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篕  璶 

 ッ * 紏趞 2003 禬秖ぺ┰ぢ(paraquat)璊ナのドμ从 摧痙の媚

甡禘耞 从玂穦 45：295 – 304 

探討利用免疫分析法檢測植體巴拉刈(paraquat)殘留量，做為藥液飄散引起

作物藥害之診斷依據與適用範圍。巴拉刈以 1.2 g ha-1超低劑量萌後噴施於 2-3葉

齡之胡瓜及玉米植株，定期調查植株藥害發生程度，株高、葉數、鮮重等生育性

狀，及葉片葉綠素螢光變化，並配合免疫分析法檢測植體樣品之巴拉刈殘留量。

巴拉刈處理胡瓜植株 3日後，藥害發生率為 15 %，6日後達 25 %，18日後降至

11 %；玉米在 6-12 日期間之藥害亦超過 10 %，且 6 日後傷害最大（15 %）；株

高、葉數及鮮重等生育指標，以鮮重反應對藥劑較敏感，胡瓜及玉米分別在噴藥

後 6-15 日及 6-9 日，其鮮重抑制率均高於 10 %，但以胡瓜反應較為明顯。兩種

測試作物之葉片葉綠素螢光異常反應，胡瓜則較玉米明顯，但差異範圍在 5 %內。

植體巴拉刈殘留偵測顯示；玉米及胡瓜植株之藥劑消失速率有差別；施藥後 30

日，以免疫分析法仍可測得胡瓜及玉米植株殘留有 11.01及 5.07ηg (g fwt)-1之巴

拉刈。免疫分析可檢測之藥劑殘留日數較長，鮮重抑制反應則持續表現至 9-15

日，兩者配合藥害徵狀，可提供作物微量接觸巴拉刈後約 30日之藥害診斷依據。 

(闽龄迭巴拉刈、藥害、葉綠素螢光、殘留量分析、酵素連結免疫分析) 
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パ  て临ノ  

パ膀穦瘆胊灿璏  ╰ 篶 ぺ┰ぢ

酚穦ま癬从 厚︹舱 祇ネ

 独フての礘琝 媚甡紉  は

   е硉硄盽眏ㄢ 

祇ネ陪 芠 盽跑て祏 

  脚て媚 (7, 8) 

ぺ┰ぢま癬 媚甡 耴糛琁
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笆┦硄盽度ノ媚簑     

竚癸綟 バ   灌从の舱
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ン禘耞甡从 紉 侩醚  

芠篈 э跑舱 稬灿篶硑  

盽  璶 ㄌ沮癸ノ诀

     祇ネ摸 

媚甡紉  だ蚌诡 从ネ

▅ 盽   竒筁讽ら媚甡

秈甶 菌祘秈 戳璝   秖筁

 从甡 琝典┪叉  秖

芠 ㄥ 紉 穦繦帝从 ┪

痜挛  稰琕τ跑眔 陪糤

紉 禘耞龟悔ノ 螟 (5) 

虑从砰摧痙媚   代 ㄑ  靡沮

 禘耞  (3, 5, 9)竒パ钠 ま

癬  媚甡妮稬秖  从砰

 の  媚 穦砆 の从  

 谅だ秆 璶笷 代从砰 摧痙

媚  ヘ 獷惠 艶庇稬秖だ猂よ猭

 皌だ猂猭盡┦の艶庇よ

  疭┦会才瓃惠―  

坝珇て刚 舱皐癸疭﹚媚 笷 ppb

 ppt  程 代 妓珇笛

の刚喷巨˙艼 獽︽ (14, 18, 21, 22, 

23)媚甡禘耞ノ  代疭﹚媚 

从砰摧痙 м砃 

本研究以超低量巴拉刈處理胡瓜及玉

米之 2-3 葉齡植株後，調查植株生育抑制

及葉片葉綠素螢光反應的變化，同時評

估藥害發生等級，並以免疫分析法定期偵

測植體內巴拉刈殘留量；比較植株生育、

葉片葉綠素螢光及藥劑殘留量變化與藥

害發生等級之關係，提供巴拉刈飄散引起

藥害之診斷依據。 
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 贺 畖 15 cm  12 cm 从 
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  甶秨 贺 14 ら– 

璢 も    阂瞺糛铭  
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3ら﹚戳秸琩矪瞶从   计の翧 

 笰美┦ 沮媚 祇ネ 縩の 

计κだ瞯秖て夹蝶媚甡祇ネ祘
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 甶秨   厚棵癘魁

  秖把计Fo 厚棵ど癬

﹍ Fm 厚棵笷 畃 棵

璸衡 Fv/FmFv = Fm- Fo 

跑て  (10, 19)代﹚玡盢  leaf 

clip    竒 30 だ牧穞矪瞶

盢酚玡┮  秈︽ は ノ

  ㄏ代刚 膀非翴璓硈 从

 ノ瞯だ猂祸Plant Efficiency 

Analyzer, Hansatech    LEDs籈

   ﹚縀祇peak wavelength 650 

nm酚   程 眏 3000 µmol 

m-2 s-1 稰代 代眔代﹚ 狦祸

 ┮だ猂硁砰秈︽计沮锣 の璸衡 

だ猂猭浪代从砰ぺ┰ぢ摧痙秖 

だ 猂 刚 媚 舱  RaPID Assays; 

OHMICRON珹 緻 ぺ┰ぢ夹

非珇standards夹醚 ぺ┰ぢ 疭﹚幻

硈 砰enzyme conjugate  ぺ

┰ぢк砰 合瞴magnetic particles幻

は ︹ color reagent幻は 

沧ゎ stopping solutionの  

  diluent / zero solution盢矪瞶 从

芭窰睼 っ続秖妓珇 1:2°1:3

 ゑㄒ 獁 30だ牧 6000 g 

瞒み 6 だ牧 100 µl坚睲睪 

1 ml diluent / zero solution 

200 µl 竚刚恨 称ノ妓珇竒笛瞓て

だ猂刚媚秈︽は  250 µl 

enzyme conjugate の 500 µl magnetic 

particles 杆 妓珇 刚恨  历繰

竚 30だ牧竚合臟琜 刚恨 

 は  睪砰 秨合臟琜 1 ml 

瞒≧瑍  500 µl ︹ 繰

竚 20だ牧秈︽︹は 程 500 µl 

沧ゎ  ゎは  緻 媚 夹

非珇だ猂祸  RPA-1TM RaPID 

Photometric Analyzer, OHMICRON匡拒ぺ

┰ぢ 疭﹚代刚 ヘ 450 nm 猧

代秖―緻籔 夹非 

絬  璸衡从砰妓珇  媚 摧痙秖
(20) ╯  だ猂璶ノ从砰妓

珇    だ籔夹醚 疭﹚  
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   狦 
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だ  独脚て媚 3ら锣跑   独て
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ㄢ贺代刚   祇ネ计媚 矪

瞶籔癸酚畉  陪计沮 
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琍戳 ы瞯  10 % 
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瓜ぺ┰ぢ癸璊ナのドμネ▅ 紇臫(ぺ┰ぢ矪瞶 秖璊ナ籔ドμ  1.2 g ha-10

ぱ蹦妓糛媚秈︽媚甡瞯 从砰祇ネ媚甡 だ κだゑ) 

Fig. 1. Effect of paraquat on plant growth of cucumber and corn. (Paraquat was applied at 1.2 

g ha-1 to cucumber and corn plants; initial sampling time was 4 h after paraquat 

application; visual injury rating: 0 indicates no injury, 100 indicates complete 

destruction.) 

 

笷 20 %ㄢ琍戳秨﹍確ネ琍

戳籔癸酚礚陪畉 ドμ翧 ы

玥矪瞶 6-9 ら笷 10 % ㄢ琍戳

籔癸酚畉   5 %  

  厚棵跑て 紇臫 

糛琁 1.2 g ha-1 秖 ぺ┰ぢ璊ナ从

代﹚ 甶秨 材  

厚棵祇瞷 Fo 耕癸酚 陪

ど籔ぺ┰ぢ穦ы 厚砰摸舗 

 筿 盽肚 硉瞯τ  

ノ瞯 闽尿 6 らㄢ畉禯

硋 罽 18ら计镣

琍戳癸酚 Foはτ耕媚 矪瞶筁

    籔  ╰参綝

瘆胊 闽 パ  筁ぺ┰ぢ  

穦е硉ρて 芠诡眔靡龟媚 矪瞶

 Fv/Fm 跑てだ  0.75-0.79 絛瞅

 籔癸酚 0.80-0.82畉  瓜

籔 だ 眃从 Fv/Fm0.80-0.83 
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瓜ぺ┰ぢ癸璊ナのドμ  厚棵は  紇臫 

Fig. 2. Changes in the values of F0 and Fv/Fm for cucumber and corn plants after paraquat 

treatment. 

 

ゑ耕   盽は ョ矪瞶 3

ら秨﹍絯絯 6ら 0.77癸酚 

0.81 硋 ど琍戳玱秨﹍

陪  籔 Fo 跑て戳祘 镣

墩ドμ   厚棵は Fo 籔

Fv/Fm だ耕癸酚   ど の 

畉  陪瓜 

だ猂猭浪代从砰 ぺ┰ぢ 摧痙秖 

ノだ猂刚 舱 ┮ 050 

250500 ppt  ぺ┰ぢ夹非睪秈︽

は ミ 夹非 絬  从砰 媚 

摧痙秖 璸衡ㄌ沮ぺ┰ぢ 1.2 g ha-1 

秖糛琁璊ナのドμ从砰竒る硈尿

蹦妓だ猂摧痙秖陪ボ刚喷 癸酚妓珇

  ぺ┰ぢ秖 程 代 秖

糛 璊ナ从砰媚 摧痙秖 

63.59 ηg (g fwt)-16ら  38.83 ηg (g 

fwt)-1 糛媚讽ら 61 %21 ら尿

搭ぶ 32 % 30ら 代眔 11.01 ηg (g 

fwt)-1  ぺ┰ぢドμ从砰糛

浪代 媚 摧痙秖耕璊ナ   

81.51 ηg (g fwt)-16ら  52.07 ηg (g 

fwt)-1 糛媚讽ら 64 %15 ら搭ぶ

 糛媚讽ら 27 %30ら代眔 摧痙ぺ┰

ぢ 5.07 ηg (g fwt)-1 ゑ耕ㄢ贺

代刚   稬秖ぺ┰ぢドμ从砰

糛代眔 摧痙秖耕璊ナ  

矪瞶ㄢ琍戳 媚  硉瞯玱陪

е 30ら代眔 计はτ耕璊ナ  
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だ猂猭 代璊ナのドμ缔矪瞶ぺ┰ぢ 从砰摧痙秖 1) 
Table 1. Paraquat residues in cucumber and corn detected by a magnetic particle- based ELISA 1) 

 Residual level (ηg gfwt -1) 2) 
Days after application 

 Cucumber  Corn 

0  63.59 ± 0.18  81.51 ± 0.35 
3  49.79 ± 0.13  70.04 ± 0.31 
6  38.83 ± 0.11  52.07 ± 0.19 
9  22.59 ± 0.14  45.54 ± 0.15 
12  22.35 ± 0.06  36.21 ± 0.18 
15  21.82 ± 0.11  21.83 ± 0.09 
18  21.12 ± 0.10  15.38 ± 0.12 
21  20.06 ± 0.05  10.01 ± 0.11 
24  17.65 ± 0.08   8.76 ± 0.09 
27  13.42 ± 0.05   6.80 ± 0.09 
30  11.01 ± 0.05   5.07 ± 0.09 
1) Paraquat was applied at 1.2 g ha-1 to cucumber and corn plants; initial sampling time was 4 h 

after paraquat application. 
2) Mean values of paraquat detected using the immunoassay were 0.43 ± 0.05 and 0.56±0.02 
ηg (g fwt)-1 on non-treated cucumber and corn, respectively. 

 

ぺ┰ぢま癬璊ナのドμ从祇ネ 盽ネ▅は  ぱ计 1) 
Table 2. Occurrence time for phytotoxicity and growth inhibition of cucumber and corn plants 

caused by paraquat1) 

Investigated items  Cucumber  Corn 

Phytotoxicity (injury > 10 %)  3-18 DAA2)  6-12 DAA 
Agronomic characteristic     

Plant height (inhibition > 10 %)  3-18 DAA   
Leaf number (inhibition > 10 %)     
Fresh weight (iInhibition > 10 %)  6-15 DAA  6-9 DAA 

Chlorophyll fluorescence     
F0 (abnormality > 5 %)  3-6 DAA   
Fv/Fm (abnormality > 5 %)  6-12 DAA   
Paraquat residue (ηg (g fwt)-1)  4 h-30 DAA  4 h-30 DAA 

1) Paraquat was applied at 1.2 g ha-1 to cucumber and corn plants. 
2) DAA: days after application. 

 

ぺ┰ぢ媚甡禘耞だ猂 

 1.2 g ha-1 秖 ぺ┰ぢだ矪瞶璊

ナのドμ 2-3  闹从ゑ耕芠篈媚

甡祇ネ祘  计翧  ネ▅ы

  厚棵 盽は の从砰 

摧痙ぺ┰ぢ 浪代ぱ计陪ボ璊

ナ矪瞶 3-18ら戳 媚甡祘 禬筁

10 %ドμ祇ネ 媚甡 ぱ计耕边

耕 確6-12ら  计の翧  

ネ▅夹  计碭 ぺ┰ぢ矪瞶
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 紇臫璊ナ 玥 3-18ら戳  ы

瞯 10 %ㄢ贺代刚  翧 だ

糛媚 6ら 9┪ 15ら戳  ы瞯

  10 %翧 癸ぺ┰ぢ は 耕ㄤ

ㄢ庇稰  厚棵  盽度瞷

璊ナ紇臫 陪確从砰

ぺ┰ぢ摧痙  代ぱ计璊ナのドμ

  30らゑ耕 籔ぺ┰ぢま癬媚甡 

闽 だ猂だ猂猭 代媚 摧痙 

尿ぱ计程ㄤ  翧 は ㄢ皌

媚甡紉  ㄑ   稬秖ぺ┰ぢ

 30ら 媚甡禘耞戳  ㄢ贺代刚

 癸ぺ┰ぢ は ョ ドμㄣ 

耕  媚 г┦ 

癚  阶 

ぺ┰ぢㄣ  ネパ膀て  疭

┦眏旧璓从 厚︹  硉瞷脚

て 琝 媚 从砰  肚旧禯瞒

  度紇臫  灿璏  ┦ 

だ从  穦確 盽 ネ▅(7, 8)バ ぺ┰

ぢ糛琁采畖灿 媚簑  穦繦 钠

 旧璓㏄瞅バ跋    稬秖 媚

 τま癬媚痁癸祏戳蚌  垫摸 

 祏祏る 惠蹦   猵

 礚猭確 盽芠τ紇臫 珇珇

借 ╯ 1.2 g ha-1禬 秖ぺ┰ぢ

琁ノ 2-3  闹 ドμの璊ナ从

瞷脚て 琝 ㄥ 媚甡紉 

瘤礛   媚 籔祇ネ繵 

媚甡祘琍戳  ゎ耎甶琌

璊ナ 耕庇稰矪瞶琍戳 从

  確ネ▅ 媚甡  

俱砰从 10 % 瓜从翧 

 代秖陪ボ琁媚琍戳 瞷

10 % ネы瞷禜瓜耕 

 の 计癸媚  は 庇稰璊ナ 

矪瞶 3らョ瞷 15 % ы瞯

18 ら 耕癸酚陪窯てы瞯

10 %籔ぺ┰ぢ糛の掺 紇臫ネ

翴灿璏  盽ネ▅ 闽 厚棵は 

 庇稰 獶瘆胊┦ノ 代夹

甧从ネ墩の放ら酚眏

 吏挂癸 ネ瞶 紇臫癸 

贺摸 癴挂礚盡 瞷  

pattern琌紇臫ノ瞯 

 阶琌   ┪は 

╰参  筿肚 硉瞯 穦硑  厚

棵闽把计代 э跑(2, 10, 25)ぺ┰ぢ

    媚 ┮ま癬 媚甡紉   

 瞷禜代﹚ 厚棵は 媚

 だ   縩の繵紇臫棵代﹚ 

竚笷从俱砰媚甡は 耕

╰参┦媚  ㄣ┦瓜代刚璊ナ

ぺ┰ぢ糛琁戳Foの Fv/Fm瞷

 盽跑て刚喷 ョ芠诡媚 矪瞶筁

  耕癸酚   ρて 镣墩

籔 Fv/Fm 琁媚ㄢ琍戳   

5 %   盽 闽ョぺ┰ぢ矪瞶癸 

ノ瞯 陪 ы 

从砰   摧痙だ猂 狦 ㄑ媚

甡禘耞   靡沮ノ筿ゑ︹璸の糷

猂祸浪代ぺ┰ぢ会ㄣ ﹚┦の盡┦ (4, 

24)バ 龟悔 猵蚌種醚

媚甡祇ネ  禯瞒糛媚 琿

   だ媚 吏挂 砆だ秆┪

从砰 谅 秖璝 稬秖  ま

癬 媚甡摧痙从砰 媚 秖琌

肚参祸 だ猂┮ 代 程  

 妓珇 摧痙媚 浪代 螟だ

猂猭ㄣ  艶庇の盡┦ 疭┦

Paraquat RaPID だ猂刚媚舱RaPID assay 

kits瘤 к砰秈︽ユは 

cross reactivities籔ㄤ摸て

  diquat癸 к砰  祘 は

  ㄢ贺て 浪代 程 

秖絛瞅  畉 ぺ┰ぢ 0.02 

ppbdiquat 112 ppb皐癸从砰 摧痙 

疭﹚  浪代瞷讽祘 盡
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┦龟ノ  筐蹦妓  

は   妓珇  笛  

 畉  ネ┮孔膀借  耑τ

紇臫 代 狦 (11, 12, 13, 15, 16, 26) 皐癸

疭﹚  稬秖  浪代  ゑ耕

贺  癸酚从膀 代籔甡

 畉 絛瞅虑﹚┮代眔媚 

从砰  龟悔摧痙秖  

禬秖ぺ┰ぢ矪瞶 2-3  闹 璊ナの

ドμ从琍戳 ま癬芠 盽のы

翧  琁媚 18らㄢ 確籔癸

酚从瞷 厚棵从甡

戳芠紉 ﹟ 陪は 

  ネ瞶跑て   媚 度硑 从

  ┦媚 惠璶糤代﹚翴计 干

┦   パ刚喷 狦陪ボ甡

 ρて 代 厚棵は  続

ノ戳祏盡┦琁媚 30らノ

だ猂猭 代眔从砰摧痙 ぺ┰ぢ

 琌     ㄑ   

︴靡琌惠σ納    代畉

 惠贺  癸酚代 ゑ癸

 膀  璓だ猂猭 代艶庇筁

 旧璓籔ㄆ龟 荷才 崩阶 

免疫分析法靈敏度高，操作簡易可同時

處理大量樣品，且所測得之藥劑殘留量變化

與藥害徵狀評級、生育抑制及葉綠素螢光異

常，亦有明顯關係（表㆓），除可快速提供

藥害診斷㆖之直接證據外，亦有延長檢測期

限之實用價值。但除草劑之商品化免疫試劑

仍不普遍，因此目前可供應用之藥劑種類不

多且價格昂貴，實為免疫分析法目前應用在

藥害診斷㆖的主要限制因子。 
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ABSTRACT 

Chiang, Y. J.*, and Chiang, M. Y. 2003. Effect of an ultra-low rate of paraquat 

application on corn and cucumber: phytotoxicity and residue detection. Plant Prot. 

Bull. 45: 295 – 304. (Plant Toxicology Division, Taiwan Agricultural Chemicals and 

Toxic Substances Research Institute, Wufeng, Taichung, Taiwan 413, ROC) 

Paraquat is a widely used herbicide for controlling upland weeds in Taiwan. 

Spraying under unfavorable field conditions often results in drift and injury to crops 

in adjacent farmland. Simple and sensitive methods for detecting responsible agents 

are very useful in the diagnosis of phytotoxicity of non-target plants. In this study, we 

detected paraquat residues in corn and cucumber by immunoassay. Paraquat was 

sprayed over the top of potted plants at the 2- to 3-leaf stage at a rate of 1.2 g ha -1. 

Characteristic symptoms, agronomic parameters, and changes in chlorophyll 

fluorescence were also investigated. Paraquat-treated plants showed localized 

necrotic spots on cucumber and corn leaves. Phytotoxicity of paraquat treatment at 

1.2 g ha-1 on cucumber and corn was observed at 3-18 and 6-12 days after application, 

respectively. There was a >10 % of reduction in fresh weight of treated crops at 6-15 

and 6 – 9 days after application for corn and cucumber, respectively. Paraquat-treated 

plants resulted in higher initial fluorescence (F0) but lower Fv/Fm. However, these 

changes were not significant. At 30 days after application, 11.01 and 5.07 ηg (g 

fwt)-1 of paraquat could be still detected using this immunoassay on cucumber and 

corn, respectively. The immunoassay provides a longer detection period and 

additional information on the diagnosis of paraquat in addition to visual symptoms. 

(Key words: paraquat, phytotoxicity, chlorophyll fluorescence, residual analysis, 

ELISA) 
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