‰«√— ·≈–‰«√Õ¬¥å
‚√§∑’Ë‡°‘¥®“°‰«√— À√◊Õ‰«√Õ¬¥å “¡“√∂·¬°ÕÕ°®“°°—π‰¥â™—¥‡®π ‚¥¬¡’Õ“°“√¢Õß‚√§∑’Ë‡ªìπ≈—

°…≥–‡©æ“–μ—« ∑”„Àâ°“√«‘π‘®©—¬‡ªìπ‰ª‰¥âßà“¬ πÕ°®“°π’È¬—ß¡’°“√§‘¥§âπ‡∑§π‘§„À¡àÊ ‡æ◊ËÕ«‘π‘®©—
¬‚√§æ◊™∑’Ë‡°‘¥®“°‰«√— ·≈–‡æ◊ËÕ√–∫ÿ™π‘¥‰«√—  ‡™àπ °“√∑¥ Õ∫°“√ àßºà“πÕπÿ¿“§‰«√—  (virus transmission)
„π‚Œ μå∑’Ë®”‡æ“–‚¥¬‡∑§π‘§°“√ª≈Ÿ°‡™◊ÈÕ¥â«¬πÈ”§—Èπ®“°æ◊™∑’Ë‡ªìπ‚√§ (sap inoculation) °“√μàÕ°‘Ëß (graft-
ing) °“√„™âÀπÕπμ—«°≈¡ √“ ·≈–·¡≈ß∑’Ë‡ªìπæ“À– ·≈–¬—ß¡’°“√„™â‡∑§π‘§∑“ß ’́‚√‚≈¬’ ‡™àπ ELISA, gel
diffusion test, microprecipitation test ·≈– fluorescent antibody staining °“√„™â°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°μ√Õπ‡æ◊ËÕμ√«®¥ŸÕπÿ¿“§‰«√— ∑’Ë∂Ÿ°¬âÕ¡·∫∫ negative staining À√◊Õ‡∑§π‘§ immune-specific
electron microscopy °Áπ‘¬¡„™â‡™àπ°—π πÕ°®“°π’È¬—ß¡’«‘∏’∑’Ë„Àâ§«“¡·¡àπ¬” Ÿß°«à“ ‡™àπ Õ‘‡≈§‚μ√‚ø√’´‘ 
(electrophoretic test) ·≈– ‰Œ∫√‘‰¥‡´™—π (hybridization) °—∫π‘«§≈’‚Õ‰∑¥å§Ÿà ¡ (complementary
nucleotide) ∑’Ëμ‘¥√—ß ’À√◊Õ “√‡√◊Õß· ß‰«â ´÷ËßÕ“®‡ªìπ DNA RNA À√◊Õ viroid RNA ∑’Ë®–®—∫°—∫ DNA
À√◊Õ RNA ∑’ËÕ¬Ÿà„ππÈ”‡≈’È¬ß¢Õßæ◊™ (plant sap) ·≈–μ‘¥Õ¬Ÿà°—∫ membrane filter (immunoblot) [72] ∫“ß
§√—Èßæ◊™Õ“®¡’°“√μ‘¥‡™◊ÈÕ√à«¡°—π (coinfection) ‚¥¬‡™◊ÈÕ°àÕ‚√§¡“°°«à“À√◊Õ‡∑à“°—∫ 2 ™π‘¥ ´÷Ëß∑”„Àâ‡°‘¥
Õ“°“√¢Õß‚√§∑’Ë·μ°μà“ß°—π „π°“√∫àß∫Õ°™π‘¥¢Õß‡™◊ÈÕ∑’Ë°àÕ‚√§®÷ßμâÕß “¡“√∂∫àß∫Õ°∂÷ß “‡Àμÿ°“√‡°‘¥‚√§„Àâ‰¥â
‚¥¬ “¡“√∂„™â‡∑§π‘§∑’Ë°≈à“«‰ª·≈â«„π¢â“ßμâπ [65, 73]

™π‘¥¢Õßæ◊™∑’Ë‡™◊ÈÕ°àÕ‚√§ “¡“√∂‡®√‘≠‰¥â (host range of pathogens)
‡™◊ÈÕ°àÕ‚√§æ◊™¡’§«“¡·μ°μà“ß°—πμ“¡™π‘¥¢Õßæ◊™ μ”·Àπàß∑’Ëμ‘¥‡™◊ÈÕ Õ“¬ÿ¢ÕßÕ«—¬«–À√◊Õ‡π◊ÈÕ‡¬◊ËÕ

∑’Ëμ‘¥‡™◊ÈÕ ‡™◊ÈÕ∫“ßμ—« “¡“√∂‡μ‘∫‚μ‰¥â„π√“° ≈”μâπ „∫·≈–º≈ À√◊Õ„π‰´‡≈Á¡ (xylem) ·≈–‚ø≈‡ÕÁ¡ (phleom)
∫“ß™π‘¥ “¡“√∂°àÕ‚√§‰¥â„πμâπæ◊™∑’Ë¬—ßÕ“¬ÿπâÕ¬À√◊Õ à«π¢Õßæ◊™∑’Ë¡’Õ“¬ÿπâÕ¬Ê ‡∑à“π—Èπ §«“¡®”‡æ“–¢Õßæ◊™
μàÕ‡™◊ÈÕ°àÕ‚√§π—Èπ¡’§«“¡À≈“°À≈“¬¡“° ‡™◊ÈÕ°àÕ‚√§∫“ß™π‘¥®”‡æ“–μàÕæ◊™∫“ß™π‘¥‡∑à“π—Èπ ‚¥¬Õ“®®”‡æ“–
°—∫æ◊™‡æ’¬ß 1 ®’π— ‡∑à“π—Èπ ·μà‡™◊ÈÕ°àÕ‚√§∫“ß™π‘¥°Á¡’‚Œ μå∑’Ë°«â“ß (broad host range) Õ“®°àÕ‚√§‰¥â„πÀ≈“¬«ß»å
(family) ¢Õßæ◊™™—Èπ Ÿß ‡ªìπμâπ [65]
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°“√ª√–¬ÿ°μå„™â
1. ªÿÜ¬™’«¿“æ (biofertilizer)

ªÿÜ¬™’«¿“æ‡ªìπ·À≈àß‰π‚μ√‡®π ”À√—∫æ◊™∑—Ë«‚≈°∂÷ß 65% ‚¥¬ Rhizobiaceae ·≈– Mycorrhizae
‡ªìπªÿÜ¬™’«¿“æ∑’Ëπ‘¬¡„™â¡“°∑’Ë ÿ¥ ¡—°„™â°—∫æ◊™μ√–°Ÿ≈∂—Ë« (leguminous plant) ‡™àπ∂—Ë«‡À≈◊Õß Õ—≈øí≈ø“
(alfalfa) „Àâæ◊™ “¡“√∂‡μ‘∫‚μ‰¥â„π¥‘π∑’Ë¡’‰π‚μ√‡®ππâÕ¬ [5, 16] Mycorrhizae ¡—°„™â„π°“√øóôπøŸªÉ“
 π ª√—∫ª√ÿß√–∫∫√“°·≈–∫√‘‡«≥√“°æ◊™ (rhizosphere) „Àâ¥’¢÷Èπ [5, 74-75] πÕ°®“°π’È ¬—ß¡’°“√„™â
·∫§∑’‡√’¬°≈ÿà¡μ√÷ß‰π‚μ√‡®π (nitrogen fixer) ‡™àπ Azoarcus ∑’Ë “¡“√∂μ√÷ß‰π‚μ√‡®π„πμâπ¢â“«‰¥â [5,
76-77]  à«π Herbaspirillum ·≈– Acetobacter  “¡“√∂μ√÷ß°ä“´‰π‚μ√‡®π‰¥â„πÕâÕ¬ [5, 78]

√“°¢Õßæ◊™μ√–°Ÿ≈∂—Ë«¡’°“√ª≈¥ª≈àÕ¬ “√ø≈“‚«πÕ¬¥å (flavonoid) ´÷Ëß®–°√–μÿâπ·∫§∑’‡√’¬
Rhizobium „π°“√ √â“ßª¡√“° (root nodule) „π‚Œ μå∑’Ë®”‡æ“– ¥—ß√Ÿª∑’Ë 4 ø≈“‚«πÕ¬¥å‡À≈à“π’È “¡“√∂
°√–μÿâπ NodD regulatory protein ÷́Ëß°√–μÿâπ°“√∑”ß“π¢Õß nod operon ´÷ËßμàÕ¡“®–∂Ÿ°∂Õ¥√À— ·≈–
·ª≈√À— ‡ªìπ Nod-metabolites §«“¡®”‡æ“–μàÕ‚Œ μåπ’È‡ªìπμ—«Õ¬à“ß∑’Ë¥’∑’Ë· ¥ß∂÷ß«‘«—≤π“°“√∑’Ë¡’√à«¡°—π
¢Õßæ◊™·≈–®ÿ≈‘π∑√’¬å ‚¥¬‡¡◊ËÕ·∫§∑’‡√’¬‡¢â“ Ÿàμâπæ◊™ºà“π∑“ß∫“¥·º≈ ·∫§∑’‡√’¬®–‡ª≈’Ë¬π‰π‚μ√‡®π„π
Õ“°“»„ÀâÕ¬Ÿà„π√Ÿª¢Õß·Õ¡‚¡‡π’¬ ÷́Ëß‡ªìπ·À≈àß‰π‚μ√‡®π‡°Á∫ – ¡‰«â„πæ◊™·≈–æ◊™ “¡“√∂„™âª√–‚¬™πå‰¥â
‡æ◊ËÕ„Àâ°√–∫«π°“√Õ¬Ÿà√à«¡°—π‡ªìπ‰ªÕ¬à“ß ¡∫Ÿ√≥å æ◊™°Á„ÀâÕ“À“√·°à·∫§∑’‡√’¬‡™àπ°—π „π√Ÿª¢Õß°√¥‰¥§“√å
∫Õ°´‘≈‘° (dicarboxylic acid carbon source) [5]

√Ÿª∑’Ë 4 ∫√‘‡«≥¿“¬„π¢Õßª¡√“°æ◊™μ√–°Ÿ≈∂—Ë« ¥—¥·ª≈ß®“° [79] (A) ª¡√“°æ◊™∑’Ë¡’°“√·∫àßμ—«·∫∫‰¡à ‘Èπ ÿ¥
(indeterminate mature nodule) (B) ª¡√“°æ◊™∑’Ë¡’°“√·∫àßμ—«·∫∫ ‘Èπ ÿ¥ (determinate mature
nodule) (I) ∫√‘‡«≥‡π◊ÈÕ‡¬◊ËÕ‡®√‘≠ (meristemic zone) (II) ∫√‘‡«≥∑’Ë¡’‡™◊ÈÕÕ“»—¬Õ¬Ÿà (infection zone)
(III) ∫√‘‡«≥∑’Ë¡’°“√μ√÷ß‰π‚μ√‡®π (nitrogen fixing zone) (IV) ∫√‘‡«≥∑’Ë¡’°“√™√“¿“æ¢Õß‡´≈≈å
(senescence zone) (V) ∫√‘‡«≥∑’Ë‡°‘¥°“√¬àÕ¬ ≈“¬ (saprophytic zone)
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2.  “√°√–μÿâπæ◊™ (phytostimulators)
·∫§∑’‡√’¬„π®’π—  Azospirillum  àß‡ √‘¡°“√‡®√‘≠¢Õßæ◊™„π∞“π–∑’Ë‡ªìπ free-living organism

·∫§∑’‡√’¬™π‘¥π’È¡’‚æ≈“√å·ø≈°‡®≈≈“ (polar flagella) ∑’Ë¡’‰°≈‚§‚ª√μ’π™◊ËÕ·ø≈°‡®≈≈‘π (flagellin) ‡ªìπ
Õß§åª√–°Õ∫ ´÷Ëß™à«¬„Àâ¡—π‡°“–μ‘¥°—∫√“°æ◊™‰¥â¥’¬‘Ëß¢÷Èπ „π°“√‡æ“–‡≈’È¬ß Azospirillum „πÕ“À“√‡À≈« æ∫
«à“¡’°“√ √â“ß “√ àß‡ √‘¡°“√‡®√‘≠¢Õßæ◊™ 3 ™π‘¥¥â«¬°—π §◊Õ ÕÕ°´‘π (auxin) ‰´‚μ‰§π‘π (cytokinin) ·≈–
®‘∫‡∫Õ‡√≈≈‘π (gibberellin) ´÷Ëß„π°≈ÿà¡¢Õß “√‡À≈à“π’È  “√„π°≈ÿà¡ÕÕ°´‘π∑’Ë¡’™◊ËÕ«à“ IAA (indole-3-acetic
acid) ‡ªìπ “√ ”§—≠™π‘¥Àπ÷Ëß „π«‘∂’ (pathway) °“√ —ß‡§√“–Àå IAA æ∫«à“¡’Õ¬Ÿà 3 «‘∂’∑’Ë “¡“√∂‡ª≈’Ë¬π
L-tryptophan „Àâ‡ªìπ IAA ‰¥â „π°“√∑¥≈Õß¢Õß Steenhoudt ·≈– Vanderleyden ‰¥âª≈Ÿ°‡™◊ÈÕ Azospirillum
√à«¡°—∫æ◊™æ∫«à“‡™◊ÈÕ “¡“√∂ √â“ß IAA  àß‡ √‘¡°“√‡°‘¥√“° ∑”„Àâæ◊™ “¡“√∂¥Ÿ¥´÷¡∏“μÿÕ“À“√‰¥â¥’¢÷Èπ [77]
πÕ°®“°π’È¬—ß¡’√“¬ß“π«à“‡™◊ÈÕ„π®’π—  Burkholderia, Enterobacter, Pseudomonas, Serratia ·≈–
Stenotrophomonas °Á “¡“√∂ √â“ß IAA ‰¥â‡™àπ°—π [5, 80-81]

3.  “√§«∫§ÿ¡∑“ß™’«¿“æ ·≈– “√™’«¿“æ∑’Ë¶à“·¡≈ß»—μ√Ÿæ◊™ (biocontrol agents and biopesticides)
„πªí®®ÿ∫—π¡’°“√„™â®ÿ≈‘π∑√’¬åÀ≈“°À≈“¬™π‘¥„π∑“ß°“√§â“‡æ◊ËÕº≈‘μ “√ÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æ∑’Ë¡’

ƒ∑∏‘Ï¬—∫¬—Èß°“√‡μ‘∫‚μ¢Õß√“∑’Ë‡ªìπ “‡Àμÿ¢Õß‚√§æ◊™ ·≈–‡æ◊ËÕª°ªÑÕßμâπæ◊™  ‘Ëß¡’™’«‘μ∑’Ëπ‘¬¡π”¡“„™â‰¥â·°à
·∫§∑’‡√’¬„π®’π—  Bacillus, Pseudomonas ·≈– Streptomyces ‡™◊ÈÕ√“∑’Ëπ‘¬¡„™â‰¥â·°à Trichoderma,
Gliocladium ·≈– Fusarium °≈‰°∑’Ë∑”„Àâ “√‡À≈à“π’È “¡“√∂ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß‡™◊ÈÕ°àÕ‚√§‰¥â¥’ §◊Õ

1. ‡™◊ÈÕ∑’Ë¥’®–‡μ‘∫‚μ°àÕπ·≈–¡’°“√√«¡°≈ÿà¡°—π„πæ◊Èπ∑’Ëπ—Èπ®π‰¡à‡ªî¥‚Õ°“ „Àâ‡™◊ÈÕ°àÕ‚√§‡¢â“¡“
Õ“»—¬Õ¬Ÿà (Niche exclusion)

2. ‡™◊ÈÕ∑’Ë¥’®–·¬àß„™â “√Õ“À“√ (Competition for nutrient) ‡™◊ÈÕ°àÕ‚√§®÷ß‡®√‘≠‡μ‘∫‚μ‰¥â‰¡à¥’
À√◊Õ √â“ß “√‰´‡¥Õ‚√øÕ√å (siderophore) ‡æ◊ËÕ®—∫°—∫‰ÕÕÕπ¢Õß‡À≈Á°·≈–¥÷ß‡¢â“ Ÿà‡´≈≈å

3. ‡™◊ÈÕº≈‘μ‡Õπ‰´¡å‰§μ‘π‡π  (chitinase) ‡æ◊ËÕ¬àÕ¬ ≈“¬ºπ—ß‡´≈≈å¢Õß‡™◊ÈÕ√“°àÕ‚√§
4. °“√ √â“ß “√‡¡μ“∫Õ‰≈∑å∑’Ë¬—∫¬—Èß°≈ÿà¡‡™◊ÈÕ√“ (antifungal metabolites) ‡™àπ Phl (2,4-diacetyl

phloroglucinol), phenazine derivatives, zwittermycin, pyoluteorin ·≈– pyrrolnitrin „πªí®®ÿ∫—π
æ∫«à“ “√≈¥·√ßμ÷ßº‘« (biosurfactant)  “¡“√∂∑”Àπâ“∑’Ë‡ªìπ AFMs ‰¥â‡™àπ°—π [5, 82]

 √ÿª
®ÿ≈‘π∑√’¬å¡’§«“¡ —¡æ—π∏åμàÕμâπæ◊™„πÀ≈“¬∑“ß ∑—Èß„Àâª√–‚¬™πå ·≈–‡ªìπ “‡Àμÿ¢Õß‚√§æ◊™ ®ÿ≈‘π∑√’¬å

 “¡“√∂Õ“»—¬Õ¬Ÿà√à«¡°—π°—∫æ◊™‰¥âÀ≈“¬√Ÿª·∫∫ ‡™àπ ¿“«–æ÷Ëßæ“°—π ‡ªìπ´‘¡‰∫‚Õ  À√◊Õ‡ªìπ‡Õπ‚¥‰øμå ®ÿ≈‘π∑√’¬å
°≈ÿà¡∑’Ë‡ªìπª√–‚¬™πåμàÕæ◊™ “¡“√∂™à«¬„π°“√¥Ÿ¥´÷¡·≈–„™â “√Õ“À“√¢Õßæ◊™‡æ◊ËÕ àß‡ √‘¡°√–∫«π°“√‡®√‘≠
‡μ‘∫‚μ ·≈– √â“ß “√ÕÕ°ƒ∑∏‘Ïμà“ßÊ ‡æ◊ËÕ àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ À√◊Õ°”®—¥®ÿ≈‘π∑√’¬å°≈ÿà¡∑’Ë‡ªìπº≈
‡ ’¬μàÕæ◊™ ¥—ßπ—Èπ®÷ß‰¥â¡’°“√π”§ÿ≥ ¡∫—μ‘‡À≈à“π’È¡“„™â‡æ◊ËÕ √â“ß “√ àß‡ √‘¡°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ À√◊Õ
°√–μÿâπ°“√‡®√‘≠‡μ‘∫‚μ¢Õßæ◊™ ‡™àπ ªÿÜ¬™’«¿“æ (biofertilizer)  “√°≈ÿà¡∑’Ë„™â‡ªìπμ—«°√–μÿâπæ◊™ (phytostimulator)
À√◊ÕÕ“®„™â‡ªìπ¬“¶à“·¡≈ß (biopesticide) °Á‰¥â‡™àπ°—π
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°‘μμ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥∑ÿπæ—≤π“·≈– àß‡ √‘¡ºŸâ¡’§«“¡ “¡“√∂æ‘‡»…∑“ß«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’ (æ «∑.)

∫—≥±‘μ«‘∑¬“≈—¬ ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ·≈– “¢“«‘™“®ÿ≈™’««‘∑¬“ ¿“§«‘™“™’««‘∑¬“ §≥–«‘∑¬“»“ μ√å
¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ∑’Ë„Àâ∑ÿπ π—∫ πÿπ¥â“π°“√»÷°…“ ¢Õ¢Õ∫§ÿ≥§ÿ≥≥—∞∏‘™“ ∫ÿμ√∫ÿ≠™Ÿ ∑’Ë™à«¬«“¥¿“æ
ª√–°Õ∫ ·≈–ºŸâ∑√ß§«“¡√Ÿâ∑ÿ°∑à“π ∑’Ë‰¥â„Àâ§”·π–π”∑’Ë¥’μ≈Õ¥¡“
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