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CHAPTER 1: PLANTS IN OUR LIVES
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1.1 WHAT IS HORTICULTURE?
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Horticultural plan ts overview
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1.2 SCIENCE AND EXPERIMENTATION
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E>:KG AHP ?:<ML eM :G= PHKD MH@>MA>K BG LRLM>FL K:MA>K MA:G E>:KGBG@ MAKHN@A MA> ;KNM>

?HK<>�H?�F>FHKBS:MBHG

iG MABL L><MBHG P> PHKD ?KHF MA> IHBGM H? OB>P MA:M L<B>G<> BL : P:R H? :<JNBKBG@

DGHPE>=@>\: FH=> H? BGJNBKR\:G= MA:M MABL FH=> H? BGJNBKR ?HEEHPL : IKH<>LL <:EE>= MA>

L<B>GMBe<�F>MAH=�0AHL>�PAH�?HEEHP�MA>�IABEHLHIAR�H?�L<B>G<>�

a 1L>�BM�MH�NG=>KLM:G=�AHP�MA>�G:MNK:E�PHKE=�PHKDL

a /M:KM�;R�E>:KGBG@�PA:M�BL�:EK>:=R�DGHPG

a  :K>?NEER�H;L>KO>�MA>�LN;C><ML�H?�MA>BK�L<B>GMBe<�BGJNBKR�:G=�EHHD�?HK�=>M:BEL�:;HNM

?HKF��?NG<MBHG��:G=�BGM>K:<MBHG�PBMA�MA>�>GOBKHGF>GM

a !>O>EHI�ARIHMA>L>L�:;HNM�MA>�BGG>K�PHKDBG@L�H?�G:MNK:E�IA>GHF>G:�GHM�R>M

NG=>KLMHH=

a 0>LM�MA>BK�ARIHMA>L>L�;R�F:DBG@�H;L>KO:MBHGL��<HG=N<MBG@�>QI>KBF>GML�:G=

<HEE><MBG@�:G=�>O:EN:MBG@�>OB=>G<>

a  HFFNGB<:M>�PBMA�HMA>KL�:;HNM�MA>BK�ARIHMA>L>L��>QI>KBF>GML��:G=�MA>�HNM<HF>L

	�
�����"����"���+$�&�!�"' � '�#" F 	�



H?�MA>BK�LMN=B>L�LH�MA:M�HMA>KL�<:G�K>I>:M��O:EB=:M>��:G=�;NBE=�NIHG�MA>BK�PHKD
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�-,,"& �,!��+�"�& ,"5��%� ,!'��, '�/ '*#

�L GHM>=� MA> L<B>GMBe< F>MAH= K>EB>L HG ;NBE=BG@ ARIHMA>L>L :G= MA>G M>LMBG@ MA>F

MAKHN@A >QI>KBF>GM:MBHG iG MA> E:; L><MBHG H? MABL <HNKL> RHN PBEE =>O>EHI ARIHMA>L>L

:;HNM MA> >h><ML H? O:KBHNL MK>:MF>GML HG IKHI:@:MBHG LN<<>LL :G= MA>G <HG=N<M

>QI>KBF>GML MH M>LM MAHL> ARIHMA>L>L �><:NL> >QI>KBF>GM:MBHG BL LN<A : D>R <HFIHG>GM

H? MA> L<B>GMBe< F>MAH=� P>^EE LI>G= MBF> <A:K:<M>KBSBG@ :G= >Q:FBGBG@ ?HNK MRI>L H?

>QI>KBF>GM:MBHG :G= >QIEHK> PA>MA>K MA>R :K> I:KM H? MA> L<B>GMBe< F>MAH= 3ABE> >:<A

BL O:EN:;E> PA>G :IIEB>= BG MA> KB@AM <BK<NFLM:G<>L� HGER HG> <E>:KER ?HEEHPL >:<A LM>I H?

MA>�L<B>GMBe<�F>MAH=�MH�NG<HO>K�G>P�DGHPE>=@>�:;HNM�MA>�G:MNK:E�PHKE=

� 5,"/�+ #�"4,".&)"* 0/

0A>�MRI>L�H?�>QI>KBF>GM:MBHG�P>�PBEE�<HO>K�:K>�

a !>FHGLMK:MBHG

a "O:EN:MBHG

a "QIEHK:MBHG

a !BL<HO>KR
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�19;:?@>-@5;: 1D<1>591:@? :K> :

<E:LLB< F>MAH= NL>= BG >=N<:MBHG:E

L>MMBG@L MH A>EI LMN=>GML E>:KG :G=

NG=>KLM:G= DGHPG K>E:MBHGLABIL :EK>:=R

=BL<HO>K>= ;R HMA>KL (>:KG>KL PBEE NLN:EER

A:O> A:= IKBHK >QIHLNK> MH MA>

K>E:MBHGLABIL MAKHN@A IK>EBFBG:KR

H;L>KO:MBHGL� E><MNK>L� K>:=BG@� :G=

=BL<NLLBHGL� :G= PBEE A:O> LHF> L>GL> H?

PA:M�MA>�>QI>KBF>GM:E�HNM<HF>�FB@AM�;>

$HH= =>FHGLMK:MBHG >QI>KBF>GML :<MBO>ER

BGOHEO> MA> E>:KG>K� PAH F:GBINE:M>L MA>

>QI>KBF>GM:E F:M>KB:EL� :IIEB>L MA>

MK>:MF>GML� :G= H;L>KO>L MA> HNM<HF>L�

MA>G @:MA>KL� :G:ERS>L� :G= BGM>KIK>ML MA> K>LNEMBG@ =:M: ,HHK =>FHGLMK:MBHG

>QI>KBF>GML� BG <HGMK:LM� F:D> E>:KG>KL HGER I:LLBO> PBMG>LL>L MH LHF>MABG@ =HG> ;R :G

>QI>KM�:M�MA>�?KHGM�H?�MA>�<E:LLKHHF

iG MA> IE:GM IKHI:@:MBHG E:;L ?HK MABL <HNKL>� RHN PBEE ;> :<MBO>ER >G@:@>= BG

=>FHGLMK:MBHG >QI>KBF>GML �EMAHN@A RHN PHG^M ;> <K>:MBG@ G>P DGHPE>=@>� MA>

DGHPE>=@> PBEE EBD>ER ;> G>P MH RHN 0A> A:G=L�HG >QI>KB>G<> H? <HG=N<MBG@ MA>

>QI>KBF>GML PBEE A>EI RHN MH E>:KG MA> <HG<>IML FHK> >h><MBO>ER MA:G B? RHN HGER K>:=

: M>QM;HHD HK EBLM>G>= MH : E><MNK> 0A> M><AGBJN>L RHN E>:KG :G= NL> BG =>FHGLMK:MBHG

>QI>KBF>GML H?M>G <HGMKB;NM> MH MA> E>:KGBG@ >QI>KB>G<> :L FN<A :L MA> K>E:MBHGLABIL

K>O>:E>= :M MA> >QI>KBF>GM^L <HG<ENLBHG "FIEHRBG@ MA>L> M><AGBJN>L PBEE A>EI RHN @:BG :G

NG=>KLM:G=BG@ H? F:GR ;BHEH@B<:E ?NG<MBHGL� LN<A :L MA> IKH=N<MBHG H? :=O>GMBMBHNL KHHML

:G=�F><A:GBLFL�?HK�L>>=�=BLI>KL:E

3ABE> =>FHGLMK:MBHG >QI>KBF>GML :K> O:EN:;E> ?HK :<MBO>ER E>:KGBG@ : ;H=R H? L<B>GMBe<

DGHPE>=@> IK>OBHNLER =BL<HO>K>= :G= <HFFNGB<:M>= ;R HMA>KL� MA> >QI>KB>G<> BL

LI><Be<:EER HK<A>LMK:M>= ?HK M>:<ABG@ :G= E>:KGBG@� GHM ?HK MA> =BL<HO>KR H? G>P

BG?HKF:MBHG 5>M LBG<> MA> DGHPE>=@> BL G>P MH MA> E>:KG>K� BM <:G LMBEE ;KBG@ MA> CHR H?

I>KLHG:E�=BL<HO>KR�:G=�:�L>GL>�H?�:<<HFIEBLAF>GM

iG�LNFF:KR��=>FHGLMK:MBHG�>QI>KBF>GML�
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a �K>�=>LB@G>=�?HK�M>:<ABG@�:G=�E>:KGBG@

a �==K>LL�K>E:MBHGLABIL�MA:M�F:R�;>�G>P�MH�RHN��;NM�:K>�HMA>KPBL>�DGHPG

a iG�MA>BK�;>LM�?HKFL��:<MBO>ER�BGOHEO>�MA>�E>:KG>K

a ):R�>FIA:LBS>�>QI>KBF>GM:E�M><AGBJN>L��BG�:==BMBHG�MH�HNM<HF>L��:L�I:KM�H?�MA>

E>:KGBG@�>QI>KB>G<>

a �K>�GHM�MA>�MRI>L�H?�>QI>KBF>GML�MA:M�:K>�:M�MA>�<HK>�H?�IK:<MB<BG@�L<B>G<>�:L�:�P:R

MH�NG<HO>K�G>P�DGHPE>=@>

� . �$-� ,"'&�� 0(�*"%�& ,+

�B-8A-@5;: 1D<1>591:@? :K> =>LB@G>= MH A>EI NL F:D> =><BLBHGL� :G= MH <AHHL> ?KHF

: GNF;>K H? HIMBHGL 0A>R FB@AM� ?HK BGLM:G<>� A>EI NL =>M>KFBG> MA> >g<:<R H? : G>P

MK>:MF>GM K>E:MBO> MH : DGHPG MK>:MF>GM� HK =><B=> HG ?NKMA>K >QI>KBF>GM:MBHG �G

>O:EN:MBHG >QI>KBF>GM PBEE AB@AEB@AM : <HFIHNG=� : M><AGBJN>� : IB><> H? >JNBIF>GM� HK

:G�HK@:GBLF��:G=�PBEE�BG<EN=>�:/;:@>;8 :G=�HK�HMA>K�:EM>KG:MBO>L

"O:EN:MBHG >QI>KBF>GML :K> <HFFHG BG AHKMB<NEMNK:E :G= :@KHGHFB< K>L>:K<A� PA>K> MA>

INKIHL> H? MA> >QI>KBF>GM BL MH B=>GMB?R� ?HK >Q:FIE>� MA> ;>LM/A8@5B->� IKH=N<MBHG

F>MAH=� I>LM <HGMKHE� ?>KMBEBMR K>@BF>� HK EB@AM BGM>GLBMR ?HK @KHPBG@ : <KHI  HKK><M

1D<1>591:@-8 01?53: BL <KN<B:E ?HK :LLNKBG@ MA:M <HG<ENLBHGL ?KHF MA> >QI>KBF>GM :K>

F>:GBG@?NE�:G=�<K>=B;E>
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0A>L> >QI>KBF>GML :K> MRIB<:EER NL>= BG MA> =>O>EHIF>GM H? G>P M><AGHEH@B>L MH B=>GMB?R

MA> ;>LM F>MAH= ?HK MA> =>LBK>= INKIHL> �>@� PAB<A I>LMB<B=>L :K> >h><MBO> :@:BGLM MA>

M:K@>M BGL><M� ;NM GHM A:KF?NE MH GHG�M:K@>M BGL><ML	 0A>R :K> GHM NL>= MH =BL<HO>K G>P

DGHPE>=@> :;HNM AHP MA> PHKE= PHKDL� :L MA>R MRIB<:EER =HG^M :=O:G<> HNK NG=>KLM:G=BG@

H? MA> G:MNK:E PHKE= 0A> BG?HKF:MBHG ?KHF :G >O:EN:MBHG >QI>KBF>GM FB@AM� AHP>O>K�

IHBGM MA> P:R MH :==BMBHG:E >QI>KBF>GM:MBHG MA:M =H>L A>EI NL =BL<HO>K G>P DGHPE>=@>

0ABL BL I:KMB<NE:KER MKN> B? MA> HNM<HF> H? :G >O:EN:MBHG >QI>KBF>GM BL NG>QI><M>= HK GHO>E

iG�LNFF:KR��>O:EN:MBHG�>QI>KBF>GML�

a �K>�NL>=�MH�A>EI�BG�=><BLBHG�F:DBG@

	�
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a %>EI�NL>KL�<AHHL>�:�PBGG>K�HK�=>M>KFBG>�>g<:<R�K>E:MBO>�MH�HMA>K�:EM>KG:MBO>L

a �K>�<HFFHGER�NL>=�PA>G�>O:EN:MBG@�:G=�K><HFF>G=BG@�AHKMB<NEMNK:E�IKH=N<MBHG

F>MAH=L

a  :G�;>�NL>?NE�BG�LHEOBG@�IKH;E>FL�:G=�=>O>EHIBG@�M><AGHEH@B>L

a .>JNBK>�IKHI>K�>QI>KBF>GM:E�=>LB@G��>@��<HFI:KBLHG�MH�:�<HGMKHE	�?HK�<K>=B;BEBMR�:G=

F>:GBG@?NEG>LL

�0($'* � ,"'&�� 0(�*"%�& ,+

/HF> L<B>GMBLML LI><B:EBS> BG H;L>KOBG@ :G= <:M:EH@BG@ G:MNK>� :G= LHF>� EBD> F>F;>KL H?

MA> @KHNI MA:M =BL<HO>K>= :G>P LI><B>L H? AHFBGB=� %HFH G:E>=B BG : /HNMA �?KB<:G <:O>�

:@@K>LLBO>ER L>:K<A ?HK IK>OBHNLER NGDGHPG IA>GHF>G: iG MA> ;HM:GB<:E K>:EF� LN<A

L<B>GMBLML LMN=R MA> =BO>KLBMR H? HK@:GBLFL PBMABG A:;BM:ML� =BL<HO>K G>P LI><B>L� HK :K>

BG HMA>K P:RL O>KR LDBEE>= BG _L>>BG@` G:MNK> "QIEHK>K�L<B>GMBLML K><H@GBS> :G= :IIK><B:M>

=>M:BE :G= <:G B=>GMB?R MA> >GHKFHNL =BO>KLBMR :FHG@ IE:GML ;R <HFI:KBG@ <A:K:<M>KBLMB<L

MA:M FB@AM ;> HO>KEHHD>= ;R HMA>KL 0A>R F:R :ELH A:O> MA> <:I:<BMR MH K><H@GBS> IHLLB;E>

BGM>KK>E:MBHGLABIL :FHG@ HK@:GBLFL :G= PBMA A:;BM:ML� F:DBG@ MA>BK PHKD I:KMB<NE:KER

BFIHKM:GM MH L<B>G<> 0A>R FB@AM GHMB<>� ?HK BGLM:G<>� MA:M : I:KMB<NE:K LI><B>L H? IE:GM BL

<HFFHGER ?HNG= BG P>M :K>:L ;NM GHM BG =KR� HK MA:M : I:KMB<NE:K O>@>M:;E> M:LM>L LP>>M>K

PA>G @KHPG :M AB@A>K :EMBMN=>L MA:G PA>G @KHPG <EHL>K MH L>: E>O>E 0A>R =HG^M <HGeKF

MA>�<:NL>�H?�MA>L>�K>E:MBHGLABIL��;NM�:K>�MA>�eKLM�MH�GHMB<>�MA>F
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"QIEHK>KL^ H;L>KO:MBHGL :K> >LL>GMB:E MH LMBFNE:MBG@ MA> =>O>EHIF>GM H? LHNG=� M>LM:;E>

ARIHMA>L>L 0A> IHLLB;E> K>E:MBHGLABIL MA>R IKHIHL> FNLM ;> M>LM>= MH =>M>KFBG>

PA>MA>K MAHL> K>E:MBHGLABIL :<MN:EER >QBLM� HK :K> :KMB?:<ML H? HMA>K >h><ML "QIEHK>KL

A>EI =>O>EHI ARIHMA>L>L� ;NM MA> PHKD H? >QIEHK:MBHG� <:M:EH@BG@� :G= L>>BG@ IHLLB;E>

K>E:MBHGLABIL =HG^M IKHO> HK =BLIKHO> MA> ARIHMA>L>L HK G><>LL:KBER @>G>K:M> G>P

DGHPE>=@> :;HNM K>E:MBHGLABIL 0A> PHKD =H>L� AHP>O>K� K>LNEM BG G>P BG?HKF:MBHG :;HNM

MA> >QBLM>G<> H? MA> H;C><M HK IA>GHF>GHG BML>E? �G >Q<>IMBHG BL >QIEHK:MBHG =HG> MH M>LM

: ARIHMA>LBL� LN<A :L : FBLLBHG MH M>LM MA> ARIHMA>LBL MA:M : I:KMB<NE:K MRI> H? ><HLRLM>F

BL�K>JNBK>=�?HK�K>IKH=N<MBHG�H?�:�I:KMB<NE:K�IE:GM�LI><B>L

/<B>GMBLML FNLM K>LBLM CNFIBG@ MH <HG<ENLBHGL ;:L>= HG >QIEHK:MBHG :G= H;L>KO:MBHG :EHG>
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�����"����"���+$�&�!�"' � '�#" F 	�



i? RHN L>> MPH I>HIE> MH@>MA>K F:GR MBF>L� ?HK >Q:FIE>� RHN FB@AM <HG<EN=> MA:M MA>R :K>

: KHF:GMB< <HNIE>� PA>G BG ?:<M MA>R :K> ;KHMA>K :G= LBLM>K .>E:MBHGLABIL ARIHMA>LBS>=

:L : K>LNEM H? >QIEHK:MBHG :G= H;L>KO:MBHG FNLM ;> >QI>KBF>GM:EER M>LM>= ;>?HK> MA>R :K>

:<<>IM>=�HK�K>C><M>=

"QIEHK:MBHG >QI>KBF>GML NG<HO>K G>P MABG@L� F:GR H? PAB<A <:G ;> >Q<BMBG@ :G=

>O>GMN:EER <A:G@> HNK OB>P H? MA> PHKE= 3ABE> HG> H? MA>BK @K>:M>LM O:EN>L BL MA:M MA>R

E>:= MH MA> =>O>EHIF>GM H? G>P :G= LMKHG@>K ARIHMA>L>L :;HNM AHP MA> PHKE= PHKDL�

MA>R @H LH ?:K :L MH M>LM MAHL> ARIHMA>L>L HK ?NEER >G@:@> BG MA> <R<E> H? DGHPE>=@>

@>G>K:MBHG :LLH<B:M>= PBMA MA> L<B>GMBe< F>MAH= �==BMBHG:E >QI>KBF>GML ;:L>= HG MABL

G>P BG?HKF:MBHG :K> K>JNBK>= MH INM MABL G>P BG?HKF:MBHG BG <HGM>QM :G= MH :=O:G<> HNK

NG=>KLM:G=BG@�H?�AHP�MA>�G:MNK:E�PHKE=�PHKDL

iG�LNFF:KR�MA>G��>QIEHK:MBHG�>QI>KBF>GML�

a #H<NL�HG�=>M:BE>=�H;L>KO:MBHG�H?�HK@:GBLFL�:G=�A:;BM:ML

a iG<K>:L>�HNK�DGHPE>=@>�H?�MA>�G:MNK:E�PHKE=

a i=>GMB?R�IHM>GMB:E�K>E:MBHGLABIL�MA:M�G>>=�MH�;>�M>LM>=

a �K>�>LL>GMB:E�MH�LHNG=�:G=�M>LM:;E>�ARIHMA>LBL�;NBE=BG@

�"+� ' . �*1�� 0(�*"%�& ,+

!BL<HO>KR >QI>KBF>GML :K> <>GMK:E MH MA> NL> H? MA> L<B>GMBe< F>MAH= BG M:LDL K:G@BG@

?KHF IKH;E>F LHEOBG@ MH MA> =BL<HO>KR H? G>P DGHPE>=@> 0A>R ?H<NL HG NG<HO>KBG@ G>P

K>E:MBHGLABIL :G= LHEOBG@ IKH;E>FL� ?HEEHP MA> L<B>GMBe< F>MAH=� M>LM ARIHMA>L>L :G=

MA>BK IK>=B<M>= HNM<HF>L� :G= NMBEBS> : <:K>?NE =>LB@G BG HK=>K MH F:BGM:BG F>:GBG@?NEG>LL

:G=�<K>=B;BEBMR

0A> LBFBE:KBMR ;>MP>>G MA> L<B>GMBe< F>MAH= :G='HE;^L "QI>KB>GMB:E (>:KGBG@  R<E>BL GHM

:G :<<B=>GM 0A> L<B>GMBe< F>MAH= BL : IK:<MB<:E LMK:M>@R ;:L>= HG AHP P> L>GL> :G=

>QI>KB>G<> MA> PHKE= :KHNG= NL :G= NL>= MH LHEO> IKH;E>FL >G<HNGM>K>= =NKBG@ MAHL>

>QI>KB>G<>L
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0A> =B:@K:F :;HO> BEENLMK:M>L : <HF;BG:MBHG H? MA> L<B>GMBe< F>MAH= :G= 'HE;^L ?HNK�

LM>I >QI>KB>GMB:E E>:KGBG@� =>L<KB;BG@ : <R<EB< IKH<>LL ?HK LHEOBG@ IKH;E>FL MA:M <:G ;>

:IIEB>= MH =BL<BIEBG>L :L =BO>KL> :L FHE><NE:K ;BHEH@R� @EH;:E P:KFBG@� :G= >O>G :IIEB:G<>

K>I:BK 3ABE> RHN FB@AM BGBMB:EER MABGD MA:M :IIEB:G<> K>I:BK =H>LG^M ;>EHG@ BG MA:M EBLM�

MA> =Bh>K>G<> BL HG> H? :IIEB<:MBHG� GHM F>MAH= 0AHN@A ?:K K>FHO>= ?KHF MA> >LHM>KB<

L<B>GMBe< =BL<HO>KB>L P> :LLH<B:M> PBMA L<B>GMBe< F>MAH=� :IIEB:G<> K>I:BK ?HEEHPL MA>

L:F> LM>IL �IIEB:G<>L :K> H?M>G� :G= JNBM> EBM>K:EER� ;HQ>L� PA>K> RHN =HG^M DGHP PA:M

BL @HBG@ HG BGLB=> �NM PA:M^L @HBG@ HG BGLB=> BL DGHP:;E>� :G= MAKHN@A MA:M DGHPE>=@>

<HF>L�K>I:BK
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0A> E>:KGBG@�IKH;E>F LHEOBG@�L<B>GMBe< IKH<>LL

<HNE= MA>HK>MB<:EER LM:KM :GRPA>K> BG 'HE;^L <R<E>

�NM BM PBEE EBD>ER LM:KM PBMA : IKH;E>F MA:M G>>=L MH

;> LHEO>=� LHF>MABG@ RHN =HG^M NG=>KLM:G= ;NM

PHNE= EBD> MH DGHP FHK> :;HNM 5HN ;><HF>

:P:K> MA:M MA>K> BL : IKH;E>F HK MA:M RHN E:<D

NG=>KLM:G=BG@ ;><:NL> RHN A:O> :G >QI>KB>G<>

PA>K> RHN H;L>KO> LHF>MABG@ :G= MA>G LM>I ;:<D

:G= L:B=� _i PHG=>K AHP MA:M PHKDL�` HK I>KA:IL�

_PAR BL MA:M ;KHD>G�` 0AKHN@A H;L>KO:MBHG RHN

=>O>EHI : LNg<B>GMER :=>JN:M> =>L<KBIMBHG H? MA>

IKH;E>F MH LM:KM =HBG@ LHF> K>L>:K<A HG PA:M BL

:EK>:=R�DGHPG

3BMA : @HH= =>L<KBIMBHG H? MA> IKH;E>F BG A:G=�

RHN <:G ;>@BG MH K>OB>P PA:M BL DGHPG MAKHN@A MA>

PHKD H? HMA>KL� :G= MABGD :;HNM PA:M FB@AM ;>

@HBG@ HG BG RHNK LBMN:MBHG :G= AHP RHNK G>P

NG=>KLM:G=BG@ <:G ;> :IIEB>= MH MA> IKH;E>F 0ABL BL _K>f><MBO> H;L>KO:MBHG` iM BLG^M CNLM

LBMMBG@ ;:<D :G= MABGDBG@ BG : O:<NNF 5HN G>>= K:P F:M>KB:E ?HK RHNK FBG= MH PHKD HG�

:G= MA:M HGER <HF>L MAKHN@A MA> MHN@A M:LD H? @:MA>KBG@ :G= >G@:@BG@ PBMA MA>

;:<D@KHNG= BG?HKF:MBHG 0A>K> BL : O>KR BFIHKM:GM JNB>M IA:L> BG MABL IKH<>LL PA>G RHN

E>M RHNK FBG= :LL>F;E> :G= LHKM MAKHN@A B=>:L NGMBE :EM>KG:MBO>L ;>@BG MH >F>K@> MA:M

FB@AM E>:= MH : LHENMBHG 0:EDBG@ PBMA HMA>KL :G= LA:KBG@ B=>:L BL :G BFIHKM:GM I:KM H? MABL

JNB>M�IA:L>

/HF>MBF>L MA> :EM>KG:MBO>L :K> GH� ;K:BG>KL �;EHPG ?NL>�	� :G= LHF>MBF>L MA>R^K> FHK>

<K>:MBO> �K>LB=N> ?KHF MA> PKHG@ =>M>K@>GM @NGDBG@ NI MA> P:M>K E>O>E L>GLHK�	

.>@:K=E>LL H? MA>BK LBFIEB<BMR HK <HFIE>QBMR� MA>L> ;><HF> ARIHMA>L>L MA:M G>>= MH ;>

M>LM>= 0A> ARIHMA>LBL�;NBE=BG@ LM:@> BG<EN=>L ;HMA : LM:M>F>GM H? AHP LHF>MABG@ PHKDL

HK PAR BM BLG^M PHKDBG@� :G= IK>=B<MBHGL :;HNM PA:M FB@AM A:II>G B? MA> ARIHMA>LBL BL

MKN> iG :IIEB:G<> K>I:BK� ?HK >Q:FIE>� MA> IK>=B<MBHG PBEE EBD>ER ;> MA:M MA> :IIEB:G<>

PBEE ?NG<MBHG GHKF:EER iG AHKMB<NEMNK:E FHE><NE:K ;BHEH@R� BM FB@AM ;> MA:M RHN PBEE L>>

:<<NFNE:MBHG�H?�:�I:KMB<NE:K�MRI>�H?�?:MMR�:<B=�BG�MA>/;@E810;:? 

5HN INM MA> ARIHMA>LBL MH MA> M>LM ;R =>LB@GBG@ :G >QI>KBF>GM MA:M :LL>LL>L PA>MA>K

RHNK IK>=B<MBHGL P>K> KB@AM i? MA> HNM<HF> =H>LG^M F:M<A RHNK IK>=B<MBHG� RHN K>C><M MA>

ARIHMA>LBL �MA> ?NL> P:L HD� LH MA:M P:LG^M MA> IKH;E>F	 i? MA> HNM<HF> =H>L F:M<A RHNK
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IK>=B<MBHG� RHN M>GM:MBO>ER :<<>IM MA> ARIHMA>LBL I>G=BG@ ?NKMA>K H;L>KO:MBHG �PA>G MA>

?NL> P:L K>IE:<>= MA> P:LABG@ F:<ABG> PHKD>= :@:BG� LH BM FB@AM A:O> ;>>G : ;EHPG ?NL>�

;NM HG MA> HMA>K A:G= F:R;> BM P:L CNLM ;><:NL> MA> FHMHK A:= MBF> MH <HHE =HPG	 �L

PBMA >O:EN:MBHG >QI>KBF>GM:MBHG� >QI>KBF>GM:E =>LB@G BL BFIHKM:GM BG :LLNKBG@ MA:M MA>

<HG<ENLBHGL�?KHF�MA>�>QI>KBF>GM�:K>�F>:GBG@?NE�:G=�<K>=B;E>

"QI>KBF>GM:MBHG E>:=L MH G>P >QI>KB>G<>L :G= :G BG<K>F>GM:E BG<K>:L> BG DGHPE>=@>� :G=

MA>G�MA>�<R<E>�;>@BGL�:@:BG

iG�LNFF:KR��=BL<HO>KR�>QI>KBF>GML�

a #H<NL�HG�NG<HO>KBG@�G>P�K>E:MBHGLABIL�:G=�LHEOBG@�IKH;E>FL

a #HEEHP�L<B>GMBe<�F>MAH=

a 0>LM�ARIHMA>L>L�:G=�MA>BK�IK>=B<M>=�HNM<HF>L

a 1MBEBS>�:�<:K>?NE�=>LB@G�BG�HK=>K�MH�F:BGM:BG�F>:GBG@?NEG>LL�:G=�<K>=B;BEBMR

�-%%�*1

+? MA> ?HNK MRI>L H? >QI>KBF>GML� HGER MA> =BL<HO>KR >QI>KBF>GML :K> <HK> MH MA> IKH<>LL

H? L<B>G<> BG MA> G:KKHP L>GL> H? ;>BG@ : P:R H? :<JNBKBG@ G>P DGHPE>=@> 0A> HMA>K MAK>>

MRI>L H? >QI>KBF>GM:MBHG :K> LMBEE BFIHKM:GM� =>FHGLMK:MBHG :G= >O:EN:MBHG >QI>KBF>GML

:K> O:EN:;E> ?HK E>:KGBG@ :G= =><BLBHG�F:DBG@ :G= ?HK M><AGHEH@R =>O>EHIF>GM� :G=

>QIEHK:MBHG >QI>KBF>GML :K> >LL>GMB:E ?HK =>O>EHIBG@ M>LM:;E> ARIHMA>L>L �NM =BL<HO>KR

>QI>KBF>GML�:K>�<HK>�MH�L<B>G<>

.>F>F;>K� MA> F>MAH=HEH@R H? >h><MBO> P:LABG@ F:<ABG> K>I:BK� PA>G :IIEB>= MH PA:M

BL NGDGHPG :;HNM MA> IARLB<:E PHKE=� BL MA> F>MAH=HEH@R H? L<B>G<> iM^L GHM >LHM>KB<� BM^L

@HH=�:IIEB:G<>�K>I:BK

5HN FB@AM :K@N> MA:M� PA>G :IIEB>= MH : ;KHD>G P:LABG@ F:<ABG>� : =BL<HO>KR >QI>KBF>GM

K>LNEML BG DGHPE>=@> MA:M BL IKH;:;ER :EK>:=R DGHPG ;R MAHL> LDBEE>= BG :IIEB:G<> K>I:BK�

LH BM BLG^M K>:EER G>P DGHPE>=@> :;HNM AHP MA> PHKE= PHKDL 0A:M^L : ?:BK <KBMB<BLF 1L>

H? MA> L<B>GMBe< F>MAH= <:G K>LNEM BG G>P DGHPE>=@> :;HNM AHP MA> PHKE= PHKDL� ;NM

PA>MA>K�BM�NG<HO>KL�G>P�DGHPE>=@>�=>I>G=L�HG�MA>�H;C><M�H?�>QI>KBF>GM:MBHG
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�*�%*1!/ �� 1%4!�	@��!(!)!*1�$�0�� !!*�! 6� (2 ! �" /,)�1 $%0�4!/0%,*�,"�1$!�1! 61J��,2���*�4%! 5�%1�,*(%*!

$!/ !F

$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-YD?I$@-S>
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0A> F>MAH=L ?HK =>LB@GBG@ >QI>KBF>GML :K> <:K>?NEER LMN=B>= :G= H?M>G =BL<BIEBG>�LI><Be<

)>MAH=L NL>= BG FHE><NE:K ;BHEH@R� ?HK BGLM:G<>� PBEE ;> LHF>PA:M =Bh>K>GM ?KHF MAHL>

NL>= BG <A>FBLMKR HK BG e>E= >O:EN:MBHGL H? AHKMB<NEMNK:E IE:GML 0A>K> :K>� AHP>O>K� LHF>

@>G>K:EBS:MBHGL�P>�<:G�F:D>�:;HNM�@HH=�>QI>KBF>GM:E�=>LB@GL

� %(!�+"2 ��� '%(�*"+'&+

"QI>KBF>GML BG<EN=> FHK> MA:G CNLM HG> MK>:MF>GM _0K>:MF>GM` K>?>KL MH MA> ?:<MHK MA:M

RHN :K> O:KRBG@ BG RHNK >QI>KBF>GM\?HK >Q:FIE>� =Bh>K>GM <NEMBO:KL H? MHF:MH� =Bh>K>GM

?>KMBEBS>KL� HK =Bh>K>GM :FHNGML H? EB@AM "QI>KBF>GM:E =>LB@GL BG<HKIHK:M> <HFI:KBLHG H?

MK>:MF>GML 5HN NLN:EER <HFI:K> MA> MK>:MF>GML MH HG> :GHMA>K :G= H?M>G MH : <HGMKHE�

PAB<A BL >BMA>K MA> :IIEB<:MBHG H? GH MK>:MF>GM HK MA> :IIEB<:MBHG H? : <NLMHF:KR HK

LM:G=:K=�E>O>E�H?�MK>:MF>GM

i? RHN @KHP : I:KMB<NE:K MRI> H? MHF:MH BG RHNK @:K=>G� :G= eG= MA:M BM IKH=N<>L M:LMR

?KNBM� PHNE= RHN =><E:K> BM MH ;> MA> ;>LM MHF:MH O:KB>MR RHN <HNE= @KHP�  >KM:BGER GHM 5HN

<HNE=G^M >O>G L:R PBMA <>KM:BGMR MA:M BM P:L MA> ;>LM MHF:MH O:KB>MR RHN A:O> >O>K @KHPG

�NGE>LL BM BL MA> HGER HG> RHN A:O> @KHPG	 *>QM R>:K� AHP>O>K� RHN <HNE= @KHP MA:M MHF:MH
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:L RHNK <HGMKHE� :G= @KHP MPH HMA>K O:KB>MB>L MA:M RHNK G>B@A;HKL EBD>� :G= <HFI:K> ?KNBM

JN:EBMR �:II>:K:G<>� f:OHK� RB>E=� LN@:K <HGM>GM	 5HN <HNE= MA>G L:R LHF>MABG@ =>eGBMBO>

:;HNM MA> MAK>> MHF:MH O:KB>MB>L ;><:NL> RHN A:O> <HFI:K>= MA>F MH >:<A HMA>K :?M>K

@KHPBG@�MA>F�G>QM�MH�>:<A�HMA>K�BG�MA>�L:F>�R>:K�:G=�>GOBKHGF>GM

� �($"�� , ��,* �� ,%�& ,+

0A> L:F> MK>:MF>GM BL :IIEB>= MH FHK> MA:G HG> _>QI>KBF>GM:E NGBM`\MA> H;C><M MA:M

K><>BO>L MA> MK>:MF>GM iG MA> >Q:FIE> :;HO>� MA> MHF:MH IE:GM BL MA> >QI>KBF>GM:E NGBM�

:G= RHN PHNE= I>KA:IL IE:GM MPH HK MAK>> L>>=EBG@L H? >:<A MHF:MH O:KB>MR K:MA>K MA:G

CNLM HG> 0ABGD H? : MK>:MF>GM :L LHF>MABG@ EBD> : ?>KMBEBS>K LIK>:= HG : I:M<A H? E:G= 0A>

I:M<A�H?�E:G=�BL�MA>�>QI>KBF>GM:E�NGBM��PABE>�MA>�?>KMBEBS>K�BL�MA>�MK>:MF>GM

�R :IIERBG@ MA> MK>:MF>GM MH FHK> MA:G HG> >QI>KBF>GM:E NGBM RHN <:G >LMBF:M> MA>

O:KB:MBHG RHN @>M PA>G MPH >QI>KBF>GM:E NGBML :K> MK>:M>= MA> L:F>� :G= <HFI:K> MABL

MH MA> O:KB:MBHG PA>G >QI>KBF>GM:E NGBML :K> @BO>G =Bh>K>GM MK>:MF>GML i? MA> MK>:MF>GML

:<MN:EER =Bh>K BG MA>BK >h><MBO>G>LL� RHN PHNE= >QI><M MA> O:KB:MBHG ;>MP>>G >QI>KBF>GM:E

NGBML @BO>G =Bh>K>GM MK>:MF>GML MH ;> FN<A @K>:M>K MA:G MA> O:KB:MBHG ;>MP>>G MAHL>

@BO>G MA> L:F> MK>:MF>GM 0ABL BL HG> H? MA> ?NG=:F>GM:E P:RL BG PAB<A >QI>KBF>GML :K>

LM:MBLMB<:EER�:G:ERS>=�:G=�MK>:MF>GML�=><E:K>=�LB@GBe<:GMER�=Bh>K>GM�HK�GHM

� �&�'%"2 ��,* �� ,%�& ,+

+G<> RHN DGHP AHP F:GR MK>:MF>GML RHN :K> @HBG@ MH :IIER� :G= AHP F:GR>1<85/-@5;:?

RHN P:GM� MA> IKH=N<M H? MA>L> MPH JN:GMBMB>L �� MK>:MF>GML W � K>IEB<:MBHGL	 >JN:EL MA>

GNF;>K H? >QI>KBF>GM:E NGBML RHN G>>= #HK BGLM:G<>� B? RHN A:O> MAK>> ?>KMBEBS>KL RHN

P:GM MH M>LM� IENL : <HGMKHE� RHN A:O> ?HNK MK>:MF>GML i? RHN P:GM MAK>> K>IEB<:MBHGL H?

>:<A MK>:MF>GM� MA>G RHN � MK>:MF>GML Q � K>IEB<:MBHGL � �� >QI>KBF>GM:E NGBML HK I:M<A>L

H? E:G= PA>K> RHN PBEE :IIER MA> ?>KMBEBS>KL 0A> MK>:MF>GML PBEE ;> K:G=HFER :LLB@G>=

MH >:<A >QI>KBF>GM:E NGBM �I:M<A H? E:G=	 0ABL BL =HG> NLBG@ : K:G=HF GNF;>K M:;E>

:G= BL GHM CNLM A:IA:S:K= IB<DBG@%-:0;95F-@5;: A>EIL FBGBFBS> :GR ;B:L RHN A:O>G^M

K><H@GBS>=�BG�:=O:G<>�:G=�<HGMKHEE>=�?HK�BG�HMA>K�P:RL
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1.3 PLANT PARTS WE EAT

 ! �/*%*#�, �&!� 1%4!0

�7�1$!�!* �, "�1$%0�(!00,*�7,2�5%((��!���(!�1 ,F

E �2))�/ %8!�1$!�4 �/ %,20���, 4! S��* �� !(, 5 S#/,2* �-(�*1�-�/ 10�1$�1�� ,*1/ %�21!�1,�7 ,2/� %! 1J

E �0!�1 $!�� ,// !� 1�(�*#2�#!�, "��%,(,#7�5$!*�% !*1 %"7%*#�-�/10�, "�-(�*1 0J

E �--/ !� %�1!�1$!� %4!/ 0%17�, "�! %�(!�-(�*1�-�/ 10J


�+ 2"�$. +1*!�,(�* 0�,�.0/�3 "�"� 0

� �"�$��$�� . �+��&��(� ,"'$�+

iG MABL BF:@> H? :G B<>;>K@ E>MMN<> <NM BG A:E?� RHN <:G L>> AHP MA>81-2 .8-01? :K> I:<D>=

:G= ?HE=>= MH@>MA>K MB@AMER BG MA> E>MMN<> A>:= (>MMN<> BL :G >Q:FIE> H? : IE:GM LAHHM

PBMA O>KR LAHKM5:@1>:;01? HG MA>?@19 0ABL K>LNEML BG : <HFI:<M ;NM E>:?R IE:GM i<>;>K@

E>MMN<> BL : MRI> H? A>:=BG@ E>MMN<> PA>K> HE=>K81-B1? >GO>EHI G>P>K E>:O>L ?HKFBG@ :

LHEB=�HK�L>FB�LHEB=�;:EE�HK�A>:=�H?�E>MMN<>�E>:O>L



T
�!� !/ #� ! 112�! U��7 �	������� G� ��� � S�� S���= J;

.HF:BG> :G= E>:? E>MMN<>L >QAB;BM : FHK> HI>G :K<ABM><MNK>� PBMA MA> E>:O>L ?HKFBG@ :

EHHL>K A>:= PBMA NIKB@AM E>:O>L .HF:BG> E>MMN<> A:L >EHG@:M>= E>:O>L 0A>K> F:R ;>

LHF> M>G=>G<R H? HE=>K E>:O>L MH >G<EHL> G>P>K E>:O>L� ;NM BM BL FN<A E>LL IKHGHNG<>=

MA:G BG B<>;>K@ E>MMN<>� :G= F:R ;> :;L>GM :EMH@>MA>K BG LHF> H? MA> @:K=>G MRI>L (>:?

E>MMN<>�E:<DL�MA>�M>G=>G<R�MH�?HKF�A>:=L
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)�#!�� 7 � ! 1!/��/ �� $!J �%6���7�(%�!*0!

(>MMN<> E>:O>L @>G>K:EER E:<D :<1@5;81 0A> ;E:=> G:KKHPL : ;BM� ;NM :MM:<A>L =BK><MER MH

MA>:;01  � E>:? E:<DBG@ : I>MBHE> BL <:EE>= : _L>LLBE>` E>:? 0A> IHBGM H? :MM:<AF>GM H? MA>

E>:? MH MA> LM>F BL :M : GH=> i? RHN M>:K MA> E>:O>L ?KHF : E>MMN<> IE:GM RHN :K> E>?M PBMA :

LAHKM�LM>F�F:=>�NI�H?�F:GR�GH=>L�:G=�LAHKM�BGM>KGH=>L

5HN <:G L>> BG MA> KHF:BG> E>MMN<> MA:M BML FHKIAHEH@R BL LBFBE:K MH MA:M H? MA> B<>;>K@

E>MMN<> :G= MA:M BM A:L LHF> M>G=>G<R MH PK:I G>P>K E>:O>L PBMABG HE=>K %HP>O>K� MA>

GH=>L :K> : ;BM EHG@>K MA:G PA:M RHN L>> BG B<>;>K@ E>MMN<>� :G= MA:M F:D>L MA> GH=>

EH<:MBHGL�FHK>�:II:K>GM

��2 1B�1 C-8;71>�: 2�71-2�;-=?>�B1�1- ?

�*�%*1!/ �� 1%4!�	@��!(!)!*1�$�0�� !!*�! 6� (2 ! �" /,)�1 $%0�4!/0%,*�,"�1$!�1! 61J��,2���*�4%! 5�%1

,*(%*!�$!/ !F

$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y<;@I$@-SA

3:M<A�MABL�OB=>H�HG�>=B;E>�E>:O>L�:G=�I>MBHE>L�
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1$!)�,*(%*!�$!/ !F$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y<;@I, !)� ! S <

! :05I10�;1 ?5:71>

 >E>KR BL :G >Q:FIE> H? : E>:? PBMA : I>MBHE> 0A> I:KML MA:M RHN >:M :K> MA> I>MBHE>L� PABE>

MA> E>:? ;E:=>L :K> H?M>G GHM IK>L>GM BG MA> ;NG<A H? <>E>KR RHN INK<A:L> i? RHN ;NR :

;NG<A H? <>E>KR :G= INEE Hh MA> E:K@>� HNMLB=> I>MBHE>L� BGLB=> RHN PBEE eG= LAHKM>K I>MBHE>L

PBMA�MA>�E>:?�;E:=>L�LMBEE�:MM:<A>=

 >E>KR BL :31;<4E@1 �<HO>K>= BG : E:M>K E>LLHG	 /HF> H? MA> <>E>KR I>MBHE> \ MA> I:E>

I:KM :M MA> ;HMMHF PA>K> BM :MM:<A>L MH : GH=> HG MA> LM>F \ @KHPL NG=>K@KHNG= 0ABL

I:KM BL I:E> ;><:NL> BM E:<DL <AEHKHIAREE� MA> I>MBHE>L P>K> GHM >QIHL>= MH LNGEB@AM :G=

<AEHKHIAREE�?:BE>=�MH�=>O>EHI

iGM>GMBHG:EER <HO>KBG@ MA> I>MBHE>L MH =BL<HNK:@> <AEHKHIAREE :G= >G<HNK:@> PABM>� M>G=>K

LM>FL BL <:EE>= ;E:G<ABG@ �E:G<A>= <>E>KR BL FHK> :MMK:<MBO> MH LHF> <HHDL :G=

<HGLNF>KL��:EMAHN@A�BM�F:R�GHM�;>�:L�GNMKBMBHNL

�*�%*1!/ �� 1%4!�	@��!(!)!*1�$�0�� !!*�! 6� (2 ! �" /,)�1 $%0�4!/0%,*�,"�1$!�1! 61J��,2���*�4%! 5�%1

,*(%*!�$!/ !F

$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y<;@I$@-SB

� �"�$��+, �%+

0A> IAHMH ;>EHP LAHPL :G :LI:K:@NL LAHHM 5HN <:G M>EE BM BL : LAHHM ;R MA> K>@NE:K

GH=>�BGM>KGH=> <HGLMKN<MBHG H? MA> LM>F )HLM H? MA> LAHHM BL LM>F MBLLN> 0A> MKB:G@NE:K

@KHPMA :M >:<A GH=> BL <HEEHJNB:EER <:EE>= : _.>-/@ ` ;R :LI:K:@NL @KHP>KL� ;NM BM BL :<MN:EER

: O>KR LF:EE� L<:E>�EBD> E>:? i? MA> LAHHML :K> E>?M NGA:KO>LM>=� ;K:G<A>L @KHP ?KHF MA>

GH=>L :G= MA>G K>I>:M>=ER ;K:G<A BGMH LH?M� ?>:MA>KR @K>>G ?HEB:@>� :L LAHPG BG MA> G>QM

IAHMH
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�KH<<HEB :G= <:NEBfHP>K :K> >:M>G :L BFF:MNK>5:I;>1?/1:/1?  0A> =:KD @K>>G >QM>KBHK
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H? MA> ;KH<<HEB BGfHK>L<>G<> BL F:=> NI H? MB@AM fHP>K �HK fHK>M	 ;N=L MA:M A:O> GHM

R>M HI>G>= 0A> M>KF _fHK>M` BL H?M>G NL>= ?HK MA> G:F> H? : fHP>K ;HKG HG : <HFIE>Q

BGfHK>L<>G<>

�$, 1,�� 7 �%/;;; =M�(�#01�"", 1,0 G����� � S�� J

iGLB=> MA> BGfHK>L<>G<>� MA> fHP>K ;N=L :K> LNIIHKM>= ;R LAHKM� MABG<105/18? 0A>
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CHAPTER 2: TAXONOMY AND
SEED GERMINATION

0ABL <A:IM>K :==K>LL>L MA> BFIHKM:G<> H?.5:;95-8 :-91? � LHF>MBF>L K>?>KK>= MH :L

?/51:@5H/ :-91?  �M : @:K=>G <>GM>K� : IE:GM E:;>E>= : ;EN>;BEE <HNE= ;>���!!� #$#�'�&�%(� �

?KHF MA> FHGH<HMRE>=HG>L� HK��&(�#'�� *�&��#��� � ?KHF MA> =B<HMRE>=HG>L 0PH =Bh>K>GM

IE:GML� ;HMA ?KHF =BOBLBHG �GMAHIARM:� ;NM ?KHF =Bh>K>GM  E:LL>L  HFFHG G:F>L A:O>

MA>BK IE:<>� ;NM MA>R <:G ;> :F;B@NHNL �BGHFB:E GHF>G<E:MNK> BL FHK> IK><BL>� BML NL>

>GLNK>L MA:M RHN^EE @>M MA> <HKK><M IE:GM :G= MA> <HKK><M BG?HKF:MBHG HG AHP MH @KHP :G=

IKHI:@:M>�BM

0A> L><HG= L><MBHG BG MABL <A:IM>K :==K>LL>L L>>= @>KFBG:MBHG� :K@N:;ER MA> FHLM

<HFFHG�:G=�BFIHKM:GM�F>MAH=�H?�IKHI:@:MBG@�IE:GML



��/  !*�� !*1 !/ 0��* �*2/ 0!/ %!0�1!* �1 ,�20!�� ,)),*�-(�*1�*�)!0 G��21�'*, 5%*#�1$!�0� %!*1%9��*�)!0�5%((�!(%)%*�1!�� ,*" 20%,*J�T�*#(! 7
� %/� (!�� �/)�� ,2/ F��! �/�� %)��2/ 0!/ 7��(�*1 0���(,/ ! U��7 �2!!*%!�� G� ��� � S���= J;

 ! �/*%*#�, �&!� 1%4!0

�7�1$!�!* �, "�1$%0��$�- 1!/ G�7,2�5%((��!���(!�1 ,F

E  %01�1$!�0! 4!*�(! 4!(0�, "�1$!�-(�*1�� (�00%9��1%,*�0701!)J

E � !� , #*%8!�1$!�1�6 ,*,)%�� %4 !/ 0%17�, "�� ,)),*�" , ,  0�%*�7,2/� %! 1J

E �2))�/ %8!�1$!�� ,*1/ %�21%,*�,"  %**!�20 1,�� %*,)%�(�*,)!*� (�12/!J

E �* !/ 01�* �$, 5�1$!�15 , S-�/ 1�0�%!*1%9��*�)%*#�0701!)�5 ,/ ' 0��* �%10��--(%��1%,*0J

E �!0�/ %�!�1$!� %""!/ !*� !0�� ! 15 !!*�!-%#! �(��* �$7- , #! �(�0!! (%*#�!)!/ #!*� !J

�� F ���$'�&�
��' �+ #"#!,��"���������&!�"� '�#"



2.1 PLANT TAXONOMY
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CHAPTER 3: TERMS
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CHAPTER 4: HOW PLANTS GROW,
PART 2
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G>P GH=>L :G= BGM>KGH=>L ?KHF MA> :IB<:E F>KBLM>FL HG LM>F :G= ;K:G<A>L �L MA>

L>:LHG IKH@K>LL>L :G= :L G>P GH=>L :K> ?HKF>= ;R MA> :IB<:E F>KBLM>F� MA>L> GH=>L

:ELH F:MNK> MH LNIIHKM MA> ?HKF:MBHG H? FHK> K>IKH=N<MBO> F>KBLM>FL :G= MA> @KHPMA H?

BGfHK>L<>G<>L
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��*7�1 ,)�1 ,�-(�*1 0��/ !�%* ! 1!/)%*�1 !J 0.2�/ !�" , , 1�$7 / ,- ,*%�0G� ��� � S�� S���= J;

0ABL MRI> H? @KHPMA BL <:EE>=5:01@1>95:-@1LBG<> MA> GNF;>K H? GH=>L HG MA> LM>F :G=

;K:G<A>L BL GHM =>M>KFBG>=� :G= FHK> <:G ;> :==>= MAKHN@AHNM MA> R>:K #HK HKG:F>GM:E

IE:GML� BG=>M>KFBG:M> @KHPMA <:G F>:G AB@AER =>LBK:;E> L>:LHG�EHG@ fHP>KBG@ ;R :G

BG=BOB=N:E IE:GM #HK ?HH= IE:GML� BM F>:GL MA:M ?KNBML KBI>G :M =Bh>K>GM MBF>L :G= LH

:K> :O:BE:;E> ?HK : EHG@>K I>KBH= H? MBF> MAKHN@A MA> R>:K �F:GR MHF:MH <NEMBO:KL :K>

BG=>M>KFBG:M>	 0ABL F:R GHM ;> ?:OHK>= BG E:K@> :@KB<NEMNK:E HI>K:MBHGL PA>K> MA>

IK>?>K>G<> BL ?HK MA> >g<B>G<R H? HG> LBFNEM:G>HNL :G= E:K@> A:KO>LM� ;NM BM BL @K>:M ?HK

@:K=>G>KL�PAH�EBD>�LF:EE�:FHNGML�H?�MA>BK�IKH=N<>�MH�KBI>G�MAKHN@AHNM�MA>�L>:LHG

3:M<A�MABL�OB=>H�MH�L>>�>Q:FIE>L�H?�=>M>KFBG:M>�:G=�BG=>M>KFBG:M>�IE:GML�����	

�*!�,/�),/ !�%*1!/ �� 1%4!�!(!)!*1 0�$�0�� !!*�! 6� (2 ! �" /,)�1 $%0�4!/0%,*�,"�1$!�1! 61J��,2���*�4%! 5

1$!)�,*(%*!�$!/ !F$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y=@>I,!)� ! S =
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3:M<A MABL OB=>H :;HNM AHP =>M>KFBG:M> :G= BG=>M>KFBG:M> @KHPMA I:MM>KGL BFI:<M

>=B;E>�IE:GML�����	

�*!�,/�),/ !�%*1!/ �� 1%4!�!(!)!*1 0�$�0�� !!*�! 6� (2 ! �" /,)�1 $%0�4!/0%,*�,"�1$!�1! 61J��,2���*�4%! 5

1$!)�,*(%*!�$!/ !F$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y=@>I,!)� ! S >

�* <+. "/ "* "/

0A> BGfHK>L<>G<> BL MA> fHP>KBG@ LMKN<MNK> H? MA> IE:GM /HF> BGfHK>L<>G<>L :K> O>KR

LBFIE> :G= LNIIHKM HGER HG> fHP>K 0A>L> :K> <:EE>=?;85@->EHK ?;81 I;C1>

BGfHK>L<>G<>L� :G= MA> LM:ED :MM:<ABG@ MA> fHP>K MH MA> GH=> ?KHF PAB<A BM @K>P BL <:EE>=

MA><10A:/81 

	

 F ��	��&# *'��$ � ''�&"���"���"� #&� ���"�� �



� �(4%��"�/ %*��! ��O�(2!�� �#!PJ#28$!*#)�* J� ��� � S�� S���= J;

+MA>K BGfHK>L<>G<>L <:G LNIIHKM FNEMBIE> fHP>KL :G= =BLIE:R <HFIE>Q ;K:G<ABG@

I:MM>KGL

0A> =K:PBG@ MH MA> KB@AM =>IB<ML : ARIHMA>MB<:E BGfHK>L<>G<> MA:M LNIIHKML FNEMBIE>

fHP>KL 0HP:K= MA> ;HMMHF :K> MA> E:LM MPH GH=>L H? MA> LM>F 0A> G>QM�MH�E:LM GH=>

LNIIHKML : E>:?� :G= MA> M>KFBG:E GH=> LNIIHKML :G BGfHK>L<>G<> :G= : E>:? /BG<> MA:M E>:?

BL :LLH<B:M>= PBMA MA> BGfHK>L<>G<>� K:MA>K MA:G >F>K@BG@ ?KHF : LM>F GH=>� ;HM:GBLML

<:EE BM : _;K:<M�` >O>G MAHN@A BM F:R EHHD EBD> : LF:EE>K O>KLBHG H? MA> IE:GM^L HMA>K E>:O>L

/BG<> MA> M>KFBG:E GH=> MK:GL?HKFL MH ;> K>IKH=N<MBO>� MABL IE:GM FNLM A:O> =>M>KFBG:M>

@KHPMA
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0A> LM>F�EBD> I:KM H? MA> BGfHK>L<>G<> ;>MP>>G

MA> IHBGM PA>K> BM >F>K@>L ?KHF MA> M>KFBG:E

GH=> H? MA> LM>F :G= MA> IHBGM PA>K> MA>

;K:G<A>L H? MA> BGfHK>L<>G<> ;>@BG BL <:EE>= MA>

<10A:/81  0A> <>GMK:E :QBL H? MA> BGfHK>L<>G<>�

LM:KMBG@ :M MA> IHBGM PA>K> MA> eKLM

BGfHK>L<>G<> ;K:G<A BL :MM:<A>=� BL <:EE>= MA>

>-/45?  0A> K:<ABL F:R LN;=BOB=> HG> HK FHK>

MBF>L� :G= MA>L> LN;=BOBLBHGL :K> <HGLB=>K>=

I:KM H? MA> K:<ABL #BG:EER� MA>K> BL : LAHKM LM:ED

<HGG><MBG@ MA> fHP>K MH MA> K:<ABL� MABL BL <:EE>=

MA><105/18

0ABL MRI> H? BGfHK>L<>G<>� PBMA I>=NG<E>�

I>=B<>E� :G= LBG@E>�fHP>K LMKN<MNK>� BL <:EE>= :

?59<81 5:I;>1?/1:/1  �G BGfHK>L<>G<> PBMA :

@KHNI H? fHP>KL BL <:EE>= :/;9<;A:0 5:I;>1?/1:/1	 � MRI> H? <HFIHNG= BGfHK>L<>G<>

PBMA FNEMBIE> fHP>KL HKB@BG:MBG@ ?KHF : <HFFHG IHBGM BL :G NF;>E 0A> BEENLMK:MBHG ;>EHP

LAHPL : LBFIE> NF;>E <HFI:K>= MH : <HFIHNG= NF;>E +G MA> E>?M� BG MA> LBFIE> NF;>E�

MA> I>=B<>EL K:=B:M> HNM ?KHF : <>GMK:E IHBGM :M MA> >G= H? MA> I>=NG<E> :G= :MM:<A MH :

LBG@E> fHP>K +G MA> KB@AM� BG MA><HFIHNG= NF;>E� K:<AB K:=B:M> HNM ?KHF MA> >G= H? MA>

I>=NG<E>��:G=�:G�NF;>E�BL�:MM:<A>=�MH�MA>�>G=�H?�MA>�K:<ABL
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iGfHK>L<>G<>L <:G ;> :F:SBG@ER <HFIE>Q LMKN<MNK>L0ABL LBM> :;HNM BGfHK>L<>G<>LPBEE

A>EI RHN K><H@GBS> LHF> H? MA> IHLLB;E> :KK:G@>F>GML :G= I>KA:IL LM:KM EHHDBG@ ?HK MABL

<HFIE>QBMR�PA>G�RHN�:K>�HNM�:FHG@�IE:GML

3:M<A�MABL�OB=>H�:;HNM�fHP>K�LMKN<MNK>L�����	
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1$!)�,*(%*!�$!/ !F$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y=@>I,!)� ! S ?

3:M<A�MABL�OB=>H�HG�fHP>K�LMKN<MNK>L�MA:M�:K>�:�EBMME>�A:K=>K�MH�e@NK>�HNM�����	
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E � 6-(�%*�1$!� %""!/ !*� !�� ! 15 !!*� ! 1!/)%*�1 !��* �%* ! 1!/)%*�1 !�#/ , 5 1$J
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4.2 PLANT HORMONES

 ! �/*%*#�, �&!� 1%4!0

 ! �/*%*#���&!� 1%4!0

�7�1$!�!* �, "�1$%0�(!00,*G�7,2�5%((��!���(!�1 ,F

E �* !/ 01�* �1 $!�/ ,(!�, "�1$!�94 !�)�&,/�$,/),*!�#/ ,2-0�%*�-(�*1�#/ , 5 1$��* � ! 4!(,-)!*1 J

E � !� , #*%8! 1$�1 � !((0G 1%002!0G �* ,/ #�*0 $�4 ! 2*%.2! � ,)- ! 1!*� 7 1, / !0- ,* 1 , 0- !� %9�

$,/),*!0 J

E � ,**!� 1�0-!� %9��$,/),*!0�1 ,�-(�*1�/ !0- ,*0!0��* �$, 5�1$! 7��/ !�20! �%*�-(�*1�-/ ,-�#�1 %,*J

� +3�,(�* 0/�."/,+*!�0 +�%+.)+*"/

0A> eO> F:CHK @KHNIL H? IE:GM AHKFHG>L \:NQBGL� <RMHDBGBGL� @B;;>K>EEBGL� >MARE>G>�

:G= :;L<BLB< \ :<B= :K> =BLMBG@NBLA>= ;R MA>BK <A>FB<:E LMKN<MNK>L :G= MA> K>LIHGL>

MA>R >OHD> PBMABG MA> IE:GM �L>> 0:;E> ��	 #HK :GR <>EE MH K>LIHG= MH : AHKFHG> BM

FNLM ;> <HFI>M>GM MH I>K<>BO> MA> <A>FB<:E /HF> <>EEL LBFIER E:<D MA> :;BEBMR MH _L>>`

MA> AHKFHG> :G= =H GHM K>LIHG= MH BML IK>L>G<>  HFI>M>G<R MH I>K<>BO> : AHKFHG>

=>I>G=L HG : <>EE^L IARLBHEH@R PA>G MA> AHKFHG> BL IK>L>GM i? MA> AHKFHG> BL I>K<>BO>=�

BML NGBJN> <A>FB<:E LMKN<MNK> <:NL>L : <A:BG K>:<MBHG HK LB@G:E MK:GL=N<MBHG MA:M BGOHEO>L

<A:G@>L BG @>G> >QIK>LLBHG :G= <>EE FHKIAHEH@R 0A>L> <>EENE:K K>LIHGL>L MH AHKFHG>L

<:G E>:= MH <A:G@>L P> L>> BG MA> IE:GM� LN<A :L FHO>F>GM MHP:K=L EB@AM� : MK:GLBMBHG ?KHF

O>@>M:MBO>�@KHPMA�MH�fHP>KBG@��HK�MA>�<EHLBG@�H?�E>:?�LMHF:M:�=N>�MH�=KHN@AM�LMK>LL

0A> I>K<>IMBHG H? MA> AHKFHG> H<<NKL BG <>EEL :G= MAKHN@AHNM : MBLLN> HK HK@:G�

=>I>G=BG@ HG PA>K> MA> AHKFHG> BL EH<:M>=� MA> <HG<>GMK:MBHG H? MA> AHKFHG>� :G= MA>

=>O>EHIF>GM:E LM:M> :G= IARLBHEH@B<:E <HG=BMBHG H? MA> <>EE ):GR <>EEL PBMABG : MBLLN> <:G



K>LIHG= BG : <HHK=BG:M>= F:GG>K� K>LNEMBG@ BG <A:G@>L BG MA> PAHE> IE:GM %HKFHG>L :K>

H?M>G F:=> BG HG> <>EE :G= MK:GLEH<:M>= MH HMA>K <>EEL PA>K> MA>R :K> I>K<>BO>=� :G= MA>

K>LIHGL> F:R H<<NK ?:K :P:R ?KHF MA> LBM> H? AHKFHG> LRGMA>LBL .>LIHGL>L MH AHKFHG>L

:K> LMN=B>= MAKHN@A >QH@>GHNL :IIEB<:MBHG H? MA> <A>FB<:E MH : IE:GM MBLLN>\ MA>

AHKFHG> BL :IIEB>= MH MA> HNMLB=> �>QH	 H? MA> IE:GM :G= H;L>KO:MBHGL :K> F:=> HG AHP

MA> IE:GM K>LIHG=L #HK AHKFHG>L MA:M :K> : @:L� EBD> >MARE>G>� MABL F>:GL MA> AHKFHG>

<:G ;> MK:GLEH<:M>= ?KHF HG> IE:GM MH :GHMA>K IE:GM 0A> IE:GML :K> >LL>GMB:EER M:EDBG@ MH

HG>�:GHMA>K��NLBG@�:�PB=>�O:KB>MR�H?�FHE><NE>L

"QI>KBF>GML BG PAB<A AHKFHG>L :K> >QH@>GHNLER :IIEB>= MH : IE:GM K>O>:E AHP IE:GML

K>LIHG= MH AHKFHG>L� FN<A H? HNK DGHPE>=@> :;HNM MA> KHE> AHKFHG>L IE:R BG IE:GM

@KHPMA BL ?KHF MABL MRI> H? >QI>KBF>GM 3A>G>O>K : AHKFHG> BL >QH@>GHNLER :IIEB>=�

AHP>O>K� BM BL :ELH BGM>K:<MBG@ PBMA :EE H? MA> AHKFHG>LIK>L>GM BG MA> IE:GM 0A>L> :K>

1:0;31:;A? AHKFHG>L �1:0; F>:GL BGM>KG:E	� :G= MA> <>EE K>LIHG=L :<<HK=BG@ MH MA>

LNF H? :EE AHKFHG>L BG BML IK>L>G<> 0ABL <:G <HFIEB<:M> MA> BGM>KIK>M:MBHG H? K>LIHGL>L

MH�>QH@>GHNL�AHKFHG>�:IIEB<:MBHGL

0A> AHKFHG>L NL>= BG IE:GM IKHI:@:MBHG <:G ;> G:MNK:EER H<<NKKBG@ :G= ?HNG= BG F:GR

IE:GML� HK <:G ;> LRGMA>MB< HK LRGMA>LBS>= MH FBFB< MA> LMKN<MNK> :G= K>LIHGL> H? :

G:MNK:EER H<<NKKBG@ AHKFHG> /RGMA>MB< AHKFHG>L :K> H?M>G NL>= BGLM>:= H? G:MNK:EER

H<<NKKBG@ O>KLBHGL ;><:NL> MA>R :K> E>LL >QI>GLBO> MH H;M:BG� F:R <:NL> @K>:M>K HK EHG@>K

E:LMBG@ K>LIHGL>L� :G= <:G ;> E>LL LNL<>IMB;E> MH =>@K:=:MBHG BG MA> IE:GM :G= =NKBG@

LMHK:@> �><:NL> >QH@>GHNL :IIEB<:MBHG H? AHKFHG>L IE:R : KHE> BG F:GBINE:MBG@ HK

=BLKNIMBG@ IE:GM @KHPMA� MA>R :K> NL>= >QM>GLBO>ER :L A>K;B<B=>L �P>>= DBEE>KL	 :G= <:G ;>

M:K@>M>= MH <>KM:BG MRI>L H? IE:GML ;:L>= HG AHP <>KM:BG LI><B>L K>LIHG= MH MA> =Bh>K>GM

LMKN<MNK>
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� @C59

�NQBGL :K> : @KHNI H? K>E:M>= FHE><NE>L MA:M :K> BGOHEO>= BG :EFHLM >O>KR :LI><M H? MA>

IE:GM^L EB?> <R<E> �NQBGL LMBFNE:M> @KHPMA MAKHN@A <>EE >EHG@:MBHG� PAB<A BL BGM>@K:E MH

MA> IE:GM^L K>LIHGL>L MH >GOBKHGF>GM:E <A:G@>L �NQBGL :K> K>LIHGLB;E> ?HK MPH MRI>L

H? @KHPMA K>LIHGL>L�<4;@;@>;<5?9� MA> ;>G=BG@ HK @KHPMA H? : LAHHM MHP:K= EB@AM�

:G= 3>-B5@>;<5?9� : <A:G@> BG @KHPMA H<<NKKBG@ :?M>K : <A:G@> BG @K:OBM:MBHG:E ?HK<>
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0A> =B:@K:F ;>EHP LAHPL BG=HE>:<>MB< :<B= �i��� BEENLMK:M>= PBMA IBGD =HML	� : G:MNK:EER

H<<NKKBG@ :NQBG� FHOBG@ ?KHF MA> LNGGR MH MA> LA:=R LB=> H? : LAHHM MBI 0A> =Bh>K>GMB:E

:<<NFNE:MBHG H? :NQBG HG MA> LA:=R LB=> H? MA> LAHHM <:NL>L MAHL> <>EEL MH BG<K>:L>

@KHPMA :G= ;>G=L MA> LAHHM MBI MHP:K= MA> EB@AM �NQBG^L LMBFNE:MBHG H? <>EE @KHPMA BL :ELH

BFIHKM:GM�BG�A>:EBG@�PHNG=L�:G=�?HKFBG@�<:EENL>L�:?M>K�IKNGBG@
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0A> :;BEBMR H? :NQBG MH K>@NE:M> @KHPMA <:G ;> MNKG>= :@:BGLM P>>=L �IE:GML HNM H? IE:<>	

0A> LRGMA>MB< :NQBG ����=B<AEHKHIA>GHQR:<>MB< :<B=� HK ����!� BL : <HFFHG A>K;B<B=> MA:M

BGM>KKNIML GHKF:E @KHPMA K>@NE:MBHG PA>G :IIEB>= MH MA> IE:GM� <:NLBG@ E>:? =KHI :G=

=>:MA �><:NL> =B<HMRE>=HGHNL �=B<HM	 IE:GML A:O> : AB@A>K <HFI>M>G<R MH K>LIHG= MH

����!� ����! <:G ;> NL>= :L : L>E><MBO> A>K;B<B=> MH DBEE =B<HM P>>=L BG E:PGL :G= <HKG e>E=L�

PAB<A :K> K>LBLM:GM� FHGH<HMRE>=HGHNL �FHGH<HM	 @K:LL>L 0A> @K:LL BL NGA:KF>= =N> MH

BML�EHP>K�<HFI>M>G<R�MH�K>LIHG=��PABE>�MA>�=B<HM�IE:GML�:K>�DBEE>=

iG @>G>K:E� :NQBGL :K> IKH=N<>= BG MA> RHNG@ E>:O>L H? : IE:GM :G= MK:GLEH<:M>= =HPGP:K=
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MH HE=>K MBLLN>L 0ABL =HPGP:K= MK:GLEH<:MBHG <HGMKHEL :IB<:E =HFBG:G<>� PA>K> @KHPMA

H? :QBEE:KR ;N=L BL LNIIK>LL>= .>FHO:E �IBG<ABG@	 H? MA> LAHHM MBI PA>K> :NQBG BL ;>BG@

IKH=N<>=� :L LAHPG BG MA> MAK>> IAHMHL H? FBGM ;>EHP� K>E>:L>L MA> :QBEE:KR ;N=L ?KHF
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CHAPTER 5: INSIDE PLANTS
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CHAPTER 6: CELLS, TISSUES, AND
WOODY GROWTH
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6.1 PLANT CELLS AND TISSUES
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CHAPTER 7: MERISTEMS AND
FLOWERS
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7.1 MERISTEM MORPHOLOGY
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@>G>K:EER A:O> MAK>> FH=Be>= E>:O>L :MM:<A>= :M >:<A GH=>� PABE> =B<HML NLN:EER A:O> ?HNK
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HK eO> :MM:<A>= :M >:<A GH=> +G> BGM>K>LMBG@ ?>:MNK> H? MA> LMK:P;>KKR fHP>K LAHPG

:;HO> BL MA> >GE:K@>= @RGH><BNF GH=> H? MA> K><>IM:<E> MA:M BL <HO>K>= ;R <:KI>EL 0A>

K><>IM:<E> PBEE ;><HF> MA> K>= <NEBG:KR _?KNBM�` PABE> MA> :<MN:E ;HM:GB<:E ?KNBML PBEE ;> MA>

:<A>G>L �RHN^O> <HGLB=>K>= MA>F L>>=L� ;NM MA>R :K> : MRI> H? ?KNBM	 >F;>==>= BGMH MA>

HNM>K�LNK?:<>�H?�MA>�K><>IM:<E>

3:M<A MA> G>QM MPH OB=>HL MH E>:KG FHK> :;HNM fHP>K I:KML :G= :;HNM MA> LI><B:EBS>=

fHK>ML�H?�:G��LM>K:<>:>�fHP>K

3:M<A�MABLOB=>HHG�fHP>K�LMKN<MNK>
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0A> ?HNKMA PAHKE :M MA> ;:L> H? MA> K><>IM:<E> BL MA>/-8ED C4;>8  0A> <:ERQ BL F:=>

NI H? FH=Be>= E>:O>L <:EE>=?1<-8? iG LHF> LI><B>L MA> L>I:EL EHHD EBD> FBGB:MNK>

E>:O>L� MA>R :K> @K>>G :G= IAHMHLRGMA>MB< iG HMA>K LI><B>L� EBD> MA> EBER� MA>R :K> LAHPR

:G= :EFHLM BG=BLMBG@NBLA:;E> ?KHF MA> I>M:EL 3A>G L>I:EL :G= I>M:EL :K> LAHPR :G=
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HK:G@>?@-91:? MA:M RHN <:G ;:K>ER L>> BGLB=> MA> HI>GBG@ fHP>K *HMB<> MA:M MA>K> :K>

:II:K>GMER GH L>I:EL 0A:M BL ;><:NL> MA> MAK>> L>I:EL :G= MAK>> I>M:EL H? MABL FHGH<HM
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BGMKH=N<>= @>HIARM>L BG : IK>OBHNL E><MNK> :L IE:GML MA:M =>O>EHI NG=>K@KHNG= HK@:GL

MA:M�:EEHP�MA>�IE:GM�MH�LNKOBO>�=NKBG@�I>KBH=L�H?�AHLMBE>�>GOBKHGF>GM:E�<HG=BMBHGL

3:M<A�MABLOB=>HHG�M>I:EL

�*!�,/�),/ !�%*1!/ �� 1%4!�!(!)!*1 0�$�0�� !!*�! 6� (2 ! �" /,)�1 $%0�4!/0%,*�,"�1$!�1! 61J��,2���*�4%! 5

1$!)�,*(%*!�$!/ !F$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y<;C;I, !)� ! S >

�+. +((�

0A> G>QM PAHKE MHP:K= MA> MBI MA> K><>IM:<E> ;>:KL MA>/;>;88-  0A> <HKHEE: BL <HFIHL>= H?
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:G= LAHPR I:MM>KGL ,>M:EL F:R :ELH >QN=> G><M:K G>:K MA>BK LBM> H? :MM:<AF>GM MH MA>

K><>IM:<E> MH K>P:K= BGL><ML PAH OBLBM MA> fHP>KL :G=� PA>G =HBG@ LH� LIK>:= IHEE>G ?KHF

fHP>K MH fHP>K  HEHK I:MM>KGL HG MA> I>M:EL F:R LBFNE:M> : _;NEEL >R>` HK E:G=BG@ LMKBI

MA:M IKHOB=>L MA> BGL><M PBMA : OBLN:E @NB=> IHBGMBG@ MH MA> EH<:MBHG H? MA> G><M:K� :L BG MA>
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&@E81

0A>�LM:ED�MA:M�>E>O:M>L�MA>�LMB@F:

#B->E

0A>�LPHEE>G�;:L>��PAB<A�BG<EN=>L�
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:G=KH><BNF� <:ERQ� :G= <HKHEE: :K> :MM:<A>= 0ABL F>:GL MA:M MA> HO:KR BL LNKKHNG=>=
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:G= $RGH><BNF \ BL <:EE>= :�/;9<81@1� I;C1>  #EHP>KL FBLLBG@ HG> HK FHK> I:KML
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>O>GML =NKBG@ MA> LM:@>L H? fHP>K F:MNK:MBHG >G<HNK:@> L>E?�IHEEBG:MBHG #HK BGLM:G<>� BG

LHF> LI><B>L MA> :GMA>K F:MNK>L :G= IHEE>G BL LA>=� :G= MA> LMB@F: BL K><>IMBO>� ;>?HK>
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CHAPTER 7: TERMS
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CHAPTER 8: FRUIT
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8.1 FRUIT MORPHOLOGY
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CHAPTER 8: TERMS
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CHAPTER 9: SEEDS
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iG <HGMK:LM� PA>G <HKG F:MNK>L� MA> HONE> P:EE LF:LA>L NI :@:BGLM MA> HO:KR P:EE :L MA>

<>EEL BGLB=> FNEMBIER :G= >GE:K@> 0A> HONE> P:EE <>EEL =BLBGM>@K:M>� LH :M F:MNKBMR MA>K> :K>

HGER K>FG:GML H? MA> L>>= <H:M 0A> HO:KR P:EE F:MNK>L BGMH MA> I>KB<:KI H? MA> <HKG L>>=�

PAB<A�BL�MA>�A:K=�>QM>KBHK�H?�MA>�L>>=

0A>L>�PHK=L�;>EHG@�MH@>MA>K�

a +ONE>�P:EE�\�/>>=�<H:M

a +O:KR�P:EE�\�,>KB<:KI

5HN FB@AM ;> BGM>K>LM>= MH DGHP MA:M RHN :K> IKH;:;ER P>:KBG@ BGM>@NF>GM�L>>= <H:M

MBLLN> KB@AM GHP 0A> eG> e;>KL :MM:<A>= MH MA> HNMLB=> H? <HMMHG L>>=L :K> F:=> NI H?

EHG@ <A:BGL H? LBG@E> <>EEL H? BGM>@NF>GM MBLLN> :G= :K> >QM>GLBHGL H? MA> L>>= <H:M 0A>L>

e;>KL�:K>�K>FHO>=�?KHF�<HMMHG�L>>=L��LING�BGMH�:�e;>K��:G=�PHO>G�BGMH�?:;KB<
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9.2 SEED PHYSIOLOGY
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E �!0�/ %�!�1$!�-/ , � !00�, "�0!! �#!/)%*�1 %,*J

E  %01�1$!�! 61!/*�(�" �� 1,/ 0�1$�1��/ !�/ !.2%/! �" ,/�0!! �#!/)%*�1 %,*J

E �* !/ 01�* � ,/)�*� 7��* �1 $!�� ,* %1%,*0�*!! ! �" ,/�#!/)%*�1 %,*�1,�, � �2/ J
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iG MA> HO:KR� PBMABG MA> HONE>� :?M>K >@@ :G= LI>KF NGBM> MH ?HKF MA> SR@HM>� MA> SR@HM> <>EE

K>I>:M>=ER =BOB=>L :G= =>O>EHIL BGMH :G >F;KRH 0A> >F;KRH =Bh>K>GMB:M>L BGMH =Bh>K>GM

LMKN<MNK>L \ IENFNE>� K:=B<E>� <HMRE>=HG�L	� :G= MA> >G=HLI>KF� L>>= <H:M� HK I>KB<:KI

=>O>EHI +G<> MABL =>O>EHIF>GM A:L H<<NKK>=� MA> >F;KRH^L F>M:;HEBLF LEHPL =HPG MH

G>:KER S>KH :G= MA> F:M>KG:E IE:GM LMHIL INFIBG@ >G>K@R BGMH MA> L>>= 0A> G:L<>GM

IE:GM <HGM:BG>= PBMABG MA> L>>= \K>:EER :G >F;KRH LNKKHNG=>= ;R GNMKBMBO> MBLLN> :G=

: IKHM><MBO> <HO>KBG@ \BL GHP BG=>I>G=>GM H? MA> FHMA>K IE:GM 0A> L>>=� PAB<A BL MA>

G>QM�@>G>K:MBHG�H?�IE:GM��>GM>KL�:=A51?/1:@IA:L>

.><:EE�MA:M�MA>�L>>=�<HGM:BGL�

a �G�>F;KRH��PAB<A�BL�MA>�G>P�IE:GM�

a ��GNMKB>GM�LHNK<>��MRIB<:EER�>G=HLI>KF�:G=�HK�<HMRE>=HG	��:G=

a ��IKHM><MBO>�<HO>KBG@��MRIB<:EER�:�L>>=�<H:M�:G=�HK�I>KB<:KI	



3AR�=H�IE:GML�IKH=N<>�L>>=L���><:NL>�L>>=L�:EEHP�IE:GML�MH�

a ,KHI:@:M>�MA>�G>QM�@>G>K:MBHG

a $>G>K:M>�@>G>MB<:EER�O:KB:;E>�HhLIKBG@�MA:M�<:G�;>�LHKM>=�MAKHN@A�G:MNK:E�L>E><MBHG

a /NKOBO>�A:KLA�<HG=BMBHGL

a !BLI>KL>�BGMH�G>P�>GOBKHGF>GML

� ! �� $%(!�-!-- !/ J�%/��%*�7J� ��� � S�� S���= J;

0A> eKLM H? MA>L> K>:LHGL BL H;OBHNL� MH IKHI:@:M> +G> I:K>GM IE:GM @>G>K:M>L F:GR

L>>=L� :G= MAKHN@A MA>L> L>>=L IHM>GMB:EER ;>:KL F:GR HhLIKBG@ � DB=G>R ;>:G IE:GM� ?HK

BGLM:G<>� FB@AM :O>K:@> � L>>=L I>K IH= :G= A:O> �� IH=L A:G@BG@ HG MA> IE:GM� LH HG>

IE:GM RB>E=L �� L>>=L � GB<> >:K H? e>E= <HKG PBEE A:O> �� KHPL H? D>KG>EL PBMA �� D>KG>EL

I>K KHP� ?HK : RB>E= H? ��� L>>=L 0A> MBGR AHM I>II>K BG RHNK @:K=>G A:L HO>K �� L>>=L�

:G=����I>II>KL�HG�:�IE:GM�PHNE=�RB>E=�������L>>=L

0A> L><HG= K>:LHG� @>G>MB<:EER O:KB:;E> HhLIKBG@� K>LNEML ?KHF <KHLL�IHEEBG:MBHG

�F>GMBHG>= :;HO> NG=>K />>= )HKIAHEH@R	� PAB<A BL I:KMB<NE:KER <HFFHG BG PBE=�

NG=HF>LMB<:M>= IE:GML 3A>G IE:GML <KHLL�IHEEBG:M>� :G >@@ BL ?HKF>= PBMABG MA> F:M>KG:E

IE:GM 0A> @>G>MB< <HGLMBMNMBHG H? MA> =>O>EHIBG@ >F;KRH PBMABG MA> L>>= BL ��� ?KHF MA>

I:M>KG:E IE:GM� ��� ?KHF MA> F:M>KG:E IE:GM 0A> I:KMB<NE:K <HF;BG:MBHG H? @>G>L BG MA>

=>O>EHIBG@ L>>= BL =Bh>K>GM ?KHF MA:M BG >BMA>K I:K>GM IE:GM� :G= ?KHF MA> HMA>K L>>=L

HG MA> L:F> F:M>KG:E I:K>GM 0A> L>>=L LA:K> LHF> H? MA> L:F> @>G>L� ;NM MA> LI><Be<

<HF;BG:MBHG H? @>G>L BL =Bh>K>GM 0A:M =Bh>K>G<> K>LNEML BG @>G>MB< O:KB:;BEBMR� PAB<A <:G

;> >QIK>LL>= :L =Bh>K>G<>L BG IE:GM A>B@AM� fHP>K <HEHK� E>:? LA:I>� ?KNBM LBS>� HK HMA>K
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FHKIAHEH@B<:E HK IARLBHEH@B<:E <A:K:<M>KBLMB<L iG G:MNK>� MABL O:KB:;BEBMR BL MA> K:P F:M>KB:E

HG PAB<A G:MNK:E L>E><MBHG HI>K:M>L iG IE:GM ;K>>=BG@� BM BL MA> K>LHNK<> MA:M LNLM:BGL HNK

>hHKML�MH�L>E><M�BFIKHO>=�IE:GM�O:KB>MB>L

!N> MH MA>BK IKHM><MBO> <H:MBG@ :G= JNB>L<>GM F>M:;HEBLF� L>>=L <:G LNKOBO> A:KLA

<HG=BMBHGL MA:M PBEE DBEE MA> I:K>GM IE:GM LN<A� :L ?K>>SBG@ <HE=� IKHMK:<M>= =KHN@AM� :G=

>O>G eK>L +G<> <HG=BMBHGL :K> :@:BG ?:OHK:;E> ?HK IE:GM @KHPMA� MA> L>>=L <:G MA>G

@>KFBG:M>

������"+(�*+�$

3:M<A�MABL�OB=>H�?HK�:G�>QIE:G:MBHG�H?�L>>=�=BLI>KL:E�BG�LI:<>�:G=�MBF>�����	
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1$!)�,*(%*!�$!/ !F$11-0FMM,- !*J(%�J2)*J ! 2M$,/ 1%�2(12/!MK-Y<>D=I, !)� ! S <

� �)�/ �0��/ !�1$!�:�1 S5%*#! �" /2%1�-/,  2� ! �� 7�)�-(!�1/ !!0 J�, �� �// %�' J� �
� � S���= J;

/>>=L =BLI>KL> ?KHF MA> F:M>KG:E I:K>GM IE:GM _BG LI:<>` MAKHN@A F:GR PHG=>K?NE :G=
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<K>:MBO> F><A:GBLFL ?HK ABM<ABG@ KB=>L HG MA> PBG=� HG :GBF:EL� :G= LHF>MBF>L�# :GBF:EL

:L�MA>R�:K>�>:M>G��I:LL�MAKHN@A�MA>�@NM��:G=�:K>�>Q<K>M>=

5HN A:O> IKH;:;ER L>>G fNhR <HMMHGPHH= �IHIE:K	 L>>=L fH:MBG@ HG MA> LNFF>K ;K>>S>�

INEE>= ;NK=H<D L>>=L Hh RHNK LP>:M>K :?M>K ;NLAPA:<DBG@ MAKHN@A MA> PHH=L BG MA>

?:EE� HK P:LA>= ;BK= @N:GH ?NEE H? FNE;>KKR L>>=L Hh RHNK <:K^L PBG=LAB>E= 0A>L> L>>=L

:EE NL>= LMK:M>@B>L ?HK =BLI>KL:E BG LI:<>2:G=>K;BEM 1GBO>KLBMR^L �BHBF:@>L�HIMBHG:E	

BG<EN=>L�IAHMHL�H?�F><A:GBLFL�MA:M�A>EI�LI:MB:EER�=BLI>KL>�L>>=L

/>>=L :ELH =BLI>KL> ?KHF MA> F:M>KG:E I:K>GM IE:GM _BG MBF>` /HF> A:O>0;>9-:/E

F><A:GBLFL MA:M =>E:R @>KFBG:MBHG NGMBE MA> G>QM ?:OHK:;E> @KHPBG@ L>:LHG� PAB<A FB@AM

;> : R>:K ?KHF GHP HK >O>G L>O>K:E R>:KL ?KHF GHP />>=L :K> <HGLB=>K>= =HKF:GM B? MA>R

:K> :EBO> :G= =HG^M @>KFBG:M> >O>G B? IKHOB=>= PBMA ?:OHK:;E> <HG=BMBHGL ?HK @>KFBG:MBHG

0A>K>�:K>�F:GR�=HKF:G<R�F><A:GBLFL��P>^EE�:==K>LL�LHF>�H?�MA>F�E:M>K

i? RHN^O> >O>K =N@ NI G>P L><MBHGL H? RHNK R:K= ?HK : @:K=>G� =B= RHN GHMB<> MA:M� : ?>P

P>>DL :?M>K IE:GMBG@ O>@@B>L HK fHP>KL BG MA> LIKBG@� RHN L:P : ;B@ fNLA H? P>>=L� �G=

B? RHN INEE>= NI :EE H? MAHL> P>>=L :G= LHF>AHP IK>O>GM>= :GR G>P L>>=L ?KHF E:G=BG@

BG MA> @:K=>G� RHN LMBEE @HM : ;B@ fNLA H? P>>=L MA> G>QM R>:K� 0ABL BL <:EE>= MA> LHBE^L L>>=

;:GD� :G= BM^L =N> MH =HKF:GM L>>=L MA:M :K> K>LMBG@ BG MA> LHBE "O>KR R>:K : I>K<>GM:@>

H? MAHL> L>>=L EHL> MA>BK =HKF:G<R :G= @>KFBG:M>� E>:OBG@ RHN PHG=>KBG@ BG ?KNLMK:MBHG

PA>MA>K�MA>�P>>=BG@�PBEE�>O>K�>G=��iM�PHG^M	
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$>KFBG:MBHG BL MA> K>:<MBO:MBHG H? MA> L>>=^L F>M:;HEBLF :G= MA> K>LMHK:MBHG H? >F;KRH

@KHPMA�0A>K>�:K>�MPH�F:BG�K>:LHGL�PAR�L>>=L�=HG^M�@>KFBG:M>�

� 0A>R�<HNE=�LMBEE�;>�JNB>L<>GM�;><:NL>�?:OHK:;E>�>QM>KG:E�<HG=BMBHGL�=H�GHM�R>M�>QBLM

iG�I:KMB<NE:K��MA>�>GOBKHGF>GM�<HNE=�;>�MHH�=KR�HK�MHH�<HE=��HK�MA>�HQR@>G�E>O>EL

<HNE=�;>�MHH�EHP�MH�LNIIHKM�>F;KRH�@KHPMA

� 0A>R�<HNE=�;>�=HKF:GM�\MA>�<A:K:<M>KBLMB<�MA:M�:EEHPL�L>>=L�MH�=BLI>KL>�BG�MBF>

�C?1=9-7�/:905?5:9>

0A>�>QM>KG:E�<HG=BMBHGL�K>JNBK>=�?HK�@>KFBG:MBHG�MH�H<<NK�:K>�

a 3:M>K

a +QR@>G

a 0>FI>K:MNK>

a (B@AM��?HK�LHF>�LF:EE�HK�eG>�L>>=L��EBD>�E>MMN<>	

(HHDBG@�:M�MA>L>�>QM>KG:E�<HG=BMBHGL�FHK>�<EHL>ER�

)HBLM <HG=BMBHGL :EEHP MA> L>>= MH BF;B;> P:M>K />>=L :K> MRIB<:EER O>KR =KR \

LHF>PA>K> BG MA> �[��� K>E:MBO> ANFB=BMR K:G@> \ LH MA>R PBEE K>:=BER M:D> NI FHBLMNK>

?KHF =:FI LHBE 3:M>K FHO>L MAKHN@A MA> I>KB<:KI :G= L>>= <H:M BGMH <>EEL :G= E>:=L MH

K>:<MBO:MBHG H? MA> F>M:;HEB< IKH<>LL>L 0A> L>>=^L GNMKBMBO> K>L>KO>L :K> F>M:;HEBS>= ?HK

MA>�>F;KRHGB<�<>EEL�MH�=BOB=>��>GE:K@>��:G=�=Bh>K>GMB:M>

0A> ;K>:D=HPG H? GNMKB>GM K>L>KO>L MH ?HKF >G>K@R ?HK IE:GM @KHPMA BL <:EE>=>1?<5>-@5;:�

:G= BM K>JNBK>L HQR@>G 0A> L>>= FNLM A:O> HQR@>G MH K>LIBK> i? RHN D>>I L>>=L BG

:G HQR@>G�=>IE>M>= :MFHLIA>K>� MA>R PBEE GHM @>KFBG:M> +G> :EE�MHH�<HFFHG MRI> H?

HQR@>G�=>IE>M>= >GOBKHGF>GM BG PAB<A L>>=L :K> LHF>MBF>L IE:<>= BL P:M>KEH@@>= LHBE i?

RHN HO>K�P:M>K G>PER IE:GM>= L>>=L� MA> P:M>K PBEE D>>I HQR@>G ?KHF K>:<ABG@ MA> L>>=L�

:G= :EMAHN@A MA> L>>=L PBEE BF;B;> P:M>K :G= LP>EE :L B? >O>KRMABG@ BL @HBG@ P>EE� MA>R PBEE

GHM @>KFBG:M>� :G= PBEE EBD>ER KHM ;><:NL> MA>K> BL GHM >GHN@A HQR@>G :O:BE:;E> MH LNLM:BG

K>LIBK:MBHG 3:M>KEH@@>= LHBE :ELH >G<HNK:@>L @KHPMA H? ;:<M>KB:E :G= ?NG@:E HK@:GBLFL

MA:M�<:G�BG?><M�:G=�=><HFIHL>�MA>�L>>=

!>I>G=BG@ HG MA> LI><B>L� L>>=L A:O> O:KBHNL M>FI>K:MNK> K>JNBK>F>GML ?HK
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@>KFBG:MBHG /HF> LIKBG@ fHP>KL PBEE @>KFBG:M> PA>G LHBE M>FI>K:MNK>L :K> JNBM> <HHE�

>O>G ;>EHP ��V#� PABE> FHLM H? MA> L>>=L P> IE:GM BG HNK @:K=>GL IK>?>K M>FI>K:MNK>L BG

MA> ��[��V# K:G@> �@:BG� K>LIBK:MBHG BL MA> K>:LHG )HE><NE>L FHO> :KHNG= ?:LM>K PA>G

MA>R :K> P:KF>K� :G= MABL FHO>F>GM >G<HNK:@>L MA> <A>FB<:E K>:<MBHGL K>JNBK>= ?HK

K>LIBK:MBHG i? MA> L>>=L :K> <HE= :G= MA> FHE><NE>L :K>G^M FHOBG@ :KHNG=� MA> L>>=L PHG^M

@>KFBG:M>

i? EB@AM BL K>JNBK>= ?HK L>>= @>KFBG:MBHG� MA> LI><B>L BL L:B= MH ;> IHLBMBO>ER IAHMH;E:LMB<

0ABL <A:K:<M>KBLMB< :EEHPL MA> L>>= MH K>F:BG =HKF:GM PA>G ;NKB>= =>>I NG=>K@KHNG=�

;NM MH @>KFBG:M> PA>G ;KHN@AM MH MA> LNK?:<> �L RHN FB@AM BF:@BG>� P>>=L MA:M :K>

LN<<>LL?NE BG :GGN:EER�MBEE>= LHBEL F:R ;> IHLBMBO>ER IAHMH;E:LMB< 0A>R K>F:BG =HKF:GM

NGMBE�MBEE:@>�;KBG@L�MA>F�MH�MA>�LHBE�LNK?:<>
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%1?<5>-@5;:K>?>KL MH MA> L>M H? K>:<MBHGL MA:M M:D> IE:<> BG MA> IE:GM <>EE MH <HGO>KM

<A>FB<:E >G>K@R LMHK>= BG FHE><NE>L BGMH : ?HKF H? >G>K@R MA:M <:G ;> K>:=BER NL>= ;R

MA> <>EE MH IHP>K HMA>K <A>FB<:E K>:<MBHGL .>LIBK:MBHG <HGO>KML MA> LM:K<A LMHK>= BG MA>

>G=HLI>KF HK <HMRE>=HG BGMH�0, ��=>GHLBG> MKBIAHLIA:M>	�HIMBHG:E K>:=BG@	� PAB<A BL

NL>= BG MA> :IB<:E F>KBLM>FL :G= MA> K:=B<:E H? MA> >F;KRH MH ?N>E <>EE =BOBLBHG :G= MA>

IKH=N<MBHG�H?�G>P�<>EEL

�(2� ,0!�),(!�2(!J �2�(%�� ,)�%* J

/M:K<A BL F:=> NI H? : <A:BG H? @EN<HL> LN;NGBML $EN<HL>� LAHPG BG MA> MAK>>�=BF>GLBHG:E
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FH=>E :;HO>� BL : LBFIE> LN@:K MA:M BL F:=> NI H? � <:K;HG :MHFL� � HQR@>G :MHFL� :G= ��

AR=KH@>G :MHFL 0A> LAHKMA:G= ?HKFNE: ?HK @EN<HL> BL  � %�� + �  0A> LAHKMA:G= ?HKFNE:

?HK LM:K<A BL 7 � %�� + � 8G� PA>K> MA> _G` BG=B<:M>L MA:M MA>K> :K> _G` @EN<HL> FHE><NE>L MA:M�

PA>G�EBGD>=�MH@>MA>K��F:D>�NI�:�LM:K<A�FHE><NE>

3A>G P> INM : JNB>L<>GM� ;NM GHM =HKF:GM� L>>= BG MA> @KHNG= :G= BM A:L :<<>LL MH

:IIKHIKB:M> FHBLMNK>� P:KFMA� :G= HQR@>G �:G= EB@AM B? IHLBMBO>ER IAHMH;E:LMB<	� BM ;>@BGL

MH K>LIBK> "GSRF>L :K> L><K>M>= ;R MA> <HMRE>=HG :G=� =>I>G=BG@ HG MA> LI><B>L� ;R

HMA>K LI><B:EBS>= <>EEL LNKKHNG=BG@ MA> <HMRE>=HG :G= >G=HLI>KF� PAB<A ;K>:D =HPG MA>

LMHK>= LM:K<A BGMH BML @EN<HL> LN;NGBML iM BL BFIHKM:GM MA:M MA> LM:K<A ;> ;KHD>G =HPG MH

@EN<HL> ;><:NL> @EN<HL> BL : LN@:K MA:M BL IARLB<:EER LF:EE >GHN@A MH I:LL MAKHN@A MA>

L>FBI>KF>:;E> <>EE F>F;K:G>� LM:K<A BL MHH E:K@> MH @>M MAKHN@A /M:K<A <:G^M ;> FHO>=

?KHF <>EE MH <>EE� ;NM @EN<HL> <:G /M:K<A <:G ;> LMHK>= BG <HMRE>=HG HK >G=HLI>KF <>EEL

:G= ;> ;KHD>G =HPG MH @EN<HL>� :G= MA:M @EN<HL> MA>G FHO>L BGMH MA> :<MBO>ER =BOB=BG@

F>KBLM>F�<>EEL

� !((2(�/�/ !0- %/�1%,*J��)%(7��!- !

+G<> BG MA> <>EE <RMHIE:LF� MA> @EN<HL> BL ;KHD>G BG A:E? ;R : IKH<>LL <:EE>=38E/;8E?5?

MH ?HKF : ��<:K;HG <HFIHNG= DGHPG :L<E>AB-@1 ,RKNO:M> eKLM K>:<ML PBMA : <:KKB>K
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FHE><NE> :G= MA>G FHO>L BGMH MA> FBMH<AHG=KB: \ MA> IHP>KAHNL> HK@:G>EE>L BG MA> <>EE

\ PA>K> BM BL ?NKMA>K F>M:;HEBS>= MH RB>E= AB@A�>G>K@R FHE><NE>L H? �0, 0A> IKH<>LL>L BG
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CHAPTER 9: TERMS
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CHAPTER 10: GRAFTING
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10.1 GRAFTS AND WOUNDS
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