Handboolk ol

Plaunit
Nurtrnthom

Fdited ﬁ};
Allen V. Barker
David . Pilbeam




Handbool off

Planit
Nurltrmitiom



Handbool of

Plamni
Nurtrntiomn

Edited Ey

Allen V. Barker
David . Pilbeam

an informa business



Cover photo by Allen V. Barker.

CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2007 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Printed in the United States of America on acid-free paper
10987654321

International Standard Book Number-10: 0-8247-5904-4 (Hardcover)
International Standard Book Number-13: 978-0-8247-5904-9 (Hardcover)

This book contains information obtained from authentic and highly regarded sources. Reprinted material is quoted
with permission, and sources are indicated. A wide variety of references are listed. Reasonable efforts have been made to
publish reliable data and information, but the author and the publisher cannot assume responsibility for the validity of
all materials or for the consequences of their use.

No part of this book may be reprinted, reproduced, transmitted, or utilized in any form by any electronic, mechanical, or
other means, now known or hereafter invented, including photocopying, microfilming, and recording, or in any informa-
tion storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://
www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC) 222 Rosewood Drive, Danvers, MA 01923,
978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For orga-
nizations that have been granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for
identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Barker, Allen V., 1937-
Handbook of plant nutrition / Allen V. Barker, David J. Pilbeam.
p. cm. -- (Books in soils, plants, and the environment ; v. 117)
Includes bibliographical references.
ISBN 0-8247-5904-4
1. Plants--Nutrition--Handbooks, manuals, etc. I. Pilbeam, D. J. II. Title. IIL. Series.

QK867.829 2006
631.8--dc22 2006044539

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Contents

Section |
L d oo [8 T o] o IS OSSR 1
(1 gF=To1 1= S0 A 1 11 oo 0Tt o o SRS 3

Allen V. Barker and David J. Pilbeam

Section 11
Essential ElementS—IM aCr ONULTIENES. ....ocicveie et ee et e et e st e e e e e e seae e s s e e s seseeesenneessraeesan 19
(O gF=T o1 a2 N (11 {00 = o [ USRS 21

Allen V. Barker and Gretchen M. Bryson

Chapter 3 PhOSPROTUS ........c.oouiieccccece et re e e 51
Charles A. Sanchez

(O gT= o1 = g S o) =1 U o 91
Konrad Mengel

Chapter 5 CalCIUM ..ottt et 121
David J. Pilbeam and Philip S. Morley

Chapter 6 MagNESIUM ....co.eiiiiiiieeteeeie ettt bttt b ettt b ettt e e b e 145
Donald J. Merhaut

Chapter 7 SUITUN oo et bbb et 183
Slvia Haneklaus, Elke Bloem, Ewald Schnug, Luit J. de Kok, and Ineke Stulen

Section 111

Essential ElementS—IMICrONULTTENES.........ooiiiiieccee ettt ettt e be e ane b ns 239
L@ aT=To (= g S I =To o] o ISP 241
Umesh C. Gupta

Chapter 9 ChlONNE ..ottt ettt 279

Joseph R. Heckman

Chapter 10 COPPEL ..veieeeeieeeereeertee sttt sttt sttt be e bt se bt se st s b et bt s b et e b et eb e e b e neebe e ebe e 293
David E. Kopsell and Dean A. Kopsell



(O =101 = S N 1 o T 329
Volker Romheld and Miroslav Nikolic

Chapter 12 IMBNGANESE ..ottt sttt ettt sttt b ettt b et b et e b e b e bt b e nnne 351
Julia M. Humphries, James C.R. Sangoulis, and Robin D. Graham

(O g F=T o 1= g G T Y/ o 1 oo = T o I 375
Russell L. Hamlin

(O gT=T o1 = g 77 B N[ S 395
Patrick H. Brown

(O T o1 = S T4 T o 411
J. Benton Storey

Section 1V
BENEFICIAl ElEMENES ...ttt ettt e e s e e s et e s st e e e e s st e e sateeesbeesssbeeesastesesanes 437
Chapter 16  AIUMINUIM ..ottt e st e e s re e e e sreeeesseeneesreensesnnens 439

Susan C. Miyasaka, N.V. Hue, and Michael A. Dunn

(O gT=T o1 = S A o | S 499
Geeta Talukder and Archana Sharma

Chapter 18  SEENIUM ..ottt b ettt e e 515
Dean A. Kopsell and David E. Kopsell

(O gT=T o1 1= g Ko TS T o 551
George H. Shyder, Vladimir V. Matichenkov, and Lawrence E. Datnoff

Chapter 20 SOOIUM ..ottt b et b et b e et se e e 569
John Gorham
(O{gT=To1d= g2t B - 14 =o 10 585

David J. Pilbeam and Khaled Drihem

Section V
(0] Tox 11 1= T o] o 1RSSR 597
Chapter 22 CONCIUSION ..o e 599

Allen V. Barker and David J. Pilbeam



TR Telif Hakki ve Paylasim Bildirimi

Bu sitede yer alan kitap kapaklari, igindekiler boliimleri ve benzeri materyaller yalnizca bilimsel tanitim,
bilgilendirme ve egitim amach olarak paylasilmistir.
Tiim yaymnlarin telif haklari ilgili yazarlarina ve yayinevlerine aittir.

Higbir kitap veya dokiiman ticari amagla ¢cogaltilamaz, dagitilamaz veya indirilebilir bicimde
paylasilamaz.

Kullanicilar, eserlere iligkin tam metinlere ve satin alma segeneklerine erisim i¢in ilgili yayinevlerinin
resmi sayfalarini ziyaret etmelidir.

© Tiim haklar1 sakhdir.
Bu sayfada yer alan igerikler, bilimsel farkindalik ve bilgi paylasimini desteklemek amaciyla siirli alinti
kapsaminda sunulmustur.

Az Musllif Hiiquqlar: vo Paylasim Bildirisi

Bu saytda yer alan kitab iizliiklori, mozmun siyahilar1 vo oxsar materiallar yalniz elmi tanitim,
molumatlandirma v tadris maqsadils paylasiimisdir.
Biitiin nasrlorin miiollif hiiquqlart miivafiq miislliflara va nasriyyatlara maxsusdur.

Heg bir kitab vo ya sanad kommersiya mogsadils ¢oxaldila, yayila va ya yiiklonils bilmaz.
Istifadagilor, asaorlorin tam matnlorine vo satinalma variantlarina daxil olmagq {igiin miivafiq nagriyyatlarin
rosmi sahifalorine miiraciot etmolidirlor.

© Biitiin hiiquqlar qorunur.
Bu sohifads toqdim olunan materiallar elmi maariflondirmos vo bilik paylagimini destoklomok mogsadilo
mohdud istinadi shats edir.

GB Copyright and Sharing Notice

The book covers, tables of contents, and similar materials presented on this website are shared solely for
scientific promotion, educational, and informational purposes.
All copyrights belong to the respective authors and publishers.

No book or document may be reproduced, distributed, or made available for download for commercial
use.
Users are encouraged to visit the official pages of the publishers to access full texts and purchase options.

© All rights reserved.
The materials presented here are shared within the scope of limited citation to promote scientific
awareness and knowledge sharing.

RU YBenomiieHre 00 aBTOPCKOM NMpPAaBe M PACIIPOCTPAHEHUH

OO0J10’)KKH KHUT, OTJIaBJICHUS U aHAJIOTUYHbIE MaTepualbl, pa3MeIEHHbIE HA 3TOM caiiTe, MyOJINKYIOTCS
UCKJIIOYMTEIBHO B HAYYHO-MH(GOPMALMOHHBIX U 00pPa30BaTeJbHBIX eJIsX.
Bce aBTopckue npaBa npuHAIIEKAT COOTBETCTBYIOIIMM ABTOPAM U M31aTeJIbCTBAM.

Huxakast kHUTa WM TOKyMEHT HE MOTYT OBITh BOCIIPOU3BECHBI, PACIIPOCTPAHEHBI WA Pa3MEIEHBI TS
3arpy3kd B KOMMEPUECKHUX LEJIsX.

[Tomp30BaTeIsIM PEKOMEHTYETCS TOCenaTh OUIIMATbHbBIE CTPAHUIIBI U3/IATEIBCTB ISl TIOTyYEHUS
JOCTYTA K MOJTHBIM TEKCTaM U BapHaHTaM MPUOOPETECHUS.

© Bce npaBa 3auIUIIEHBI.

Martepuaisbl, IpeICTaBIEHHbIE HA 3TOW CTPaHULE, Pa3MEIICHBI B pAMKaX OTPaHUYEHHOTO UTUPOBAHUS C
[ENBIO TOICP)KKU HAYYHON OCBEIOMIIEHHOCTH U OOMEHA 3HAHUSMHU.



