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摘 要

本研究旨在探討木黴菌促進作物生長之可能因子，及受土壤環境的可能影響。試驗分成兩部分：一、木黴菌對不溶或稀溶

礦物元素的溶出與嵌合能力的測定，二、不同木黴菌菌株在不同土壤環境中對作物吸收氮、磷等營養元素之影響，及其對

作物生長之效應。在培養液中磷酸鈣、氧化銅、氧化鐵、氧化錳及鋅的溶出試驗，獲知接種木黴菌處理會使培養液中磷、

鐵和銅元素的溶解度降低。錳及鋅在溶液中元素濃度則呈現增加。此外，木黴菌的添加可將鐵離子（Fe3+）還原成亞鐵離

子（Fe2+）、銅離子（Cu2+）還原成亞銅離子（Cu+），且會產生嵌合物質與銅產生嵌合作用。在作物生長試驗方面；

（1）在平鎮系酸性土壤經接種T1295-22、R1-6及Yam3-7菌株，甘藍之植株乾物量及氮素吸收量均顯著地高於對照處理。

且T1295-22及Yam3-7菌株也顯著增加蘿蔔氮素吸收量。（2）吉安系鹼性土壤接種木黴菌，僅有T1295-22菌株增加甘藍乾

物產量，其它接菌處理增進甘藍及蘿蔔的加氮素吸收量。在不同土壤pH值下，木黴菌對甜玉米生長及產量之效應試驗結

果顯示，強酸性、中性及微鹼性土壤接菌處理，膝高期植株的乾物量均略低於未接菌處理。然而經接菌處理；植株在雌穗

吐絲期之地上部乾物產量相較於未接菌處理明顯有增產效果，分別在強酸性土壤增加20﹪（T1295-22）、24﹪（R1-6）

及8﹪（R42）。中性土壤13﹪（T1295-22）、10﹪（R1-6）、1﹪（R42），及微鹼性土壤9﹪（R1-6）。惟在三種酸鹼值

土壤；各菌株間對甜玉米植株氮素吸收量之影響則略有差異。鮮穗產量之效應，分別在強酸性土壤之增產率為6﹪

（T1295-22）、3﹪（R1-6）及5﹪（R42），中性土壤之增產率為3﹪（R1-6），在微鹼性土壤則為5﹪（T1295-22）、3

﹪（R1-6）及1﹪（R42）。氮素生產效率方面；則接種木黴菌顯著增加23％（T1295-22）、20％（R1-6）及18％（R42）

。接種木黴菌顯著減少胡瓜之幼瓜感病數目，延長生育日數及增加著果的數量，顯著增加胡瓜的產量。同時；接菌處理顯

著增加植株乾物產量，分別增加98%(T1295-22) 、51%(R1-6) 及95%(R42) 。植株氮素吸收量也會增加，尤其T1295-22菌株

在始花期及收穫期，提昇23％及140％的氮素吸收量，達5%顯著差異水準。

關鍵詞 : 木黴菌 ; 甜玉米 ; 氮素吸收量 ; 促進生長

目錄

封面內頁 簽名頁 授權書.....................................................iii 中文摘要....................................................iv 英文摘

要....................................................vi 誌 謝......................................................vii 目 錄.......................................................ix 圖目

錄.....................................................xii 表目錄.....................................................xiv 第一章 前言..................................................1 第

二章 文獻回顧..............................................4 2.1 木黴菌之分類............................................5 2.2 木黴菌之型態其特

性......................................6 2.3 木黴菌在病害防治上之應用................................7 2.4 木黴菌防治病害之機

制....................................8 2.5 木黴菌促進作物生長.....................................10 2.6 台灣酸性土壤與鹼性土壤之概

述...........................13 2.7 營養元素在植物體內之功能...............................14 2.8 氮素對作物生長之效能...................................15 

第三章 材料與方法...........................................16 3.1 木黴菌菌株的來源.......................................16 3.2 木黴菌菌株的培養與保

存.................................16 3.3 試驗藥劑及配製.........................................17 3.4 供試作物種類...........................................18 3.5 不

同酸鹼值(pH)土壤的製作...............................18 3.6 土壤性質分析...........................................18 3.7 植物體樣本分

析.........................................20 3.8 木黴菌對礦物元素溶出之影響.............................21 3.9 木黴菌對銅、鐵之還原與嵌合能力之

影響...................22 3.10作物盆栽試驗土壤之製備..................................23 3.11木黴菌對甘藍、蘿蔔生長之影

響............................24 3.12 木黴菌在不同酸鹼值土壤中對玉米生長之影響...............24 3.13木黴菌對胡瓜抗病能力與產量之影

響........................25 3.14試驗檢測種類及計算項目與資料分析方法....................26 第四章 結 果...............................................28

4.1木黴菌對礦物元素溶出之影響...............................28 4.1.1對磷溶出之影響與pH值的變化.............................28 4.1.2對氧化銅

溶出之影響與pH值的變化.........................28 4.1.3對氧化鐵溶出之影響與pH值的變化.........................29 4.1.4對氧化錳溶出之

影響與pH值的變化.........................33 4.1.5對鋅溶出之影響與pH值的變化.............................33 4.2木黴菌對銅、鐵之還原與螯

合能力之影響.....................36 4.3木黴菌對甘藍生育及土壤有效養分含量之影響.................40 4.3.1木黴菌對栽植甘藍後之土壤

酸鹼值的變化...................40 4.3.2對乾物產量、氮素含量、氮素吸收量及葉片葉綠素計測值之影

響..........................................................42 4.3.3甘藍營養元素吸收量之比較...............................43 4.3.4甘藍栽植後土壤有效養分

的變化...........................46 4.4接種木黴菌對蘿蔔生育及土壤有效養分含量之影響.............50 4.4.1木黴菌對栽植蘿蔔後土壤酸

鹼值的變化.....................50 4.4.2乾物產量、氮素含量、氮素吸收量及葉片葉綠素計測值之影響.50 4.4.3蘿蔔營養元素吸收量

之比較...............................53 4.4.4蘿蔔栽植後土壤有效養分之比較...........................54 4.5不同酸鹼值土壤接種木黴菌對甜玉米



生長及產量之效應.........59 4.5.1木黴菌對甜玉米地上部及地下部乾物累積之影響.............59 4.5.2處理木黴菌菌株對玉米氮素

吸收量之影響...................65 4.5.3不同菌株處理間甜玉米鮮穗及收穫指數之比較...............67 4.5.4木黴菌處理對甜玉米葉片氮

素含量、葉面積、葉片單位面積重 量及鮮穗重/葉面積之影響.....................................67 4.5.5氮素吸收效率及氮素生產效率之

比較.......................70 4.5.6生育各階段植體中要素含量之比較.........................73 4.5.7接種木黴菌對土壤酸鹼值(pH)之影

響.......................78 4.5.8對水溶性鹽類之影響.....................................78 4.5.9對無機態氮素含量之影響.................................81

4.5.10有效性磷(Bray NO.1 P)及交換性鉀、鈣、鎂...............83 4.6木黴菌對胡瓜生長及產量之效應.............................87 4.6.1胡

瓜乾物產量及氮素吸收量之比較.........................87 4.6.2胡瓜產量、氮素吸收效率及氮素生產效率之比較.............90 4.6.3對胡

瓜其他營養元素吸收之影響...........................90 4.6.4木黴菌對胡瓜生育日數及感病率調查之影響.................94 第五章 討

論.................................................96 第六章 結論................................................104 參考文獻...................................................106 圖 

目 錄 圖1. 木黴菌在蔗糖酵母培養基對磷酸鈣之溶解...................30 圖2. 木黴菌在蔗糖酵母培養液對氧化銅之溶

解...................31 圖3. 木黴菌在蔗糖酵母培養液對氧化鐵之溶解...................32 圖4. 木黴菌在蔗糖酵母培養液對氧化錳之溶

解...................34 圖5. 木黴菌在蔗糖酵母培養液對鋅之溶解.......................35 圖6. 木黴菌濾液對銅之嵌合情

形...............................37 圖7. 木黴菌將Fe(Ⅲ) 還原為Fe(Ⅱ)之能力......................38 圖8. 木黴菌將Cu(Ⅱ) 還原為Cu(I)之能

力.......................39 圖9. 平鎮系、吉安系土壤接種木黴菌在甘藍種植後pH值之變化.....41 圖10.平鎮系、吉安系土壤接種木黴

菌在蘿蔔種植後pH值之變化.....51 圖11.接種木黴菌對玉米膝高期地上部乾物與地下部乾物比之影響...61 圖12.接種木黴菌

對玉米吐絲期地上部乾物與地下部乾物比之影響...62 圖13.接種木黴菌對玉米收穫期地上部乾物與地下部乾物比之影響...63 

圖14.接種木黴菌對玉米氮素吸收量與氮素生產效率之相關.........72 表目錄 表1.試驗供試土壤理化性

質....................................27 表2.木黴菌對甘藍乾物量、氮素含量、氮素吸收量與葉綠素計測值 之影

響......................................................44 表3.木黴菌對甘藍各營養元素吸收量之影響......................45 表4.甘藍種植21天收穫土壤

中無機態氮、有效性磷及置換性鉀鈣鎂 之含量......................................................48 表5.甘藍要素吸收量與收穫後土壤中有效

養分含量合計值之比較....49 表6.木黴菌對蘿蔔乾物量、氮素含量、氮素吸收量與葉綠素計測值 之比

較......................................................52 表7.木黴菌對蘿蔔各營養元素吸收量之影響......................56 表8.蘿蔔種植21天後土壤中

無機態氮、有效性磷及置換性鉀鈣鎂之 含量........................................................57 表9.蘿蔔植株要素吸收量與土壤中有效養分

含量合計值之比較......58 表10. 不同酸鹼值土壤接種木黴菌對甜玉米各生育期地上部乾物量 累積之比

較..................................................64 表11. 不同酸鹼值土壤接種木黴菌對玉米各生育期氮素吸收量之比 

較..........................................................66 表12. 不同酸鹼值土壤接種木黴菌在玉米收穫期鮮穗產量及收穫指 數之比

較....................................................68 表13. 不同酸鹼值土壤接種木黴菌甜玉米吐絲期植株葉片氮素含量 、葉面積、單位面積

葉重及鮮穗重/葉面積之比較.................69 表14. 不同酸鹼值土壤接種木黴菌對氮素吸收效率及氮素生產效率 之影

響......................................................71 表15.木黴菌對甜玉米在膝高期植株內各營養元素吸收量之影影.....75 表16.木黴菌對甜

玉米在吐絲期植株各種營養元素吸收量之影響.....76 表17.木黴菌對甜玉米在收穫期植株內各營養元素吸收量之影響.....77 

表18.接種木黴菌在甜玉米生育期間土壤pH之變化.................79 表19.接種木黴菌對甜玉米生育期間土壤EC之影

響.................80 表20.甜玉米生育期間土壤無機態氮（硝酸態氮＋銨態氮）之變化...82 表21.接種木黴菌對甜玉米膝高期土壤

中有效性磷（Bray NO1.P）及 交換性鉀、鈣及鎂之影響......................................84 表22.接種木黴菌對甜玉米吐絲期土壤中

有效性磷（Bray NO1.P）及 交換性鉀、鈣及鎂之影響......................................85 表23.接種木黴菌對甜玉米收穫期土壤中有

效性磷（Bray NO1.P）及 交換性鉀、鈣及鎂之影響......................................86 表24.木黴菌對胡瓜各生育期乾物累積量之比

較...................88 表25.木黴菌對胡瓜各生育期氮素吸收量之比較...................89 表26.木黴菌對胡瓜產量、氮素吸收效率及氮

素生產效率之比較.....91 表27. 木黴菌在胡瓜始花期植株各營養元素吸收量之比較..........92 表28. 木黴菌在胡瓜收穫期植株各

營養元素吸收量之比較..........93 表29. 木黴菌對胡瓜生育期及感病調查之比較....................95

參考文獻

1.王鐘和、胡敏夫、羅朝村、林毓雯、黃維廷、丘麗蓉。1999。施用石灰與硼砂對山葵品質與產量之影響。中華農業研究。48（2

）100-127。 2.王鐘和。1993。輪作田玉米栽培技術及氮素營養管理。台灣大學農業化學研究所博士論文。251頁。台北市。 3.步焱昇。

1967。台灣省土壤肥料學會講演集。 4.連深、王鐘和、黃維廷。1992。石灰資材之品質及評估。酸性土壤之特性及其改良研討會論文集

。中華土壤肥料學會編印。 p8--12。 5.連深。1991。酸性土壤之利用與改良。土壤管理手冊。p.263-276。 6.陳春泉。 1979。台灣省農

業試驗所報告地36號。花蓮台東縣土壤調查報告。 7.郭魁士。1974。第四篇第十四章土壤磷素。土壤學。p.286-306。 8.楊秋忠、趙震慶

、張永輝。1986。台灣酸性土壤接種菌根菌及施用磷礦石粉對玉米生長之影響。中華農學會報 136:25-24。 9.劉顯達。1991。 利用拮抗

菌Trichoderma koningii 對紅豆根腐病之生物防治。 植物會刊33:63-71。 10.羅朝村。1997。木黴菌在作物病害防治上的應用。有益微生

物之應用研討會專刊。p57-63. 11.作物需肥診斷技術。1981。台灣省政府農林廳及行政院農業委員會編印。 12.作物施肥手冊。1996。行

政院農業委員會、農業試驗所及中華永續農業協會編印。 。 10.羅朝村。1997。木黴菌在作物病害防治上的應用。有益微生物之應用研

討會專刊。p57-63. 11.作物需肥診斷技術。1981。台灣省政府農林廳及行政院農業委員會編印。 12.作物施肥手冊。1996。行政院農業委

員會、農業試驗所及中華永續農業協會編印。 13.Adams, P. B. 1990. The potential of mycoparasites for biological control of plant diseases.

Annu. Rev. Phytopathol. 28:59-72. 14.Agnihotri, V. P. 1970. Solubilization of insoluble phosphates by some soil fungi isolated from nursery



seedbeds. Can. J. Microbiol. 16:877-880. 15.Aldrich, S.R. and Leng, E.R. 1975. Planting for high yield. In Mordern Corn Production, Second

Edition, Section, p77-78. 16.Altomare, C. Norvell, W.A., Bjorkman, T., and Harman, G.E. 1999. Solublization of phosphates and micronutrients

by the plant-growth-promoting and biocontrol fungus Trichoderma harzianum Rifai 1295-22. Appl. Environ. Microbiol. 65:2926-2933. 17.Asghar,

M. and Kanehiro. 1976. Effects of sugarcane trash and pineapple residue incorporation on soil nitrogen, pH and redox potential. Plant Soil,

44:209-218. 18.Asghar r, M. and Kanehiro. 1980. Effects of sugarcane trash and pineapple residue ion soil pH, redox potential, extractable Al, Fe

and Mn. Trop. Agric., 57:245-258. 19.Asghari, M. and Hanson, R.G. 1984. Climate, management, and N effect on corn leaf N, yield, and grain N.

Agron. J.76:911-916. 20.Barber D.A. and Lynch J.M., 1977. Microbial growth in rhizosphere. Soil Biol. Biochem. 9,305-308. 21.Barber D.A..,

1978. Nutrient uptake. In non pathogenic soil microorganisms and plants. Eds. Y R Dommerques and S V Krups. pp 131-162. Elsevier Science

Publishers, Amsterdam, The Netherlands. 22.Batch, J. J. 1981. Recent developments in growth regulators for cereal crops. Outlook on Agriculture.

10(8):371-378. 23.Baker, R. Elad, Y., and Chet, I. 1984. The controlled experiment in the scientific method with special emphasis on biological

control. Phytopathology 74:1019-1021. 24.Baker, R. 1988. Trichoderma spp. As plant-growth stimulants. CRC. Critical Reviews in Biotechnology.

Vol. 6: 97-106. 25.Baker, R. 1989. Some perspectives on the application of molecular approaches to biocontrol problems. Pages 220-233. in:

Biotechnology of Fungi for Improving Plant Growth. J. M. Whipps, and R. D. Lumsden, eds., Cambridge University Press, Cambridge, UK.

26.Bicici, M., Dede, Y., and Cinar, A. 1992. Trichoderma species against Gummosis disease in lemon trees. Pages 193-196. in: Biological Control

of Plant Diseases: Progress and Challenges for the Future. E. C. Tjamos, G. C. Papavizas, and R. J. Cook, eds., Plenum Press, New York.

27.Bjorkman, T., Price, H. C., Harman, G. E., Ballerstein, J., and Nielsen, P. 1994. Improved performance of shrunken-2 sweet corn using

Trichoderma harzianum as a bioprotectant. HortScience 29:471. 28.Bjorkman, T.,Blanchard, L. M., and Harman, G. E. 1998. Growth

enhancement of shrunken-2 (sh2) sweet corn by Trichoderma harzianum 1295-22:effect of enviromental stress. J. Am. Soc.Hortic. Sci.123:35-40.

29.Brown M.E., 1974. Seed and rot bacterization. Annu. Rev. Phytopathol. 12, 181-197. 30.Chet, I., and Baker, R. 1981. Isolation and biocontrol

potential of Trichoderma harzianum from soil naturally suppressive to Rhizoctonia solani . Phytopathology 71:286-290. 31.Chang, Y.C., Baker, R.

, Kleifeld, O., and Chet, I.1986. Increased growth of plants in the presence of the biological control agent Trichoderma harzianum . Plant Dis

70:145-148. 32.Chet, I. 1987. Trichoderma application, mode of action, and potential as biocontrol agent of soil-borne pathogenic fungi. Pages

137-160. in: Innovative Approaches to Plant Disease Control. I. Chet, ed., John Wiley, New York. 33.Chang, P. F., Xu, Y., Narasimhan, M. L.,

Cheah, K. T.,D’Urzo, M. P., Damsz, B., Kononowicz, A.K., Abad, L., Hasegawa, P.M., and Bressan, R. A. 1997. Induction of pathogen

resistance and pathogenesis-related genes in tobacco by a heat-stable Trichoderma mycelial extract and plant signal messengers. Physiol. Plant.

100:341-352. 34.Cheah, L. H. 1997. Trichoderma spp for potential biocontrol of clubroot of vegetable brassicas. Proceedings of the Fiftieth New

Zealand Plant Protection Conference: 150-153. 35.Ciccarese, F., Frisullo, S., Amenduni, M., and Ciruli, M. 1992. Biological control of Sclerotium

rolfsii root rot of sugarbeet with Trichoderma harzianum. Pages 243-247 in: Biological Control of Plant Diseases: Progress and Challenges for the

Future. E. C. Tjamos, G. C. Papavizas, and R J. Cook, eds., Plenum Press, New York. 36.Cook, R. J., and Baker, K. F. 1983. The Nature and

Practice of Biological Control of Plant Pathogens. American Phytopathological Society, St. Paul, MN. 37.Cook, R. J. 1993. Making greater use of

introduced microorganism for biological controlof plant pathogens. Annu. Rev. Phytopathol. 31:53-80. 38.Craswell ,E. T., and C. G.

Douglas.1984.The efficiency nitrogen fertilizers applied to cereals in different climates.In Tinker ,P. B., and A. Lauchi .(eds.) Advances in plant

nutrition .Vol.(1),pp:1-55. 39.Cunninghan, I. E. and C. Kuiack. 1992. Production of citric and oxalic acids and solubilizstion of calcium phosphate

by Penicillium bilaii. Appl. Environ Microbiol. 58:1451-1458. 40.Danielson,R. M.,and C.B. Davey. 1973. Carbon and nitrition of Trichoderma.

Soil Biol.Biochem. 5:506-515. 41.Dennis, C. and J. Webster. .1971. Antagonistic properties of species-groups of Trichoderma. I. Production of

non-volatile antibiotics. Trans.Brit. Mycol. Soc. 57:25-39. 42.Deacon, J. W., and Berry, L. A. 1992. Models of action of mycoparasites in relation to

biocontrol of soilborne plant pathogens. Pages 157-167. in: Biological Control of Plant Diseases: Progress and Challenges for The Future. E. C.

Tjamos, G. C. Papavizas, and R. J. Cook, eds., Plenum Press, New York. 43.DeMeyer, G., Bigirimana, J., Elad, Y., and Hoefte, M. 1998. Induced

systemic resistance in Trichoderma harzianum T39 biocontrol of Botrytis cinerea. Eur. J. Plant. Pathol.104:279 -286. 44.Elad, Y., Chet. I., and

Katan, J. 1980. Trichoderma Harzianum: abiocontrol agent effective against Sclerotium rolfsii and Rhizoctonia solani. Phytopathology

70:119-121. 45.Elad, Y. 2000. Biological control of foliar pathogens by means of Trichoderma harzianum potential modes of action. Crop Prot.

19:709-714. 46.Eveleigh, D.E. 1985. Trichoderma. In : Biology of Industrial Microorganisms(Demin, A. L and N.A.Solomon eds.) pp.487-59.

47.Farrow, W. M. 1954 . Tropical soil fungi. Mycologia 46:632-645. 48.Fox, R.H., Kern, J.M. and Piekielek W.P. 1986. Nitrogen fertilizer source,

and method and time of application effects on no-till corn yield and niyrogen uptakes. Published in Agron. J. 78:741-746. 49.Fulchier, M. and L.

Frioni. 1994. Azospirillum inoculation on maize（zea mays）:effect on yield in a field experiment in central argentina. Soil Biol. Biochem.

26:921-923. 50.Gerretsen, F. C. 1948. The influence of microorganisms on the phosphate intake by the plant. Plant soil. 1:51-81. 51.Goldstein, A.

H. 1995. Recent progress in understanding the molecular genetics and biochemistry of calcium phosphate sulubilization by gram negative bacteria.

Biol. Agric. Hortic. 12:185-193. 52.Goodfarb, B., Nelson, E.E., and Hansen, E. M. 1989. Trichoderma spp.:Growth rates and antagonism to

Phellinus weirii in virto. Mycologia 81:375-381. 53.Hay, R.E. Early, E. B. and Deturck, E. E. 1953. Concentration and translocation of nitrogen

compounds in the corn plant（zea mays L.）during grain development. Plant physiol .28:606-621. 54.Hanway, J.J. 1962. Corn growth and

composition in relation to soil fertility. I. Growth of different plant parts and relation between leaf weight and grain yield. Agron. J.54:145 -148.

55.Harman, G.E., Chet, I., and Baker, R. 1980. Trichoderma harzianumeffects on seed and seeding disease induced in radish and pea by Pythium

spp. or Rhizoctonia solani.. Phytopathology 70:1167-1172. 56.Hadar, Y., Harman, G.E., and Taylor, A.G. 1984. Evaluation of Trichoderma



koningii and T.harzianum from New York soils for biological control seed rot caused by Pythium spp. Phytopathology 74:106-110. 57.Harman,

G..E., A. G., Taylor and T.E., Stasz 1989. Combining effective strains of Trichoderma harzianum and solid matrix priming to improve biological

seed treatment. Plant Dis. 73:631-637. 58.Handelsman, J., and Parke, J. L. 1989. Mechanisms in biocontrol of soilborne plant pathogens. Pages

27-61. in: Plant-Microbe Interactions, Molecular and Genetic erspectives, Vol. 3. T. Kosuge, and E. W. Nester, eds., McGraw-Hill, New York.

59.Haran, S., H. Schickler, S. Peer, S. Logeman , A.. Oppenheim and Chet, I. 1993. Increased constitutive chitinase activity in transformed

Trichoderma harzianum. Biol. Control 3:101-108. 60.Harman, G. E., and Nelson, E. B. 1994. Mechanisms of protection of seed and seedlings by

biological control treatments: Implications for practical disease control. Pages 283-292. in: Seed Treatment: Progress and Prospects. T. Martin, ed.,

BCPC, Farnham, UK. 61.Harman, G. E., Latorre, B., Agosin, E., Martin, R. S., Riegel, D. G., Nielsen, P. A., Tronsmo, A., and Pearson, R. C.

1996. Biological and integrated control of Botrytis bunch rot of Grape using Trichoderma spp. Biol. Control 7:259-266. 62.Harman, G. E., and

Bjorkman, T. 1998. Protential and existing uses of Trichoderma and Gliocladium for plant disease control and growth enhancement. Pages

229-265 in: Trichoderma & Gliocladium. Vol. 2, Enzymes, Biological Control and Commercial Applications. G.E. Harman and C. P. Kubicek,

eds. Tayor and Francis, London. 63.Harman, G. E. 2000. Myths and dogmas of biocontrol: Changes in perceptions derived from research on

Trichoderma harzianum T-22. Plant Dis. 84:377-393 64.Harman, G. E. 2001. Microbial tools to imporve crop perferance and profitability and to

control plant diseases. Page. 4-1-14. In: International symposium on biological control of plant diseases for the new cenury-model of action and

application technology. Taichung, Taiwan. 65.Hue, N.V., I. Amien and Hansen, J. 1989. Aluminum detoxification with green manures. Commun.

Soil Sci. Plant Anal. 20:1499-1511. 66.Inbar, J., and Chet, I. 1992. Biomimics of fungal cell-cell recognition by use of lectin-coated nylon fibers. J.

Bacteriol. 174:1055-1059. 67.Inbar, J., M. Abramsky, D. Cohen, and Chet, I. 1994. Plant growth enhancement and disease control by

Trichoderma harzianum in vegetable seedlings grown under commercial conditions. European J. Plant pathology 100:337-346. 68.Jarrell, W. M.

and R. B. Beverly. 1981. The dilution effect in plant nutrition studies. Adv. Agron. 34:197-224. 69.Kleifeld, O. and Chet, I. 1992. Trichoderma

harzianum interation with plants and effect on growth response. Plant and soil 144:267-272. 70.Lam, S. T., and Gaffney, T. D. 1993. Biological

activities of bacteria used in plant pathogen control. Pages 291-320. in: Biotechnology in Plant Disease Control. I. Chet, ed., John 71.Lewis, J. A. ,

D. R. Fravel, R. D. Lumsden and Shasha, B. S. 1995. Application of biocontrol fungi in granular formulations of pregelatinized sarch-flour to

control damping -off diseases caused by Rhizoctonia solani. Biological control 5:397-404. 72.Lindsey, D. L., and Backer, R. 1967. Effect of certain

fungi on dwarf tomatoes grown under gnotobiotic conditions. Phytopathology 57:1262-1263. 73.Liu, S. D. 1991. Biological control of adzuki-bean

root rot disease caused by Rhizoctonia solani. Plant Prot. Bull. 33:63-71. 74.Lorito, M., Harman, G. E., Hayes, C. K., Broadway, R. M., Tronsmo,

A., Woo, S. L., and Di Pietro, A. 1993. Chitinolytic enzymes produced by Trichoderma harzianum : antifungal activity of purified endochitinase

and chitobiosidase. Phytopathology 83:302-307. 75.Lorito, M., Hayes, C. K., Di Pietro, A., Woo, S. L., and Harman, G. E. 1994. Purification,

characterization, and synergistic activity of a glucan 1,3-glucosidase and an N-acetyl-beta-glucosaminidase from Trichoderma harzianum.

Phytopathology 84:398-405. 76.Lo, C-T., Nelson, E. B., and Harman, G. E. 1994. Biological control of Pythium, Rhizoctonia, and Sclerotinia

incited diseases of turfgrass with Trichoderma harzianum 1295-22.. Phytopathology 84:1372 77.Lo, C. T., Nelson, E. B., and Harman, G. E. 1996.

Biological control of turfgrass diseases with a rhizosphere competent strain of Trichoderma harzianum. Plant Dis. 80:736- 741. 78.Lo, C. T. 1997a.

Growth enhancement of cucurbitaceous seedlings by Trichoderma spp. Plant Pathol. Bull. 6: 197. 79.Lo, C.T. 1997b. Efficient biological control of

Rhizoctonia root rot of carnaton using Trichoderma spp. Plant Prot. Bull. 39: 404. 80.Lo, C.T. 1997c. Biological control of turfgrass diseases using

Trichoderma harzianum. Plant Prot. Bull. 39: 207-225. 81.Lo,C-T. 1998. General mechanisms of action of microbial biocontrol agents. Plant

Patholo. Bull. 7:144-152 82.Lo, C. T., Liao, T., and Deng, T. C. 2000.Induction of systemic resistance of cucumber to cucumber green mosaic

virus by the root-colonizing Trichoderma spp.Phytopathology 90:S47. 83.Lo, C. T. and Lin C. Y. 2002. Screening strain of Trichoderma spp for

plant growth enhancement in Taiwan. Plant Pathol. Bull. 11:215-220. 84.Lucas, R.E. and Davis, J. F. 1961. Relationships between pH values of

organic soil and availabilities of 12 plant nutrient. Soil Sci. 92:177-182. 85.McLean, E. O. 1982. Soil pH and lime requirement. In “ Method of

soil analysis”. Part 2. Chemical and microbiological properties. Second edition. Pp. 206-209. A. L. Page, R. H. Miller, and D. R. Keeney(eds).

American Society of Agronomy. 86.Nelson, E. E., and Thies, W. G. 1985. Colonization of Phellinus weirii-infested stump by Trichoderma viride:

1. Effect of isolate and inoculum base. Eur. J. For. Pathol. 15:425-431. 87.Ousley, M.A., J.M. Lynch and Whipps, J.M. 1993. Effect of

Trichoderma on plant growth: A balance between inhibition and growth promotion. Microbial Ecology. 26 (3): 277-285. 88.Papavizas, G. C., and

Lumsden, R. D. 1982 Improved medium for isolation of Trichoderma spp. from soil. Plant Dis. 66:1019-1020. 89.Papavizas, G. C. 1985.

Trichoderma and Gliocladium: Biology, ecology, and potential for biocontrol. Annu. Rev. Phytopathol. 23:23-54. 90.Paulitz, T., Windham, M.,

and Baker, R.. 1986. Effect of peat:vermiculite mixes containing Trichoderma harzianum in increased growth response of radish. J. Amer. Soc.

Hort. Sci 111:810-814. 91.Papavizas, G.C. 1992. Biological control of selected soilborne plant pathogens with Gliocladium and Trichoderma. p

223-230. in: Biological Control of Plant Diseases: Progress and Challenges for the Future. .C. Tjamos, G. C. Papavizas, and R. J. Cook, eds.,

Plenum Press, New York. 92.Powell, N.T., P. L. Melendez and Batten, C.K. 1971. Disease complexes in tobacco involving Meloidogyne incognita

and certain soil-borne fungi. Phytopathology 61:587-592 93.Reddy, T. K. and Knowles, R. 1965. The fungal flora of a boreal forest raw humus.

Can. J. Microbiol. 2:837-843. 94.Schirmbock, M., M. Lorito, Y.L. Wang, C. K., Arisan-Atac, I., Scala, F., Harman, G. E ., and Kubicek, C. 1994.

Parallel formation and synergism of hydrolytic enzymes and peptaibol antibiotics, molecular mechanisms involved in the antagonistic action of

Trichoderma harzianum aganist phytopathogenic fungi. Appl. Environ. Microbiol. 60:4364-4370. 95.Shenkker, M., Y. Hader and Chen, Y. 1995.

Rapid method for accurate determination of colorless sideropores and synthetic chelates. Soil Sci. Soc. Am. J. 59:1612-1618. 96.Sivan, A., Y. Elad



and I. Chet. 1984. Biological control effects of a new isolate of Trichoderma harzianum on Pythium aphanidermatum. Phytopathology 74:498-501.

97.Stribley, D.P., P.B. Tinker, and R.C. Snellgrove. 1980. Effect of vesicular-arbuscular mycorrhizal fungi on the relations of plant growth, internal

phosphorus concentration and soil phosphate analyses. 98.Takkar, P. N. 1969. Effect of organic matter on soil iron and manganese. Soil Sci.

108:108-112. 99.Tronsmo, A. 1992. Leaf and blossom epiphytes and endophytes as biological control agents. Pages 43-54. in: Biological Control of

Plant Diseases: Progress and Challenges for the Future. E. C. Tjamos, G. C. Papavizas, and R. J. Cook, eds., Plenum Press, New York. 100.Tsai, C.

L. 1988. Effect of source and sink manipulation on the nutrient partitioning of maize (Zea mays L.)Ph. D. Thesis, Purdue University. 101.Tsai, C.

Y., H. L. Warren and D. M. Huber. 1985. Interactions of nitrogen nutrition and maize genotypes. Dept. Botany and Plant Pathology. Purdue

University, W. Lafayette, U.S.A. 102.Tsai, C. Y., D. M. Huber, D. V. Glover and H. L. Warren. 1984. Relationship of N deposition to grain yield

and N response of three hybrids. Crop Sci. 24:227-281. 103.Wang,C.H., C.Hsieh, L.R.,Chiou, ,and Lo,C.T. 2004.Effects of Trichoderma spp. on

the Growth and Nutrients Uptake of Sweet Corn in Different Fertilizer-Management.Botanical Bulletin of Academia Sinica. Bot.Bull.Acad.Sin.

（SCI） 104.Welch, R. M. 1995. Micronutrient nutrition in plants. Crit. Rev. Plant Sci. 14:49-82. 105.Windham, M. T., Y. Elad and Baker, R.

1985. A mechanism for increased plant growth induced by Trichoderma spp. Phytopathology 76:518-521. 106.Windham, G. L. and Windham, M.

T., and Williams, W.P. 1989. Effects of Trichoderma spp. on maize growth and Meloidogyne arenaria reproduction. Plant Disease 73:493-495.

107.Wu, W. C. 1991. Control of sclerotinia rot of sunflower and chrysanthemum. Plant Prot. Bull. 33:45-55. 108.Yamaguchi, J. 1974. Varietal

traits limiting the grain yield of tropical maize. Ⅳ. Plant traits and productivity of tropical varieties. Soil. Plant Nutr. 20(1):287-304. 109.Yedidia, I.,

N. Benhamou and Chet, I. 1999. Induction of defense responses in cucumber plants(Cucumis sativus L.) by the biocontrol agent Trichoderma

harzianum . Appl. Environ. Microbiol. 65:1061-1070. 110.Yedidia, I., A.K. Srivastva, Y. Kapulnik and Chet, I. 2001. Effect of Trichoderma

harzianum on microelement concentrations and increased growth of cucumber plants. Plant and Soil 235:235-242.


