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HEESSZBET AN BREB (Poncirus) B (Fortunella)
B (Citrus) S =B HE R B A0S B8, BULE U K58, 5
%ﬁ&sﬂngbims trifoliata, 'Rafines'que.' BEERILHRR,ERI
B, B, B, BN, 1012, B, AR AR T,
AR A T 1 7 2 T A AR B

&*ﬂ'ﬁﬁ H@EEI&E%@;%&E (Fortunella Hindsii., Swingle.)
'E}&ﬁﬁ,ﬁiiI,%ﬁ%gbﬁijﬁ(Fortjmella crassifolia, Swingle),ﬁﬁ_
(Fortunella margarita, Swingle) M ITS M, 3 Bt , AR , B
(Fortunella japonica, Swingle) & &8, 1L WEE , M8+ ERE [T
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MBS ZHRELS, FERRHDLERES WS, 0HE, &
B BH B, E B RIR R P, 8 AR R (Citrus
microcarpa, Bunge.) SR B B E , ERRARELN, RBHEEE,
¥ (Loose ‘skinned orange gfoup)Z@ﬁﬁ%? BRI R
RS AHE, B ARMGRNER LS, ELEEERMNE) BB
%I,ﬁ}{k& Cihlus tachibana Tanaka B Citrus nobilis, Lou'r._ﬁﬂj{o
RS R, B, N W RLE R4
AR RAR, R B T ATLL R RIS, A2 2 MR M, 1 RN OiR
MU, B R AEZ EEM,EREEBMY, WA B, 4 biEM S
By LU, 178 B 6 09 TR MR L R 5 2 LIS
AMAEEE UEERLREL EERERSSE ERELS, 5,
BN, B, 0 R B AR, B, B, BN B T R L
AR

#L1%% (Tangerines group) Citrus tangerina, Hort. ex Tanaka fn
06 FE M , & FEHFILIE RS, VTG, B0 LU ]3S S8, R B BRI 2
;‘Egﬁﬁéoﬂiﬁﬂ%%’ﬁﬁé C-itms.e-ryt_hs'osa,Hort. ex Tanaka. BEET
B 15, 16 B 10 06, 304045 3 . RAUT AR R B 1 2, MR SUAT BRI OL,

HHgi(Mandarin group)EREH 2 AL S, RELENEES, AX
B2 ﬁ?ﬁ;'ﬁﬁﬂﬁmm Citrus pqonf__ans-i.s-, Hort. i B i , % MM E
Suntara, k‘eonlaﬁﬂ,ﬁ&ﬁ}ﬂﬁ%ﬁ?ﬂﬁ” %E.@E*ﬂ,ﬁiﬁ? 52!5‘-
SRS B E A 2 S, FRZ A, R Keonla 2RI, W
HHB R3S, & R oZ UM S JU T 2 . D@ I ED SR8 , 4 EE BRI



BB P ERMBRE R R RS HE | 3

.55 FORBER, FEEFZERME AN RAREN, GREE
i AT REEE, NERE, AEERBNEERE, BHENRS,
JEBFHRE,ERARBTHREX A,

FHHEFIE B (Citrus sinensis, Osbeck.) 6% BB ER T, BF L
£% , HiFll & > Navanj i, B BB 0 85 7 , 505 507 , B8 2628
WEATHERERLY, H, S, X8 M8, EERNT,
B BINER, %IEZ Navel orange ﬁﬁﬁﬂﬁaﬁﬁﬁﬁiﬁ R
@%Diﬁ[h BA®A BM(Citrus Awantwm Linn.) R EFE, RER
WA S I AN, R RS A 2 SR, e B — 1, A
BMEITT RS, BALSREMARESRAZRR, KRES
B, 5 RN AL R T BB R,

- BFE(Citrus junos,Sieb. ex Tanaka) RERILHKIR AKZZH
LA RERZEREN . 2R TR SR, B RS, TN,
N EBRE , ZFREAMMER, LR l:ﬁfé—*éﬁ"ﬁ %J‘Hﬁ? R,

- #(Citrus granis, Osbeck) FEHNERBRBE, RAZ(EMN),
#CRM), Eiﬂﬁﬁa%t@&l BEER, WRNE, Elllﬁﬁ%ﬁ,
mmE%m@ﬁzxHm,nnﬁzzaﬁmﬁﬁﬁcﬁﬁZM§mﬁﬁ§
&ﬁfé‘._,pnﬁu;ﬂﬁﬁz Kao Panne pnmmelo B,

%Eﬁ:ﬁ,ﬂz Grapefruit(Citrus paradisi) ¥ E ¥ KB & JEES R
HEE, B RERBRAZREBKES,

¥is(Citron), (Citrus medica. Lisn.) E)iE LA MGASH B , kil
F 3 Turunj o B e, T I E UK AGERAR IS, BORL R 00 1 Wi 2 B
ER (Ci-ﬁzks medica, Liﬁn. var. sarcodactylié,'SWingle) ERER
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RILHRE, 2 BREM,

fgﬁ-(C’it:rus limonia, .Osbeck)Eﬁ{-’éﬁH%E, f% Otaheite orange
28, EEAE RIS A AR (B RASE, BER/REE
2 Kusaie lime [f] —t8 8.

Lemon (Citrus Limon, Burm.) ElEREEFTIIBEE, T
PENARERE AVEADRATER BOES, REARATSR
ZRIE B lemon ZREME, B, WHTERARALHMIE LS
W, B M A R

B2, M 2 AR IR, fn EP IS M SR B i Lemon, 262, SRR
{Sweet lemon) (Ci’trus limetia, Risso. ) Bg@EREE, Lime (Cifius aur-
aitifolia, -Swingle),m ,Citrus macroptera,Montr.,Citrus hystriz.D.C.
Citms latipes, Tanaka: Citrus indica, IT'anaka, and Loose Skinned
oranges. s B M FEZ ML, EHBEAEREHEE, KR
BB WTVT , N0 e e 0T sk, 39 B BEAS AR Citrus B & dm Clitrus junos,
Sieb. ex Tanakaﬁ_&i[ﬁiﬁ-, C‘itrus depressa, affinis, kL%, FOE
REBREE, Citrus tachibana, aﬁipié,.ﬁnﬂi‘é, B L. N B
iﬂﬁ Poncims trifol-iata, .Raf. EE&&&?& Fortunella spp. ¥
Eﬂ%ﬁﬁ;l Bz{:ﬂh%ﬁ& C*itrus.tachibéna T'anaka.-EjsfF.%KEﬂ
EHEABEEE Citrus nobilis Lour. (%W Hae k) KRS,
p o8 ﬁ%ﬁh%ﬁ Citm_s hmcroptera, Citrus hys_tﬁi&Cﬁtrus auran-
tifolia %, RAUHISRRE S BE P RN B2AN, REERRRIEZ
516, TR RR:
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Citrus suhoiensis, E ' |
' _ SRR - B MR AEE e
Tanaka W€ | - :
Citrus tankan, | ' : RSN EREN,
| g i B 2. o
| Hayata, &M ‘ : ' o u8
A | B B EA AN EE.
Citrus sinensis, var. | ]
brasiliensis, Hort. | % B #it & - Bihia ! i, B#il?ﬁ
ex. Tanaka 3% EifE12 | |
Citrus sinensis, I :
HEME dBERERRFET K 3
Osbeck #HHE | ! -
® Kk & | IR E R T
- m 7 | R R H R | K "
Citrus si-nensisform} : ) RN, B REN >
i B ﬁ B Oo¥M oA
Sekkan, Hayata =4 l =Y
RRHEAE | | C{:’::Aumntmm ® B b, H A E |
1*' o oo M | WL @M
R EXEEIREEEY
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- £ | b BBk | & M H %
"ﬁ:;cfg ifaCftm?funOS,Tanakg-i & ¥, B | ﬁ T ﬁ % } % Bh B A
| % I ETERE YY)
2 % & | | oo & | @ oo &
:‘E&ﬂi" Citrus ichangensis, B | _ T N
= : ] N R OE & Wk T H
Swingle T - :
B % | Citrus grandis, : | RESA RESHE,
' Wy ,H | HE, EXED iﬁﬁﬁuﬁ&?ﬁﬁ:
- Osbeck | mnNEs -
LR T EEREEEE:
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F oW o EEEELEE 2
om ® W W ETT® | BT FEB
IS N M F B | BT F B
MWEERE | Citrus grandis, var : - . )
1 TR DT W RO BT W
Shangguan, Hu & ! . .
miﬁ Citrus medica, Linn. N B 2o oWk
B ® o® W9 5 R B B
© Citrus medica var
 sarcodactylis, i F 1] i3 x FH. B B
| Swingle. #F f :
e Shrslmonta, I wwmggl @ B | ROERERER
T T N @ B R RoH R
a8 o# | m B | KR F R
| o A, 2 B Sl Y
s ;-CrfrusLimon, Burm f.'I e p > | HREEREEEE NG " . |
' | ' r : |

1 B i FE BT RS AR RS R SR

HBZEEME NS GNE. DAIERS AREXRS, FRNE
W, PR B A S R M2 R e WAL, MR R L B
EEFRE, TAREELRRESBZGE RTREERS, Rl
K.

B pEMERIEEE

BRI AR , %6 1 B (2286—1158B.C.O LR, & AR (2200B.
COH BEEMBRFRREZ LR SR, RIE(343—200B.CONR
U TG T LAB 80 035 LA & KOUE 2R o K 5 P M 2 (1100B.
CM(1122—249B.C.) B K # (B F#,237B.COSHE SR B M)
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B RIS 5 T LB

J% (250—207B.C.OA B AL S Wil , A RTAS S B RA, HE NoF
AAZR SFBERTAL BEUEAEAEENE, RASHEL
Z B THRUEBTUE BEERBA, R THETH /L AE
B KA, HRRE B, BH N BT R A, FFHHE, Xk
MR- EE , FRES MRS E R HE A RTRZE L, 8
Wik, & RCASEREBE I, 0055, SR, AU
SBEF 2R TR N NG HISR, £DRMR, RRAE
7, MEBHIESEN, RER, Y L EH . EROLSE) BAR
B ELE TSR, H R BRI LR & (N2 -3

A BTG H KSR B A R T TR R 6 = TR LA 8, (B R 2200B.C.) A
PYARIE RN, ENPR T AR S 2 I Dl T, RIIL AR A
B% BLRSERZiE, RE®PTURZ ORRH (140—-87B.C.) @
HEEE, ¥ RRARZ S HE SRR LR —R, MR
MERRAEESEFAL ATREEE: KA, AN, WAL
BN L RR M, & ERERIAREEE: KB IF RN N , BOH & FAr
Fo N RR BB, # OB A2, fu 7S 522 S A1 (163— 5B,
COHE:CRMILRETBIE, A RT F G, RN L0 AR
BB RIE BN, AR R, BZREFR, THEE
R RA S RAMZ 2. W5 REH, OMASSHEEREH S I A%
£ RAERTRE A LRBHEAE TR, RXRR WRLE R ¥
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LERREE SREMREHERE 4REEEERZ, ARET
B2 (L1B.COA H BB AL 42, 7t b S0 A8 Mo BB e B e F N
CHEHNR 54 R B, R R, E R A AR b B B R
SEBEBEXESE, 034, BETEREK, SEBKR) K
B OANEE fESREOK, ERESAENFES, (AnEnm
&) HHEE RNLE G B2 . B CR B ER ) MER T Rd2, |
B E I RR -+ B AL, BT, B I, B DA,

2, %% HBSSH B HEAN, RUEE, BRrERR2E
(1562--1633A.D.) ERBEPI#®, BAELEE FHNERS £, 5%
W ERGE B E SSRGS ANTB R, NEHELREENZ,
HREREE S, URRHHIRE AT RS SRR, B
KBS ERBERE:QIERRMES, AR BRE,” KE L
$hiz Kt E B IR G, T bk, — R, BEE, BUR
SHBMR, WEBWHZ, X— A%, ARZE B AT, WA
ZHERBZER EERBIRUBE, FRRB MBERZ, S REHS
B8, THERAR, B0 TR, DBH KRS B R R 2, OPF R A
kS~ R RO AR MRS, TN M, el
(Citrus iﬁicroearpa, Buﬂgﬂ)ﬂﬁﬁﬁﬁ SdRIBE RN, &M 55 ¢y
B AR BEMGRBEAREZ L, 2R HHHE,

AR RMAHISREH2M, UEIIRME, LB EH2, M
HUBS TS REAE 18 UK, S5 AR (REH MBS . BRIEMA
AB S HBUEK ERZHEREERER = TF=TER, RER
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FHHERE  BHDRHBED, S RODX RS, SRR
HEASh 4 DR R A KRR, BT+ — A RSB Y, Bk
RSX, FRELKSE AR ERXMERSES, EXTELR, &
RARIEHAS R b B S 2

BEESK & RBIESKIRE, BB 6 2 MK, LR R o
B2 AR, AR, EELIK, HARKEES, RESELME
%,

WHEE BB, SR EEELES, LSE RS
Fik KB HF A= (DERAE MR LBREEDRZ (AR
BEGRE (DORWLRLE, URERC)BEHHMIUERS, X
EEERAERR SN, TR TE G030 M A AT SR S U R R
HERE WK REEE4RBENALE

BRAE WAEZHBERRELS, k9, SRARERD
4R, KBTS EARTR BN HE 0, RN SRR AN, &
B2 AL N, R RR LR, KR BT

ERE T HEER B LS AR RERE, KRR,
BARREEER R %, B, HRE A0 REH g, LA
BB RER Ve R BRLIR , GRS , MBI 1, B SR A AT
TR AR R, 8 T RS AR, B AT

BENERSIRES i RS, K4, B IEDIRE, TN
B REBWRRG B,
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RARYE RWH =K, —HER, B2 EH, AHEREZEE, 2K
MFEEZ-SSRY, FEXREEZ N, HRENSHE, 7E
EAZERRIEE,

KBS E SR Z, AN ERIBE, TS A RERTEN, 2%
BRI DR, EEAET 4 £, B L X, TR 2
BN, R AR R A L E S L0 R, SR E
At RIERTHEA, MENZRE, RIEBZEL, HHE2ZRM
R, BREFGEE, WM, HERARTE 1 BEIHA
% RE.

Z FEMEEESEZ G

RIE RS KA IR AR B @ L B R ST, RLIL T ELE
BARE 2R LS M2 RBRE 4D SREERR, 220
K

B Poncirus trifoliata, Raf, EE%I%&(HOOB.C.) R S VE T AL
AT RARER LB BHEZ A, BAGER JLER L HRRZ S
B2 BB A BUR BB B TSR, %, 1D W, WAL, 19y SR8 U
Ded R T R, B AR, MRS, R AR B
A ERBHEW.T. Swingle MRSl 1, DR RAHE 2R, B A:
Citrange Z4ER, BRI HHS B4 AR UONS R, ETRLRS , DRARSUA R
Ef?ﬂ ,Tfi_!t}ﬂ’ﬁl%ﬂ BB 4B B Citrus -ichaﬁgensis.

SHtm Fortunella sp. GifBHMEES, REXAE, MR
BB, @R T IR, BORWL, RRZ N, AR
(1178, A.D.) B2 @ HEALAHE A, BA K ER, DETE " &M
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S R 2, & BB ARG 2 B o, AL R A R A2k, BRBZ A
&4, l3% A Robert Fortune(18124 )% BHREM MR , th Swi
ngle e KRR S B2 BB B A ZHRESH ELE+— % (1799
MERZEERNER, RERSRIRE, SReNRENIZIE
B, EB, BN, RE LR,

&¥5Citrus microcarpa, Bunge. #& %K, HE & 12 &HHRR,
B4R B3, BB A WILAN S H SR 28,

R Loose skinned orange group R EER BEER. MESE
(220B.C.) FA(1100B.C.) HHER, RIE RS2 ER S, HH
i R X VR L 8 B L+ TR LI AR S5 2 R 68, B B 2L
5.0 KREZ RS, AR, TS B SR EREE, B AREZ
BMEAR RIS R, AN B2 — 8, BRGZI MM E, A
R, N2, R SRR,

$ 5 Tangerine group ALIG¥EA M, A HB = R4, — ALK
(Citrus tanger.ina Tanaka) REME, ﬁEEE.:Pﬁ’)‘H*:FEf“o:‘%ﬁ(ﬂE
¥LiE) (Citrus erﬂkmsaJEﬁm"-ﬁé*ﬁfﬂ%%é FEBRERIES
RAREEER, M, WHER, RERZ ARG (452-536A.D.),
RO E AR,

Wi Mandarin group #f, R E&ERL, ﬁﬁaiﬁﬁs’ﬂ* (502551 A
D) B t—R, HRBEEE & ), Kt 65K 28
SRR AR W, R 011 R MR IR R (256—419A.D)
LR, MORMR S RE L, H R A TS IR EARNE
N H R R A SN A, o K BB, A, B , 09 A
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. T H B &> Keonla, Suntara il , BB Z i Ef% i Keonla
EHR, SRR, A — B35 R (R 2%, KR, FH (742755
AD.) RS, @ A RERES R BRERL,) FEE MR
EEAWMERS, BREMRZ, BTA RERER AT HBESZ
B3 188 BUAE 8 6 M RS TR 6, 08 8 R 004G, 1O R, A5 9 T
ERMEBAN, BEES MIHHEGEE S, KMERHELE,

## %8 Orange group & JWiRe , f# — fEik, & Chéng HIME R & 1%
Z %8B Naranj, EREZHR  AABTIMAMESHE ERE, 68
RERPE RN, T BB EE TR LR, E 5,8, BHEE
BAMEEE, NEER EERAREE, WBZUARMN, RHH
FL@EAERSK, CEAGHBE, B 1568 2EEHTZEE
Lisbon 3 Count de St. Laurent [k, 506 % /i 9T LB 28
o H R , R A, SRR o B RO A, Tk, BB, AR
B EEAEED ER IR R T 2R, BN B RO R —
B, ARamZh%k ,ﬁ%ﬁ%‘o XBZ S (Washington Né_vel Oran
ge) EEWF: Bahia, REI 81k, MAKMA, SRR KE. IR
T,

# T4 Citrus juncs, Tanaka. BF 8 4B RBM(IR),[FEH
%%, ®% (121A.D.) Bise, E:“qnte o, DU BEAE,"RE 4 A MiF BT
Citrus grandis, Osbeck: B ABBMBLE, RER B L% %F, i
Citr-aés gm;cd;‘s, OSbeck; W#Eﬁ&‘#,ﬁ%iﬁ%ﬂ(500A.D._.-)EI:“&»}H )
b, B A, B Ko T & B E A, BRUR R, 1SRRI,
W 3L BRI, R4S B o B AT I DI TR A MR RIS S 2
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BFEA R ER, H 50, RRARE,

#a¥E Citrus grandis, Osbeck #yEl M Mg , 4 Chakotra, Matahbi,
EEBHMZRAES, WMOEM) 5 (Laun) GEM), LHEIRE), S
REESR, WEATH, B E, S BH, bRl REEREHK, T
BT H G %% Usse, Ussi, il BB Tie, Kb 2o 1 65
B, W (500A.D.) B: “WHIHH, KOS, ok, Kk
(502—551A.D.) “&BAHEmMmEm I 7% Citrus grandis, Osbeck, %
BE EE M Z G, ENERLET 2 U5, RE S E AR R, K
BN, W, BB E S, Hhh, & A, R AR e S
BRZEGHMER,SAELEBTNM KIS BHTEBRNER
B, BB, ATEE, W REFDERES,

s PR EEE, & Torunj, Wi ARmkSTmAe, £H
HEAR (200—307TAD.), RUER,REEAREANG, XEAEE
Wit —-%ﬁﬁ%[ﬁ],%mtﬁﬁ,(%h'us grandis, var, Sha*ngyua_n, Hu
BURRFARRERREZEESFES, Citon g, 5 ER,
BERC ARG L0, SRR, R R R,
Z BB TR AKE, RIS, B RARSME , AR, R
BEDAHEL00%) S %,

ﬁs%ﬁ&'trus limonia,. Osbeck.@%% FENE RAETGTF, REB
430 KRR RIBA, 416 I RARSS , B B 2K B 3, |

_ﬁ%ﬁatr‘us Limon, Blurm.#gﬁﬂlﬁﬁﬁﬁgﬁﬁﬂm BEE.BFED
S RS BRI, BRI E S, L BB, BB 4 0.2 Lemon £
B ETRIFMA,
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A . PR B R

BRI S, W UL B ESZ B IR R R 2
B B ERERTEZ AT R S RGBS, i, RESERDH2Z
HAL SRR K, BRBTESAEE, RO, R, TH, M
B UE BN, IR 06D, B, L RS

1. RS BEAERENE, CERENE D, DRERNE
fhy BEAHS, BARZE . AEBH, IF ERRRBES DR
M, SN BEM BT RAESH N SN T2 0, R S RA
HLBA, 42 SN SR, S S, e BRI, B RS
B (A0 % I T4 A AL 16, 15, L RIES,

HEEECEHER A RGHBERA EHSARAA R, ENT X
i B T A SRR BEHE, R, i, BB DUMDRE B o 435, 1, 243,
BaBEE F A B B A A £ R BV B T, DR B 5 35, HORA—
R MRS, SR, KRR B M R TR E
MEES, EERRRERT WGP, ERRE, BANTE, RE, 58,
5 B, BB F A B, B LA Kk 5B i SHER A 2 RS B T

N A Bl B S T b A 10400 B2 BRI L 56 b, 588 88, B8 A,
SWBRISHBER SR W LT BBERE RS W, TR
5 RN WA, AR 28, BEHE, BTH, e, 5%
ﬁ,tﬁﬁﬁﬁ,&%ﬁﬁ;ﬁm%.ﬁﬁﬁm,P@iﬂﬁs,%ﬁﬁeﬂ,ﬁ&z@eﬁ,km&, #®
S, 5 A5 SRS, WAL, B2, BT MK 38 2 0, 0 5
HOEBRT, S EREEHBEERR,

2. FWEE AFRPEEBESHMES, G, W BN, SRR
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o

3. ERE HERNHE,EEEZEGNE, BG5S, &
FHERE RAEHRLE, KRR, EREEEE,

4 WEYE RAERBMEEZE,FEMNEHEES. GAES
S, AR B, F R R T2, D2 BN, 2 MH,” 42%
EEMBEMNEN, BN EE, B EB, SRELFBRS, KB,
B, PR R ARG ALAS W L, B2 AR,

5. ILW# EHSEEES, HHEE, M, FEE BN
Rete, EHMAE, BB, B BN, HREBOASE, EUERS
%4,

6. RME BHEAR EBRER, KW, KE, RPHENE,
BB, WA RS, SR BEN, REHE TR, HE,
BN BEZ S, KT R, |

7. WEE HERISBEER RZEE R SR mE R EA
SERRLEEBE,BIEE.LREREZ L, XA SHR, 5,5,
TR 2B HWE R S EREE, G LTS, MRS O E% A,

8. W% DT EE BN, B (502~55TAD)E: HEZ
B REA KA, CE R, B BE LR AR, BEmn)
EREHE TN EHEZ i, B, SR FF RBERF , BUMRY , B8
R RER ST, TN, BN M, RN, mILZHERE R 2R,
B2 8. BAKTEE,

9. WRILA WL EHEEATHEEZIES, LHAM , BN, 5H,
BMEERRE B ARECE NEERIT6E)H:HEETHE,BR
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A HRZ AN R BB A RN, G, TR,
A IO, 3 N B b o HR LTS BLT R R KRR,

BN EMER ERRREEGS, SERRNDILMRAES,
3 24 720 40 B A B0 00 9 R A T R o RB SRR , M 2 SR LA, AR
BEATAE TEEHE, SR HE, A B F/0 K 65, 3015, 6048, RS T B, Bk
BEZEAS  WTLERAE , TN, BLRAS, SRS AR 24, BT, @48, SRR,
Hie, B L WEEHE MRS BE, BRERE R, 40T E R
WL Z KR,

WM WMFENEES, KRR EERTRTR, RHENLER
ok B AR MRIE RS A3, B kBB, D 0 T 3, Rk
SEAT I L 3% 0 W 25 AR PO R AIBSE, R AR EE KB AL FF R B
RELEE BT, RS EE, RAERTRS, LEDHB KIS
B, SR REAS RS, 0K,

BN BB, IR R WAR R WA B
AR BRUSEIR, B RH SRR, M FRRE,” 3
REHH AL 352 B85 , 8 R A R B AR, HIS B IR 1 SR A AS TR A , A L
E&f&dﬁé@ﬁ,%ﬂ,_ﬁ—]ﬂﬁﬁ%ﬁ,%ﬁﬁ%o

BN AMERERXE4FEEKHETL BYILLE LR
RS AIE TR, B A R, HRR L EAARE,
HEEERBRE,

10, WhE WREMBRSES, AREK(BRE 297B.C) R
ZERHESZMAERELE A MR R, WWER: FIIA
S AB WL A2 1, B HEE B, SRR T K A, BRSEA, SLAE , BEA,
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LERMLES M, BN BRSNS, RE ARG, 5%, R H
CESTR NN

11. &5 ZREBLE, ERETSBIE BRFLESY For-
tunella japonica, Swingle.

12, LA WMTR L ER, HOLR LR EERE RS, A B
BETHE, B CRERGRER, KTHEHAS REBEMAE,
I SRR T AL, B L U WEBS 7 , S B v R , R SR A B0 Y D
BARE RS IS REHIRG, B4, 515, 00,85, 8F, 561, 2
i RAL b Hef A TR B M 12 HORS R Z A0 A, R B 4%,
RERA BT, BH.0eE, FERENZAFRE,

S RFIR, BB A HEEE S, T 0T W2 R, B2 L, Y
B, GRS MBI REE, KRATEFABR, PRIRES,
£ B HE EE 2B T) 4, BT R, BEAEREZR,
RILBAH B, WBRESBEEEN, BRSNS XA, MR
IR AR , BB 5 BR LS8, B L B RIS NS IR, 8 1B 0 B
BRSER T2 I o DR L SR 2 B0R, S RERH S R,
R AR AR RR SR,

= b AR 2 A
A A B B RN S AR RMEA, HEHR
BEE BB T & BN, RXBR B Citrus junos, Tanaka. TE; 42
Mg Citrus grandis, Osbeck ﬁﬁ%‘é@j#ﬁ(lﬁ"ortuﬁella- sp.) HERB&
15 . (B QAGEMBMIE Citrus, microcarpa, Bunge. {5 A MR BB E,
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HURFIY R & SEEE T HE9 R (Otabite orange) 5BEGF, B
TSR RBEME, R (Citris Aurantium, L) ZEFAFIR KA ERE
Bl HBRAREEZ A ERZ S BEZIEL, GRES, SEWE
HEHE 7R, 25 0 TET AL RIS % TS, TP B AS 2 MR
Z i m K :

(- RBB

A5 Poncirus trifoliata, Rafinesque-Schmaltz in Sylva Tell-
uriana p, 143,1838 (&1

Ry BRAEHBE . AEE83) . B(AEEIR),.WEHER)

P RBEEEREINE, &M, LM%, B, KR IE
WL, L8R, AR A AR, HEENS REE TS HA
fee b E L EE N X,

HAKE R RN, S RN, M S, BB HE, hSH
BT S — AR A ERE, B, RE T
B 2 — T, B B R RN, FTRABES, AHDLE
H6—8, REARIGEN X MEE2.0 x HE 2.30m R AR &, KEH R
£, WFEE, AREERATE. BREFHS TR, 528N,
I, R, EH, FEA 6, BEER X HH,

MR REWEHER MR BRI, BAZE, RILHS MRS
B EE, DR BAEEA, 4 2R, il 208 RS EE,

BT @ AR EH RS RES S, BE Poncirus tri-
foliata, Raf, var, monstfﬁ'osa. Swingle.#ﬂ% mﬁﬁﬁz#ﬁal_ Citrén-

(GEONE: FA > (BE 15 EAL) o RRKRES o KERES > BEESo
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ge, Citrange M@ HZ @M H Ciirangequat. # 3% Swingle KR
Webber BHRZIER,HEBUERAZ,

(Z)&F R

ST E B A TR, AR WAL R, W 62, X ER
B &N, SN, F8, M SR 0 ST AR, B, B2
il K, AN B, BRI, I, B0, (I B A
A RESHBERINERAEER,

SHBZRBRSHBZHH

Genus Fortunells Z 458,58 W.T.Swingle ZERB, BARDE
A R RGO — 00, 5 IRk, B R G, AT
B SEBRMIA , B S U R B, EM A EHMR, EEAN, TEREE, &
He R NG BRI, R, MM RERTR
PEBLET LB, 65— 10mm BB S A, WIS, DEIRE A
&, 00, £ 5—12mm K 18R20 £, RR MM Z KRG &% 8,
SEIMMEA MRS B R b, TR 3—THGR%S—6%) , & HALHE
B2, LA TR LRSI A, ATUEIR, R0, R D, T R
£, 18—35mm.EiE 15—25mm. AR A ET, SATE, HH
B S BOBRLZ MM, DE3—6, PEBT, i Y, B RREE,
W, B B T AT, 18 TR &, B 5 I THE2 T DR
IO A A AR,

SHBRHIEEZ Re:

1, FREBRREBRES . P B—5PP6~T7), AHMIEZIKS
(8—18),
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2, FRERZEEEH L,
3, FETH PO H 5 BRI K T 22 68 2 M AR A, ML B A2
4, EBrEFREERCE,FESPHESS R,
5, REHTE AETFZREL,
6, HEMBHREHT,
S BmE R
BEAPRE=ZBEARESMBEES RN
(DR FRIGALE 25mm. A, % B 0mm. i S 8é—5 R, 54 5,
£, ERESDm. A M, -
(OHVBREERIO—15mm. IR, HE3 -4 orvveveee s F, Hindsii
(‘2)%_@,}\ ETC-m.mm........................'................F.J'a,ponica
(2)EMmE , § 15em. PL B oeereroneanen, e ecietraeseaeeeas F. polyandra
(1) BB fE20mm. L1k, 338 B0, 71 F B W0, E IR, A
W DEHO—T, 54 BB LR K, FE 3 R T 7
(%%E’Eﬁ‘]ﬂlﬂf/ E{Mfﬁﬂmm ERW, HHE1Oem. B L
..................................... eerernenei e s Fomargarita
<2>%§gsmm B 25mm, Bk ERE K, oA
() REEIEBR, RAHHELA, %Eﬁm‘ﬁ% B, BB

BT, BxEF, ﬁ?%ﬁﬁm wreeeeeeni L 0bovata
(@%E%WT@E’E W B E, %lﬁ?ﬂlﬂl, EREE . EBAEZE
u_[:.,_ ﬁ%ﬁ .......................................... F. cr asszfoha

1, &E(EE#A)
F_oar-t'unella- Hindsii, Swimgle in Wash, Acad. Sci. 5(5):172,
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1915 Syn. Sckrostylis Hindsii, Champion in Hooker Journ. Bot.
3. 327,1851,

RA L LeR(RFEEER)

A AHIHERE, BRI SR,

wARE B P RN R LS AN, RPHREE, BERE, R
R, G, kT IR I, SR R S, R T = MO AL, B 5P
R TERE, RERETA,

2, EEH(E S, REBE)

Fortunella japonica, Swingle. in Wash, Acad. Sci. 5(5): 172
1915 Syn. Citrus japonica, Thunberg. Kaempferns Hlustratns iﬁ
Nov. Act. Upsal. 3:110, pl31, 1741 |

RE @H(AEMR),EEFH), B E Lo

2 HRITHE

wAREER B, RGEY, WERER, bR mE . THRmR,
TR EREEREREE RRERAR ANEMHR, EE,, &
#5mm. M K IR, SR BTG, S, KT < 2mm RER S,
B, S FUHEN DR RT, R, RIS R RE, RNHRA
ST, BBk X,

3. MMM, BME

Fo-rfu:nel!a- crassifolia, Swingle. in Wasb. Acad. Sci.5(5):172
1915 |

RE SHREERS. IRTEFR.ZHBAREHAR)

AE WM
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P EEERAYLEN, KRB, LR E 2, TR
ERTR BB ERE A SR, 2 U, B, 2L,
ATERD L HROHETH BERSENE, RSEETLE, B
7 R IETELE, BRAGE, AR B EHMR, o HIEITH,
AL AT, Bh(1034 5, A E B, NERLARES, B2 AE, 4%
AR, 8K, BB B2, BMZH @i, + A% A Robert Fort-
une KAk EFEMMER, B ABLBARELN, RELE+—%
(1799) W BMPERLE &, (51800 IR, 7 s m oA K5 bR
B, WA, TGN SN,

AR B BRSO B, H R EOR, R S—10nm, 2%
), ISR 1 162, 5—5.0mm . HiHE H 8, B4 &, B RTSHTE , SUBIRBE
$H75,4—0 x 1.5 —dem. FMMME RS, KB RE, BBE LY, L
TE B 55 R o R e A T R0, B R 00O 2, B 3844,
TGN, B EPMEVAUR, REA AT, BHEREEE, £
WA B B 5, T ARIRIE & ., B O AT, LSRR , SEAG £ T—10mm.,
EHRERR W~ 2mm SRR, B2.5—4. Omm I M —
=5 SRR BBIR N, SIFE B EAT, REABET, 2.5—3.5x
2.5—2.8em. —-gmmaﬁ-a_@ 5—l%, BB FZ g, BT
R 02 , SR O S0, R B 5 T A

4, BIEFGEMAFE, K BB

Fortunella margarita, Swmgle in Wash, Acad. Sci 5(5):172,

1915 Syn Citrus margarita, Lour. in Flora Coeh1nch1nens1s 2.

467. 1790
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RE FHEH(RHERR) , @B CERER) , 345 M 8% 5
BB,

B RIPBENBE EENERS, RIOKR, 0,06, BT
LHE R,

HRER RFEN, I HES, G, 8L, BREE, ki
B EWEE, BN OREES A TOME, REREBREBIPE,
KA 31x10.cm. BE 10gm. WA, EHHR AEATRE, S 5
FBERERRARRE 2R, MREAT X, BN, B4R HRY
S A B S BT, B Y, b BT B &, D b
RARLE, HREMA, R, R KA, 55, MUKEK, SEE
R TN, R EERE PR, FEREE, Chalaza &, B,
BRE+ = Aha R,

R SEFRNEE HRREER,

5, B GEM)

Fortunella obovata, Tanaka, in X EWHERBHR19194

RE EEHGEN), SHEEHR), ZEHMATS)

FME TR TN, B B 2

BRER ARSWS, EHEE, REANVE, ENE, EHH
9, 2RI IES BT R CRREPY, RRMA, EBHR, Kb
W& 3.lom. RERKE, L 1.5mm. 4,5 SHE%, WX A
B ECEAR, BT TE - S8 I, FEG 6, S,

BZ WEM

5, EESHHHEFE Vol. 6, No, 1933)
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Fortunella polyandra, Tanaka, n. Comb. in Studia Citrologica
Vol. 6,n0.1, 1933

Syn. Atalantia polyandra, Ridley. Fl. Malay Penn. 5:295,1925

Fortunella Swinglei, Tanaka in Bull, Soc. Bot. France, Ser
54: 714 1928

i ME.BES

WRER ERMEZEA,MER ENEARY, EHRYE, 4
AL BB, SRR B LWL, EREM, -8, EBXPL.5x
1.5em.$13.5 x 4.5cm. FAGE 1.8em: LHHER, BB, HEEWH
| -‘-‘-%‘%,beSmm-%ﬁﬁﬁ,%%,fﬁﬁﬁo%ﬁi,ﬁﬁ,ﬁﬁ%,%Eofﬁ

BRI & AEBIPH, TRERR L, BB, S, #3553

A, TR HE, TR ARERAR, A, B ERY, BE & LSem. 35
LR T B B WM,

(ZIHEB Citr-us

1, &M _Citrus microcarpa, Bunge.

S GRM.BIH, ZHH)

Citrus microcarpa, Bunge in Memorie de la Academia Impe-
rial Pour .Savant'Etrangers de st. .'Petersb'ourg. 2 84, 1833

2% MEEEN. GE)FSWM(BER)

MG RO RRER, UL, AR, 6L AT ES,

BR EREMFR,BET RS, RO E S,

PEARTE AR <@ AR IR, RO IR, TG B
S 9 PR B IR E T, 2,05 x 3.225 e SR 15gm. A A,



28 T E B & R =Tk b

EEEHE SEANSE . EHIBN B, REEE . BEALE, W
RES , 8 AT, S 80K, K. 2em 363 4 ok, JFELSM , H B
BT, RO AR R RER 6, SR, /b, R R%e, 2
HBIKE, IR B, R R, R 1SH, SUE TS, B G 6o FERG
5, Chalaza 2ki &, % 5%, |

EARER NPT, B ATE K

BE EEESNESHEBTHEA, ZRBEREENSENA,

2, ¥EELoose skinned orange group |

WRTE B E S 2 R EE , A% E 8 & & 2 4% (Citrus tachiba-
na, Tanaka) RENEPREEZ King orange (Citrns nobilis, Loure-
iro) FREALT R A EM T A ML RS S5k, RN -~ HAAERS
L LAREEC LA, REE,HS, HRZEESBATNX,
BREEREEN,

BRE MARSREEE), 15 (IR (LR BB1E,
S5 (B BE) M (BAERAAE), K5 FEGRIOL HBAR
BHUSETR M) S, ISR RETA s RMHEEE S, ¥
TERABEE 8 ATH 505, B4 K A BHES, KRR AR, TE A,
1%, SEAR, 48, FHORRDHE , @45, BT, WOAS , U045, MK W15, 15,5
STA% , Hi ki, B SRR 2E,

EWE  AE(RRRES)

WA ARG, NS EA )

WA @8, B, kAWM, BAL, AN (RIS IHHE
MARE)
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EME AR, BREEBES)
WEE A BRONE R REL)

WO HECIEEE)  HEH (REBE) (MR EH—BH )
WA 8BRS CIILERE) RS 8k, BOAS, EAS, R AR, @
RHE N MR E) , AL, IBARAS (3 252k LR IL 2 HE6S B ) K43,
B BLAS, HRAG THHE, AR RS A WS, SRS, SLAR B RAE L R
AL BRAS (B BEE AR, 45, @A (IRM), K45, A R B 18, 700, ¥
BOAS B85, A s BEHS G , SR ATHS, BB AB C EATAS) , 245, B 1S, TS

ST, RALCERE) , (RSB RHTILARERERE) o

WRE ARG EE), 2 BIE(TERE).

IHE A5, 245, BH, MELGLHEE),

HAEET: 3-8 R LT Iw-T 3=

&FEHCitrus microcarp.a-, Bunge g , S EZEZ B &N,
W SRR

(1 RS (e, B33

B BT

BE EREEBYES, REVAREVEYR, AEREEALE
(Cttrus kinokunt, Hdrt. ei Tanaka ),

CEORER ARSI B EBRRACYE MR, B
&, TWETE, FRR, AN RS, B2 BB b RERETY
#/1,2.5x 3. 3em RELT. Ogm. SERMIA | LWEE , REMTRE,
AREBR K, R, BEXE, MR, B %ﬁ%ﬁﬂ £ 45
BIHEE, EETR, EREED AR, A OAEATAE, RREE
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&, I RSE AR, ATk, R E S, S EH, WBL, A%, B/
£ R BRE FEFED M, BABEY, TESE,Chal-
azage i &, Bk,

EEEEN -, S EER, RERBR, k%A RE,

(D5 BELESR, XREE

Citrus - kinokuni, Hort. ex Tannka in Mem. Tan. Cit. Exp
Stat., (11):29, 1927

A BEKR), CRER(EE) . EEEHD)

B2 SMEH |

S AL, 0, I, S, AN -, HE2H AR
# ¥,

HAREE R AR, KRE P B AR Y, AR
b, B2 REMET , BT R, kb 6.3%2.850m. RWR,F
A UOR S, RER W A L RN, S 2 E M, TR R
SRR BRI, R, BB, FARMA L #5(E , R ihie, R
Tk 5, 0 45 1 50, 00, SR AT B, WAL, MO, S
€, 0.175em 3% B WBA A~ T/ R BRI, b B T o
Rt AR, KRR RS, HRGEE, STBX LR e, 1S
ok, BT 4 SR, W5 B R BIPE, BA KA G, FEEZE,Chalazal
&, B HE RN B,

(3) RUE(KMM

Citrus mobilis var subcompressa, Tanaka. in Memoirs of

Tanaka Citrns Experiment Station. 1(1)1927



BN R R R SRS 29

R% KBEE(LE)

A WK, EEALHET,

B AR R RS, B ARZ TN B R, R RS
Fl— Rk, AT RS, SRR,

WA AR R FIATERE,

I ST %, SR HIEE , SR U FR i TS, RNZEREE,
S, B B AR JERR D R B R K445 5.
50cm. & 76gm. SEiEm M A , 5 E M, REMmK G5 AR,
R RE RN, BB R E, MBEE, A, RN N R 0.
225 crn M Bko B+ 1. 001 A B, A SR SR, 3 @, DK T AT 28
19, 61 1 STom. B 1 B 5, B ok H LB, R R T 5, H0H, P E
W, R E 6, F GG, Chalazalk R E. SH %, RE+HAE+—A RH.

(4) MR

AR REGLIRG, RERT, RAKERE,

B AR WIREE PR T RIWRE,
PRVEET Pe TR S TR TR I T
i 3. A T T B AR T SRR ), R T A BB,
HEAE 1.64—6.350m, HEERE ROHEFREE, EEEE
W, MIPT, B B, TEAR 0. 580m #1874 0. 660m. MEEER 5,
REEE, REREY, &b 2.72x4:15em £ 1 gn. ERWA, L5
BT Ao, AT .8 E 0, 4 GG, R 0, WA, BT
5 0. 1950m. MR B, b WA, b ATHZW,
Buas T TG K, RIVE R 6, B3 R H AR ERT, SRR K
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+ A Ay o

(5) H(AEMA.FEH.LEED)

RE  KBISGEN) BMECLE)

T B IR Sk B SRR

EH WHIERNRL.

WA, EM KBS, BN SRR, T RS R, RE
HE W BT,

WAREE R AR W LM A
M=, Won. SRR, MBRGH, K0 EREDE, kR E
e BREE Nk, RE, RESEE, A4 3.35x5.%m
B 48gm. RAMA , BERMAL, REATHLEE, 5 DEM, %080
R, RE T ERE, WS, kS, FEE S0, %
B, BESH . H0.175m. MEALR, DEETNRS, ROKMER R
MBBEE, HRAEE., RSEBRHREEE, B, 1HKE. &
Wt T REAL, B T 005, L K B 5, F B84 5. Chalaza
5, B, BB+ — Ak

(6) AME(KRIET)

Ciirus succosa, Hort. ex Tanaka in Memoirs ot Tanaka Cit-
rus Experiment St'atior.l 1(1) p.SO; 1927

w8 KelERER

B4 L

MR AEERRSFR SEER, BHLRM, KIGIFRES
FUNEEA BT, GTARZSR UERERR,



EE¥R CEMBRTZELR D MH Y

R WRILHM, B AN
KRS EARERE B RBREKE
B, R4, FRAY, HZARRE, BEWZENEY, %
WL, EWF, ESWRREN, RESE, %BE, KPS Tx4.
55em. RESSgm LR AR, BEMTGE, BRI, LB RER
B A B AT AR 228, L RO R €, SRR, 4 , A 2 W e, TH
Az, A BN ) S O, 18em BT, AR — AR, L
B, OBRE, DREE, BT, RARE G, HREE, TR
B, % i E o, R R T S—104, 50, AR B EE,
FHEBEE, Chalaza %&, 60, % SF i, RE +— b HRHo

(7)  BAHGREM)

Citrus unshiu, Marcoviteh.n Izvestia Sochinskoi Oblast noii
Sukhumskoi isel’sko-khozéistvennoi opytnoi stan tsu (2)5,1921

A& EMEH

i BN ITEEE WMEEY, Ak, %H Florida,

B LR P BERS S

M BAZEBEHETESS:, XRBEERE,BENSBIR
B LB, -+ REH B B ARA B, S BARHL, B AR B
T H S K NE R, FHRA R AR NN, R R,

BRER  HPEREEATSEREE, FEERAERR R
B, RIABIIA B NG, 2 K R R K &, 68, WA,
O IR R K B R ER E, WEE WS, A%, M
B, H T, Bl — 8L IR 6, B I,
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EMEMBENARRZAKES, BREEREILHERISEES
RN ERERBIEHETEEZME,

(OMEBEEDES)

Citrus ponki, Hort. ex Tanaka in Memoirs of Tanaka Citrus
Experiment station p.31, 1929

RE BE(GE)

Ei BN ERESED

HREE BEEASL, O, HREZ EEE, B, &
PRI, A R0, B % R, K0 3.75 x 4. 86em R 2 i Bk , B
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(2) RBCREME,THE)

Citrus erythrosa, Hort. ex Tanaka, in Memoirs of Tanaka
Citrus Experiment Station p.30, 1927
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£ B, (L1 BHE, (12) % M, CIS)BeME, (L)KATHE ,(15) 4L, (16) A1
HEL (LT RHE, (18) FHHE, (1O BRA

| EKEE  WORVES, BN, T G, R

EHEE H(EEMNS) . REMRBEED
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(I) AWHEECirus poonensis, Hort, ex Tanaka in International
Review of the Seieﬁce and Fraetiee of Agriculture, New Series
1(1): 34, 1932
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rmosanarum 8:26, 1919
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WEE, RAR K S, HUBE TR ATRE, REA ], FE
£1, Chalaza % =, BEE, 1L F ) ek,
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@) Fiirih

S AR

WRER AR A R
REEIY, REFREEC, WANE, REKE €, TR,

(3) mHH

S BTN 2R

MARRER AN WOLEM SRR EATE RS E R,
P9 EIRN AR R, BA %, B0 0m 0, Ko H R i, FEHEN
B S8R, S, RAEH T, 3 3, 6 MBI X 8 — X9 Ak
8, Kt = N R, R R, RERPAE, THH
[, E KT, A16.5x 12 8emBE 1040gm 5%+ = 1, R 2
oo 1B B, RO/ T AE B AR B € MR S, B, I
W R AR, R R GTE T B RO, R, K
@&, F3H BChalaza B &, WK, RE+—A b igiH,

() KA |

S5 RRER, BTILIBN , A

BRI EARA LB AL TR
BHEA 7.5m. BRBREA R, B, READ, REIL4x 9. Hen i
160gm. TSR EH. REREDZEE, WIERE NS, REBA,E
1.225em. JKEHAR, BRI, K P B & , Bl /M 76 o SR RIMRAL
&, ISR, B MDA , St BOMGAT 65, T 4 o, A BN, S0 305,
BB TRIMAL Y 26 ¢, ChalazatR &, B, + A k4 R o

(5) & hh
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TR RS REBR . E-TxER

P AR, BHE 8
PR R AR REA AR BE,

BEH A 20.7x16.0cm, R 780gm. FITVE, BIR , LR , AT
FA R &, K 4 6, T W B KT 3, LT, R s
SRR, I 1. 24em. S, TERUBTK , i S 3B 90, Bl 1
% B TSR T 5, BT &4 3 B ok, B E LB BB R FEFL
THL, % 5B RRBE, FEE €, Chalaza % @, BIF, +— Ak 4,

A AEERSE KSR B BORA I, T St
AR SR R DU R

1.

© 0w~ & ;o W W

SWH MU BB, £ETH,

WA AR, S E B B, T RS 45 K
Fwm AMETIRRE, RATE, ARE R
B TE AR 9 BB K, UR O R R A2 £
£ 2% |

SE.C3 T

S R, kMR,
RB# SREAEEKE,

WEEM EERNL.BER,RAEGE EHEN, MBI=

BE,BE,BE,
10 kRS2
11 SfFaBH
12 Fifehh RADIFEA, RETHEEEATME, LIS EE.
13 M RHRE, WHEANER LS MRT RS,
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14 B R EETK AR €, L4 BETERE.

15 ®hh XA,

16 Fmmh WREM, 2T, HEE.

17 4gth  JURF TRATM, LU &S, REETE X,

18 WM X HA T M, RS,

19 ﬁ_m

20 AEAL B[, KNG, MR R, RS, DSR2,
B NGB, B2 P M,

21 B HULRIE, IR B2k, &K, WAL,

22 JRIGHD B BARERMIR R I RIS 5, DRBE AR D B

23 feah BECK, SN, GEEF AR R, ABERES,

24 Fih RHE, K.

25 kb B E.AMEE,

EREMREE S, TBERER RSB0,

A

FH C’i;‘r-us grandis var., Shanoyuan, Hu,

B BT Besk

R FEEEE KWL E, T8, 31 S8, R E D, EEE
9 R ML B A B M2 MM, HERLER, RIE (Citros
medica. L.) ¥4k 5% 2 AR AR

HRER WARERFICEFERELRTE,
HEAOm. R, Blng, BRARTEE, AH, EREY, 8x5.5
em. RIDRI, K4 x Jem. BT H LA &R 0. Tom: — 2
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FAEH — EZR, A ERPH R, K16 x0.8om. Bk &, B4 ¥,
ShRT, B, HER].Ocn Ema 6, KW, EE0=154,52.24
em, HEE , REATEE, FREY, REGERERT, Ak 6.9
x 6.15cm. SERHH A TR, SR TR E e, 2%, RAM
AE B B R , 0. OFcm. A TR IR T2, i i
B A e, BT ERRRA ©, RS, R, RS,
MR Y, FUAR AMEEEEE, RERANENMTS, H2+
XL, SR, FE G @, B, BB~ A9 &H,

10, #j#gME Cifrus medica, Linn, in Species Plantarwim p. 782
1753.

W RASEE, AEHE,

B4 FROESOFEGRM; K@ EEEH)

¥ougED 5 B s A Turun ke B B &, T, B A 82
2 B FERE EHEEBH R EHEY .8 AEE . 0L TR
Z Lime, Jr@%H,

B R ETE R, I, WE, L B

HARTE M AR BRI R M
BB, B, A EHEN, BEGEE, A5 8.2xOcm. A
BRRERES, LEMREMER, RERET, HRHATRRL,E
T, R TR S, B, SR, R, A, BRI,
A ESR T 22, DRI ORI R BB R M R LEARE, b,
SEW, k%R, FERE,Chalaza %6, WK,

] BREM Citrus medicd, Linn. var. sarcbdactylis, Swi-
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ngle in L. H. Bailey, The standard cyclopedia of Horticulture, p.
781 1925

#MﬁJﬁXWZE,%Eﬁﬁ#& AELT . HER, BER
BARPEEF, RIS R R, EROR R, LB 2 IR
WM Z AP EE, BB,

11, @8 Citrus limonia, Osbeck, in Raise nach Ostindien
und China, p.230, 1763

(1) % AE@E,BBES,FOKE, MU,

RE BRUEEFEAT), BN F(HRED) TR, TEF (F
fRE

REEFANEHT, REFXEREF, XATRE, EHH,, =
SAKE KGR BAERARE LA, MRS 4 NAK, 1R
2. ERMKMEBH G R, E DR TREZ RS, RAREEE
A R, ARG AR, A, MR,

FAREHERRF RRAEER, FALLNE SO FE, R
BT 47,

e RRER.

WF BESA Citrus limenia, Osbeck. 3 ARF{C, RN H 18
Common lemon, ¥ #¥KER2ERM, 1935#5*&%3%—2,
BE# Lemon (AMHBIABBEME Vol 1L, no. ) MIEREZ BB
Citf‘us limonia, Osbeck, ¥&igE (C‘-oﬁlmon lemmon) Z&Z Citms
Limon Bﬁrm.ﬁﬂé ¥,

RigZEE RAPARE ARERS



56 BEE R EEE e et

a ARE ¥
MRREAR A ACHR A AR @
Tog B ln. 1 1.5m. WA, BAWAE, BHEE, RREE, RE
FEE, RERLE, R, Kb 4.55x5.0850m. BE 0. 7l
B, SR80 17 SLBUR TS, BB M T 4 (2 540 S B, 500, RV . O
BT 2520, T 5 0, TR0, 250m SRHE AR, B TR &, b D
KRB, RS, R B R &, 31 SRR T 40 =
M, ATORE R, F M 6 Chalars 86, BI5, RE+ = A— HR%,

RE WP RSB EERA,

b EARE

B SN SRR L IR

JREER AREE Kusal lime_.

12, ¥ElE Citrus Limon, Burman filius in Flora Indica p
173, 1786.

¥k Common lemon

EEBRE WY, EHARFRS, S RN B A 55k 25,

B REFE RN TR, BT REE, R RS, SRR
lewoni & o F M Lomon B AR, B2 1 R, KR T 1, 3 1%
HEH SRS KRB,

S8 Eurcks XHE ERFLUASEH SRRE+LERER
ALH 4B EMEERR, I i Lishon(F&F &), Villafranca, Genoa
BRI, L BE RSN, BEEEhE, XN, ARAREES, ¥
HEBERIE,
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W~ SREEREHEEZRE(S
THE CHIEE CITRUS FROITS COLTIVATED (K CHINA (PLATE ONE)

9.8 08 O
Q. F 3

. ”© -

No.1.Fortunella margarita, Swingle ¢  pressa, Tanaka, S.6§ ‘
2. Fortunella crassifolia Swingle& 7.Citrus unshiz, Tanaka if 4 ¥
3.Fortunella obovata, Tanska E¥& 8.Clirus erpthrosa, Tanake ¥
- _ _— 9.Citrus tangerina,Hort.ex. Tanaka. it}
4.Citras microcarpa, Bunde &# = 10.Citrus poonensis, Hott. ex. Tanaka,
B8.Citrus kinokuani, Hort. Tanaka $ % it S ._ :
6.Cltrus nobiils Lour! var. subcom- 11.Citrus tankan, Hayata FHH
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BE— wEIEHSHEZRE(S)
{HF CHIEF GITRUS FRUITS COLTINATED IN GHINR (PLATE TWO)

No, 12, Citrus suavissima, Tanaka Bif % e
13.Citrus suhoiensis, Tanaka Wl 17.Citrus grandis, Osbeck Ui
14, Citrus sinensis, QOsbeck form 18.Citrus grandis,var. Sharigpuan Hn§ i
Sekkan, Hayaia ®§f 19.Citrus medica, Lina. (Citron)#i¢
15.Citrug junos, Tanaka #F 20.Citrus Limon, Burm(Lexnon) B

18.Citrus sinensis var, brassifitensis. 21,Citrus limonia, Osbeck (Canton Lem-
Tanaka (Washington Navel Orange) on) &K



Hewe R BRI B R R S .

W= BRI E)
LEAVES OF GITRUS CULTIVATED [N GRINA (PLATE THREEFIVE)

Fig. 1. Poncirus trifoliata, Raf.

2.3. Hpbrid of Poncirus trifo-
liata, Raf. $0rie 'R
j

4.Fortunella obovata,Tanaka

5. R et

5.Fortunella margarita, Sw-
ingle g3

f.Fortunella cassifofia, Sw=

ingle &3

7.Forunella Hindsii, Swingle
&%

8.Citrus Poonensis, Hort. ex
Tanaka. Ay}

9.Citrus kinokvni, Tanzka 7,
&

10.Céitrus tangerina, Hert, ex
Tap_aka F3g - ]

11.Citrus erpthrosa, Hort ex

- Tanaka &

1_2.ICz'truls aushiua, Tanaka g
M

13.Citrus nobilis, Lour (King

Orange)
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MM PEREHERZE)
LENES OF CITRUS CULTIVATED 1N CHINA (PLNTE FOUR)

\
y

13

Fig. 14, Citrus nobilis
var. supki, Hay-

ata MEg

15.Cirus ichan-

N

gensis, Swingle
HEH
16.Citrus micro-
carpa, Bunge
&8
17.Citrus tankan,
Hayata #H
16 18.Citrus sinen-
8i8,0sbeck form
Sekkan =

19.Citrus sinen-

. 8is, Osbeck#fHE

20.Citrus sinen-
8i8, var. brasi-
lienais, Tanaka

e

21.Citrus junos,

214 Tanaka{fF
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B A PEEREMEEZEZENS
- LEAVES OF CITRUS COLTIVATED IN GHINA (PLATE FINE)

Fig. 22.Cz‘rm's stthoeinsis Tan-
aka puEHf

23.Citrus hotokanHayata

R BEH

24,Citrvs Aurantium,L. Bk
4

95.Citrus limonia, Osbeck
237

96. Citrus Limon, Burm{g

97.Citrus medica L. ¥t}

98.Citrus grandis, Osbeck

29,Citrus Orandis var.
- Shangpuan, Hu &H#
30.Citrus suavissima,

Tanaka ER#
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62 P & R 2 B

B B o i RAE R B S R

BRI ZE R RS R A B b BB NSRS
% AEEERH “REBMER, CEEETH T G5, 648/M0
TEHREZEE ZREFZR. EABRABZE, HEREAGZE
AR 20N F 30N W BREE, FR RS, BERBMEL N
B, HARRERZ S, WARRIEE B RE, FERREA 2 S, 2
MM Z A AR AR E, A AR, REUE, 4 0 0
M #E2 Orang,, Lemon, Grape fruit ﬁﬁﬁ{&gﬁ-kﬂqg,gg‘g—@m |
IR, 5 S REEZ Orange FEECR L HBERE SN LR, 0 &,
W HEF A ZAE, FRAE, #88 . Grape fruit® [ 19294 F 19325 28K A

et mx &
PR ESE AR REREA M X
L | | | "B *
w | 1929 19804 ‘ 19314 l 193222
& 847,920 M| g5 61, 878,524“ﬁ‘}' 818, 316M M| pyps 2y

® A& ¥
m M | 1929 | 1930 19318 | 193242 |

o o ) M| BN P

MR R 2,288,258 1,425,128  [1,318,206 (1,405,005 | hiEEIH ARA
B | 1461137 | 195,848 " | 202,924 | 143,619 " |

5 EHERE ZMARR , B 1£150—20035 KEBIF , LLHEAS 135 18 s
Ry SRR SRR HH LB 2 WA NEBWRAAEZRA 558
RN, BALTERE, FRERAZZAZ ~, TEMBRZRD
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Bz RS~ RIEH B2, RERZ FaE, HERRFRRERS
WA ST RARSRATHE, KIS XE NS EREEER, &
BSOS, B R 2 LU S B ks, BHEE L
B R R R R EM T AN R KB AREREES,
URSHEE £ BRANEE, EERR LR HE, LEMIEET
B, A LS RRE, OEER ST ZHEmE T MR, 5
HERBZMERE, REHUSZH R 588, 85— 8%, W RERSK,
BB ERER R EENE, REAE, 0 XM RS E R —
5 ik 2 U B Ao

LB BN, M(Citrus junos,Tanaka), 4, 70 6 i & & & 1T 3 5%, 48
PR RR SR B3R A0, B0 MDA S, BT, RIS, R R
HUEE M EE B, KRB AT B A ENR 2R, RUB4
AFHZ R ERNRMEER S, AR W B RUEY, TEREEZ
BHBUE T R BRE AR AR S, LT AT, A, IR,
BOAE BEHE, WA, REE B 2 R0 R X, B REEE, FRER
FRA O TH N FORINE, 5 2B REE LN, L EEEED
BTN E BB Bk RS EIHE,

BETRT ORISR S, SRR, KA B A WA, K ep R
IS B O WA S BRI A MM REZ 2 0RRE2 R
BRAD, KTEERRERRE RRIEH o 1 B AT —RBRE
(Canton Orange) {RBEH sk, % 555 F ik, &, 188 0 A4S B
(Summer Orange) 28 B &, ¥4I FRMEN 2B KE, BT,
S, RBFE, ANTHHLEREA, RE2ERFFEFERRA



e EBERE Bk M

Z Va.lelicia Late $2 Washington Navel Orange # .38 & E BiHEER
%, BREISELBE, RRRE, BROBAMES SEHAE,

BEREERR2EAE, B EhERMN REIFRA, 002
ERWE BRI GBS, Ae MR, BREZRE,
AT A, PERRREZ (R G0, (0 1 00 A6 , WV 13 76 TR, TB 2 2 W0 B
% K RER RIS,

MEBEEENA RS, ATHERRELE, SEREZDRM,
25 [l A , BTG A K, BE SR RFAA, 40 B E 4h, BUSE M KK, X2 Grape
Fruit (Citrus paradisi) BB/, BEEE, AL THAEE, @z%
ABgrape frut BWE, FREEEH, EETRANFIEZRA WAHT
I B2 3, B grape FroitZ 4R BT, R BT B a1 B R A
Firk , D] grape fruit % WA ER W, AT ERAHEH 24,8
R3S , SRR, A2 4 , 5T 15 B T B L 9 — MR BRI

A AR ) BB SN, I B R ) 5, T A Sk B
B AERS. TERE2RE S eREXBEAREAT TR BK
I AR G559 8 AT o BEWMZHREEELN
HERER, AR SRR, FRERFLE, SORRRA K
PERKE 18 WS 8, KR FHE,

BT, SRHREL, LMETFIIRTSRAXRH
B, B, WAL B B2 A, B, M, KT B (BT R,
AR AZLE, EBTH,

ERAERSELERER G EREBER, T2 ERR
Ain A%, X EEEREREH ST ARR, SRR —, FRERA



. WsNg PEHMBREZEER T -6

SE¥, FEH A R, TE R RO B R 6 20, SO o 1L B
AR S B T A R IE B IR IR 2 A4, bl R AT, B, BT
R R R R A, B Z — 955 R B A, LR, B,
TR AL O Z 8N  FRE 2 S W12 1, LT 2
B, A Z HEHHE, M2 L8, W2 B E, RSN
S, SR REAR IR O 2 T 2, S 01 15 2 WA 3 AT T B R Z A,
A GA B B, 57T 66 R R

EAWHBHEZRERS, BARGEBEE, WNDATZH
BLEEMNEZ A ERE, FRA BRI Sz ek, BERREH
RBZES G, RAER R BE 2R, & RSB RBRE, BR—%
— 2 T, LA R 00— S, L1 R85 1 5, 20 06 i
P B M AR, K R, AR RO 5 B A,

T R RTG, R, FERE IU, SON, WL E M, WL,
WL K, ITBRSE =, B SRR, DL T R R E s
MR, ATLEE WO T 3, MR S 2 R R B, SRS LA TE, &5 2
MA W Z60% U L R E B, REARA SR, 1A RBWE
)RR R R A Z IS, SRR 2R . WA B2 R
B 2E, BIN, BEEA 8 WS LR, B, TR
STLE L BEATHE JEA, T, ek AR S BT, WO T 2 AR

RE AR, 2 HER R BT RERE, BREH
Wi, BEL LB B R A Z RS R R BE,

SETBRRMRE B TRIEERAL ANEERY, EHE
®,
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66 % B2 ER £ —=x > L8

EHABEMEEREE REEANEERESHMELEERE B2
£,

RREE W R AR MR A SRR, YN B A A RN AT ) , B
(MEM) SH . BHEMTS  ZRTERILE Y, BHRTEALEES,
Valencia Late, HRSEMBHE MM £BALE, FESERER, AFF K
BEAEZRE, BREEMEY EET, RESE SRR
¥,

IWHHBEKEEA, 2ABRAREHAS, SRR EA IS 0 &
i AR AR A, T T B2 KIS AL R

EMENHE RS, % £ X AR BEHEE 2 B A2 %, B4 5 ¥ 77 25

B MR EBAREZHE, SERMSEE TENE, EEIHNHR
BT IR BRI A A,

WRTFEME EAS, BE S8, BRI RIR R, B R4E, RET
o T R B A AR MR, R 52 T AR AL 85,

M2 RS B R, B RER, R EENABBTHNE, B
BE RS # LUS B B A5 % 0 T 20 TU 1) B 1 K T 2 B, B SR
LT3 <A

WAL S BRI B SR TRMAES D% 28 00 07 , B 300K 18
MERHUA GRS, 4 HR R KRR, BT EBORE, BRH B
BABER, 08, ERGRE BT RO R KRN s R
%*ﬁmﬂ‘i&%ﬂZﬁ% WSS BB A RN i MR E RN,
AR N ARE, RABIH, WBEE AEFEOTNET. B2
REEWERHZ+EA,
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BRAL TP AR MG, M, I 2 R A AR R BT LML A B4 E
HBEZHEELZRE,
ZREBES BRI, BERTEEEEER 2 HE,

LR EEER, RELAE, ERE LN AR RSN EER
ZHEEo

W RS NEEE TREE:
1 MERMZERELE,
o AR BB AR AR,
FRELSEEYREA,
HERBEN R,
R e, ER, R,
 BLGBUASE VATHERGAMANG, EHRRZIAS,
TR A, IR R R B REBBORE 4,

LA

Ha QO

N

ok W

1 HHBERETEE, 5, 0,8, RS 6 FAHNE B R,

9 HEEDJE B &, 77 BN E Z:2 Keonla, Suntara {5, RA R —
%4k, BEZAFH Keonla HIEM A,

3 MEEEARE, BT M AEZ Naranj, 55 %,

4 MEE BREBEE,

5 MERBIEZRE, EEEER Otaheite Orange 2 —,

6 FEZHHER KR S 0 86 T (2200B.0.) H < BEL S
B PR IERERS RUM S HRE, B4 B NTHE S, B RHIBRE &



8 o E ¥ £ 8 | S b R <

ZREHE,

T EBER RS, DR, DRBEA, DB XM
(1630A.D.)FfEE , DB F RAE TR RE, REELD R

8 5,4, K EREERD, S ENT AN, ARE, FA,R
KEE),

9 ALAE,HE, B KRNI RMA R B RBE R

10 MZHAESRR, KOERR, M2 REES, S0ER), M
GERD, K E(EE), KB RAS, A BXRFE, BB M, BIEEE.
(Fu)SilBERE Usse FR M. EREEMFEIRBE T Citrus junos,
Tanaka, i 2 , 757 % 2%,

1L FOREIE R % Turuni, W2 Bk ¥ BREH KA
BAAR (290 —507A.D.) 52 A MM B IR BE2 00 , 10 16 BAL 7 25
%,

12 RITHRRIEZFH %, Rz MR, 8% Citrus grandis Os-
beck, var. Shangyuan, Hu.

13 :'%EEE%&%Z%%;@%EG}J'M limonia, Osbeek, H§igE B
Citms Limon, Burmann. (IR W P2 ZHE)

14 FORHHE RIS R IRZ B o, S5 ZBWFEMNGS (S00A.D.), DA
B 2 i, B VU SR SO IR BE 2 45, TE 14 L A2 o, U5 AR,
R (302—5514.D.) i 55, 0 R MU ML UL HHB BB TR
R B BRSSO ALIE R STAS 0, FTIE, 16 SR 18
Ao B UL B B B A, i, 4, G B B B2 S T R
AT, RS RIS AR Z A



EE o TRHBRIEEEERGFE e

15 EEEEZSEMESEE S, 7T K MNENE:
BT IS, BER,
RAEEE A5, MR, 8 A,
AMBEE AW,
d. HEGRESEE WS, MRAE,
16 FLHS Kk o 7 IEACHS BR A5 68,
17 BRBZZH MESR,TANBESH:
a. ATHEERNE AR, BEAE, BRI,
b, FHEE A6 HURHE
c. MMEHITE MEeH,
d. MR SORCAE
e. BUMESAR BATCILAD)
18 BREMRISZ BB S, W8 = B, LIEHE 5K, e A2
FZ M EHFEZ Washington “Navel Orange_'ﬁVaieneia late EEK'
¥ iR,
19 WEREEE D, b SIBR, B AR, B RN, BN Z A &
M Z R, RIRTE R, RAKT, 85 Ko
0 @748 BEARGERMII08A.D.) &2 BRI kSR
B EREBHEEAREA,
21 HEMEKELS, SRENEZE, RS, 1EH .,
22 HAMRETS B, HBEE IFIL . 1), ARG W AR
93 e FAERBE , NI A , R AR K A,
24 E—ﬁifﬁ‘mﬁﬂu .Summer Orange, Lé'ujon, Grape fruitZz ki

S

L
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YBB, EIE R AR,
N BEE

1 Bonavia, E. Cultivated Oranges énid Lemons of India and

| CRIna « v -eevessmennss ve i e e 1890
%= B PINGEEZE S A(EI) coveveimmiiin e s 1816
B ﬁg;ﬁ%,gg@,{:(i%)(ﬁg).........-...............1352
B &5 3 ﬁ@ﬁ;{:,ggg:(%g)lgw
B B tt mg%%,ﬁ'ﬁ(%Qg) rpesrentanee e 0. 1896
REE WAL, B — O— (H25) -+ evree vrrnrrnnennnnn 1899

-] O O n Wb

B RELEER L (F29) - rrreerrnirreanniennnnee. 1903
' ;g{qaﬁ- WALs@ sk, 4 _—_;....(Elo)‘ 1921
10 BEK mﬁ(%gmﬁjﬁ)u’zs
11 BEB CEEEZE BRI E)(FE) v ereer et 1731
12 BER  REEEE(E2) 1737
13 JiEX AREBMFEGELE) v ereersreiee e 0. 1836
14 -Hayéta, B Icones Plantarum Formosanrum Vol. VIII

o o .

p. 14-32 «.--1919
15 WHume,H.H. - Citrﬁ“s_ f.i'.uits and Their Culture.«.-ecooverceerns 1927
16 MR CEAGRRME &R KPEHRRET] oo 1928
17 BES  WIAMEERE- BARBEEHL, AR 1929
18 BEM  EMEMN N, SRAEEAREE - AAR
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Ry

19 #HB &%
20 Hu, c.c.
21 ngﬁ
2 ERp
23 & Py
24 FFE
25 FEY
26 FRM
21 BB
28 FmKxee
20 Wl
m niﬁ'

32

33

g’ﬁg%ﬁ% ...... P K¢ 1514

ERPRHEEZAES—R(E ) B ARE

BEE BHEEEF— , F o8 erreeininenen, 1930
Citrus Culture in China, California

Citrograph Vol. XVI no. 11 p.502.-.vv. 0001931
TTTEDIE B PG (FEI0) oo vemvrermrneemrenmraeeans 1732
RMAFEE, B H(HIE) e e 1760
EEIEZE 2 L (R (R10) oo eeenn eenaan 1871
ERBUZLMERERE -WIRE (EBET
DBRRGES) F—BE— B 1934
PESESHIEREE - mMEE (EEFLE
g;ﬂ;ﬁ%\g_g,%_%lgﬂ
MIRBEE B — L TL(EDD) o erevrervvrrieinns e 1820
‘Eg]ﬁ%(ﬁﬁ) vt e e sreesbenessevnennee 0. 1836
ﬁﬂli’a‘%ﬁﬁﬁ%%(*ﬂ).....;..._...........‘...........1930
ggﬂﬁfgﬁ, JLE -7 )RR T 1878

Swingle, Walter.- T.ﬂ Citrus and Poncirus in Sargent. c.s.

Plantae Wilsonianae. Vol 11 p. 141—151,

Swingle, Walter. T. Citrus  Standard Cyclopedia of

X #

Horticulture cttersienaitaiaren e nn . tareuess aecatesaene ]_924
ILT S Z BN A ZBERCRTD) - - 1934
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72
34 ﬁﬁﬁ BEAB, B s e 1108 |
35 BAH BERGERBPE R ) o oreverrreimrenennn e 10 1700
36 Tapaka,T. On Canton Lerhon, Citrus_limonia Osbeck 1n
BEEE(BAAMFERSEE) B —H=981925
37 Tanaka,T. On the Scientific Name of Lemon in B85
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THE HISTORY AND DISTRIBUTION OF

CITRUS FRUIT IN CHINA

Chang-Chih Hu
Department of Horticulture
University of Nanking, Nanking, China.

Resume
The Chieh (#&)Citrus spp., Yu (i )Citrus junos Tanaka, Chih
| (#1) Poncirus trifolista .Raf. and Ching Kan(&#tf)Fortunella
spp-, th'e iﬁdigeneous Citrus fruitsin Chi’na, are cultivated
and occasionally grow wild in Southern China and the Yangtze
Valley,
Kan (#)originated in India. The Chinese Mo Kan(fi#f) is
the same as Keonla and 'Suntara which are cultivated in
India. They are probably of the same variety. The Chinese
character Kan (i) may be a._ translation of Keonla.
Ch'éﬁg(ﬁ-)Ci.th sinensis Osbeck. is very rzir.el}.f‘ cultivated

iti China.' The character Chené (#%) may be a translation
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of naranj, an Indian term.
The pumelo originated in India and the Malay Islands.

The Canton lemon(FEE#EE) Citrus limonia Osheck.1s cul-

tivated in Kwangtung.

It is the same variety as the Otaheit orange which originated-
in India.

According to old literature. such as the Sha Shu Yu Kon
(E#&7) in 2200 B.C.,, Chieh (#%) and Yu (H) were
cultivated inChina about four thousand years ago.

In ancient times, Trifoliate orange (Poncirus trifoliata Raf
inesque) was used as stock for grafting. This is described
in the Chung_Fan. Pu(Z¥%:#), 1630 A.D.

According to old Chinese Literature, i.e. the Yu Kon (B%)
in 2200 B. C, Cou Li(/f#)in 1110 B. C. and Sai Bun (33
in 121 A. D., Chieh(#%), Yu(#h) ,and Chih(48) were caltivated
in China four thousand years ago.

H.ong Chieh (414%) (tangerine), Kan (i) (mandarin orange)’
Cheng (£) (6range), ﬁvere prbbably introduced during the
Han dynasty. They were more e'xtens'ively cultivated during
the Tan and Sung Dynasties (FFRR )

Keu_.Yu_an_ (ﬁ]ﬁ&)_ 6rigi_nated in India. The Chinese name
(%Jﬁ) is a transiation from fhé 'indian terni 'Turﬁnj.

The pumelo was introduced into China, possibly in the Han -
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- Dynasty (#4%) _There are various names for pumelo in

China, such as Laun(%&),Pao({#f)and Buntan (B ) Buntan is
the hame of a person who developed a variety of pumelo
called Bun Tan Yuin Chonchow, Fukien, The term Yu (ﬁg)
is now more .com‘monly used. Thlis is possibly a translation
of the Malay character “usse’” for pumelo. In ancient times
the name Yu (i) was applied to Cheag Tse (ﬁ?) Cit-rhu's,
junos Tanaka.

Along the Yangtze Valley a hybrid of pumelo Shangyuan
(%) is cultivated. Its écieutific name 1s Citrus grandis
Osbeck var. Shangyuan Hu

Acéordin g to Kwangehow Ki Wrift_en by Pel Yuan (3 BEML)
(Ca'ntonIHistorical Skéfch, 500 A. D.) pumelo was grown
in Canton. Citrus culture _iﬁ Kwangtung was begun
very early In the San Hai Cbin _(mﬁ&“‘ig),_: Tong Ti'rig
Hu, Huéan,:(iﬁgiﬁﬂ,i@ﬁi) was mentioned as being famous
for the production of Chieh(#§), Tn Kwang Chi, () 502-
551 A. D, the Hw.ang Kan (k) is mentioned as beiﬁg fa-
mous in S'zeehluan.. -Aceording to the Chieh Lou written by
Hang Nien Shou (Orange culture in WénchoW)( B ERIER)
orange éﬁltﬁre in Chleki_ang was developed ih-the.'Tang and
Sung_ Dynasties. _The Kan(#) mandarin orange, the Hong
Ohieh(ﬁﬁ) tangerine, Cheng(ﬁ: ofangé, and ”Yu (W) pu-
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melo, originated in .India and the Malay _States.. The Chieh
( ¥%5) ,loose skinned orange, was cultivatedﬁvery early in China
in the Yangtze Valley. The kumquat, indigenous to China,
was probably cultivatéé in the Tang and SungD ynasties..
14. The Li Mong (#25% )Otakbeit orange in Kwangtung, is Citrus
limonia Osbeck while Ning Mong (¥5i%), co‘mmon. lemon, is
Citrus lim..ore Burmann (Verified by Dr. Tanaka.)
15. The loose-skinned oranges cultivated in China can be divi-
ded into fouf subgroups.
Subgroup I-Ju Chieh (Citrus kinokunt Horl. Témaka)
Ju Chien (ZL45)
Mi Chieh (%4%)
Kai Mi Chieh (F%H8)
Subgroup 2-Tso Chieh(Citruz ﬁ-obilis' var., subcompressa,
Tanaka)
Tzo Chieh(B4%)
Mu Ho Tzo Chieh(#6%545)
Chieh(ff)
Satsuma orange( IVAA)
Subgroup 3-Penditzo (Citrus succosa Hort. Tanaka)
| Penditzo( 43 5)
Subgroup 4 Pon Chieh( ﬁﬁ) (C_itrus ponki and Citﬁ*as:Suf_z?ci.')
Tien Chieh (FH45)
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San Chieh(ﬁﬁ)
16. Tanger_ine group include Hong Chieh(ﬁzﬁ%)Citms tangerina
Hort. Tanaka, and Chu Chieh ( %4%) Citrus erythrosa Hort.
.- Tanaka.
17. The mandarin orange group can be divided into five sub-
gfonps.
Subgroup 1- Mo Kan(A74i)Citrus Poonensis Hort. Tanaka
Mo Kan(# )
Lou Kan( JE§H)
Mi Tan Kan( % #H)
Man(i2)
Subgroup 2-Sheo Kan(%;ﬂi) Citr'us tankan, Hayata
Sheo Kan (##f)
Ton Kan ()
Subgroup 3 Suhoi Kan(p&#) Citrus suhoiensis Tanaka |
Suhoikan(pd & #if )
Subgroup 4-Cha Chu Kan( Kﬁﬂ]‘)
Cha 'Chu Ran( A4
Subgroup 5-Erkan (B Citrus suavissima Hort, Tanaka
Erkan (BiH)
18. Among the sweet oranges- culfivated in Kwangtung, Tien
Chegg(ﬁ}ﬁé) ‘Shang Sui_Cheng (%*&) and Liu Cheng (i1 -

#8) are themost famous varieties. The American Washing-
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19,

20.

21,

22.

23.

24.

ton Navel orange and Valencia Late orange were introduce
sure Canton several years ago.

Very few sour oranges are grown in China. The Kiu Toa
Cheng (#¥EF¥S) grown in Hwang Yien (&) is used for
Citrus st_bck. The blossoms. of the Dai Daj Cheng ({S4C )
grown in Soochow 'e;re dried and usedin fea {o make it fra-
grant.

The name Cheng Tse (##-F) appeared in the Chen Liu Pen
Tso (A %) (edited by Tan Chin Fi (Fgﬁﬁ) 1108 A. D.)
although the old name Yu was used. Cheng Tse is grown
in the Yangtze Valley, The peel is used for making candy
and medicine.

Ichang Kan ("ﬁ B i) Citrus ichangensis, Swingle, originates
from Ichang, Hupéh.(Chih Ko(:ﬂ{i&) 1s an old name of this
variety). The pé-éi_is .!us'etél for medicinal purposeé.

Pumelos are produced in Kwangsi, Kwangtung, Fukien,

Chekiang and Szechuan: The Pu Nan pumelo, from Fukien

is the most famous in China.

Li Mong Tse (2T cultivated in Kwangtung is used for
Citrus stock and the fruif t'q make lemonade.

Thé cultivation of summer oranges, lénjbns, grapefxfui_t, efe.

in Chipa is insufficient. This needs to be encouraged.
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INHERITANCE OF SOME PLANT

CHARACTERS. IN CABBAGE,
BRASSICA OLERACEA, VAR. CAPITATA:!

C. C. Kwan

INTRODUCTION
The common cabbage, Brassica oleracea wvar. capitata, 1s an open-
fertilized plant which has shown striking variations. Very little work
has been reported on the genetics of cabbage. The studies reported
herein are the genetic apalysis of certain plant colors, and foliage

types. In addition plant height and head weight were studied.

LITERATURE REVIEW

Plant Colors

Up to the present only two genetic colors of cabbage plants have
been reported, ‘‘Red” or purple , and green.

Kristofferson (6)' reported extenlswe .investigations on a light-red
- color of the mid-vein in cabbage and in brussels sprouts. In both
cases, Crosses were. made with broccoli which is green in these parts.
In the F1 the mid-vein was light-red. A monohybrid segregation
followed in Fz with a ratio of 3 light-red: 1 green _mid~vein.\ He
desig’nated this factor for Iight-red color of mid-vein in cabbage and
brussels sprouts as B. Broccoli, therefore, is 5. A cross between ligh‘f-
red ‘mid-\rreined cabbage and a similar type in brussels sprouts 'producecf
only light red in T, and Fa, showing ths t the two factors are the
same. This light red type is probably the same as that referred to
here by the writer as ‘‘sun color’’, ‘When. kale, which has a green
mid-vein, was crosSed with this same cabbage of light. red type, the
F1 had a dark-red-violet mid-vein, The' F; p'lants segregated into
da.rk red- vwlet, hght-red and green in a ratio approxnmatmg 9:3:4,

) A thesis presented to the faculty of the Graduate School of Cornell. '
Unwerslty in partlal fulfillment for the degree of Doctor of Philosophy.
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When the non-dark red élasses, that is, light-red and green vein,
are censidered together, the ratio between dark red and non-dark red
is approximately 9:7. This would indicate complementary factors
for the dark red-violet color. He assumed a factor A in the Kkale
which interacts with a factor € in cabbage or brussels sprouts to -
produce this dark-red-violet vein color. With respect to these\ fac-
tors, kale is 4 ¢ and cabbage or brussels sprou’fs Is aC. In the F
thelre was a deficiency of the light red type carrying B, and a pro-
'portional excess of the green & type. This deviation he suggested
might be due to linkage of B with either 4 or C. Since the crosses
of broccoli with cabbage and of broccoli with brussels sprouts did
not give dark red-violet mid-rib, broccoli must be a.

In further studies, Kristofferson (6) found complete dominance of
dark red leaf color in the cross ot the green leaved light-red mid-
veined cabbage with a dark red leaved type. In the Fa there was
segregation of approximately 3 dark red leaved plants to 1 green
leaved plant. Thi_s also held true in crosses of dark red leaved cab-
bage with kale, with brussels sprouts, and with broccoli. He suggested
the factor D for this dark coloration of red cabbage. In the cross
of kale with green leaved light red-vein cabbage or with brussels
sprouts, the leaf color of the Fy was dark red-violet. The F: ratio
could not be interpreted since . the ‘variation was c_:oﬁtiriuoué. Most
pllant's had a darl_c_er or 'lighter trace of violet, and a rather large
number of the plants were as dark cd_lored as the red cabbag’e. In
the c;oss bet_ween red cabbage and tall kale, the F: ratio of inter-
mediate and green to dark red is approxix'nately' 3: 1. In the light-red
cabbage, he aséum‘e's there is a factor £ for extension of dark color
when 4 and C are both present. o

From his experimental results he formulated the most probable
genetical constitutions as follows:

Cabbage dd aa BB CC EE
Red Cabbage DD AA bb cc ee
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Brussel sprouts dd aa BB CC EE
Kale dd AA bb cc ee
Broccoli dd aa bb CC EE

From the cross of purple kohl-_rabi X green savoy cabbage reported
by Pease (9) a purple F1 was obtained. The F: population - segre-
gated into 9 | purple: 7 green. This ratio indicates two complementary
factors for pilrple.

Sutton in 1924 (14) in crosses between red and green cabbage
concluded that ““red”’ is due to a single dominant or inconﬁplete]y
dominant factor.

Allgayer [1) made a cross between green cabbage and a type
called “‘Rot kobl”’ with wine-red stalk (stem) and vein. All of the
F, plants from the cross between these two types were pigmented,
In the Fo generation the plants were grouped into three classes de-
pending upon the amount and distribution of pigment. In one class,
“gaﬁz”, the color was present upon the leaf stem (petfole or mid-rib),
leaf surface and all parts of the plant. In a second class “ader’’
the pigment showed only on the leaf veins while the leaf surface
remained green. The third class comprised those .plants in which
no pigment was observed. The F: ratio of pigmented : g’reén was
3:1, from which he concluded that pigmentation is due to a single
dominant factor. designated 2,

About six years ago, Dr. C. H., Myers of the Department of Plant
Breeding of Cornell University, foundl a color type 'among the prone-
ny of a selfed plant of Danish Round Red variety. This new type
was named “Magehta”. With_'the' bloom present the color on the
stem and outer _1ea§és of ‘‘Magenta” matches fairly well with Ridg-
Way’s Daphne Pink or Daphne Red. In .'the'seedlings the color is
mofe dilute, .varying between light Persian Lilac and Persian Lilac,
‘The color in the interior of the head especially where .chlorophsy.l and
bloom are absent, agrees -fairly well with Ridgway’s Spinal Red.
This type has been studie‘dl genetically by Magrudér.
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Magruder (7) obtained purple plants in the Fy of a cross between
sun color and magenta plants. In the F; there was segregation of
9 purple: 3 magenta: 3 sun red: ! green. The assumption of two
factors explains these results. The factor A7 is designated as the
one responsible for the production of magenta and .§ for the produc-
tion of sun color. The purple type then is A S and ms 15 green,

Foliage Characters

The wrinkled leaf character, as found in the savoy cabbage, has
been reported to be dominant over the smooth leaf type. Price (10}
crossed Drumhead savoy with the smooth-leai variety known as Volga.
In reciprocal crosses the Fi h}'brids in both cases were of the savoy
tvpe. No segregation was obtained, not a single plant with smooth
folioge could be found in F2 or F3 populations. Moreover, this wrink-
fed condition was more highly developed in the F3 population. The
author stated that “‘such behavior niight be given a Men&elian inter-
pretation by utilizing the bhypothesis of Nilsson-Ehle and East, as-
suming the Savoy parent to possess a large number of. factors fo.
crinkling’’, However, such an mtcrpretatlon does not harmomze
with results reported by Tschermak (after Fruwith) in which curled
leaf was found to be dommant over the smooth leaf, but segregation
occurred in Fg, ,

In 't_he cross between cabbage which has an entire leaf, with kale
whose leaf is deeply lobed, Kristofferson-(6) obtained an Fi with
intermediate type of lobing. With respect to curliness of leaf the F3
plants _showed wide variation. 'However, a few plants closeiy resem-
blod the kale parent. In crossmg brussels sprouts with kale, plants
intermediate in amount of curlmg were obtained in Fi. In the ¥,
there was almost continuous variation between the two parental types.
Only a few plants were similar to the parents. The aunthor concluded.
that four or five factors were concerned in the producuon of the
curly leaf of kale.

' Rasmusson (12) crossed common cabbage with the savoy variety,
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the F1 plants were all savcy type. The wrinkling of the leaves in
the savoy variety therefore, is dominant. Only 10 plants out of 780
F2 individuals had leaves similar to those of the common cabbage
parent. The author suggests that wrinkling of the leaves is inherited

as a quantitative character.

MATERIALS AND METHODS

The rhateriais used in this study were three pure inbred strains
from the improved commercial stock of Professor C. H. Myers of the
Flant Breeding Department, Cofnell Universitv., The pure strain of
“Purple” .(pedig‘;ree number “1085-_5) has purple color which matches
very well with Ridgway’s Indian Purple. The color extends over
the blade with varying degrees of intensity and becomes more distinct
in the middle vein. It has smooth foliage and has a plant height
of 9.36£0.199 inches under the field growing conditions at Ithaca.
This purple is probably the same as the ‘‘red’”” or ‘‘dark red’’ re-
ported in the litefature by ‘Kristofferson énd Sutton.

Another homozygous strain, (pedigree number “‘341"")is “‘sun red”’
in color. The term ‘‘sun red’’ is applied to this type because it
develops color only on the portions_of the plant exposed to the light.
This strain has wrinkled foliage and a plant height of 8.08--0.190
inches. .This type is probably the same as the green blade, light
red mid-vein type reported in the literature by Kristofferson and
Allgayer.

" Another pure line, ‘‘342” is green in color. This line is pure
green an'ﬂ never develops any pigmént. This stfai_n was used for
plant éolq_r studies oriiy.

The cultural and other methods employed in the experiments were
worked out by Myers and bave been described in detail by Magrudér'
(7). Only a few of the important points will be noted here,

- The seedlings were sta_rté.d in flats. Theﬁ after two weeks they.
were transi}lanted into. other ﬁai:s' for: wider .spaéing‘. of the plants.
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Three weeks later they were transplanted to the experimental plots.
As soon as the plants were well matured, the cclor types, foliage
characters, and plant height were studied. Heads for further crosses
and studies were saved and placed in cold storage for two months at
an average temperature of 40°F. Then they were potted and grown
in a greenhouse carried at 758F. for crossing and selfing.

Flowers to be crossed were emasculatéd the day before pollination.,
Self-pollination was effected by rubbing {reshly opened anthers on
the stigmas of all the open flowers on the same plant. Glassine bags
were used to cover the individual flower stalks.

Plants of the parental lines were grown each year for comparison
with the F1 and F2 families,

In connection with the study of plant colors special attention was
paid to classification methods. It has been observed that in both
strains infensity of the color is increased by sunlight. The presence
of chlorophyll in the exposed leaves also makes classification into different
grades of intensity diffieylt. Therefore, the color of the inner leaves wrap-.
ped up in head formation as well as that of the outer vnes was studied.

Four classes of intensity of purple color ?ased on the colcr of the
outer head leaves have been arbitrarily set up, namely, A, B, C, D, .
rangi.ng from lightest to darkest. In recording these grades of color
leaves which had not been exposed to light were examined -with
great care. After completion of individual recording, heads of each
pedigreé were cut off and placed in groups to match and compare
their color intensities. This scheme increases the acéuracy of color
cléssiﬂcation

In studying fohage characters ‘the parental types setved as the
cntenon for cla351ﬁcat10n.

Hexght of pla.nts and head weight were also studied. Each plant
was measured w-.th a vernier ca.hper in the field, consxdermg its
height as the distance from the surface of the ground to the tip of the
head. These individual heads were carefully cut off at the base and
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weighed.
INHERITANCE OF PLANT COLOR TYPES

In the study of plant color types,' two different crosses were made:
purple x sun-red and purple x g'reen.. The cross belfween the purple
and sun-red types will be considered first.

Crosses Betweeil Purple and Sun-red.
Fy and Fo Resulls

The cross of purple with sun-red plants gives an F; which is in-
termediate in pigmentation, corresponding to class ‘B in :che arbit-
rary scale of mtensity of purple. |

In the F2 generation, both parental typss were récovered, but the
vast majority of the planis fall in grades of purple lighter than that
.of the purple parent. There usuall_y is a clear-cut separation of the

sun-red type from the purple, The F: resufts are given in Table I.
Table I. F2 data from the cross purple x sun-red cabbage,

and Fs families which segregated sun-reds.

' - ' B _

Pedigree Purpie \ Sun—red! X | P Odds
: - i - !

F. | 370—1 Obs. 444 | 06
- Cal. (15:1) .| 440.8 29.4 | 0.4222 4787 | 1t
370—3 Obs. | 181 g | ‘

Cal. (15:1) 182.81 | 12.19 | 5.8694 | .0138 | 71i:t

370—5 Cbs, ° 188 {7

Cal. (15:1) 184.69 | 12.31 | 2.2905 | .2057 | 2:1

Total - : 8.7347 | .0364 | 27:1

Fs | 370—1—22 | Obs. 105 7
- Cal. (15:1) | 105 7 o | o 0
370—1—75 | Obs. 98 9 : | .
Cal. (15:1) | 100.30 6.70 |0.8422 | 0.4925 | 1:1
370—1—-78 [Gbs. | 131 12 . -
8.94 |1.1172|0.2924 | 2:1°

Cal. (15:1) | 134.06
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376—1—121 | Obs. 174 17 o -

| Gal (15:1) | 179.06 | 11.8¢ | 2.2872 0.1565  5:1
$70—1—62 | Obs. . 186 7 L

| Cal. (15:1) | 180.94 | 12.06 |2.2645 '0.1415  6:1

370—1—+98 | Obs. | 177 118 |
Cal (15:1) | 182.82 |12.18 |2.9660 :0.0615 | 16:1

$70—1—13 |Obs. | 179 - {18 E
Cal. (13:1) | 184.69  |12.31 | 2.8052  0.0956 ! 9:1
370—1-122 | Obs, | 168 22 ! -
Cal. (15:1) | 178.13 | 11.87 |9.2211 | 0.01 = 99:1

! | !

This table also includes F3 results from purple which segregated
purples and sun-reds. This is legitimate since the later dala show
that these are comparable to the F» results. The ratio of ‘‘purple”
to "sun-red” plants suggests a ‘15:1, indicdting that duplicate genes
may be involved. Using the X2 test for goodness of fit (Fisher's
Table III) (4), we find the deviation from a 15:1 in the Fa results
probably is not significant, P is 0.0364, corresponding to odds of 27:1,
When the F3 and F2 results are totaled the ratio is very close to a
15.1. Out of 2,220 plants 147 were suh-{‘eds where 139 are expected,
Xz- = 0,4604, P = .50, corresponding to odds of 1:1. In one of the
cult-ures.(370-3) there is a large .'c_leﬁciency of sun-red plants, sugges~
ting that triplicate factors were iavoh’eid in this case. This same
plant when tested in back-crosses (considered below) gave ratios in-
dicating d'uplica.te factors, In another culture, an F; (3’(0-1-1_3) there
was excess of sun-reds. '

Backerosses of (Purple x Sun-red) F1 x Sun-red

The hypothesis was further te_s{ed by means of backcrosses. of the
F1 of Purple x Sun-red to the recessive sun-red type. Four of the
F1 purple plants, including the one which gave the deficient ratio in
a2 (370-3) __wéré tested. In every case, the progeny was distributed
in a ratio of approximately 3 purple to 1 sun-red as shown in the
comparison in Table 1I.
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Table II. Data from the backcross of

(purple x sun-red) Fl x sun-red.

| : : O -
Crosses ! 1 Purple | San-red [ X2 | P I Odds
i o i : i
| |
370—3 x 370—1—12  Obs. 66 | 25 ; L
F, SR Cal (3:1) |68.25 | 22.75  0.2967 ,0.6023 | 211
370—4 x 370—1—1 . Obs. 59 |23 i |
F, S.R. Cal (3:1) |57 ! 19 0.9228 0. 45111 1:1
370—5x 87011 Obs. 116 | 9 - :
F, SR.  Cal (3:1) i 18.75 | 6.25 ;1.1228 0.3489 | 2:t
370—4 x 370—1—37 Obs. lss . 37 }
F, * SR Cal (3:1) §90.75 30.25 2.0083 0.1364 | 6:1
Total ! 4.3536 5089 l 2:1
| |

The fit of expected to observed on the basis of a 3:/ distribution
is good, P equaling 3069.and odds about 2:1. That is, in one tnal
out of 3, a deviation as great as this would be expected due to chance
alone. None of the cultures deviates significantly from a 3:1. Had
triplicate factors been present in the Fi plant (370-3) a 7:1 ratio
would have been obtained in the above backcross.

These tests support the assumption that two independent duplicate
factors are responsible for the. production of the purple color. The
symbols R1- and R» have been assigned '-tlo these factors. In the pure
purple strain both these factofs, R: and _Rz, are present in homozy-
gous condition, VVhen both Ryand Rz are absent, a sun-red plant results.

Antercrosses of different Fz sun-reds.

Two Fq _s_un -red p!ants_ were intercrossed and all of the 49 plants
were sun;red. They exhibited a much more intense sun-red color than
did their parents, This increase in intansit'y of sun-red fnay be due to

. mtensnfymg factor brought in by ‘the purple parent,
9 Segrega!zorz in Fq for purple intensity and Fs tests of different
”s ' grades.
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An attempt was made to classify the F, into different grades of
intensity of purple. The F: type and the parental purple's were used
as standards. Two additional classes were made, “‘C’* which is inter-
mediate between the Fi and pure purple and ‘‘A” which is lighter

than the Fi. It should be mentioned that the separation into these

Table III. Data on the segregaticn for color intensity
in the cross of purple x sun-red Fs results and

F: from families segregating sun-reds.

i ' Purpl» intensity types :
Pedigree | | . X2 P . 0dds
| D, C B . A :
i. 5 | " -_F-: . : '
| 870—1 | Obs. 27 121 183 112 | o
F. | . Cal. (1:4:6:4) I 29.60118.40177.60118.40 (.7935 © .90 : 9:1
| 370—3 I Obs. I Rt N
| ' Cal. (1:4:6:4) | 12.75 50.92. 76.43 50.92 0.9458  .8141 8:1
. ! | . . ; 5 |
[ 370—5 | Obs. 110 .50 89 41 | |
| | Cal. (1:4:6:4) | 12.67 50.68 75.97 50.68 4.7376 | .20 | 5:1
! ! L . | L '
| Tatal . 1 6.4789 6809 2:1
e .i b | - o
N N : 1 | )
F; | 370—1—22 | Obs. | 8 125 |44 28 |
Cal. (1:4:6:4) | 7.0 28.0 42.0|28.0 0.5895| .9055 9:1
370—1—98. | Obs. 16 |44 69 |48
R Cal. (1:4:6:4) | 11.80, 47.20 70.80. 47.20, 1.7712 | .6262 1:t
370—1—62 | Obs, 9 |54 |77 |46 R
[ Cal (:4:6:4) | 12.4 40.6 | 744 49.6 | 1.5930 | 6641 2:1
370—1—75 | Obs. 4 25 139 ls30 | f
| Cal. (1:4:6:4) .| 6.53 26,12 39.23 26.12/ 1,6059 | .6592 2:1
370—1—78 | Obs. l10 [se is6 l2a | [
Cal. (1:4:6:4) s.zsi 34.92 52.43 34.92) 4.3194 | .2330 4:1
370—1—121' Obs, 19 138 (8 |45 : B
© | Cal,(1:4:6:4) | 11.60| 46.40 69.60, 46.40; 4.3551 | .2293; 4:1
370—1-—122 Obs. 119 |55 [eo 184 | o
- | Cal (1:4:6:4) | 11.20 44.30]; 67.20, 44.8011.1294 | .011486:1
370—1~—13 | Obs. 9 |32 |63 75 - |
Cal. (1:4:6:4) | 11.93 47.72 71.63 47.72;22.5329 .01 99:1
B . - ’ ! ] 1|
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four classes is not in every case clear-cut. The variation in inten-
sity is more or less continuous. It is not uncommon to find several
heads on the borderline between two classes. However, they were
grouped as accuratelv as possible, The frequencies of the color types
in F2 are shown in Table JII. The F3 populations which segregated
purple_ and- sun-reds are al=o included.

If we assume a cumulative effect of these factors, then the intensity

of color will depend on the number of dominant Rs present, Either
Ry or Rz or both. The parent._purpie type which is RiRi1R:R:s is

the darkest typs ‘“D”. When either factor is present in homozygous
condition or when both are present in heterozvgous condition, the F,
t}-'pé should be.produced; this should corfejspond to class ‘B, When
three doses of R are present, the color should be a little lighter than
‘that of the purple parent, This would correspond to class “c”. Im
a Fz from RiRiR:R: ‘( ririrsta, the following distribution with
respect to number of R’s present should be obtained 1t the factors

are cumulative in effect:

Genotypes Color (ypes Frequency
RiR1R:Rs2 Purple “D"........ S |
RiR1Rzrs o
* b 2 ] . “C” aaaaaa 'R 4
R1r1R2R2
R1I‘1R2r2
‘ sy B iiena 6
RiRjyrery
r1r1R2R2
ririRora
L -] “A” N T ) - .4
R1r1r2r2
T1r1rers sunered ...cccosviesal

The expected frequencies based on this hypothesis are compared

with the observed ones in Table IIL

In all three F» progenies, the observed freguencies fit the calcu-
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Iated ones fairly closely, P equaling .6809; with odds of about 3:1.
.Ir-l culture 370-5, separation into fhe four classes was more difficult
than in the ofher two Fa cultures; yet the X2 test shows a good fit.
Although the fits are close to the'exp.ected results, it 18 necessary
to make genetic tests of the hypothesis that the duplicate factors are
cumulative in effect. Individuals from the different Fa purple intensity
classes, were testéd in Fs and in intercrosses with sun-reds. On
the duplicate factor hypothesis we should expect to find eight geno-
types of purples in the Fa. If Ri and R: are not distinguishable then
only five can be recognized. Their frequencies and F3 behavior are

indicated below:

F, - F, | Frequencies ,' F3 color types -
. Color of F; l !
Fre- Genotype i Class segregation ! Purple ! Sun-red
quency | types - iD7C B A
1 | RRRR, D" | 1 all] |
! f C
2 ! R:RIR,rg ; ! 1 { 2) 1
) . i uc” 4 1 : ;
2 R-_I'_R_Rg i : : I |
4 i RnRrn | B 4 104 6.4 1
1 RRrn | ? | ali
) : “B" } 2 E ‘
1 rrRR | | all
2 Rrrr i CAT 4 1,20 1
3 rrRI, I l l 1 | 2, 1

Accordirzgly there are only five types of behéwior in FI3 from the
F2 purples.

On account of the limited space available in the greenhouse only
28 F2 purple plants could be grown.  Seed was obtained from only
16. These were grown in the exﬁerimental plots during the season
of 1932. The results are given in Tables I, III. and IV. The re-.
sults from the different F2 color classes Wi_ll. be considered separately.

Fs behavior of ““B” type Fa 'pur}!e plants.
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Eleven of the 16 Fy purple plants had been graded as “B"” type
in the field classification, On the basis. of the theory outlined, Fg
purples from class *‘B” should show only two types of. segregation
in F3; one a ratio of 15 purple: 1 sun-red, and the other should give
only ‘B type plants. If the selection of these ten piZnts were pure-
ly at random, the proportion of these two types should be 2 : 1 in
the above scheme.

Eight of them produced 15:1 ratios similar to the original Fs ratio.
(see Table I in.the F: section.) These plants, therefore, were he-
terozygous for both the K; and R factors. With one exception (370-
1-122) all cﬁltures showed a2 good agreement between the observed
frequencies and those calculated on the basis of a 15:1 ratio. They
also showed the fc.'u‘r' clasées of infensity of purple color. . The results
from the classification for intensity are given in Table III, along
with the Fs's.

| In progeny 370-1-122 there is a significant excess of sun-reds. How-
ever, the deviatidn from a 3:1 i1s even greater.

The other three Fz ‘‘B”’ type plants gave no sun-reds. One pro-,
genv. 370-1-42, and the other, 370-1-74, produced 197 and 48 purple
plants, respecti.veiy,' which were all of ‘‘B’’ type. These plants should
be either RiRirarz or ririRz2R2 genetically. The other plant, 370-1-
103 produced 3 purple of ‘‘B’’ type and 5 of ‘A" type. The Fg
‘parent miéht have been a plant which really belonged to the ‘‘A"
class in which case a ratio of 1 “B” : 2 “A” : 1 sun-red should
have resulted. The number of i_ndi{fdual's is too small to be certain
of the géﬁo_type of this F2 plant.

Fs behavior of ”A”I lype £y purple plants.
~ Progeny from three F2 purple planfs of ‘A" type were grown.
These should all segregate but‘ple_; sun-reds in a ratio ot 3:1. All
three produced purple and sun-reds. in ratios approximating 3:1. They
wefe either Ririrere or ririRerz genétically. In two cases the pur-

nles were of type ‘“B’* and' ‘‘A" in a ratio approximating 1:2.  The
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observed frequencies are compared with the expected ones in Table
V.

Table IV Data on the Fa segregation for color intensity
of ‘A’ type F: plants from the cross

‘purple X - san-red

j ! Purple : ) E "
. i intensity i Sun ; ;
Pedigree t-— B A tored '\ Xt . P | odds
' ; 5 |
: ! i | i S
370—~1—69 | Obs. 27 75 i 23 | :
: Cal. (1:2:1) | 31.25  62.50  31.25 5.2560 0.0765 | 12:%
‘ .' ,' ! | f
$70~1—115, Obs. 6 | 99 38 | |
Cal. (1:2:1) | 49.25 98.50 | 49.23 4.9200 ! 0.0886 | 10:1

The fits of obsérved to calculated results are good.

In the other progeny (370-1-83) the purples were all “B’ type.
It is difficult to explain this lack of segregaticn intoc the expected
“B” and ‘A’ classes. Possibly there is a separate factor modifying
the action of R.

Fs behavior of '‘C” type Fo purple plants.

F2 plants of class ‘‘C’” should give only purple progeny. Only
one F2 purple plant 370-1-15 which was graded as ‘‘C” type was
tested, It produced only *C’ type purple plants where “‘D”, “C”,
and “‘B’’ were expected. |

Fs éeZz_a-z*z'or of “.D” ype Fo p?ar_})i’e plants.

F2 plants of this class shouid breed true for purple.

‘Although three *“D’’ type heads were selected only one gave pro-
geny, _. This did not breed true for ‘’'D” type. This culture, 370-1-123
produced three classes of purples, namely ‘D *‘C"’, and “‘B”, indi- -
cating that this plant was either RiR3Rarz or Rir1ReR2 and therefore,
actﬁailjr belonged to the ‘‘C”’ class. The distribution of the three
classes deviates widely _frbm expéctatiof;. .

Further tests of the hypothesis that the duplicate genes are cumu-

lative in effect were made by intercrossing the Fz purples with sur-
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reds.
Intercrosses of Fao purple with Fa syn.red.

The intercrosses between different Fa purples with Fg sun-reds are
really backcrosses since sun-red plants have been shown to be rirs
with respect to the factors for purple color production. Eleven
intercrosses were made, _

" They include crosses with six of the same purple "B’ type plants
used for the F3 tests., The resuits of these crosses are given in
Table V.

Table V. Data from intercrosses between Fs tegr type

purples and sun-reds from the cross purple x sun-red.

. 1 . . ! . ]
Crogses !; Purple :Sun-Red X, P lOd-ds
370-—1—1 x 370—1—75 Obs. L 62 14 |
S. R. Purple ' Cal. (3:1) | 57 - | 18 . 0.4448 0.5060 | 1:1
8$70—1—121 x 370—1—12 Obs. 35 18 N
' S8R Cal (3:1) ] 36 12 0.1110 0.7441 | 3:1
370—1—78 x 370—1—12 Obs. . a7 |22 |
TSR Cal (1) 44251 14.75 . 4.7513) 0.0326 * 29:1
_ . i
370—1—98 x 570—1—I12 Obs, 72 43 e
SR Cal (3:1) | 86.25, 28.75.10.0897 .01 ' 99:1
| | , .
92 13 | !

370—1--122 x 370—1—12 Obs. | | _
| SR | Cal (3:1) | 78.75| 26.25| 8.9175 .01 . 99:1

370—1—62 x 370—1—73 Obs. . 24 19
SR |Cal (3:1) | 32.25| 10.75  8.4418 .01 991

Based upon the Fs results, these plants should produce i purple
“B” : 2 purple ‘A : I sun-red or 3 purples : 1 sun-red. In two
out of the six. progeniés the observed frequencies agree cl.os.ely with
a 3 :1 ratio, (see Table V) The odds are ! : 1 and 3 : 1 respe-
ctiirely.

In the last three prdgeﬁies, the deviations are significant. Consider-
ing the F3 results from these same plants, there seems to be no

logical explanation. In one case, 370-1-122, in F3 there was an excess
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of sun-reds, while in-the backcross there was a deficiency.
Two of g\he‘ three Fo purple ‘‘A’’ tyvpe plants for which Fe results
were obtained were also crossed with pure sun-red. These results

are given in Table VI.
Table VI. Data from intercrosses between Fa ‘A"
type purples and sun-reds from the crods

purple x sun-red.

Crosses : PHEZEB ESun—redE_ Xz ! P Odds
| | | a | |
370—1—115 x 370—1—1 | Obs. 24 1 28 T
_ SR, Cal (1:1) | 25 25 | 0.0800 , 0.7809 & 4:1
370—1—69 = 370—1—1  Obs. 53 | 39 !l o
SR i Cal (1:1) 46 46 | 2.1304  0.1541 = 6:1
870—1—115 x 370—1—73 Obs. . 59 41 |
. SR Gal (i 8 4 S 3.204 | 0.0780 1121

They gave the expected ratio of 1 purple ”,A” : 1 sun-red, the
fits in all three cases being good. Odds are 4:1, €:1, and 11:1. This
indicates. their genotype was either Ryrirars or ririRars. .This agrees
with the F3 test of the same plants.

The comparison between observed and calculéted on the basis of
a 1:1 ratio is given in Table VI,

.The one Fa2 purple “D’' plant that produced only purple plants in
the Fs was backcrossed to sun-red. The results show that different
classes of purple plants segregated (16 ‘D’ : 43 “‘C’": 22I“B'”_: 18
AT, Thefefore,- “p probably- was not the proper original classi-
ficationi The absence ot sun-red plants proves that. the_ genotype
must have been either RiRiRorz or RiriR:Re. Genotypically, there-
fore, this plant was a ‘“C'’ type. This agrees with the Fz results.
The presence of ‘‘C” and fpr classes in the backeross where c'1.:|1y
“A" and ** B are 'ex_pected. cannot be explained unless niodifying

factors were present.
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In those cases where the Fz purple plants were tested by crossing
with the double recessive sun-red the results corroborated the geno-
types formulated as a result of the Fs test;

Further tests of the hypothesis are afforded by intercrosses of the
2 purples.

Lntercrosses between ditfercnt Fo purples (from the criss
purple X S‘zm-red/

Two Fs purple plants were tested in F3 and were also intercrossed.
One, 370-1-75, a ‘B type, in F3 gave purple and sun-red in a ratio
of 15:1 while the other, a ""C"" type, 370-1-15 produced only purple
“C” in the F3. The first one, therefore, was R1T1R2r2 from Fa and
backcross tésts. The second one prebably was RiR1Rara or RiriR:2Raz.
The result from the cross of these two plants gave 24 purple and 3
sun-red plants. From this cross, the progeny should be all purple by
their assumed genotypes. The presence of tHree‘ sun-red might be
due to mechanical mixture either in ‘sowing or at transplanting,
although further tests of these plants are desirable,

In every case but one then, the intercrosses between Fa purplé
color types and between purple color’ types_and. sun-red produced the
expected phenotypes. The observed frequencies of the expected inten-
sity phéhotypes were not always in close agreement with the thed-'
retical frequencies, Considering the difficulties in classification owing
to the fact that there is continuous variation in the intensity of
purple, one would é_xpect only general correspondence between pheno-
typic separation and genetic éonstitution_. The results ‘bear out this
expectation. In general, however, they_"do show that the',deeper
intensities are aés_ocialted with a larger numbér_of doses of R. This
shows that there is a_-cumulativ_é effect of Ri1 and Rz. .In certain
irregular cases, modifying fac"fors méry have affegted the intensity,

- _Crosses Involving Purple and Green,
F1 and Fz"}‘efg?ft: | |

The same 'p‘l_'lrpl'é “D" type was studied in crosses with green
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plants. As pointed out earlier, this green type has no pigment. The
F, plant from this cross was intermediate in color. In F3, in addition
to the parental types, a sun-red class appeared. (see_ Table VII)._
The F ratio is a fair fit to 9 purple: 3 sun-red: 4 green. A deviation
as large as that observed might be expected through chance aione in
about one out of two trials. ' _

A single distinct magenta plant was found in the F: population.
Its occurrence was most probably due either to a mechanical mixture
of seed or to a mistake made during transplanting.

The Fa resu'its can be explained by the assumption that the parents
differ in two factor pairs for color. A factor, G, is assumed necessary
for tne development of any color.- This is lacking in the greens, and
present in the colored t_v.pes. Another factor, which may be designated
H intensifies the color when G is present. Then the phenotypic

formulae may be set up as fallows:

‘G H = purple
G h = sun-.red
g H — green
s h = green.

F3 tests of the hypothesis were made.
Behavior of Fo purples in Fs from the cross purple x green.
Twelve purple plants from the F2 of the cross .plirple X green were
selfed and grown. The F3 results are given in Tables VII and VIII.

Assuming ‘that purple color is due to the. interaction of two factors,

: F: purple _ F; behavior - _
~ Frequency - j _ ' - ' "
| genotypes ~° . purple sun-red green.
1 66 HH all
2 GG Hh 3 1
2 G¢ HH | -3 - | 1
4 G¢ Hh 9 | 3 - 4
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we would expect to find four ditferent genotypes in the Fp purple
plants, The frequencies of these four types and the color types which
they will produce in F3 are as follows:

Six F2 purple plants produced' purples, sun-reds, and greens, Four
of these approximated 9: 3: 4 ratios similar to the original F2. The
plants, therefore, were heterozygous for both the G and H factors. The
comparisons with expectation are given in Table VII,

Table VII. Data on F2 progenies from the cross of purple x
green cabbage; and F3 results from Fz_ purples which

segregate all three types {similar to F3).

b oxe |

Pedigree g Plfi'ple Sun—redﬁ Green Xz [ P Odds

E - _

. . [ i . ' |

F, 355—2 " Obs, 61 - 18 19 !
. Cal, (9:3:4) | 55.08; 18.36  24.48 1.8690; 0.4055 ;| 1:1

F; 355—1—-18  Obs. :

355-1—17  Obs. 13 S 5 |
-  Cal. (9:3:4) | 14.63| 4.87 6.50| 2.5267 0.2854 | 3:1

[ 62 15 21 : - :
[ 55.10 | 18.40 . 24.50 | 1.9922 0.3181 ] 2:1

355--1—13  Obs. 83 2t 19
| Cal. (9:3:4) | 69.17 | 23.07 | 30.76 | 7.4472 0.0261 | 32:1

355—1-19 ' Obs. | 67 6 . 25 |
' Cal. (9:3:4) | 55.10 | 18.40 \ 24.50 [ 10.927t] .01 | 99:1
; g | |

355—1—15 | Obs. 119 2 i 5 |

S Cal. (9:3:4) | 82.13 | 27.37 . 34.50 | 44,7902/ .01 | 99:1

355—1—16 - Obs. .| 49 3 |1
E'Cal. (9:3:4) } 29.83 9.93 13.24’
Oaly two of the four cultures (355-1-17, 355-_1-18) showed a good
fit to a 9:3:4 ratio odds being '2_: 1 and 3:1, respectively. (see
'I:abla VII.) In progeny 335-1-13, there is an excess in the 'purplé
class and a deficiency in the green Clas;._The deviation from the 9:

173.3257'; 01 | 9901

3:4 ratio is significant.

The other three ¥s p-la'nts gave '_very poor ‘agreemeht with the
expected frequencies. A great de-ﬁciéncy of sun-reds occurred in
culture 355-1-19. This might' be due to difficulty in classification,
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In several cases the sun-red .character was not distinct. A slight
indication of sun-red might be easily overlooked. In the last two
progenies, 355-1-15 and 355-1-16, the ratios do not fit the hypothesis.
Unless the deviation is due to a mechanical mixture in sowing or at
transplanting, a modifying factor may be involved. The genotypic
constitution of these two Fa p‘l'anis cannot be determined without
further genetic tests.

Two of the F2 purple plants from this same cross produced purple
and sun-red in the F3 in a ratio of approximately 3:1. The results
are given in Table VIII. and show that the observed frequencies
agree with the calculated ones very closely, odds being 4:1 and 3:1,
respectively. On the basis of the hypothesis, they were GG Hh.
The observed frequencies are compared with the expected ones as
given in Table VIII,

Table VIII. Data on the segregation of F2 purples in

F3 from the cross of purple x green.

| B - ; _
Pedigree | I Purple l[ Sun-red X2 } P - Odds -
355—1—11| Obs. . | 22 8 | ;
Cal.(3:1) | 22.5 7.5 ‘ 0.0444 | .80 41
355—1—12 | Obs. 51 23 |
_ Cal.(3:1) | 55.5 18.5 i 1,4595 @ .2320 | 3:1

A single doubtful green plant found_ in the culture 355-1-12 is most
probably a sun-red piaﬁt;- This plant has been saved for further
testing.,

- Another F2 purple plant produced 57 purple and 18 green in the
Fs. This- is a'goo_d 3 : 1 ratio of purple and green, P equaling 0.80.
This indic#tes that the,’Fﬁ purple plant must bave been GgHH.,
This. extrac_ted green type, gg HH, when crossed with sun-red sl}ould
give pur;ﬁle plantél if the hy[ﬁothesis is correct. This direct test has

not been made.
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Three of the F2 IpI.irple plants produced only purple in the Fz and
therefore must have been GG HH genotypically.

The behavior of the F, purples in F3 corroborates the theory that
a difference of two factor pairs exists between purple and green.
The frequencies of the different types of F: purples are close to

calculated considering the small sumbers. The comparison follows:

F, genotype | Obs, Cal. Xz P 0dds
GG HH 3 1.33
Gg HH 2 2.67 |
!
GG Hh 1 2.67
G¢ Hh 6 5.33 3.3937 .3148 (2:1)

Further tests of the hypothesis were made by testing F2 sun-reds
in Fa.

Fz from Fa sun-red plants.

Four F2 sun-red plants were tested. All produced sun-red and
green plants in the F3 (Table IX). With one exception the observed
segregation shows a goad fit to the expected ratio of 3 sun-red : 1
green, The comparisons are shown in Table IX.

Table 1X. Data on the segregation of F2 sun-reds in

F3 from the cross of purple x green.

_ Pedigree Sun.red Green Xs2 P ; Odds
355—1—3 | Obs. 18 7 S
Cal.(3:1) | 18.75 6.25 1200 | .75 3:1
355—1—7 | Obs. 1 85 15
S Cal(31) | 37.5 . | 12.5 6678 | .4811 | 1:1
355"'_ Cal.(31) | 22.5 7.5 1.1140 | 2934 | 2:1
__{_4 | Obs. 28 21 .
3%—1—4 | Calga:t) | 36.78 | 12.25 8.3393 | .01 |99:1

In progeny 355-1-4 there'i._s a significant excess of green. This

might be due to errors made in classification. The pure breeding
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sun-red tvpe was not obtained, possibly due to the fact that so few
were tested., | |
Fz from Fo green planis.

_Tvs.ro F2 green plants produced only green plants in F3 populations
consisting of 49 and 75 individuals. Even _thou_gh Fs green plants.
are expected to be different genotypically, they cannot be distingui-
shed trom e_ach.other by an Fa test. One test of the hypothesis is
to cross F2 greens with sun-reds. There different types of progenies

would be e_xpécted from such crosses as folllows:

Fy green types F2 sun-red tyvpes
GG iZ . G hh

gg HH ali purple 1 purple: 1 green

gg Hh 1 purple: 1| green 1 purple: 1 sun-red:
2 green

gg hh all sun-red 1 sun-red: | green

The above outlined crosses have not been made in the experiment.

To sum up, the breeding behavior in Fs and F3 substantiates the
hypotbesis that the purple and green parents differ bjz two factor
pairs which may be designated Gg and Hh.

INHERITANCE OF FOLIAGE TYPE

Two.foliage tvpes, wrinkled and smooth, are. to be found
abbége varieties. The pure sun-red stram used in the plant color
studies was wrinkled. The F: from the cross of wrinkled and smooth
were all mtermedlate. In the F2 generation, while both parental
types were recovered, very few were as wrinkied as the grand-parent-
al type. The majority of the plants fall in grades of wrinkling less
than that of the wrmkled grand -parent. Itis very difficult to separate
the slightly wrinkled type from the smooth type. The Fa2 are given
in Table X, The F3 results from F3 plants which segregated wrinkled
and smooth are also given in Tables X and XI. The Fz data indi-
cate a ratio of 9 wrmkled 7 smooth if. the wrmkled intermediate
aud slightly wrinkled classes are grouped together. This would indi-
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cate that the production of wrinkled fcliage may be due to a com-
plementary action of two factor pairs. The fits are fairly é;ood_.. odds
being. 19:1. The compari'son between the observed and calculated
results is given in Tab'e X, ' _
Table X. Data from the F: progenies from the crose of wrinkled

x smooth;. and Fj3 results which show similar segregation.

Pedigree E ' \ Wrinkled 'Smoothi X2 P l 0dds
Fy 370—1 | Obs. - 258 212 :
I Cal, (9:7) 264.6 2054  .3767. 0.55.0 1:1
370—3 | Obs. 123 . 712 |
| Cal (9:7) . 109.67 . 85.33 3.7026 0.0561 17:1
370—5 | Obs. 101 9% - |
_ . Cal. (9:7) 110.83 . 86.17 '1.9933 0.1670  5:1
'[ ] |' | ;' _f
| Total F, 1 ; | ‘6.0726* ] 0.0487 | 19:1
I f I }
F; | 370—1—122 Obs. 1 114 84 | |
R  Cal. (9:7) 111.37 86.63 ' L0860 | 0.3960 | 2:1
370—1—62  Obs. |12 ey |
Cal (9:3) | 109.67 | 85.33° .1121  0.7043 | 12:1
37041—123' Obs. 113 84
- Cal. (9:7) | 110.83 86.17 : . .0971 | 0.7608 | 3:1
i ' .
| 370—1—42 : Obs. 119 78 -
' | Cal (9:7) 110.81 86.19 ' 1.3835 | 0.2455 | 311
370—1 —98 . ' Qbs. | 128 66 | |
‘ Cal (9:7) ! 109.16 | 64.84]74353 01 | 99:1.
' | / I
! »
l Total . & Fy | | jm .1866 | 0.0520 | 18:1

If we designate as E and S the 1wo factors which are. ner_:_és-
sary f‘or' wrinkled foliage, then there will be three genotypes of pure
smooth-leaved plants, one being w s, another w S, and the third
w s. In an F2 involving both -factors, these should occur in the
ratio of 3 : 3 : 1. The h'ypothesis-was tested in Fg é.ncl in intercross-
es of {he F2 types.*®
*These values are the sum of the separate X2,
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Behavior of Fa wrinkled plants tn Fi.

F: individuals from the different: classes of wrinkling were tested
in Fz and in intercrosses with smooth and with wrinkled., On the
complementary factor hypothesis, we expect to find four genotypes
hméng the -wrinkled f‘;2 inditviduals. If /#" and 5 are not distinguish-
able then only three can be determined from F3 tests. Their fre-

quencies and F3 behavior are indicated below.

F o i F» _F > behavior
Frequenéy | Genotypes wrinkled * smooth

1 WW SS | a'l ._

2 . Ww S$§ 3 1

2 WW Ss _ 3 1

4 Ww Ss ; 9 7

Seventeen F: wrinkled plants from the cross.of wrinkled x smooth
wefe grown and selfed. The Fi results are given in Tables X and
XI. The results are grouped according to the grade of wrinkling in
Fa
F3 behavior of F» plants showing an .:?ztermedz}zfe grade of wrinkling.

Five plants havi'r'lg wrinkling of intermediate degree produced in
the F3 wrinkled and smooth in a ratio of 9° 7 similar to the original
Fz.ra_tio.(see Table X.) These Fa p’la'nt's, therefofe, must have been
heterozygous for both the W and S factors. With one éxception all
cultures showed a good fit to a 9:7 ratio. In this particular culture,
J70-1-98, élthough.there.Was an exc‘ess'of-_wrihkled types, yvet only
a few plants were as wrinkled as the original wrinkled planis‘. In
this respect it is no different from the others.

Fa &eﬁaw’;r'.of medinm wrinkled Fa plants.
In this groui) of plants, two types of segrefation should take
place. One should produce 3 wrinkled : 1 smooth, corresponding tb
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genotypes WW Ss or Ww S8, Tﬁe other should b_reed true for
wrinkling,

Results from twelve such Fy plants are given i Tables X and
X1. Nine of them produced ratios of approximately 3 wrinkled : 1
smooth. The F. parents, therefore, were either WW Ss or Ws S8,
With_ two exceptions all culture.s showed a good agreement betwee%
the observed frequencies and those calculated on the basis of a 3: E
ratio, The comparisons are given in .Table_ XI.

Table XI. Data on the F3 segregation of F2: wrinkled-
leaved plants from the cross of

wrinkled x smooth.

. Pedigree —_— ‘i Wrinkled ESmooth.; X2 ] P Odds
370—1—12 Obs. BT 34 '
o Cal. (3:1) 105.75 35.25  0.0590 | 8100 | 411
870—1—1 Obs. 67 . | 17 | !
Cal, (3:1) 63.00 21,00 ' 1.0159 ¢ .3190 | 2:1 |
370—1—115 | Obs. 155 | 43 | -
Cal, (3:1) 148.50 49.50 . 1.1380 | .2891 | 3:1
370—1—73. Obs. - 65 29 . , |
Cal. (3:1) . 70.50 23.50 1.7163 | .1930 | 41
370—1—78 Obs. 99 | 44 | -
Cai, (3:1) 107.25 35.75 : 2.5384 | .1163 | 7:1
370—1—22 Obs. 92 20 |
| cal (3:1) 84.00 28.00 | 3.0476 | L0850 | 11:1
370—1—12 Obs. - l1sg | s 1 B -
| | Cal, (3:1) | 147 49 3.20951 0742 | 12:1
370—1—83 Obs, 102 48 | I
Cal. (3:1) 112,50 | $7.50 | 4.7023 | .0336 | 29:1
370—1—121 | Obs. 16t | 34 | - |
Cal. (3:1) 146.25 48.75 5.9504 | .0156 | 63.1

In culture 370-1-83, there was a deficiency ot wrinkled individuals,
while there was an excess in culture _37.0-1-122.. These deviations
might be due to difficulty in claé_sifiéation. |

The other three wrinkled Fa ‘plants in this group produced only
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wrinkled plants in the Fi. Thev were probably homozygous for both
the W and S factors. One of these cultures, 370-1-75, produced

wrinkled individuals that were almost as wrinkled ‘as the original

wrinkled parent. The progeny were quite uniform. The other cultures,
370-1-69, 370-1-44 showed extreme vari_abilityin the amount of wrink-
Jing. Since smooth individuals were absént, they must have been
WW S8 genotypically. The variability in amount of wrinkling might
be due to specific modifying factors.

A comparison of the observed frequencies of the types of Fz be-

havior in F3 with the calculated frequencies shows a good fit,

i i -
F; denotypes 1 obs. ’ Cal. i Xz B 0dds
WW SS i3 1.88
Ww SS G
WW Ss _ : j
Ww Ss | 5 | 7.8  1.7718 4272 1:1
: +

The behavior, therefore, of the F2 wrinkled plants in Fa agrees
with the hypothesis that a difference of two factor pairs exists
between the wrinkled and smooth parents.

.I_Be}mz'z'ar of Fa smooth planis in Fs.

_Four Fp smooth plants were tested in Fs. Each gave smooth

- plants only. This test told nothing about the genotypic constitution,

This can be tested by i.ntercr'oss_ing with each other or with wrinkled

. Fa 1ndividuals.

: In.’erw.'o;s‘is'es of different Fo wrz’nkled plants..
Nine of the Fa wrinkled ﬁlants' which'wefe tésted in the F3; were
intercrossed in the following combinations:
. 370-1-122 x 370-1-12
2. 370-1- 98 x 370°1-12
3. 370-1-123 x 370-1-12
4. 370-1- 62 X 370-1-73
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4, 370-1- 12 x 370-1-73

6. 370-1- 12 x 370-1-75

7. . 370-1-121 X 370-1-12

8, 370-1- 78 x 370-1-12

9. 370-1-115 x 370-1-73
Four of these plants segregatéd 9 wrinkled : 7 smooth in the Fs;
while five plants showed a Segregation of 3 wrinkled : 1 smooth. One
plant. bred true for wrinkling in the Fs. The first fouf, therefore,
probably were heterozygous for both factor pairs, Ww Ss as well as
Fi1. The second five, perhaps, were either WW Ss or Ww S5, The

results of the first four intercrosses are given in Table XII (a) in
comparison with the calculated.
Table XII (a) Intércros:ﬁes between two different typzss of
- F2 wrinkled plants; one giving 9 wrinkled : 7

smooth in Fg, ‘:he other 3:1.

Grosses | | iWrinkled Smosth| X2 P |Odds
370—1--122 x (7¢—1—12| Obs. 73 35
{ Cal, (3:1) | 81 27 | 3.1605 | .0564 | 17:1
370—1—98 x 370—1—12 Obs. 76 | 40
. Cal. (3:1) | 87 29 -|5.5632 | .0200 | 49:1
370—1—123 x 570—1-—12| Obs. | 63 " 39 B |
| Cal. (3:1) | 76.5 | -25.3 |9.5294 | .01 | 99:1

970—1—62 x 370—1—73| Obs. 27 16 o
Cal. (3:1)| 32.25 | 10.75|3.4180 | .0686 | 14:1

'E[‘wo out of iqilr_crosses showed significant deviations from the
expectation. In both cases there was an excess of smooth. This
might be due to the fact that slightly wrinkled plants might be over-
looked and classified as smooth,

In a proéeny_--df 49 p]ém_ts from the intercross of two of these same
Fa plants (370-1-12 x 270-1-73) all the plants were wrinkled. This
indicates that the two plants were not heterozjzgous for the same fac-
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tor. Had they been heterozygous for the same factor pair, a segrega-
tion of 3 wrinkled: 1 smooth would have been obtained in that cross.

In the fifth cross with an Fy which bred trué for wrinkhing, only
wrinkled plants were produced in a population of 18 individuals, This
is as expected, since one parent should have been WW SS.

In the last three crosses, a segregation of 3 wrinkled : 1 smooth
was obtained. This shows that plants 370-1-121, 270-1-1-78 and 370-1-12
are heterozygous for the same factor pair, being either Ww SS or
WW S5s. The data from these tests are given in Table XII (b).

Table XII (b) Intercrosses between Fo wrinkled plants

which gave 3 wrinkled : 1 smooth in Fa.

T : - : )
L | Lo !
- Crosses | Wrinkled | Smooth. X2 P 1 0dds
| : | |
- |" _ - I ;
370—1—121 x 370-—1--12 Obs. | 31 17 !
Cal (3:1) | 86 . 12, 2.8897| .0919 | 10:1
370—1—78 x 370—1—12! Obs. E 9 |2 | ]
| Cal. (3:1) | 45 | 15 3.2000| .0870 1121
370—1—115 x 370—1—37' Obs. 68 ! 30 -
| Cal. (3:1)\ 5|5 16463 2000 | 41
| )

The fits are very go'o.d.

Tnlercrosses of Fp wrinkled with Fa smooth.

In'.the first intercross between wrinkled and smooth F3z plants, plant
370-1-15 which had bred true for smooth in Fs and plant 370-1-75
which bhad bred true for wrinkling were concerned. As expected this
Cross gave wrinkled plants with the exception of two smooth . plants
which might have been due to mechanical mixture, This cross does
not tell anything about the genotypic constitution of the F2 smooth
plant,

Another intercross was made between F2 wrinkled plants and Fa
smooth plant, Plant 370-1-12 segregated i_nto 3 wrinkled : 1 smooth
in the Fz and plant 370-1-15 brgd true for smooth, Thg cross showed
a segregation of 1 wrinkled : 1 smooth, The -comparison between
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observed frequency and that of c.alculated is given in Table X1IIL
Table. XIII. Intercross of Fs wrinkled x F2 Smooth

] .
Cross E | Wrinkled éSmoolh]| X | P Cdds
- | |
370—1-12 x 370115 Obs. 59 |68 :
i ’ ! X :
' Cal. (1 1}i 62.5 | 62.5 10.3920 5411 | i:l
: 1 ' . 1

This shows that the smooth planfs must have either ww 535, Ww
S5 Or WW SS genetically because the wrinkled Fa plants were hete-
rozygous for one of the two factor pairs (\WWW Ss or Ww S8).

Intercross between Jifferent Fs smooth plints,

Two plants, 37€¢-1-74 and 370-1-19 whllch in Fa tests produced all
smooth foliage, were intercrossed. This cross showed a segregation
of 13 wrinkled : 15 smooth, or approximately of a ratio 1:1. The X2
is 0.1428 with P .6938 and odds being less than 3:1. This is a very
good fit although the numbers are verv smail. This cross, _therefore;
was either Ww ss x ww S8 or WWss x ww Ss. On the hypothesis
no other combinations of smooth can give this segrégation. Thecze
different genotypes cannot be differentiated without further tests.

‘The behavnor of the F2 in F3 and of the mtercroq%es between. Fa
individuals substantiate the hypothesis that wrinkled foliage 1s due
to the action of two complementary factor pairs. ThHe variation in
degree of wrinkling suggests that additional factors may affect the

amount of wrinkling.
'INHERITANCE OF PLANT HEIGHT

F\ and F3 Resulr
A study of the inberitance of such characters as yield, weight and
size of plant is of much interést from .a practical ‘standpoint. It
is well Iknown that these quantitative characters are dften very com-
plex in their mode of inheritance. They are often 50 influenced by

environmental conditions that the genetic differences are obscured
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East and Hayes (2), Emerson (3), and others, have furnished evi-
dence in tohacco and in corn which shows that the inheritance of
quantitativé as well as Qualitative characters can be explained ‘on a
genetic basis. Quantitative characters are interpreted 511 the basis
of multiple factors. Studies om the inheritance of plant height in
cabbage have not been reported by any previous worker.

The two pure strains of ~abbage which were crossed for this study
differ in type of growth as well as height. The one, ‘‘34i”. has a
compact growth habit and a compact head. Its height was 8.00=.197
incheé is the year 1931 and 7.99=£.179. inches in 1932. The other
strain, 1085-5-6, has lcose foliage and a loose head but 1s a little
taller. Its height was 9.36:£.197 inches in 1931 'ﬁnd 9,184,145 in
1932. In other words, the tall parent is about 15% taller than the
shdft oné. The height was measured from the surface of the ground
to the tip of the head. The difference between these two parents 1s-
then 1.27+£.279 and 1.19:£.251 inches for the two years. Although
thel difference is small it is about.ﬁve times the probable error. Cross-
es were made between these two strains and the Fi, F2 and Fs pllants
were measured, In 1932, P aud Fi, Fa, and Fs populations were
all growing in the same plot. The results obtained in the two years
are summarized in Table XIV.

The difference between the two years for the two parental strains
is not significant, being .10=%.267 inch for the shofter .parent and
.18-.245 inch for the taller parent.

The Fy plants from the cross of the two strains show a marked
increasé in height, (see Plate I) head weight, (see Plate 11) solidity
of head, and in uniformity ‘of maturlty This phenomenon is known
as hybnd vngor and has been found in many specnes of plants. The
means for the height of the Fi plants are 10. 284=-170 mches for the
year 1931 and 10.75z£.154 inches for 1932, as’ compared with 9. 36k
197 and 9.18=.145 for the tall parent in thed same years. This. is
an increase in height over the tall pdrent of 9.8% in 1931 and 17%



Table XIV. Frequency distribution of plant height in a cross of pugple tall X sun-red dwarf, Pj, Fi, F2 andF; results.

1400

13.613-.182

F, v ) Class centers in inches :
ear .
| Height | 4.25 4.75 5.25 5.75 6.25 6.75 7.25 7.75 8.25 8.75 9.25 9.75 10.25 10.75 11.25 11.75 12.25 12.75 13.25 13.75 14.25 14.75 15.25 15.?5 16.25 16.75 17.25 17.75 | Total| Mean 6. c. V.
P (341) 11931 3 3 4 12 9 8 4 2 J| 46 | 8.09+.197) 0.9214-.065(11.391 .811
- 1932 | 1 1 3 4 17 10 4 5 2 47 | 7.994:.179] 0.868-.060/10.86- -.765
F, (370) 1931 3 4 13 11 8 5 2 1 1 | 48 | 10.284.170 0.862+.059| 8.39+ .57
1932 1 3 3 8 13 15 2 13 3 " 79 | 10.754£.154] 0.879-L.047] 8.18+ .439
P; (1085) 1931 2 0 ¢ 8 & 11 10 7 3 1 1 48 | 9.36.197) 0.996--.066/10.644 .74
1932 1 2 9 6 14 16 2 12 3 85 | 9.18+.145 0.8944-.044] 9.734+ .439
F, 1931 1 0 3 14 23 3 58 72 92 71 . 47 29 14 6 1 1 1 469 | 9.124.073) 1.1694-.026(12.691+ .28
| 1932 1 2 o0 7 19 4 59 63 61 55 32 18 23 t 1 0 1t 9 1 384 | 10.044.085) 1.200-.014/11.95L .140
Fy 370—1—75 6.0 |1932 | 5 1 13 14 14 20 16 15 10 1 1 ' 110 | 8.134.150] 1.097-£.050(13.50L .625
370—1-48 6.8 | 1932 1 2 3 6 3 7 5 0 2 29 | 7.80.286 0.977.08712,5241.127
370—1~69 6.8 | 1932 2 2 7 11 12 17 24 15 14 5 71 2 1 119 | 8.664.152 1.220:k.053(14.094 .628
370—1—12 7.6 | 1932 1 1 4 4 4 5 9 14 11 18 18 17 18 5 5 o0 1 2 . 140 | 9.85:4.229| 1.678-.068(17.04L 707
=73 | 88.0 | 1932 1 2 2 5 4 11 13 22 12 12 5 3 | 92 | 8.58::.200] 1.1454.057/13.35% .677
—19 | 8.2 |1932 2 1 1 t 3 1 10 12 14 7 7 1 | 69 | 8.144.239 1.1581-,066[14,22+ .833]
-1 8.5 | 1932 | 2 4 5 10 13 27 1% 13 7 10 0 8 113 | 9.474..149 1.1454-.051[12.09+ .551
—83 |. 8.8 | 1932 1 3 11 18 20 30 28 18 18 2 1 150 | 8.83:.109) 0.982-+,038/11.124+ .439)
—78 8.9 | 1932 1 o 2 2 3 2 9 7 18 12 2 23 16 3 3 1 128 | 9.89.1.209( 1.3234-.04913.384 .574
—22. | 9.0 |1932 . 1t 2 3 14 11 2 2 15 7 2 1 107 | 9.874.119 0.9014.042] 9.14L 42t
—74 | 9.5 |1932 2 5 1 12 5 10 9 1 1 2 ! 48 | 9.831,208] 1,0524.072/10.70 745
—115| 9.3 |1932 2 13 20 43 44 85 20 -9 2 0 | 190 | 9.231.086 0.876-.030| 9,49 .328
—62 | 10.z | 1932 -. 2 4 14 19 34 31 38 28 10 7 .5 193 | 10.854-.101] 1.031--.035! 9.504 .326]
—123 | 10.5 | 1982 1 1 5 5 10 18 40 48 29 25 .10 2 194 | 9.67-.106! 1.0032-.034/10.37+ .359]
—13 | 10.7 | 1932 _ | 2 18 17 41 34 30 2 12 13 5 193 | 10.374£.108} 1.0474.036{10.09- .469
—122 | 10.8 | 1932 t 0 0 3 -5 11 22 28 35 2 16 17 6 6 3 5 0 1 190 | 9.96+,131| 1.3214.046(13.27 467
—98 | 11.0 | 1932 1 0 0 2 2 2 4 12 24 2 28 3% 3 14 6 § 1 1 194 | 10.31:£.131] 1.232:4.042111.94L .415
—121 | 11,0 |1932 | 1 4 7 9 20 25 24 20 3% 19 11 6 2 1 156 | 9.40:.145] 1,3124.046(13.953 .49
—44 | 11.8 {1932) 1 0 O 0 1 o0 0 1t 2 o0 -2 4 3 2 1 o0 1 18 | 9.33+.789) 1.8204-.20519.50+£2.27
—15 | 12,5 | 1932 1 0 0 3 .2 2 2 1 10 5 12 18 20 28 36 23 14 6 189 | 13.554.177) 1.607-£.056/11.864+ .417|
42 1932 2 2 2 -0 1t 4 6 12 14 24 22 2 23 2 19 195 1.6724:+05712.284 .426
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in 1932. This increase in height is éigniﬁcant,- the difference in every
case being over three times its probable error, D/PE==3.53 for 1931}
and 8.42 for 1922. The mean height decreased in the F2. The means
of the F2 were 9.124.073 and 10.04=-.085 inches for the years 1931
and 1932. Comparison of the variability in Fs with that in F; shows
an iné:réase in Fu. In 1931, the coefficients of vatiabiility are §.394
0.570 and 12.65+:.280 for F1 and Fa, respectively. In 1932, they
are .18:.439 and 11.954-140, respectively. This may be interpreted
to mean that factors for p]anf height are probablyj s;egrégating in Fo,
The modal value in Fz was about the same as that of the tall parent,
but the range extended from values smaller than the extreme fforn
the shorter parent, to values exceeding the extreme from the tall
parent, This phenomenon has been ca'led transgressive inheritance,

The data suggest that the inheritance of plént height can probabTy
be best explained on a multiple factor basis. According to Jones,
interpretation of such results, we may assume a s‘eries_ cf dominant
independent cumulative factors or genes favorable for grewth and
that each parent strain carried oaly pa.rt of these favorable factors.
The increase in vigor in the  Fi -would result if the two strains car-
ried different groups cf these factors. The Fi would then carry all
these favorable factors in heterozygous condition, It would be expect-
ed to show increased vigo_r. Segregation and recombination would
give F2 plants which would be tallfer than the iall parent and shorfer
than the sho'r't-paren't.. If the assumption is true, thelil the taller
individuals possess ‘more of the dominant favorable growth factors.
The distributions of the Fa populations approach normal frequency
curves. This might be said to indicate that the factors concerned
i_ﬁ the inheritance of this character were of equal value and had a
cumulative effectz upon plant height. Owing to the complexity of the
character no estimate of the number of factor pairs involved in the
inheritance -of height can be made. In order to show that seg‘regat'ion

did occur, it is necessary‘-to, test Fz segregates in Fa.
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Behavior of Fo in F3

_Twetity-one F: plants differing in height were selected for an Fg

progeny test. The results are summarized in Table XIV. The cor-
relation between the height of the F2 plant and the mean height of
‘its F3 progeny is high, the correlation coefficient being (.958-.012
(see fig. 1 for the distribution).
Fig. I. Relation between plant height (in inches) of Fz plants

and mean height of their F3 progenies.

Fo i : ,

Height 7.73 8.25 8.75 9.25 9.75 10.25 10.75 1'.25 11.75 12.25 12,75 13.25 13.75,

' R ] . |
6.25 1 1
6.75 1 1 2
7.253 0
7.75 1 1
8.25 1 1 2
8.75 1 1 1 3
9.23 1 1 9
9,75 1 1
10.25 1 1
10.75 2 1 3
11.25 1 1 2
11.75 1 1
12.25 0
12.75 111
13.25 0
13.75 0
14,25 ' 1)1
i1 3 3 4 6 1 1 0 ) 0 0 0 2 21

Ty = 0,958,012
However, the numbers are very small. This indicates that tall Fy
plants give tall Fa, etc., and shows that the increased variability in
¥: was pfobably due to segregation of growth facfcirs. ‘The different
F3 families showed differences'in_ the amount of variatién, the co-
_effictents of variability varyring frprh 9.141-4 21 to 1_7.04.‘:1:.707,'but théir
ire quehcy distributions occu.p'ied different pc;sitions'in the total spread
between the F> heights with two exceptions. Differences in variability
are expected since certain F 2 plahts would be _hgterozygous-for fewer fa-

ctors than others. Whether any of the F: plants selected for F3 test were
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homozygous caannot be determined without further breeding from the Fs
plants. It seems probable that certain omes, 370-1-13 for instance,

which showed a small range of variation, may be found to breed true.

INHERITANCE OF HEAD WEIGHT

F1, Fo, and F3 Res:lts

In 1932, head weight was also studied io the same cultures used
for the plant height studies. As noted above the F; showed a marked
Increase in head weight. The mean weights were 1.17£.054 pounds
for the short parent ("°3417), 1142070 pounds for the tall parent
(1085 —5—6), and 3.154.147 pounds for the Fi1. (see Table XV.)
The F: therefore is 169.2% heavier than one parent and 176.3% than
the other. The mean of the Fz heads decreased to 1.81.067 pounds
with the modal value at 1.25 pounds. (see"Table XV.) The range
of variation of the F2 was much wider than in the Fi. The evidence
that weight of head "is .inherited as a quant'itative character is not
complete, ‘since Fz head weights from which F3 progenies were grown
were n:ot taken, It was found that a .considerablé number of the
plants did not head in Fi. This was not found in Fz but it might
have been overlooked. No definite explanation of the lack of heading

can be given at present.

LINKAGE DATA

Relation of Plant Color and Foliage Character

Up to the present, only ‘a few cases of ap'par'ent linkage have been
reported in Brassica. Malinowski accordiﬁlg to Pease (9), was the
first to point out a rigid association |between heart and smooth leaf,
and curl_‘iness and no heart in the cross of cabbage with curly kale,
Later Pease (9) studied the asls'bci.aﬁon between different characters

in Brassica. He obtained the following relationships: |
(1), The recombination percentage between télln,e_.és and heading
i"mm across of Fi (cabbage x curly kale) x .Cabbage was 30.41 per cent.
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(2). An association between heading and cuiliness was found ina
cross of cabbage with curly kale. The author states that ‘_‘It is
impossible to give a complete description of the association between
hearfing and smoothness, in the cross cabbage X cﬁrly kale, in terms
of factors and crossover percentages. This much, howei_rer, we can
say, that at least one of the curly factors is linked to one of the
heading factors.”

(3). There is evidence of possibly a slight association (41%) be-
tween tallness of plant and curliness of foliage in Pease,s cross of
F; (cabbage x curly kale) x cabbage.

(4). In Kohlrabi, the linkage. relationship between tht_a color factor
““I3" and the bulb factor ‘“B’” has been studied in_i;. cross of purple
bulb x green stalk, green bulb.x purple stalk and purple kohlrabi x
green stem stalk. The data showed that the factor "D is linked only with
factor B; or B2 which is the factor for bulb formationk.'because in
coupling phase the distribution of purple and green plants in the bulb
class is not normal. The crossover value between D and B is 30 per cent.

My own studies give data which may be used to determine thé
possible existence of linkage between several characters.

The F2 from the cross purple x sun-red was also the one segregat-
ing for wrinkled and smooth foliage, the cross being pufplé -smeoth
X sun-’redl_wrinkled.

In order to. determine if any linkage exists between these charac-

ters, the following compa'risori_ was made:

. ; T *Cal. 1 i
Obs. | Cal. for X | P l 0dds
! L : ' Alinkage i
— = !.
Purple wrinkled | 460 | - 454.23 |  269.91
Purple smooth 365 353.85 | - 284.34
| - oo
Sun-red wrinkled | 22| 30,33 | . 53.34° ]
Sun-ted smooth | 15|  23.59 | 54.41 | 5.7857 | 0.1200 | 7;1

* Based upon 109 crossing. over-either Rir Wor Rs S.
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The F2 results give a very close fit to the calculated 135 : 105:9:7
ratio, expected from independence of the duﬁlicate genes for color
and the two complementary factors for foliage type. This evidence
indicates no close linkage between the factors. Linkage would have
to be very close before it coculd be detected with certainty in such a
cross.

Relation of Foliage Character and Plant Height.

The data on the relation of foliage character and plant height in
the Fp families grown in 1931 and 1932 are presented inTable XVI.

The data indicate that -in 1932 the. wrinkled-leaved plants were
.296==.165 inches taller than the smooth ones, butin 1931 the smooth
leaved plants were .284-£.145 taller than the wyrinkled ones. Tlhese
differeﬁces are not significant, D/PE being only 1.79 and 1.69,
respectively., Therfore, there is no evidence of linkage between the
factors for plant height and those for foliage type.
| Relation of Foliage Character and Head weight.

- The data on the relation of foliage type and head weight in the
F2 generation grown in 1932 are presented in Table XVII.

The Fs data presented indicate that the wrinkled-leaved plants
have somewhat heavier heads than do the smooth-leaved ones. The
difference is 3.75 times its P. E. More data are needed to determine
whether such a differnce actually exists. -

Relation of Plant Height and Head Weight.

The relation of plant height a_nd. head weight in the Fg2 generation
grown in 1932 is presented in the form of a double-entry in fig‘uré 24
The valué of the correlation 'c.oefficient 1s 0.179 £ .034. The
value is positive, but is very low. The 'vé.lué is statistically signific-
ant. It may be interpreted to mean that there is a slight. tendency
but only_ slight, for the heads from taller planfs_ to be heé.vier than

those from the shorter ones.



Table XVI. Data on the relation between foliage type and plant height-F, data from the cross wrinkled x smooth.

Foliage I - Frequency distribution for plant height in inches '5 1 ' ll '
. Year | ' liTotal Mean _ | Difference D[PE-deds
Character l 5.25 5.75 6,25 6.75-7.25 7.75 8.25 8.75 9.25 9.75 10,25 10.75 11.25 11,75 12,25 12,75 13.25 13.75 14.25 14.75 15.25 : |
Wrinkled | ! 1 0 3 1 ‘L\zo- 34 39 4 35 2 18 6 3 0 0 0 0 1 | 254 8.996.106 0.284:.145 1.96 '4.31:1
Smooth | 1931 4 7 13 25 3 45 37 26 11 8 3 1 1 213 9.2804.098 f
Wrinkled | jga0 | 2 11 17 34 M 3 25 2 11 14 1 1 0 1 0 1 208 10.1974.113 0.296:.165 1.79 3.45:1}
S-nooth |l i' 1 2 o0 5 8 23 25 29 2 3 u 7 8 175 9.9014.119 | |
Table XV1I. Data on the relation of foliage character and head weight
Foliage | Frequency distribution for head Wt. in Ibs. |
: | ' ! Total Mean Difference D/PE |  Odds
Character .28 .75 1.25 1.75 2.25 2.75 3.25 3.75 4.25 ] . i
Wrinkled 6 23 30 45 43 23 13 10 1 203 | 2.011-4.085 l
4504 .120 3.75 87 : 1
Smooth 10 33 36 33 36 16 7 3 174 1.6114-.085 :
Table XVIII. Data on the relation between plant color and plant height in Fz of the cross purple x sun-red.
Frequéncy distribution- for plant height in inches (F5) ' :
Color types | Year - : : ' Total Mean Difference |D/PE|Odds
- 5.25 5.75 6.25 6.73 7.25 7.75 8.25 8.75 9.25 9.75 10.25 10.75 11,25 11.75 12,25 12.75 13.25 13.75 14.25 14,75 15.25 _ ‘ .
| Purple | 1 0 3 13 22 34 54 69 8 67 4 27 13 6 1 1t 0 0 1 443 9.144.074 | ,03k.108 | 0.2911 : 1
| Sun-rea 1931 1 1 2 4 8 4 4 "4 2 1 | 26 | 9.17:+.324 | -
Purple (632 1 2 o 7 19 38 5 61 59 5 3% 18 2 1 1 6 1 0 1 . 373 10.08+.087 | ,37+.307 [1.21 ‘1:1
1 Sun-red 2 3 2 2 2 ' 11 ]9.71£.295 | | |
Table XIX. Data on the relation between plant color and head weight in F3 of the cross purple x sun-red,
_ Frequency d:istribution for head Wt. in lbs. | : . ) :
Color type : Total Mean Difference | D/PE Odds
clags center : _ _ 1 N
) .25 .751.25 1,75 2,25 2,75 3.25 3.75 4.25 '
Purple 15. 55 63 76 77 47 2 11 1 365 | 2.04:.008 - -
.-' o ' " o 064,226 026 1:1
Sun-red 11 2 2 2 1 0 -2 11884265 o
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Fig. 2. Relation of plant height and head weight (Fapopulation)

Inches | Weight in ~ |bs. - ]

| .25 .75 1.25 1.75 2.23 2.75 3.25 3.75 4.95 E
6.75 1 1 : )
7.25 : 0
7.75 2 1 2 1 1 7
8.25 2 5 4 2 4 1 18
8.75 8 10 9 8 5 40
9.25 2 11 12 12 10 3 3 3 56
9.75 2 4 11 14 18 11 2 . 2 62
10.25 3 7 13 11 10 8 8 2 60
16.75 1 9 4 13 12 11 3 1 1 55
11.25 4 2 8 7 5 1 2 29
11.75 1 1 3 3 5 1. 4 13
12.25 5 5 2 5 2 3 22
12.75 1 !
13.25 1 P
13.75 L0
14.25 1 1
14.75 0
15.25 1 ] 1
14 55 66 77 79 48 20 13 1 \ 373

[

rey-— .179:£.034

Relation of Plant Color and Plant Height. |
The data on the relation of plant color and plant height in Fa
families grown in 1931 and 1932 are pxiesented in Table XVIII.
The data indicate that the purple plants were 0.37 2= .307 inches
higher than the smooth omes in 1932, while 0.03 == 0.103 inches
shorter than sun-reds in 1931. These differences are not significant.
Therefore, there 1s no evidence of linkage between the factors for
plant colors and those for plant heig‘ht'. |
Relation of Plant Color and Head Weight.
The data on 'the'relatioh of plant color and head weight in F2
families grown in 1932 are presented in Table XIX.
The data indicate that the purple plants had heads .06 == .226 pound
heavier than the sun-red ones. This difference is not significant, It
is evident that no linkage exists between the factors for plant colors

and those for head weight.
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DISCUSSION

The results obtained from the two crosses, purple x sun-red and
purple x green, differed from each other. In the purple x sun-red
cross, the Fz segregated for different intensities of purple. In the
ather cross this segregation for purple intensity was not as clear
cut, This difference is difficult to e.xplain. The purple parent which
was used in the cross with sun-red and in the cross with green
was from the same pure line. In the former case, a ratio of 1§
purple : | sun-red was obtained; in the latter 9 purple : 3 sun-red :
4 green. In the latter cross (purple x green) considering only the
pigmented classes. there were 225 purples and §0 sun-reds. This 1s
a poor tit to a 3 : | ratio, X2 equaling 7.0696, P>.01, odds being
~>99 : 1. Yet the fit to a 15 : 1 is much worse. It is possible that
the sun-red type extracted from the purple x green cross is not the
same\ as the pure snu-red strain used in the other cross. A cross
between the two sun-reds should give some information on this
point.

The failure to obtain magenta plants in both crosses indicates that
the factor for prodliction of magenta is.absent ia the purple plant.
Therefore, this purple type must be different genetically from that
which Magruder (7) obtained from. th'e cross of sun-red x magenta,
It is also a question whether the sun-red parent used in Magruder's
cross 1s the 'same.genetically'as those used in these studies.

When two of the Fs sun-reds which were obtaiped from the cross
purple X suﬁ-red were intercrossed, the progeny was all sun-red but
showed more intense color. This increase in intensity of sun-red may
be- due to the presence of an intensifying factor brought in by the
purble parent. This fac.tc_wr would show up more glearly in the 'cross,
purple x sun*rea than in the cross purple x green, . since in_'the
fc;rmer cross, both parents carry the basic factor G for pigment

production. In the backcross of Fy (purple . x sun-red) x sun-red
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(from F2) a few ‘‘C' types of purple were always obtained where
only ‘“‘B” and ‘A" types are expected. This might also be explained
on the basis of an independent intensifying factor. In this case; only
part of the F2 sun-reds should be car.rying this factor.

The nomenclature of purple and red has not been well standardized.
If the term sun-red refers to the light red mid-vein. type used by
Kristofferson, then the result Kristofferson (6) obtained from a cross
kale x light red vein cabbage is similar to that secured by the writer
in the cross of one type of green with sun-red {egH x GH - F1
Purple (dark red mid-vein) }. This result parallels that obtained by
Allgayer {(1). If the colored plants in my 9 : 3 : 4 ratio are grouped
together, the ratio of 3 colored : 1 green will result.

The inheritance of wrinkled tyvpé of foliage can be explained by
complementary factors though continuous variation occurs in the F»
which 1s very much Iike quantitative inheritance. These factors at
least show only partial dominance. The F3 and intercross tests show
that the COmplementary factor hypothesis is probably correct.

Difficulties were mef with 1n classifying the different degrees of
wrinkling. An attempt was made to set up arbitrary clasées, but it
_did not help any. In interpreting the resuit,. therefore, only two
classes, wrinkled and smooth, - are considered. The intermediate
expression -in F1 was very distinct. In Fz very few were as wrinkled
as the graﬁd-paren’tal ‘type. This latter 6b5ervation was also made by
Price (10) in crosses of savoy Drumhead variety x smooth Volga
variety, by Kristofferson (6) in crosses of common cabbage variéties
x kale and brussels sprouts x kale, and by Rasmusson (1°3i)in crosses
of.c'abbage x savoy cabbage. They‘interpt‘eted their results on the basis
of a muitiple factor hypothesis.

In rhy own studies, the pfogeny from F2 wrinkled plants which
were very much like the wrinkled grand-parent showed a variation i.n
degree of wrinkling. This_ suggests- that additi.ona.l {actofs affecting

the amount of wrinkling. may be segregating,
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The intercross of two Fe smooth plants giving a segregaticn of 1
smooth : | .wrinkled is the clearest eﬁdence'that wrinl-:[ing is due to
complementary factors. The observation made by Tschermak (_1906) '
(after Fruwirth) that curled leaf in kale ¥as found to be dominant
over the smooth leaf ‘in cabbage and brussels sprouts also agrees
with the present resuit.

1In the plant height and head weight studies, marked hybrid vigor
was noted in the Fi. The same result was noted by Rasmusson(12)
for head weight in crosses of common cabbage x savoy cabbage, In
my studies an increased variability in F2 was noted with a decrease
in mean weight.

The writer is. well aware that the number Qf F-~ individuals selected
for F3 test was in many cases smaller than is desirable for full con-
fir:ﬁa’tidn of the hypothesis involved. There are many mechanical
limitations in handling cabbaye in ]_arge. numbers, Among these is
the difficulty of keeping plants .in storage over winter which 1is
necessary in the region of Ithaca if the seed generation is to be
grown in the field. If on the other hand, greenhouse is used for
producing the seed generation; the amount of space available is a
limiting factor. Also storage rots often reduce the numbers of plants

and losses may cccur in the green-house.
SUMMARY

A cross of deep purple x sun-red gave an Fz ratio of 15 purple : ¢
sun-red. The F; and intercross tests show that the assumption of
two duplicate genes, Ri and Rg for phrple will explain the result.
Evidence shows the genes are cumulative in effect.

_ f‘rom t.he cross of deep purple x green, a rati.o of 9 purple : 3 sun-red :
4 green res*ulted.'_ The Fs test fits the assumption that two factor

pairs are concerned; G a basic factor for pigment which with A gives

purple and with % gives sun-red.
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It is pointed out that there are difficulties in reconciling the two
above results, and that possibly the two sun-red types are different.

The wrinkled foliage type, épplar_ently 1s due to two complementary
factors, W and S with the possibility that accéssory factors are in-
volved which affect the degree of wrinkling.

There is no evidence of linkage between foliage type and plant
color in the cross of purple x sun-red.

The plant height data may be e_xplained on the basis of multiple
factors. Hvbrid vigor was noted in the F; and transgressive segre-
gation 1in Fa.

Head weight also showed hybrid vigor in Fi.

There is no evidence of linkage between foliage type and plant
height or between plant height and plant co‘lur. Also there is no
linkage between plant color and head weight. The ‘wrinkled-leaved
plants had somewhat heavier heads than did the smooth-leaved ones.
There was only a slight tendency for the taller plants to have heav-

iter heads.
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SR,EHHMN)r, %%fﬂrﬁﬁ&%&(&rawht packing style), 48
WRkE, P ARBHT, Eﬁ*ﬁrﬂﬁ%"—ﬂ%ﬁw AB,

TR o 2 RS = BT A TR B ROK R AR E R
REMRAELTH, FAREIE WIS 28, BIR MR, KA K
f, REHFETEAREGREAABRERHEEN0RF) BEHES
HEE SR

BRCRZ AR BN AR R, R R R,

B EERABAZRE, BSBRA MR ZRERREA, =
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Y0 PUE 10em. B LIS IBBEA, 0 T L ISE A — 8, M 26
. B T AR R A 2 B e R U, = (B = B, R R B
B (A i T h B RS, B O A BHEK, E A BRI
BYEI0 x Tdx 15em. 2 R F R, MRS R Kb R IR,

B A B, £ B R R B SN RS, BB —K
FRK, I AL R AR, R R

BAWE BE BMRIE,

Rim B2, ARE—-KA.

-  EANEBEBER-mBIMER
(5EZ)
B wo mmEme | Exame B8 MR gramps
CEOAREHEYSA g 9.61 .« 1035 971 |
toAWAEHA | 1013 1054 | 17 et
toAb-REFER . 990 . 6. e 933
FoAFABEHEE | 904 . 539 < 100 9214
FoAHEEH-E | 10.4 750 | 1029 | 93.00
A ~BELR 7.30 1.21 ‘ 1000 | 91.86
~AABEE 6.26 ! 9.71 843 } 91.79
—At+EAEH—] 474 | 0.99 8.21 | 91.86
—AHZAFEWAL .84 0.0 |  7.64 | 91.00
— A AES A W { 6.53 i 2.56 6.93 91.43
“HEAE T | 6_.34 - 4.1t 8.2 9-1°43. |
ZA+=RETAD | 7.39 6.37 7.71 92,21
| SAfRAERER | 7.54 | 4.78 7.57 92.21
:’H;&f\ﬂiaﬂ mﬂ_i. 1.76 | 6.24 | 771 | 92.57
SAEAE+-8 | 7.64 1.76 8.29 |  87.57
CZATZRETAR 8.10 7.98 8.43 92.29
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ZA thAEHEA | 9.74 13.91 8.64 |  92.43

ZAHAHENA—H 9.67 | 7.39 9.29 | 92.79
mA=HZEABR 10.50 42,67 9.07 | 93.00
WAARETER 0.5 | 799 9.00 92,86
W AR FEH = 113 5.9 9.50 | 93.14
WAHZEEHAE 12.20 1429 10.50 | 94.00
mAMBERAXRE | 12.79 | 18.08 | 11.50 ' 93.29
A bHET=A 14.20 | 20.77 139 9329
FATWAESTE | 1520 . 210 1507 93.86
EAH—AFHEA 15.83 ] 23,07 16.00 93.71
EAHAREXAZA | 1640 25.00 16.43 94,29
<A @A EFA| 1683 | 2426 (764, 9457
AAT—BEFLA 17.43 | 25.53 18.43 | 94.57
AATAREEEE | 18.09 24 8.86 | 9457
XHHEAELA—B | 18.97 | 30.64 18.56 | 944

BT IRIE 0 DN RIR B IR B, = A 0L B AR AR,
FRFR 28 I MR 2 AN, T IR B A(9), m. 7B 2 i . T
FIAHIE = FI% LA B P o I 8 1 1 ) — o P I R IR
B, B AT Z WL KA R, TR R, % R R B Ak
AAISRR S, FSIH, WI0B R B2 L RE R TR REY
A, EHABEARLEE, RSHRZRE, BEARSR, B
RN, HTHRERBEME Z@HABEN; RESRSMHE
T HEZBE DRI, B - RAYEOSL L, BREBRZARE
*o (BN )

MRRERAN, GRRE TR ARRFARERL S, R, R
BYEHA R i A, Rarasey (13) FRAHAS R SEB5 AS2F, E A Orange ) 1
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[1 N . ; ) 1

¢
o b B3 SO TR e 3

—
X s
. -
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a
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P :‘,L . [r :L _“5 '[_, __é _.lq *l’ .%__ é J-— :-3 ‘*T & ;111

o AW 38—%'1.‘25F ,*ﬁt% 8 42°F, % & fiy (Grapefruit) B45—50°F Ry
BERE K BBAEMMBAMREQ,
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Kbt , DA B BB BRNE — 2 A A o

BRFEEES REURMMER S, FERBRARE, Tk
K MEE Y- F - AREHTRESEEABES, (B SRS
HUBE KA 9, 55 B AO200 77, BA500, FL0E 55 81 , 35 % — S $E 70, )
W= RARZRE, AD DX SRR, T BEH 288, Bk
RN, BHREGETZA% BBEH MARERE, THZRE, X
BB W PR

Bk B/E, R EEA MR, Brook aud Cooley (1) L2
8% (Penicillum expansum) , fn XM FE6 AR A8 3F, 614 32°F. 2 (K
B, AR R RS Z R, R IESF. Bk, BORRE BB
2 U, T LR 3, K R R B R R RS R,
BEER

ﬁ%‘ﬁ*ﬂﬂ-?}kﬁZE‘?ﬁ?ﬁ,H@ﬁ_ﬁﬁ((}olletotriehum gleospori-
oides) BURIEH (Alternaria Citri) B %, MEABRERBEMESR A
DA , DABRSK T & , UL A S 2 IR B8 0 T3 TR R BB, o 2
e
. BURZBGIL, Fulton and Bowman(5)1924% 88 %, S HEHS 5%
ZIEU A, 2B BB AR, Ui W H S BB 2 R BRI E
B, B O, ST AR D , K B T R BO% o YO kRIS AR
2 B AR D2 RS R AT (3 =, %) R B B0 TR
SR, BOR 2 B2 B, SR KA SR 7 M2 BT , RO T
B , B A5 3 DB G O O , — [EIaABR , AR HIMT,
0P 2R, B WHE REEENEE R,
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- et - = s e w e o

Bok—B  LERBIEHER GRS Rk

I Mo® M (EE) T M ED | H
A ® g EA-tzET EE-+=%=  EE-+=fF— 'EF_Tt=&£_
SAZ+=H _ A-twH AZA—H - A+H

AREW 82 14588 - 788 | 27198

I8 R o B O e

e o CPERCE MR .
BEOA Hyenuars FRNCF T B B RS A

{t—~H—H - 9 2|2'.44

—H+EH :23 28 94.15 —~— — o | — |— | — | | |

—~H4E 37! 32 39.02

“A+=Q 51| 40 4878 — — | — |13] o] o| 6l ol o0f
~AiAl 65| 48 58.56 13| 513.45, 27| 2|2.56(20] o 0O

=5 i abed : Y 59 71.95 |27 . 48 33.10 | 41 12 15.38 1 347 22 ; 8.12

=0 93| 60 73.17 |41 93 64.83 | 55| 22 28.21 |48 | 52 i19.19

mAJLE 107 | 67 81.71 | 55| 105 72.41 | 69 | 28 35.90 [ 62 | 69 25.46
mAWZR 120 | 71 86.59 |69 | 125 85.21 | 83 | 54 §9.23 |76 | 91 33.58

HAcH  135] 74 90.24 183 129 88.97 | 97 | 66 84.62 |90 | 109 '40.22
HAH—H 149 | 74 90.24 97| 133 91.73 {111 | 68 87.18 104 | 112 41.33

~Emg ;163 78 "95.12_ 111 | 134 92.41 1251 292,31 [118 | 119 43.91

. i ; :
RAWER 184 | 79 96.34 (132 | 134 92.41 [146 | 72 92,31 [139 | 147 54.24

BA=H _--‘:191 79 96.34 139 | 137 94.48 153 | 75 96.15 {146 | 175 164.58 |

. l _ : _ .
BATE 205 | 81 98.78 153 | 139 95.86 167 | 75 96.15 160 | 214 [78.97

| | L L
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HUS S 66’2 | 6 65°¢ 41 L ostt | ¥ 16 BEREE
0g° 1 ¢ 132 _ 8 80°¢ 21 et _ ¢ LL o BEAE=
08T g e 8 482 1 et e c g9 HwWHH-—
081 £ e | 8 g0’z | 8 BT SRR , 6F HEAH—
0 0 0 7 0 150 | 3 0 0 s N g Sit
S N KO R B D KOS K N SO ==
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002 1 e | 068 | 153 | w_W WY
dv= TEVAE R = .
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Bk 2BEERPEEBREZARE
- (z%ﬂ‘&) | (mza) ; (ﬁ&&) | Py
| 5 2% % . % 10 0gTh %
Pericillie italogy | 3231 9.70% " 31.69% 17.28 45.11
Penicillum digitatum . 1 ‘54‘ 0.37 : 2.82 0.83 .2'3?
enicillwn sy 4.62 2.9 . 3.52 3.70 1.14
B OE B
Colletotrichum 12.31 40.30 - 39,44 53.50 21.89
* gleosporicides 5
2 # YO ' _
Alternots Cith 27.69 2.8 915 13.58 10.66
¥ B T
N DipIOdia ﬂataleﬂSiS 3.08 1-49 ) 2.12 2.47 1.18
B OE OR
Qospora citri-aurantii : 1.54 0.75 i - .
b 7 . ﬁ — i —
Cephalothecium roseum '| _ : IO.?O 3.70
Fusarium sp. | —— 3.73 ;| 4.93 3.70 1.78
* ® &= 16.92 7.84 ' 5.63 1.23 9.47
H=k—8
T % m|maww @m o oe w0 &
Penicillum italicum | 60.87 '( 68.83 65.06 58.67
. o .
| i
Penicilum digitatom | %43 0 —— 0 2.4 1.78 .
benicillum sp 2T a9 12.05 7.56
B ® A a0 | .
Celletotnchum gleusporloides 17.39 : 16.88 7.83 | 17.78
Altermsria Gty 4% L3 1 4
= i L ! L
Diplodia natalensis _ 1.09 i 0.44
o 4 # — o ‘ L
Oospora citri-aurantii - | 1.8t o 0 -30..
Fusarium . 247 | — | 2.4 044
£  » 0 ® 6.52 |, 779 |  6.83 8.00
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& R & R &

=

— 1"!:“

BUuEk THEIEREZ

|\ %
- ™ ko owle &g\ -
AxdA | ,l——a-—w-' — G\ B
_#ﬁﬁ“'ﬁﬁ$ L L0t 'ﬁ"}?ﬁ iﬁﬁr'ﬁﬁﬁ Q@_ "ﬁ'ﬁ%
; =. | . g
—A—H 2 i 2.441i 0 0; o | 0 !
—A+EE | 25 %20.49% 1 1.22; i 1.22':
—HH#AE 26 121701 £ 488 1| L2 |
=f+=za| s | 3 i4024 6 7,325 21 2.4
—A#xH| 65 41 ‘ sa.ooii '7 8.54; 2| 244 13 5 | 3.45
= f t=ai ™ | %59'-76' 9 !10.97% 2 ‘2.442- w | a1 |os.28
=H¥%E | 93 | 50 |60.97 9 E19.9:r§ 2| s.44 41 | 81 |55.86
L ' i :
® AR 0 | se |29 9 |10.97 3 | 365 55 | 97 | 66.90
WAHZR | 121 | 58 | 70.73 10 12.205‘ 3 "3.ss; 69 | 121 |83.45
§ ; [
EAEH 35 | s |7073 10 [12.20 3 ) 3.66, 83 | 122 |84.14
EAH—8 | 149 | 60 | 73.17 13 |15, 85; 3 ‘%66 97 | 124 |83.62
AAME 163 | 63 |76.83 16 | 19. 54 ER 3.66% 111 | 130 | 89.66
XAHEH | 184 | 63 |76.83 16 '1954 3 3.66? 132 | 130 | 89.66
A=A | 191 | 63 :76'.-8‘3 16 19.54; 3 3'.6_6:; 139 1132 | 91.08
CE4RE | 25 | 63 176.83 18 "19.545. ¢ 3.66? 153 | 132 {91 03

+BEREREETED G -FRE_EHTL KB EER,



mEan #oE B R R B () 14t
BAES"
o T o
() & Ht
BoE W ﬁﬁl}* @ AR ER R E R
| ] .
N R - R N
FHYEIRERNATE Sy REY AT RRKETE AN ETE
I N | | |
i i :
._! P—— - __._'i —_— ! —— R
:' j :
| | :' _— | ——
;i ! IE
i 1
; | ;
—_— e | | 6 0 0 0 (I 0
! ' ! R |
0 0} o ol 20 | 0 0t 60 0
i E | %
110691 1 |0.69 34 | 18] 6.64 ¢ 0 2 [0.74
5 |
10 16.90] 2 [1.38 48 | 43 15.87 6 2 10.47
11 |7.59| 3 {207, 62 | 57[20.03 3 | 1,12 2 {0,774
_ i P
13 [8.97; 3 2.0 76 772841 3 | 112 3 112
: ! ; ; . .
i . '
13 {8.97] 3 |2.07| 90 | 84;31.00 3 | 112 3 |11
' : ' r : _
13 [8.97 | 3 |2.07| ‘164 | 973579 4 | 1.48 3 |1.12
13 ]8.97) 3 j207) 18 | 103 ]38.010 5 | 1.85 3 |12
j ]
13 | 8.97; 3 |2.07 139 125 [ 46.13) 9 | 3.32 4 [1.48
13 [8.97| 3 (2.7 146 | 136 ]50.18 93| 8.49 5 |1.85
13 {8.97| 3 [2.07| 160 | 154|56.83 40 |14.76 10 |3.69]
- . . |! . ’




142 o B 2 & & ——x .t
BmE

- P 2 (moW B A OB (&
# 2 ® ﬁgﬁéﬁﬁ!%ﬁﬁ?ﬁt RO #
xxn 0| TE igﬁiﬁ iiﬁﬂ;_ﬁﬁ%‘iﬁﬁ‘ﬁﬁﬁgiﬁﬁéEﬁiif#;ﬁﬁjﬁf}@
-rE_:E}i&ﬂffa 21 | 0 0 ol o 0 | 0 o.
REE=F 35 | o0 0 of o 2 0 0
—A4EH 9 | o 2 | 0.75 0 2| 3 [0.77
— A RA 63 0 3 .12 0 3 5 |1.28
=Ji+=H 77| 0 3 112 0 4 5 1.8
—F=4xpg | 8t | 1 3| 1.12] o0 5 5 |1.98
=g+=g | 105 | 1 4| 150 1 10 5 1128
=AH#xA 119 3 4] 1,50 2 11 6 |1.54
™ 5 LB 183 4.' 4 | 1.50, 3 12 7 11.79
mp#=g | 147 | 13 10 | 8.75 -8 20 7 | 1.79
£AEH 161 | 16 7 | 6.1 9 24 8 |2.05
ERH—0 | 175 | 19 27 | 10.11] 15 35 8 |2.05
KAWE 189 | 27 ' 83 | 23.60 20 42 16 | 4.16
HKAHEH 10 | 34 93 | 34.83 24 62 17 4.36_
A= 17 46 | 116 | 43.45 30 82 20 |5.13
€A+=E | 13 53 130 | 48.69) 33 94 87 9.9
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(% R 2)

g | ox e (ﬁ'mm'_i %
|

&
2R N B B R EZA REERE RMBEEE ZREM

F) ¥ [
RE¥ ﬁﬁ'ﬁ-[iﬁﬁlg'ﬁf}ﬁ £ ¢ R E 3ﬁ!€;ﬁﬁ'$ g BAHE g Ao g R g
| _ | ;
0 ol o o o o o o 0 o o el o] o
- ol o ol ol o

0| o] o} o o o o 0

2 [0.51] 1 1028 6| 1.70 2 0.57% 31 150 1| 0500 o] o

2 10.51] 1 |0.28] 6 | 1.700 2 | €57 3| 1.50 1] o0.50 o0 0
|

| 3

2 105 1 )028| 6 | 1.7, 2 | 0.57 3| 150 1| 0.50 O] o

: | _
-3 10.77 2 1 0.57 6 1.70 2 0.57] 4| 2.000 1) 06.50 O 0

5 |1.28) 2 |07 6 | 1.70] 5 Lat 7| sl 2 1.00( 1{0.50
5 1128 4 {1.13] 6 | 1.70, -9 255 7 3.50 2| 1.000 1/0.50

6 |1.56] 6 |1.70] 15 { 4.25 20 | 5.67 8| 400 2| t.00] 2| 1.00
12 |3.08] 1 (3.2 23 | 6.52 4¢ {1246 12| 6.00 3| .50 4] 2.00
12 |3.08| 13 [3.68] 20 | 8.2 57 |16.15 16| 8.00 3| 1.50 5 2.50
14 354! 14.03.961 39 {11.05 64 | 18.41] 26 | 13.00 6 3.00 6] 3.00
15 |3.86| 20 |5.67 | 48 |13.60] 74 |20.96 33 |16.50 13'| 6.50{ 10 5.0
16 [4.10| 23 |6.52| 55 |15.58 80 |22.86/ 38 | 19.00{ 19| 9.50 11 5.50

16 {410 29 |8.22| 78 | 22,10/ 86 |24.36 48 | 24.00 38 | 19.00 12 | 6.00

17 [ 4.36 | 36 [10.20 | 108 | 30.59) 88 |24.93| 5427.00( 56 |28.00 13| 6.50
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T E R & & B

P EER T 281k
RiFZ Bk, W — SRA B, RL RS, ARBEN A
RF—— I, MR A B B SR LA BRI T, %
Mook , 75 IS BLOK % 71 BB (7. 2 7 5 M B 9 (Soluble solid) B A& M B
EEE A EEETS R, RERIEEEBEH,HH UM, & Pectin 2%
WA, KRB E R B®, BEEE, 0 RS ZER, R
th SRS L ERH ZBIERRN T

BRE RIFZH L

EA4WA

WEAM| O
+=B=H| 5
+xE | 19
a+ﬁ 33
l=ntag!| o
—txp |
=A+hE | 83|
=AAR| 10|
=+H | 122
mAH—H | 144

167

HHREES
a4
487.8
' 516.9
450.9
399.2
490.0
mia_
548
I#&E

477.8

!

i
|

%EEE%

S H100c.c. 5 B 100c.c.

25,51
25.51
26.29
- 27.76
27.45
- 28.51
30.15
33.40
32.58

32.28

RAREy, WERRE | AR
74.69 0736 % 14.68
74,49 0.646 i 14.31 |
73.71 - 0.668 16.05 |
72.24 0.600 15.3§

- 725 : 0.490 | 1597
71,49 _;_ 0.446 14.87
69.85 -% 0.437 14.84
66.60 E 0,308 14.59
67.42 _% 0,245 498

i 0.205 |  15.20

1. 64.71

i
i
i

I
i

: .

i

X ER
9.96
22.14
.24.02
25.53
2.5
33.34

33.96

48,15

61.14

73.54
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WK AWMBRZEHEL

CEEE: : ne }mamggm_ﬂ%;mm;%ﬁ;;ggg;g%@fgggggg EBE |

+=Hmg f 7 6547 23.09 | 76.91 |‘i 0487 | 1.8 | 30.16

4 AR ]: 21 | £74.5 {l 23.68 | 76.13 | 0.464 18.77 | 29.68
—H—B"% 0 5637 \ 23.67 7.3 0.317 13.90 | 43.88 |

T 1 48 487.6 26.35 | 73.65 0.917 14.46 | 45.62

f | ' . o .
whU ! 6. 5.7 | ! o 0.245 14.42 | 58.86
|

IR | 83 576.3 ]| 26.04 | 73.96 0.206 13,77 | 66.84

STl ws% 657.8 : 26.04 | 73.96 0.147 13,64 ; 92.79

mpmE | 127 | 547.3 1 27.01 | 72.99 0.127 | 1353 | 106.54

! C ! i !
Bk RiEz&iBt |

%% 0 W | T AR AR R TRy NCC PRI gy

+:;§: 5 5| o8 | 67| 7688 | 0.478 1191 25.02
Foqtsn| 19| 6800 | 23.82 | 76.18 0.464 847 2838 |
we | 38 5_45.2 | 26.22 | 73.78 6.390 12.48 | 3187
Vogvzn | | s | 26.69 | 183t 0.368 1866 | 3741

A=A 66| 583.9 | 28.53 | 71.47 0.304 13.66 .i 44.93
wma| 88| ss2.1 | 2077 | 7223 0215 | 1201 | 60.05 |
ZR+AR | 10| 517.4 | 30.74 69_.21' | 0.176 1059 82.90

.' :LHH-—I:EII'_ 130 | 5049 | 29.87 | 70.13 |  0.166 '13-\.94. 3.98




146 T E R R BT, M
|AER HMZERBL
R o' %) e % H3¥100c.c. | 2+100c.c, :
—H+=H 20 6332 | 25.57 | 74.43 0.889 | 17.16 1 19.30
| ; | i i
' ' i : !
ZA=H 4  670.5 | 20.37 | 70.63 0.605 | 15.88 | 2.84
H=@ 62 | 599.4 | 28.16 | 71.84 043t | 1605 | 37.24
ZAFAHR 85 590.1 | 29.16 70.84 0.470 | 17.28 3677
EhE SHEFR)ZEFRIEL
_ s | % % RIH100c.c. i BHI00ced oo 0 |
WEAM [y CRRRRRARE S RNREC Lealy Hlasy BELE
—BAB. 17 T85.0 . 2464 7538 . 0.719 15.88 22,09
—HH¥AH 99 7225 | 2495 . 75.05  0.465 16.55 3559
SAH=H 62 526.0 . 270 72.30  0.617 16.22  26.69
mA+SH 88 510.2 0 23.54 . 7446 - 0.470 16.02  34.08
| : o -" | |
EA— 8 01 482.2 | 2451 . 7549 | 0.460 1627 35.%7
BtER EMZRPBILE
| R / o7 1 geee moy EAT100c.C o B3H100c.c, 3. "
BEAW HTH éﬁﬁﬁﬁﬁiﬁﬁﬁﬁ%:imﬁﬁ% FESER BhEg Eﬁ&]ﬁzﬁ.
. | e -. '
=B4+=H! 5 | 638.4 355 | 6444 = 0.499 . 1608 ~ 32.24
] o ;
. : | .
= AAEH | 26 4968 | 34.48 65.54 | 0.494 | 16.27 32.94
EAHAA | 47 4928 | 85.49 | 6451 0519 . 17.20 | 31.56
WA+RA | 68 | 609.7 | 3621 | 63.79 |  0.421 16.38 | 33.14
EHR-EH| 8 | 507.6 | 36.37 | 63.63 |  0.362  16.38 | 4525
! _ 1, . o
EAHAN | 10 | 5678 | 3413 [ 65.87 0.352 17.94 | 50.97
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Bt—% SNWM(ER)ZmA8E

. . L
xR e 'ﬁtﬁ%ﬁﬁ‘%&iﬁ%%ﬁg%ﬁ%@%}* *gﬁfgggg‘ RELE

| i
N |

TASD 7| 42 | BR70 | 6730 | 0925 | 1720 1889
SAWSH | 37 | 534 | 3245 | 67.55 | 0.656 | 16,30  24.85
wAEAE | 58 | 535.4 | 30.20 | 6380 . 0.57 | 1642 27.50

EAEXE | 85 | 470.2 | 33.05 | 66539 0.543 |  17.94  33.04
: i . I : i

BRAEFE 22K, B8R BRECH I EBESE, &
ﬁ%iﬁﬁﬁiﬂ'ﬁ,ﬁﬁ%@% MR 7E 2k (Solids —acid ratio) BERZ MY,
$0F b &1 K Hawkins (F, ) FF9 8 i (Grapefruit) Jesi b ZB1E .
MBI (55— 80F) ArgE IR D , TSR M, 320 2 4 3, S J e
R SORE RIRD T 200 RAE I (e, % BT V2 2 L T 2 B L AR
75 4 0 O L RS TR  BE 2 R, R ORI £ 52 BRI, 508 o
B I B, AR 57 IS B,

ﬁﬁ#%ﬁ%%ﬂﬁﬁ&,ﬂ&%%%ﬁ%ﬁ@,Q%ﬁﬂza%
L BER R R OK WG, MR, BABRER, NARREHBEAZ R
Ok, TR UMD SRR A M R RS RS 20, AV, SRAB 2
BB K GE T E Y2t 2, DR B, B, 5k
TR R OIS 6 1R TR R RS B, BB R B %
B0 SR B o LK BRI I, DR SR, S A S5 B,
B HLAS SR AR, B0 At A2 0k B RERIR, 0.200 BT 2R
8, B 522 Kok BA B, SN ETR, 643300 S RIS F A, MR
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PLIETRAPS Y 3 o0 3

RS R R S, R E A RS, BORREL, EHZ A
®EEREFERA AN FEEREK, EHAME (Mandarin orange
group) Mz R, M E—— R, BT, GEES KB ELZA
f,REIRRA D, BH A 2R, SRS E— = A R T
WE, RS NEREN AR T BEZEE WREES, B
BEH,

Bl BRI 2 EREE UL FEE, B SRR R
ERRMEEIER AE AR MERGHE, REZHAEH BEM,
WRANZ G HE D BRS HEE KT, EF Y% BEBZHA,REZ
WE A, TR 2 Rk,

B R B |

RIS, BERWRORST, AR (RIS R E, RERKZ
AAUBREER, RAMBA R SSRBMBIER, RER P ERE,
WMEZ R, SHHE 2 B R R TR R, PR WA X, REAHE
ZHR, FUERBUARN, sHRER, RERZAX, ALY TER
BRI K 2 MU A B ok A RIS R R L T R R
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A Hm & BARE P | = M@ | A O

I OEE | AEE | iwE '
[ oy 94460 1304.0g| 12M2112.6¢. | L1MRMITET.08

Bzam TR BRassRenrkeenss %!ﬁiﬁ%ﬁ_g B manTH

BEE=® 1] 275 | 205 | 187 — —_— —
+=A+mE| 18| 4.68 3.73 3.43 —
t=H¥—H| 25| .49 5.13 | 4.96 - —
H=RHAR] 32| 7.69 | 6.49 | 6.05 | |
RAT=E ) 9] 9.20 | 772 7.4 {— | — | 122! 111
—A+—H | 46| 1090 | 891 | 868 | — | — | 19| 3.10
—A+AR | 58| 1290 | 1080 | 1026 |— | — | 26| s5.04
—~AREA | 60| 1477 | 1255 | 1193 |— | — | 33| 7.84
~A—H| 6] 1557 | 13.46 | 1279 |— | — | 40| 8.67
= AAH| 74| 16.59 | 14.35 | 13.68 | 9| 0.63 | 47| 9.5

=Hg+EA | 81| 17.91 | 15.58 | 14.91 | 18] 1'36 | 54| 10.77
“AH#=A| 88| 18,66 [ 16.41 | 1558 | 23| 1.72 | 61| 11.77
=HB—-f| 95| 19.5 | 17.27 | 1644 | 30| 227 | 68| 12.75
=AADE| 102} 208 | 18.29 | 17.92 | 37| 3.00 | 75| 14.12
=A+EA | 109] 2088 | 1950 | 18.91 | 44| 3.5 | 82| 15.48
SHH=H | 16| 2310 | 2050 | 1971 | 51| 4.23 | 89| 16.37
=AHAE | 123| 2859 | 21,02 | 2038 | 58| 444 | 96 17.10
mAER| 130 2495 | 2293 | 2067 | 65| 502 |— | —°
wA+=@ | 137 25.47 | 22.44 | 2225 | 72| 524 | —| ——
mA+RE | 44| 25.86 | 22.87 | 23.21 D — —
WAHAE [ 151 2699 | 2351 | 244 | —| — |- —

LY | | — —
% I 1.26 1,12 | 1.19 _0.52““ 1.32
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- % FR—ME
K 12@E 1487 . 1¢r.
"N W |SAAR HARZ ARG tSH +AB] —+x0w 4 = 6|
ok 87 20 | 27 1 34 i 4 8 55
wEwas| 161 | 274 0 4511 55 | 638 7.8 | 7.6
AR *xA) =0 WHEEA LA HED H#- Al 4 HAR| R |
J ! . |

62 | e | 76, 8 | 9% [ 104 [ 11 |
. — ]__'. —— e b -I —_ e F 0_87

8.15 ! 8.62 | 9.10 | 9.67 | 10.10 10 82 1. 12 13.03

FERESZAE, S EPEREEE0X D L, AT RERE, A
HEHAA AN, R ESHORR B — AR, & RAMREEE
ZER WA PRERS AR, WARESIR A, TR,
SRECH M) B RFY B RB50.86%, BHE(+HHEZ)H81,0
%, AMRCHRRATY)B67.47%, 5R0% D L2 RE, PERER®
K BB Z WM, DR BB R, B MR A, S
ZRA, W R R AT, B — T, WE 2, R
A ES AMERRIR AR ROTRRERAREIA”, ERES
ZOERR 2) A L2 RE, SBAWER s, MR 45,
REZEM, KR ERE L,

_ % & _

BREEZER ARBTHRE, ERABZUREEAA, EF
R, (B SR P, B E R RO RERERBEZ YR, RETS L2
EELARRBRRARE HELk, RERFSRAAN, REZ
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B BREEAZAER, BIGTAREZRE. ZFrRR AN
PR

WK AR, MR R B2 & BB Rk
Wi S & R L 3R T DN, B2 P B E K 1 00K B
B EHZEMEMERE, B H RN, RA%S R ARETZN
5 A S, AR B2 16K R AR L, SUR MR, — = 3 M K
SR AR SRR, SRR S R BA RS
AN ET— A MEHERS LHUS FBRR. BENE, W
e 05 AR, T SR REE O MRS 2 Ui, 30 7 S IR M 2 o
5 B BN, B E SRR, |

~Storage of Citrus Fruits L.

Summary

'1.An investigation Qf the keeping qualities. of the following
six varieties of citrus fruits in S.torage was undertaken:
Loose skinned orange: Qhu:g_hiéh(%fé)Tsaoéchieh(Eﬁi),
| Pen—'ti-tséo’( AR,
Mandarin orange: Pong-Kan(ﬁlfﬁ), Sheo-kan(FEH) ,.
Round orange: Hsueh-kan (Z#).
The ecellar is 3.2 m. wide x 2.6 m. high, a temperature of 5-12° C_
émd a relative humidity of .90 % dr- above were .ma,'intained from
January to May 1934,

2.The most serious storage rots were green mold (Penicillum
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ital;'cn-m)anthracnose(Colletotrichu-m_glaeosyorioides} and Altern-
aria i'ot(Ala‘ere-zaria Citri).

3.Careful handling of the fruit reduced the per cent of pen-
icillum rot. Carefully handled fruits of Chu-chieh and Pen ti-
tzao showed only 10 to 27 per cent rot While the roughly han-
dled fruits of Pong-kan, Sheo-kan and Hsneh-kan showed 70 to
90 per cent rot,

4, In storage, the acid content of the fruit decreased. The
amount of soluble solids varied slightly. The green weight of
the peel of the loose skinned and mandarin oranges {expressed in
percentage) increased, while the green weight of the pulp decreased
rapidly.
| . Tsao-chieh and Pen-ti-tsao, which were low in acid cortent,
conld not be stored due to the steady decrease in acid content.
After a period of 4 months in storage, thev became 1n01p1d in flavor

6. Sheo-kan and Hsueh-kan, thick skinned oranges with high
acid and solid content, had good keeping quh]ities.- The pieking
season of these oranges. is J anuary and Februray.

7. Soaking the fruit in 5% borax solution (40°-32 °C.) for 5
minutes right after picking reduced the penicilluin rot, but produced
oertain injuries of the ca]yx and the stem ends.

8 Loose skinned oranges after a period of 5 months in

storage, had dried and shrunken pulp. The peel remamed normal



EE KB R R R W(—) 153

in appearance.
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RE-LE BEMBRESEMRDIEFHEE TR ek
RTRG, WREELT, Kl SUERT, BXEAEERSHE
BS BHEMBE WHERA, OEER XHW WS, RIEER
FRERE MAGIEREREZPERT . BRAEE R BEKR
#,3%4% June bettle 8 & Apagonia. MBMTAZ, EBHUERE
BEE BAAFRHFETRERRLN A0, R TARESRE,
DT, R EEN R SR ERAREZ KL BARFEBEY
BgE NRERESENERZS AAEELNERES, XAND
EEMRE, AR S, TV, R R —H, 75 55 5T
BREREZRBRERFRZAUTERE DRAE,

o pomeoR oA BB .

B W EREmMASE FDMPAZ SN

' RN B BRTH2AN ' -
ma+ 8y 22 259 i 11.80 | 2

| f R |

®A+—B | 157 745 r 474 2
WA+=8. 1 922 | 881 | 16
mA+=H | 26 5200 | 207 20

B AMARRBRL S, RERFAIZ T TRBEE, R Lok
MBSES RERZAE S EHERG ASERTNERPZ 2.4
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EHHEER, PELBRADEME ZEZ AFRRN, XA PEZH
B HWRER, BB R, SRR R SR AE =K b, B
MRS, BAE S, Bl P ERZ &, ERE, AR ERES, X
BT 2% SL A0, B T 5 b BT UR BB OE5 8 , U9 1 A + 58 KIS BiRse ¢
B, HBER AEEFU A R, LA NES BZARTAR, XK
RBZHR . ARRBEZ1RETS, XY EFFaR, #HEnEY
feRH, Wb Apagonia —RUHMEZ IR, RIEEYER .

RRETEEZ P&, AR FEE, R T, £ BT, BREMY
W B 0,08 5L BN AR RO FREES, WAAAERR
ZHIAFIA D HREB K, BRIRLE, HEPER, A%RE
REBZESE L, SBTRRAARE— B, SSURALEZ SERERZ
KA, B0 LA BT R S RERKAKE L, QRTERE
RETS B82S0 REATR EFRIRE MARES AR,
“ABE,— ARADG R, — AR RIA LA Gk, HAER,
SERE D HERAREERER, EXRR -8, h XE& S, BRP
=3, 8 SRR, KRR, 2 RN, BB R Lk, R
ERAEREEEROEN D, ASRER, MPRRZWTRERAD R
BH, MARRBERER ZREN X, BRZE, THRARZ
M4, A Odoretus —FHMNL L#HEHR B,



L (Ethylene) 72 B35 |- 2 30 BISE

il kB8R 8K
&
— PEZHE

PSS DUSER R B2 H %k, MRAR: Bk taled
&, o H - s B g, AKMnO,, ZnS0,, MgS0,, MgCl,, Gluc-
ose B RMBITREM, LULEMF LR FAE  RFEZBR, SilEA
Richards, Raulin®, fZnSO, 7 LB ME &; M. Popoff # 2 FiMgCl,
MgSO0, & Mg(NOy)., BIREMF 2B ¥, % A Curtis 52/ KMno,,
RGP IR 2L 52, Py AR LB R, R0 S
AL LUR G2 AR B #, REENTERREZHEH, ERAKRE
FihZ A Th i R s 2 B . RERRERZAS
%, WL k(LB HB IR (Chemical Stimulants) ZHF%, Kl
B, WEAE , LA ECET], N REA LR B2 AR, Mk
ASEBE A AT o, 2 W 2 2 5 S, TR Rk R AL

| ERRAEBLRR SHIE, B URE, BRREATERDE
e M Z 04, WA 0 R LTI 5, 82 S0, T 5 %, S0
BEEATRRRLBIRZ S RERRRBERZH S, SLM
£, FLARDTIE: MM KB 2B, SR MZBE, WIER L F 28
B UEF R BREFL BRERBABEZNE, BREBR—K
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.53 1 SO B . R R M2 o, R R B2 4 £, P 1L L 258
(Ethylene) @ﬁlﬁt Gas Eﬂﬁﬁﬁ%i—-—&o
ZHERBLZHR EESBREZDNE, QKT T RER:
(DRERZEC HOHERERERER S ABESE, 2
K EBESRZEREE HLHRER, OTHERRRS, ML
FIHE A ZBAL GRK
(DREZBERER P EREREHH (Carica papa-
ya) % ERE EAMA MR AL Tannin, o DEMERER R
W (LR, BEOR I 2 T 200, SR GRS B 46 S0 A R O] UG, DR R
SR 2T, 2R 8T DR
(3) 48 KR A AR BRI M2 SRR 30 B 16 0 R K Al
%, EREH KRGS MARREY; FAREENRATINS
RERZMRE,
| ()#EAZ G RB Harvey K& — b =R AHIRET LD
ZEERWAL T R
(5) B2 A B B. M. Duggar Kffi—A——F8 %,
Ether W A BMAMAERT RN, KX REBE R 22U L)
f5; @ Mack & Livingston E—~AS =SSR K, WEDENS
28, MZBEA MRREAEF S AR, RERKIER M
% AMMZ Metabolism fk R, MHMAZ FERA,

Z BROLERRIP RSy LR E

Z& (Bthylene) W BME AR LB BR - =+EH_=RE N
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ii" Ether Z 4 ik, -;‘)‘L D4 4L BE Johannsen 242, f;-;"FHEther &
BT FHAE(Syringa vulgaris) R i (Acacia mimosa) Z 4 {3 2 {E=
B HIFE N B Epﬁ[ ﬁ;{]:{E,fﬁfﬁSO—~40gramsZEther B A 100 litres 2%
B — 0 BB, DB T B 2 2 0t WL
Howard ,ff — ju — O R FEBEZ Missouriy, Al t‘l-‘ﬁEZ?ﬁiﬁ‘l?kﬁﬁ
A, B4 ATHR AL AL S 1 He % , JF Either 1676 85 A Mot B 0L
~A——%,%A BMDuggar, B8 Ether BAKEE & BAME L
B B2 M ERRSIEEN; C. 0. Appleman 5%, 6 — fi— M %
8%, Ethyl-Bromide of PUR & 5 84 § 2 8 35, B3R 28 R flidpLE
BZh%,

D%, BAL Chase ) V. E.Denny — B, — A M ER ABH
C86 T L RIRS 65,5 2 P Donny 16 8,38 FH 860 Mt
@] THLFERRBER L2 A BN, ETHREE TR L LAATE
T3 A L& 6 ik, A R O B s % 1—1000 %
1—200,0002 g2 {Ei’&@.*f”‘&,&ﬁﬂiﬂﬂﬁﬁ}ﬁ‘ﬁ, | L)
T00— S0P RS e S 5 £, SBLBIR , iR B AR B4 F LA T B0 IR L% (5,
| — i ohm=E R B Harvevf&[{i:@ 1\[iun-esoi‘[a )‘I‘Iﬂiﬁﬁ HZE U
BRILTE IR, WA PR A (Self-Blanching) — € wmEEFZER, A
7,81 —1000% 1—10,000 Z @ e b, WL EA AR AR R L2
%, T2 %3 TG 8 F 2.1 .Rosa K, 2 5 R e 2 B,
i P 63— 73 F %580 /-—-00 952 % R, FIZEEL— 10002 i 1, o DABE
&, HREAE, B R AL Rosaft, 5k HibFEEZ
Gas,fn Propylene HBi % 245 AR 4E,
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—n =A%, E.S Haber RRZMREEBHRZE X, @M1~
100% 12002 Z B iR JE , ¥ F 2 13 (Onion Sets) & =M/ B, 7
DR RAE, HTERRLARRA, XBE-L - LT - =AW
4 s KEE% E M. Chase, C.G.Church, R.B.Harvey,
G.A Vacha & L.O.Rogeimbal # % R HRREZ 84, My IR M 2
W RUERZEY, ARRZKEENRERBARBES VY,
R & 2% L.0.Regeimbal & G.A.Vacha Kiksh, BZERE
REAEM CO, ZBEEF 150%, EB- FARTF BUE,BHE
COLZIPIR (10, MR, 05 = X2 B, AT, 15 LA I
88 b 4 BT 2 U0 T DL BB 1 B R 20 —25 63 R. B
Harvey & F SR ZHE, MAZHESBER, RESBRES®, BRN
.

F.E.Denny Kfi — = L%, & Bz Jour. of Botany 35 1 B %
EWBRERPREXEHEZEF U Ethylene Chlorohydrin (CICH,
CHCH) B & &, 8 Ethylene Chlorohydrin_éo% ZH#Rs—~1gal: &
B F bR EER, EEGETUELAE TR RFLE; A=A
#, Ora Smithfﬁj‘ﬁﬁ'lﬂﬁZEﬁfﬁ,%ﬁB Ethylene Chloroh}?drin iy
?g_Ethylené 2k, &g H.O. We_rnérﬁ{{%@.’z Nébraska- M—n=
— 8% B 5% Ethylene Ohlorohydrin ’@E%%,%&ﬁ.lﬁﬁZﬁ
B, FEARBEZEE, REHNS, LERSEAE, BNERS
17-.5-——’62.0%; W. B Pavis & C. G. Church :&oﬁﬂ~nﬁ.§ﬁ5?ﬁ
W, R T LU R ERE, S RARBAE, AFR2ZRESRE
g,
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= I

LA B A, WA T 2 M, (Compressed Cylinder) ] LIBE
IS Bk, SRR G, N R i DR, R
WA, BT T A |

(1) Zg& C. U, 7 i C.H, Brop, FEf 28 BRANSM T, 58N

FISEIM A KB 6, 0 B F 2 AR
C,H,Bro+Zn=CH,+ ZnBr, .
(2) % A G Brsb, Ba& w28 K, i KOH, a4, &
DT AN
C.H;Br + KQH(in Aleohol) =C,H,+ KBr+ H,0
(3) %30 B ok B2 28 0%, T PRI BRRE 150c.c. it 25c.c., 4 B
T 53 % ; 0 BN 5 T HEJH , B O B 22 IR SRR 1 (R K 8t (Dehyd-

B A L8 ¢
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rating agent) MHAE 150°—170°C g, e AP I BREE

Wi R B A Z % (Ethyl Sulfuric acid); 2 8C,H,HS

0, [EREE, BN ST % 1B 256 MEkAR, J0 T ARF R -
CH,0H + H,SC,(#) = C,H,HSO0, +H,0
C.H,HS0,—> C,H, + H,80,-

B ZREES, R EBRHMERAK, UBRREREAZ KA, =%
L5 B H W48 705 7B A B NaOHs KOF 2 AKefr, BIBRSE: A AR MR A K
iz SRS A SRR BRI K, BT B
%, BURAER W2

MR

A BABGMRES R CHR, §E0 RE % SR
REMEE B RS, SRR BEN LR TSR AL, RIRR
2 HCHTBR I 2 A AR A RELA B 1R 2 Bk Z B S 2 Gas Tank,
&Eﬁ}ﬁZ(}asmétergﬁ ‘Gas Burettes; Eﬁh%@ﬁgﬁi@%ﬁﬁ E‘f%&ﬁ& s
amfgx,mﬁzﬁ%,amﬁﬁm&,zz%#mwaﬁwzasﬁ,mu%am

(WFRZHBRE: —REEBRE L, R R %, 240

TR, BT MR SRR A LT Z B R 2R

HEZHE, (BEREE), 5 Rt i, SAAFELE, 55

HABMRKZHER WEZEROZIHR, REBANRZTH,

FBEEARKOHRTBEA RBERL MM+, DRMZEE, Wk

SR, E R RERTOF, BRI T ¢
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|mweewi 2 = % # | m B F 2 8% & g
1| REE A BB sk
2 | mARRLBEENE LB R
3 | ARRLEN tEE L H R
4 | mARREBESIEE | RHRM
5| mARELEN—-TE P H R
6 | mARELER=FE = B R RABAEHE
7| mARRELBRAETE = 0 AU HTk
8 | mRER—IE | AU
o |mrEx=ra v H
10 | HRERESTH ™M B AR R B BB
11 | gEEgtIe =0 R BABE
12 RR(EE) AR e RHEBAFE

BRRCRERTEAZAE, CERAME, LEABRBARE

OFBRFEERS: —BEETHS, TADREFZRE,
BRHA ERNEBUEZ ST, XA SHRNEE, NEFESTE, M
B R RS T B2 E IR K, B R RZ T KM, B
B35 B0 £ 2 Bt BT T B TR Bk KR M B D b, B —
2 BiE BIA, B DS LW DU SR ke RS
A BT B0 AR T0°F, FUIE = R, MBS X 2,
BREADHOZEFAMAMMER T BRZN, Kt BEER
b2 B (Bell Jan)E k5 &M — MW A L5, LUK 5 1K
ASRZK, EHAKEE, —BEEA-WEE, RENEKE
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L, DBEBEACEE S XAEALTR BBV HAK, LB
ARG, AR HE-RARREF2EE R ERE; &
WHERTAZ T

FEFEELASER(REELT)
A B & =R K| R E @ K
IR N I T I
FRE (ems.) =M. K= H=— :::_pu‘ ~h,! e =@ E-O
#® ® (=R |Zh A= EC- :-_::, ! ; ;\‘ ™
L3 ﬁ'(grs.) Oe = e it!*-:?:af':;wwi O —\u 4:2:.!0 M=
T !

BAZRBZETF, HAELBERBRZET, %tsrzamm
468/100 , sk ZE A B M374/100 B2 ®E BN "86/100

(3)T 8 H(Gomphrena globbsa)iﬁ;&&ﬁ-?ﬁtﬁ r— k=
R FEWRRZ R, RERBFHE, YRREEEHE,
A2 AW, KA IURT 0 ARG, B RRET A E A,
R, S RSN RIEE 2N, B SR, DT, &
HEASBLK,~BAAZHEK, BAR— BN, BARBXE
R, ZA—-BENA -8 BEERKABRERIRT, ZHA—
B.BERAAMTE:

F B $r(Gomphrena globosa) Z4: & s %

k' 2 £ R T

BB | AR®g | AEwRR | R &

(cms) . {(cms} - ttms} {u*‘)

EERE | ARRE

t“rs} _]' (Kr8)

N
|
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ez —=—A B[ —Zee rzal ; A
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LA | | -
{a 2 EE A A N o —eXR R =%
! ; . ; I
£ 30 E-0, —h-k —Mebl  —.—| mWeA] =k
SrxEy. H.=| —h-A ~meR  —.(W Mkl =z
x| | | |
A4 w5~ = g == Z-E;  =-=
#) 5 ®.0, ~0:M] E-mp  —- = ZAL —e®
f | :
! 6, =.-z=; —= | =0z —-m Z.x| e
m i:]l f_--—i: — e = -t-:% —= E--.';-_‘.i =0

BAZEEZ T oS, BTTE B RAR KL, B H®, TR
B2 H R, AR R SRR M03/100, K2 L ER HARS
FEm165/100,
o R = SR, TEROM T A B BB (IR B0 PG 0
B, 0KN, @ @, BIE T, B0 T R, WA, A TR B
RFTER 6 MGas Tank se38 288 A, 2R F Gas Burrettes 86 A R,
B UREBIE R RMZIEIE UBEE TSR B, EUAN
3 BERLBE T, RHAUR R, 06 T RN, B A SR, URIE F; &
S AR TR T2 éem@@%sﬁ BEZT
(D EBRELE CRS
Bﬁrﬁﬁ*ﬁ@*ﬂ?%;&&ﬁ)\i’ﬁ&fﬁ}kI%Eiz"is:{ﬁz&ﬂ,
BN L BB GRS BB OBAE RIS, A8
=8, SR, 85~ LB AZ1/1000Z 865, 3 = 4 B A 1/10000:2
ZEEH, %3 Gas Burretts 5 &, BB I+ /UM %, BICH BR
RERA BSAERT FERE, 0 KRR Z, HB1/1000
ZTEE EEANE, SRR, EB1/100002 25 ¥, B K &,
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MBREHL, EREK R, AR, R AT 2B,
(DI ZRERSE: ~— R, TEREZ G, HHE
PR BDY IR M 2 b, R B b2 Tannin, 8 & KMt , 2K
KTLURER RZPRRAEES . B R T LI R R B2 gk
B AR BRI B EE AR, 5 R o
B-XEHERRRZZHRE, HEEEELEREN L
2 BRRG L4118, AL (Diospyros Kaki), BB i%E, @
bR TR, 1R TR G G, B0 2 M L R T =0, 85 50
A 17100, 1/200, 1/1000, & 1/5000, = Z56 i IE k5 f — 4l , &
RSB R, 18 LB BRI AN i, R, SR8 5
P, SRBFARAZERAZNARYE, HORR, BHCE
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NOTES ON THE STORAGE AND MARKET
DISEASES OF FRUITS IL

Dipiodia Stem-end Rot of Citrus Fruits
(DIPLODIA NATALENSIS Evans)

T. F. Yu.

In cooperation with the Depariment of Horticulture, attempts have
been made to measure quantitatively the truit rots caused by various
fungi in the market here at Nanking. As a result of two years in-
vestigation on citrus fruits, attention has been drawn to the Diplodia
Stem-end rot, which, according to the data available, is widely
distributed in China. . This paper presents the results of two years
stud_v. of this disease with special reference to (1) its occurrence
(2) its mode of infecticn and (3) its pathogenicity on the various
citrus fruits commonly found on the market.

History: Stem-end rot of citrus fruits, caused by Dipledia natalensis
Evans, was first reported by Evans (8} as a rot of lemon fruit in
Natal, South Afric_a.- From 1911 to 1913, Fawcett, (9, 10, 11) while
.connec_ted with the Florida -Agriculfural Experiment Station, Fiorida,
U. S. A., made studies of the organism both on dranges and grape-
.fruit. The disease is now known to be -wid'é'ly distributed throughodt
the world. (1, 2, 3, 5, 15, 17, 20). '

In addition to causing damage in the citrus grove, the fungus -
is known to cause a serious rot during storage- and transpor-
tation (3, 13, 14)..' Fawcett (11) first isolated the fungus - from
oranges shipped to Porto Rico. Horne ( 17) called attention to this
rot on grapefruit during transit. Hills and Hawkings (16) reported

* Contribution No. 81 from P;_lﬁnt Pathology Laboratory, Department.of Botany
University of Nankind, Nanking, China.



172 | R E 2 & & -k, bW

damage produced by Diplodia natalensis on citrus fruits when trans-
ported without ventilation. In Palestine, Reichert and Littaver €20)
found that 8 per cent of the citrus fruits in one of the shipping
experiments had shown Diplodia Stem-end rot. The annual lose

produced by this disease, according to them, was about 25000

pounds.

" :According to DBurger (4), Diplodia natalensis also produces the
foot rot of nursery stock and young peaches. Miller and Harvey {18)
found it associated with the collar and root rots of peanut caused by
Bacterium  selanacearum. However, artificial infection experiments
with the organism failed to produce the disease. The fungus has also

‘been found on Hibiscus. and Panax in Hawaii (23).

®Pingsiang

o Jjewer

'chaocho!f

A map showing the distribution of Diplodia Stem-end
rot of Citrus fruits in China.
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Occurrence in China: Detailed records" pertaining to the distribu-
tion of Diplodia Stem-end rot on Citrus fruits in China is still lacking.
However, examination of diseased oranges: r_eceived directly from
varipus citrus growning regions reveals the fact that this disease is
widelv distributed in China. Citrus fruits® infected with Diplvdia
natalcnsis, have been received from the‘ following places: Hwangyen
(HE), Wenchow (iﬁ*)‘H),Chekiaqg (#7iL); Foochow, (igM) Chang-
chow (&) Fukien (§8EE); Szewei, (JUE) Samshui, (=7K)
Chaochow, (#8#) Kwangtung (FE); Yungyun, (%5%) Kwangsi
(EWH); and Pingsiang, (ZE#8) Kiangsi, ({IT¥6). The places mentioned
above are the principle citrus production centers in China (See map).

Occurrence on the market. Estimation of the diseased fruits in
storage and en the market was made by actual count of the diseased
and healthy fruits in the boxes immediately after unpacking. Of
7431 oranges shipped in from Hwangyen (3HEE) 0.4—2.5 per cent
decidely showed Di/p/odia infection. It is if;teresting to note that there
‘were many more fruits of the early varieties (Citrus wnobilis Loutr?
and C. nobilis var. Jélicivsa Swingle) infected with Dipledia ?fafdfé’ﬂ.&‘l..i'
than the later varieties. In certain boxes, the diseased fruits might
be as high as 7_.5 per.cent; ‘while, on the other hand,' they might
contain not a single diseased fruit. Of the later varieties, only .23
per cent of 1646 fruits showed .Diplodiz infection. Examination cf
2742 fruits of Citrus tankan Ha'y}-,_;.ta, a late variety from Swatow did
not disclose a single D:‘pfgrfz'cz'infec'ted fr'u.it.

In the boxes, it _.has been - found that the partially o_f completely
rotted fruits might give rise, usua‘lly. through the stylar or stemn end
to a myéelial growth whiéh serves as a sourée of inféction to healthy
fruits whenever the latter Eome\ in contact with it; This kind of in-

fection, th’ough. occurring rarely, has been actually traced in fnany

* Pure cultures of Diplodia natalensis have beed obtained from these
fruits. The writer wishes to cxpress his appreciation to Professors. .
H. Hu'and S. H, Chen for furnishing the materials,
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boxes, in which the Pe:sz:z'!{z'um rot was destructive, where a compa-
ratively high moisture and temperafure condition existed. The improper
packing as well as the poor transportation facilities are doubtless
respoasible fof the rapid rotting of the fruits during transportation.

The percentage of Diplodia ginfected fruits 1n the store was much
lower than that in the boxes. Throughout the whole season, 11425
early and 3948 late oranges showed respectively 0.8 and 0.2 per cent
of diseased fruits, These figures do not indicate the actual loss
produced by the disease as the dealer ordinarily discards all the
discolored fruits immediately after unpacking.

Isolation: Orange fruits which showed a brownish discoloration on.
the surface wére superficially disinfected with flaming alcohol and
then cut open by means of sterile scapels. ADbitof the diseased tissue
underneath the.d.iscolored area was transferred to an agar plate. Puré
cultures of the fungus were readily obtained. A still simpler method
is'.to transfer a bit of mycelium grown in the holiow space inside of
an orange into agar tubes. By means of both of . these methods,
pure cultures may be obtained.

"In the winter of 1932 and spring of 1933, 196 isolations made
from diseased oranges which had only shown the light discolorations

either -on the rind or at the stem end, yielded the folioWing species

of fungi:
No. of fruits % of Total
Colletotrichum glocosporioides Pens. 105 §3.81
Penicillium species. . 42 21.42
Alternaria citri Pierce ' 22 11.32
Diplodia natalensis Evans. 11 6.12
Fungi not determined 16 8.32

These fruits were isolated when brown discolorations of variouls
kinds appeared which were not supposed to be caused by Penicilla.
In  general, rots of citrus fruits caused by Penicilla are by far the

most common both in storage and on the market. The results do
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not, therefore, stand for the .actual prevalence of these rots in the
amarket. Furthermore, not all the citrus »vari‘eties showed the same
kinds of rot. For insta’nce; those cominpg from Kwangtung (Citrus
suhotensis Tanaka) were usually badly infected wWith Colletotrichum
g[oao&parzlfe; Penz, and those from Chekiang (Citrus nobilis Lour. and
C. nobilis var. deliciosa Swin_gle) with Alternaria citri Pierce.

Symptoms: Under storage conditions, the disease appears either as

a small brown discolored area at or near the stem end; or as big
brown area exténding froni the stylar or the stem ends to the whole
fruit é‘urface. In rare cases, the fruits become completely decayed
and blackened. At this stage, deep gréenish mycelial growth is seen
on the fruits,
- When the fruits are inoculated‘ either with conidia suspension or
a bit of mycelium through the wounds or at the stem end, there
appears, at first, a small discolored area on the rind. This water
soaked area turns first light and finally dark brownish in color,
while the infected tissue becomes léathery pliable. The surface of
the diseased fruit gives out juicy | exudations. Further development
of the disease results in the blacke};ing both of the rind and the
internal tissues. The whole fruit soon becomes 'watery and soft.

In most of the loose skinned oranges, such as Citrus nobilis Lour.,
the fupgus grows very ;ap.idly in the empty sﬁace inside the skin.
(Plate I; Fig. 1) As a 'res.i.lt, wide bands on the surface corres-
poriding to the divisions of the segments within appear on the surface.
On most of- the oranges which are not of the lbosé skiﬁ type, this
band formation cn the fruit surface occurs less frequently. In both
cases, the brown discolored area enlarges and extends over the whole
fruit surface.

The fungus grows very rapidly from the stem to the stylar end.
This is especially true when the center of the fruit is hollow. In
many c'ases; a whitish '_iung'ous growth, as a result of stem end

inoculation, comes out throﬁgh' the stylar end before the appearance
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of any detectable symptoms on the rind.

Under moist conditions, the infected fruits become softened with
tufts of mycelial growth coming out from the rind. They are whitish
at first and then_tu}n deep green. When exposed to light, they become
pinkish in color. The diseased fruits .When "kept ih a dry condition
become blackened and mummified.

In the eé.rly stage of the disease, the whitish and greenish myce-
lial growths are found inside of the fruits. The juicy vesicles become
deep green in color. In the later stage, the juicy vesicle and the
rind become blackened and soft.

Artificial inoculation of lemons (Citrus ZLimon (Burm) Tanaka)
at the stem end produces an almalst inperceptible watery soaked area
which enlarges and socon turns blackish in color. On pumelo (Cizrus
grandis Osbeck), the disease progresses just as on oranges except
that the discolored area is deeper in color and the tissues are less
watery in textvre. The fungus grows rapidly on the pee'l, in the
vascular cord, and on the éurfa.ce of the juicy vgsicle. All of the
tissues become blackened and stiff. (Plate I, Figs. 3 &4) 1In Citrus
mitis Blanco  (&1%) the disease starts as a water-soaked area.
It becomes light brown and extends over the entire fruit surf.ce.
The infeCfed_ fruits are soft, watery and shrunkened.

The causal organism. The cultures isqlated from the diseased
citrus fruits which camé from various places. seem to be a single
species and all are identical to Diplodia natalensis Evans.

Pycnidia are produced on the diseased orange kept for a conside-
rable length of time in the laboratory. They are papillated, mostly
in clusters and measure from 124fl'6'3.><157-2!0 u. At first théy are
submerged but later break out. (Plate II, Fig. 1) In the pycnidiz,
_th'e_'re are numerous immature spores which are single celled, hyaline,
and thick walle'd-. (Plate II, Fig. 3). They require a long time
to reach maturitj._ The mature spores are dark colored with straight

bands on the surface (Plate IT, Fig 2). It was found upon examination



{E& Y% NOTES ON THE STORAGE AND MARKET DISEASFS OF FRUITS-IL 177

of 6 cultures grown in sterile orange juice vesicles for 106 days that

not more than 2 per cenmt of the spores had matured
Calture  Immature  Mature  Total ‘Per cent of imma- Fercent mature

No. spores spores ture spores spore_s
1 501 21 . 522 95.98 4.02
P) 165 2 167 98.81 1.19
3 441 3 444 99.33 0.67
4 742 10 752 98.67 1.33
5 429 3 432 99.31 0.69
8 2278 38 2317 98.40 1.60

Avefage. s v s s v s o 1,58
In the same pycnidium, spores of various ages are found. There
are (1) the immature, hyaline, non-septated spores; (2} immature,
hyaline, one-septated spores; (3) immature, light brown, non-septated
spores; and (4) the mature, dark colored, on‘e-septated spores with
straight bands. The diamensions of the mature spores are given
below: (211 measurements) | |
Range  Mean P. E. of Mean Standard deviation
Length 21.3-33.6  27.28 +0.05 | 3.03
Width 13.5-22.7  16.23 =+0.02 _ 1.3
‘Under laboratory conditions, the pycnidia and the spores are formed
only in the cultures aftér a period of time. They are produced both
in natural and artificial media. ‘Their formation in véridils_ cultural
media after 123 days is listed below:
Potato stab ++*
Potato dextrose agar ++
Beet Extract agar | -
Cor_h mqals agar

+
Steamed rice +
+

Onion decotion agar

Beef decotion agar
Nutrient broth —
Gelatin stab —_
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Citrus acid agar —
Steamed oﬁion bulb +
Orange peel + + +
Nuirient beef broth -
Lima bean agar -+
Quaker oat agar —~
String bean agar ~
Orange. seed + 4

Orange juicy versicles  +++

* The number of plus signs indicate the relative abundance of py-

cnidia. The minus signs indicate the absence of pycnidia,

Spéra germingtivn The Immature spores germinate muéh more
readily than the matur.e? spores in distilled water. Immature spores
in distilled water for 6 hours at 30°C. and for 24 hours at 17°C.
gave respectively 6.1 and 59.2 per cent of germinating spores; the
matured spores under the same conditions of tims and temperature
did not have a single germinating spore. At 25°C. for Z4 hours or
more, a few mature spores germinated by produciitg one or iwo rarely
three germ tubes (Plate II, Fig. 2).

The germ tubes from the immature spores may come out from any
place on the spores. At first, there is a small prdtrusion seen inside
ot the cell wall which soen elongates rapidly (Plate.1I, Fig. 4) The
germinating spores give 'ar.iqe,’_’in general, one to two germ tubes which
either come out‘apicall_v_of laterally. However, the pumber of germ
tubes per single sporg is very variable. Spores producing.as many
as 7 germ tubes have been seen {Plate II, Fig.5) Thé place of emer-
gence of the tubes may be constrictéd or may form an enlarged vesicle-
like body (Plate II, Fig. 4).

_Mte!z'a'z'rz the host: Mycelia in the host tissues are-datercellular
and ,richly branched (Plate 1V, Fig. 1-5). The young hyphae are
hya.lin_e, with or without septation and measure about-Sgl-S.S u in

width (Plate 111, Fig. 1-a) .Sometimes there is an enlarged portion in the
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hypba (Plate III, Fig I-b). Short, lobed and non-septated hyphae are

frequently seen. (Pjate III, Fig. 1-f). The old hyphae are granulate,

septated,lbrown or olivaceous green in color and measure 13.3-22.1

u in width (Plate 111, Fig. 1 ¢ & d). Branching of hypbae may be
terminal or lateral. The place of branching is usuélly' slightly con-
stricted, and may or m-ay. not be septated from the main hypha (Plate

111 Fig.l d). The tips of the hyphae especiall’y of the young hj'phae,
may be slightl_y enlarged. (Plate IIII, Fig. I e) |

Old myéelia, especially those in the white rind, are déep. green or
brown, septated, branched and heavily gfénulate. Dark colored, thick-
walled cells occur intercalarly either single cr in chains of the
main hyphae. They measure from 8.1-17.5X6.9-10.6 u in size. From
them new hyphae may arise (Plate III, Fig, 2a-i). Plate III, Fig-:
ures 2 J, k and e show the new hjfphae coming out from these thick
walled cells in a drop of distilled water kept under 25°C. for 41
hours. The mycelia in the host may also grow out radially
from a common center made of thick walled cells (Plate 1II, Fig. 1
g&.h).

The aerial mycelia are present both on the fruit surface and inside
of the hollow centered fruits. They are at first whitish and turn
gradually to green and then to dark brov.vni_sh_green.' The young
hyphae are hyaline, usually non-septate and measure 3.5-6.8 u in
width; ;vﬁilé the old ones are brown, 'septatéd, granulated and measure
13.6-18.7 u wide.

Cultural characteristics: The fungus grows rapidly and vigrously on
most of. the natural and artificial _éultural | media, while sporulation
takes place only in certain kinds of media after a period of time.

On potato dextrose agar ( 1_% dextrcse), aerial growth is abundant

and white: surface growth smooth and green.

On corn meal agar, aerial growth is less 'abund':.a.n-t: surface growth

smopth and green..

On orange decoctioh ‘agar (300 grams of juicy vesicle, 10 grams
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dextrose, 20 grams agar and 1000 cc. distilled water) aerial
growth is white, abundant, and forms a light olivaceous to dark
green, velvety layer about 2 mm. in thickness; suriace growth,
-blaék above, and green underneath, myceiia deep green,

granulate and measurs 5.6-17.3 u in width.

On citric acid agar (15 grams citric acid, 20 grams agar, aand

1000 cc. distilled ﬁ'ater), aerial growth is absent, surface growth
smooth and dark green to al.m_ost black, growth in substratum,
deep green. Mycelia greenish brown to brown, and measures
6.8-8.5 u in width. latercalary thick walled cells occur singly
or in chains, brown to greenish brown and measure 6-17.5 x
10.3-17.7 v,

On orange skin: scanty mycelial growth on the cuticular side,

-grayish aerial mycelial growth about {-3mm, long on the white

rind, mycelia, dark gfeen to brown in color, granulate, septate,
branched and measuring 6.8-8.5 u in width. The fungus avoids

growing on the yellow ring at least in young cultures.

On orange seeds: aerial growth, white, about i-2 mm. in thickness,

seeds blackened, with a layer of dark mycelial growth on the

seed ccat, growth inside of the seeds absent, mycelia light to

‘dark green or brown and measuring 13.6-17.1 u in width, thick

walled cells not present.

On sterile orange juice vesicles: aerial growth dark greenm, juicy

vesicle becoming a a_r_v black mass. Immature pycnidia pro-

duced in abundance.

Temperature’ in  relation to the growth of Diplodia natalensis.

Dz}ﬁ!odz’a natalensis is a fast grbwing fungus. Thus during the period

of the second twenty-four hours growth on one percent potato dex-

trose agar under a temperature of 27°-28°C., the average diameter of

ten éolon_ies 'increa'_._se'd from 7 to 10 mm, tever& five hours. Fawcett

(12) found that the optimum temperature for the growth of the

fungus during the second twérity-four h.o_urpé'riod was 27.5% C. and
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the maximum temperature was 36.5°C: Some growth was made at
as a low temperature as 7.5°C, The writer inocuiated a bit of mycelium
in a moist chambers containing 30 cc. cf one per cent potato dextrose
agar at the bottom. Thé chambers wére‘put up side down in an
incubator of 28-30° C. On the third day, the aerial mycelia which
had grown geotropically measured 5-7 cm. in length. This explains,
at least partrally, why citrus fruits with hollow centers usually rot
more quickly than those with solid centers. |

In studving the temperature relation to the rate of growth of this
fungus, uniform discs of media bearing hy;ﬁ'hae.of the fungus were
placed in the center of Petri dishes contéini‘ng. 10 cc. of sterile,
potato dextrose (1%) agar. The plates were kept in incubators at
various temperatures fram 5°, to 37°C. The diameters of the colonies
were computed daily. The average diameters of {0 colonies for each

temperature are presented in Table I.

Table 1. Temperature in relation to tbe'grow_th of Diplodia

natalensts Evans,

Temperatures Days after inoculation
degrees-Centigrade| - 1 -2 : 3 ! 4 i 8
) - cm.’ cm cm, ; cm, cm.

5—-7 - — — — —_
912 — — — G — e
12 —14 L — - — | — 0.2
14—186 — 0.7 1.3 2.0 2.4

16 — 1.0 2.3 : 3.0 3.9
17—18 0.3 1.3 , 2.6 i 3.5 3.9
1921 0.3 1.5 | 2.7 | 4.3 5.5
20—22 0.3 1.7 } 2.9 i 4.0 5.3
22—24 0.7 2.8 : 4.5 6.0 7.9
24-—25 0.9 3.0 6.6 7.5

25 0.9 3.1 7.6 : 8.1
26—27 1.5 4.3 8.6 | -
2728 1.7 4.8 9.0 :
28—29 1.2 4.2 6.6 8.6
29—30 1.2 2.1 5.2 - 7.4 8.3
3031 0.8 2.7 4.3 5.9 7.7
31-32 - 0,2 0.8 - 1.5 2,7 3.8
32—34 S — —_ L= 0.4 0.7
35—37 —_ - f L— —_ -

. |
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Cultures kept either in the ice box (3°C.) or in a high temperature
incubator (40°C.) produced no growth for a period of seven days.
When taken out and incubated again under a temperature of 25VC.,

the fungus resumed its vitality.

g_ ' | //Z\

5 . . /; \

f"/ﬁ/ . , XK
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Temperature C°

Inflzence of temperature at end of three days on mycelial development
of Diplodia natalensis Evans. grown in pure culture on potato dextrose agar.
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e
e

As shown in the chart, the optimum temperature for the growth of
szz’odza natalensis lies between 27%-28°C. . Neither the maximum nor
the minumim tempera,tures have been accurately determined. '

The reZcmon af pH to the growth of z‘fzefm:gzrs Bits of agar about
4 ngm square having mycelha growth, were - moculated in 150 cc |
Erlenmeyer flasks containing 1{0 cc. of cultural fluid (300 cc. of
o;;;xnge juice, 700 cc. distilled water and 10 grams dextrose). The pH
o.f the fluids was adjusted by the Quinhydrone electrode method with
the addltlon of HCl and NaOH. After five days incubation under
a temperature of 25°C., the mycelial growth was washed and dried as.
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in the ordinary procedure. The d.ry weights of the mycelia were
computed. In another experiment, 'di_scé of agar bearing the mycelia
were put in the centers of Petri dishes contdining 10 cc. of nutrient
agar (1% dextrose, 1% peptone, 1.5% agar and 1000 cc. distilled
water.) The pH value of the medium was adjusted by adding eithét_‘
HCl or NaGH and compared cdlorime{rically with the standard pH
tubes. The plates were incubated for 5 dayvs under a temperaturelof
28°C. The diameters of the colonies -were computed. The results
of these two experiments are given in Table 2.

Table 2. Hydrogen ion concentration in relation to the

growth of Diplodia natalensis Evans, *
pH Cultural fleid ' ph. . Nutrient agar

" Dry weight (gm) 'r | Diameter (cm.)

: of mycelia -. ] of culonies
2.0 0.0000 ! .'
2.5 0.0000 ;! |
3.5 0.0845 L . i
4.1 0.1162 _f 4.3—4.5 ’ 4,2X 4,5
4.8 0.1301 o 5.0—5.3 1 6.1X6.3
5.6 0.1533 ! 5.3—5.9 | 6.6X6.9
6.0 0.1706 = 6.1—6.3 ; 7.6X7°8
6.2 ! 0.1886 i 6.4--6.6 ! 6.9x7.0
7.7 . 0.1492 ; 7.5 ; 4,945.0
N

i

* average of ten cultures,

The f{fungus can grow in a wide range of pH values from 3.5 to
7.7. The optinum pH value according to the above data, lies some-
where between 6.0 and 6.6, It is_intere'sting to note that the fungus
dves not thrive well in pH. 3.5 to 4.1, a limit within which the pH
values of most of the fruits tested in the laboratory ' fall. |

[noaddz‘)’éz_z experiment. The pathogenicity of the fungus of various
kind of citrus fruits has been studied under laboratory conditions.
The inoculum consisted of either vigorous mycelial growth of tbé
.fu_ngus obtained froui pure cultures or conidia suspensibn containing
both immature and mature spores.

The fruits, under a temperature of 28°-30°C,, decayed very rapidly
when they had been artificially ivounded and inozulated with mycelia.
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The discolored area at the wounded place enlarged acnd soon involved
the whole {ruit surface on the third or fourth dav after the inoculaticn
On the unwounded fruits, the mycelial growth covered a considerable
portibn of the fruit surface é.céompanied by the softening and disco-
loration of the rind underneath. In general, the rate of‘ decay was
slower in the normal than in the wounded fruits. Inoculation of. the
fruits at or near the stem end usually brought ..about a rapid decay
of the 'fruit_s.

When inoculated with spores, it usually takes a longer period for
the appearance of the disease zs well as the rotting of the whole fruit.
The symptoms however, do not diifer essentially from those produced
as a result of mycelia inoculation.

On account of the fact that not all the citrus fruits come cn the
market at the same time, experiments to éompare their reactions to
the organism carried at the same time and under the same condition
are almost impossible. In spite to this fact, the difference in the rate
of decay on the various kinds of citrus fruits was strikingly ap-
parent. From time to time inccuiations of fruits were conducted with
conditions as nearly. uniform as possible. The healthy fruits, after
being supqrficiélly disinfected with 95°, alcohol, were wounded, by
means of a sterile needls, making a hole of 2 mm. in diamet_er' and
4 mm. mn depth. A drop. of spo_re éus;aénsion was introduced into the
hole. The inoculated fruits were then kept in moist chambers under
28°C. The rate of decay as seen on the fruit surface, was recorded,
As the rate of complete decay for all fruits was not equal, only the
average number of days that is required fcr complete decay of all of
the friits was recorded for comparison. Based on the results o_f"M
in(')chla-tions, the following list is given,

Citrus nobilis Lour,
BiE ot
AMF + + 4+
AR R
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ERIE + 4+ 4+

C. nebtlis var, delicivsa Swingle

R +++ +
B ++ 4+
i 187 + 4+ ++
C. nobitis var. pooncpsis Hayata
itk +++
i 4+
C. swavissima Tanaka
B +
C. tankan Havaia |
E33:3 + 4+
C. swhoiensis Tanaka
P + +
C. sinensis Osbeck
T + +
e + +
EH 4+
C. medica Linn.
it +
C. lcmon {Burm,) Tanaka
Havg ++
C. mitis Blanco
&t + +
C. g‘m)zr?z'; Osbeck.
- A o+

ihe plus sign after the name of the fruits indicates the rate of
deéa;r . Those having one pluas sign took the longest time for complete
decay while those having four plus. signs took the shortest time,
The rate of de_cay of these fruits showed no correlation with the
acidity of the fruits. The pH of the citrus fruits, determined by the

standard Quinhydrone method at intervals of ten days, are given below.
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Name of the Citrus {fruits pH Determinations
I. 11. II.
Citrus nobilis Lour. K& 2.97 3.13 - 3,75
C. nobilis Lour. A E 3.26 3.88 3.95
C. nobilis Lour. B8 3.62 3.71 3.42
C. nobtlis var doonensis Hayata  FyfH 3.58 3.61 3.42
C. tanaka Hayata = 3.91 4.08 4.13
C. suhoiensis Tanaka e 4.14 4.10 4.13
C. sinensis Osbeck i) 2.07 3.01 3.14

Although the pH values of the fruits given above were not determined
at the time when the inoculation experiments were rhad_e, it 1s quite
obvious that the rate of decay, as indicated by the list op the previous
page, bears no relation to the acidity of the iruits. Thus, Citrus
sinensis Osbeck (ZH) and C Zunata Hayata (FEHD) both decayed
more'slowl_v than C. #nobilis while the pH value of one is higher,
and of the other lower than that of C. nodilis.  According to the
unpublished data of Prof. S. H. Chey, the acid content of Citrus
nobilis Lour. (ﬁi‘.‘},’[),.expressed in terms of citric acid, and under
common storage conditions(storagé temperature varied from 4%-11°C,)
durmg a period of 79 days from Dec. 2 to Feb. 19, dropped from
0.736 to 0.466 per cent; while that of €. sinensis Osbeck from Feb.
6 to 28 dropped from 0.723 to 0.467 percent Inoculation experiments
conducted hyt}_}e writer from November, 1933 to March, 1934 on different
varieties of Citrus fruits showed, however, that C. ;z'}ze};sz's Osbeck
always took a loxiget_' period of time for complete decay than C. 7;05?!:’:
Lour.This indicates that the acid content in a fruit does not influ-
ence. the rate of the stem end rot caused by sz[odm natalensts.,

In as much as the real physnologlcal differences between these CItrus
varieties is not understood, the writer is inclined to believe that the
mor’pholo'gica.l c'ha'racters of the‘se fruits méy affect, at least partly,
the rate of decay according to the expenmental results. All."of
the loose skin type citrus fruits, such as Citrus nobilis Lour. and
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C. nobilis var. deliciosa decayved much fa.ster than the firm skin
types such as C. swhoiensis. This is due to the rapid and vigorous-
growth of the fungus in the hollow spaces in the fruits. The average
number of days that were required for the complete decay of two
varieties of citrus which were incubated und.er 26°C., although not
at the same time is given as follo{:v_:

Days for complete decayings of

Experiment C. nobilis C. suhotensis
I 3-4 - 59
11 3-§ 8-9
111 3-7 7-9
1V 3-5 4-7
Aver. . . . . .. R 22 6-8.5

Citrus ;zaéz'!:‘s. is-a loose skinned orange with a hollow center and
C. suhoiensis is a firm skinned type with a solid, cortical center. In
all of these expe"ri_merits, the former took a shorter period of time for
complete decay than the latter. The growth of the fungus in these
two different, varieties of fruits 15 shown in Plate I, Figures 1 and
2. | |

In addition to the citrus fruitj's, the fungus, when artificially ino-
culated with mycelial growth, may also induce a rot on other host
plants. . Eddings (7)_;eported that the fungus caused a dry rot of
ears of corn when artificially inoculated in the dough stage. It also
produces rot on sweet potatoes and watermelons.

When artificially inoculated in the laboratory with mycelial growth
through needldﬁvodndé,: the following hosts developed rot..

Pyrus ussuriensis Masim. Raphanus sativus var longipinnatus Bailey

Malus jvzkm:'la var. domestica Sagittaria sagittifolia L.

Punica granatum L. Lactuca ;_ratz'zra L.
Dioscorea japonica Thunb. Daucus carota L,

Solanum tuberosum L. Brassica caulorapa Pasq.
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Brassica Rapa L. Oenanthae stolonirea DC.

Temperature in relation to the development of Diplodia stem-end rot
ef C'z'tr:z.r Jruits
 Healthy fruits of Citrus nobilis Lour. were superficially disipfet:ted
with .95% alcchol and inoculéted by inserting é b't of vigorous growing
mycelia through needle punctufes. Ten fruits were put in each moist
jar incubated at different temperatures ranging from 3°C. to 35°C.
The results of the experiment are given in Table 3.

Fruits incubated under 25° to _30"C., showed symptoms twenty four
hours after inoculation. Three to four days were requ-iréd for complete
discoloration of the fruii surfaces.

- The disease started, as a rule as a small discclored area around
the needle holes. Not all the Iruits under the same temperature rot-
ted at the same rate. Scme fruits were completely discolored one to
two days ahead ;.‘if_. the others. Under 23° to 30°C., this difference
is less significant than under a lower temperature. |

The -optimum temperature for the development of rotis 280-30(_’C.
The rate of decay becomes s}o\-ver when the temperature either fall
to 20° or goes up to 35°C. Fruits kept under 30°C. for 5 days did not
show any sign of disease; while those under 5°-89C. developed small
‘brown spo.ts. about 4-5 mm. in diameter after an incubation of 25 days.
Although these .s'pots ,'énlarged very slowly, the fruits, at the end of
the experim_ent, bec.ame_ softened and showed a tendency to de_cay.
It is obvious that the disease could be checked by storing at a tem-
perature below §°C. _ |

Pathogenicity: The mode of iniection of Diplodia natalensis Evans
on Citrus nobilis Lour. was studied by inoculating the fruits, with
spore s‘_us’pehs’ioﬁ'.' The infected rinds showing the varicus stages of
development of the disease, were f-ixgd in uric acid alcohol for 2 to
3 dziys (19). Sections were prepared by the ordinary paraffin me-
thod. and stained  with séffa_hin and cotton blue. The fungus stained
blue.
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Table 3. Temperature In Relation to The Development ot Diplodia Stem
End Rot on Citrus nobilis Lour.
L Days after inoculation L
Tem- . - ) ) -
pera 1 2 3 4 6 9 11 _ 13 24
—E_.m. chy . o . e N ~ T o s
3 - S - -~ e D - T T
5-8' - -— o - o et L R B
1213 — — LT - T Slightly Brown soft Brown [About
_ m discolored areas 2x5 soft 2/6 of
| aréas mm. eroundarea the fruit
! Jaround- the needle. 7x9 _mﬁmmoom.
the needle holes. mm. -  rotted
: i B o o holes. : D _|.|.I|!Irr-
15--18 whitish Soft, light yellow Brown Browu Disease Com-
mycelial to brown area goft area [soft area aresas, pleted
growth come. about 2mm g 15x19 mm. deep . rotte
ing out fm - wide around Hx12 brown - v :
needle holes the wounds mm. 4. x5cm. o
o) .22 light- Brown Brown' soft Brown completely ST _
yvellowish area area about soft area |rotted
area around Jabout I cm, 3.3 x
_ meédle holesdx5 mm. 98 em L
25 ~27/Slightly - [Brown s fruit  Completely T X
yellowish (discolored surface
discolora- [area involved decayed ,
tion around, [34x45 mm. ; .
needle ! |
holes :
28—30| jightto |3 fruit Completely
deep brown [purface discotored !
colored  jinvolved _
area 4x5 mm. _ -
15 — Slightly dis-Discolored Brown area 4/5 fruit " |[Completely , ’ :
colored area larea about surface rotted
around 2%x2 wm. Sx¥mm. involved
meedle holes R :
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Immediately after germination, the germ tubes.of the spores may
penetrate the cuticle directly (Plate V, Fig. 2-5) or grew on the rind
surface without any indication of infection. In the later cass, the
ge_mi tubes were branched and spread over the fruit surface. The
mode of penetration of thé cuticle could not bé accurdtely seen.
However, it is very evident that the fungus does not dissolve its way
through the cuticle intd the host. After entering the cuticle; the
mycelia grew either perpendicular or parallel to the cuticle (Plate V,
Fig. 7, 8, 10, 12, 13,& 14) In the latter case, it results in the swell-
ing of the caticle. The tips ‘of the germ tubes are usually slightly
pointed (Plate V, Fig. 3). In many instances, they may enlarge to
form a vesicle-like body (Plate V, Fig. 4). The hyphae penetrate
intercellularly the epidermal and subepidermal cells (Plate, IV, Fig.
1-5). Under moist conditions, the fungus giows_rapidly just under-
neath the cuticle which swells up and separates from the epidermal
cells (Plate V, Fig. 11 & 15).

- The fungus avoids the attack of oil bearing tissues. The retarda-
tion of the growfli near the cil glaad is shown in Plate IV, Fig. 2.
Passing through the yellow ring, the fungus grows vigorously in the
white rind, The growth is intercellular (Plate IV, Fig. 1) and pro-
duces thicked walled cells as shown in Plate III, Fig. 2. As soon as
the fungus éomes out from the rind tissue, .whitish cottony mycehal
growth appears in any " hollow space in the fruits It grows in be-
tween the juicy vesicles and causes softening and biackenmg of the
latter. Heavy, thicked celled, dark colored hyphae are found on the
surface but rarely inside of the juice vesicle. ‘In the hollow center
‘of the citrus fruit the whitish green aerial growth is _similar‘ to that
produced by Alternaria citri, . except that no black spore m_asses' are
present. Under favorable conditions, thi.s whitish growth, as a result
of stem-end inoculation with spore suspensmn, can be seen growing
out at the - stylar end two or three days after moculatxon. In the

case of fruits with a solid cortical ceanter, the fungus also grows
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much faster in it than in the vellow rind.

On the stem, .the {ungus attacks bo‘;h the parenchymous cells and
tha vascular riﬁgs but rarely the pith. In the xylem tissues, it grows
both inter-and intraceilularly. 1he most favorable tissue for its de-
velopment however is the parenchymous cell, (Plate IV, Fig. §) in
which, it grows rapidly in the intercellular spaces and soon reaches

the center of the fruits without meeting any oil bearing tissues.

SUMMARY

1, The Stem-end rot of citrus fruite ‘caused by Diplodia natalensis

| Evans. 1s commonly obseryed on t}_lé market.,

2. This disease has been found on the -citrus fruits coming from
Wenchow, Hwangyen, Chekiang; Foochow, Changchow, Fukien;
Samshui, Sze Wei, Chaochow, Kwangtung: Junghsien, Kwangsi-
and Pinghsien, Kiangsi. This shows that it is widely distri-
bu*;ed-in China.

3. Morphological and physiological studies of the fungus have been

| made.

4. The optimum temperature for the develc;pment' of the rot on Crtrus
nobilis in the laboratory lies between 28°-30°C.

S. The rate of decay varies on different citrus fruits, C. rzoéz!zs rots
faster than other citris fruits such as C. SHavissima Tanaka,
C. tankan Hayata, C. swhoiensis Tanaka, C. sinensis Osbeck,
C. medica Linn.. C. lemon (Burm) Tanaka C. mitis Blanco and
C. grandis Osbeck. The d:f!erences in the rate of rotting do
not correlate with the pH values of the fruits. However, the fruits
with hollow centers u'sually rot faster than those with solid
compact centers.

6. The mode of infection of the fungus on C. nebilis and its growth

in the host have been briefly described in this paper,
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Piate 111

Fig. I. Mycelia of Diplodia natalensis Evans in host tissue (Citrus nobilis,
Lour.) ' S o

(a) Young mycelium (b) same, showing an enlafgemeqt of the main
hyphae (C) 0ld mycelium (d) The branching of hyphae (e) The entarg-
ements of hyphae tips (f) short, lobed & non-septated hyphae(g)and(h)
mycelial growth from thick walled cells

Fig. 2. Mycelia and thick walled _cells -o_f Diplodia natalensis Evans in
host tissues (Citrus nobilis Lour) a-i the thick walled cells of the my-
gelia, i: 1. and k, new hyphde coming ont from the thick walled cell.



”“-‘:?'*‘s' ;-t:ﬁ

Fig. 1 A cross section of the rind cf Citrus nobi-
lis lour, showing the fungecus growth.

g iF 4. Intercellular mycelial growth in
the white rind of plirnel_o.
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Fig. 2. A cross section of the same showing the ;'
retardation of the mycelial growth in the
cil glands :
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Fig. 5. Vycelial growth in parenchymous
‘cells of the stem of Citrus nobilis
Lout.

Fig. 3. Intercellular mycelia in (a) diseased pear
and (b; diseased apple
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Plate V

Bdode of inteition: Fig 1-10 and 12-14 showing the mode of infection of Diplodia natalensas,

Evans, to Citrus nobilis, Lour. = \ :
Fig 11 anlSp showmg' the growth of t.he fuugﬂs undemeath the cutncles
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A DRY ROT OF POMEGRANATE FRUIT
CAUSED

“BY ZYTHIA VERSONIANA SACC".
F. L Tai and C. C. Cbheo

A dry rot of pomegranate fruit (Punica granatum 1..) was brought
to the attention of the senior writer in 1925. Pressure of other duties
prevénted him from making any study on this disease until 1927
when 'gm organism was isolated from the internal host tissue of the
dried fruits collected that year. Mr. T. H. Wang(Ef5#1)in 1930, and
the writers in 1931 succeeded in isolating again the “same fungus,
and in infecting the blossoms and fruits of the pomegranate by
artificial .inocuiation. The results of studies made on this disease

since 1931 are given in this paper.
Economic Im.portance.

The loss due to this disease varies with different varieties of the
host plant and with different climatic conditions. With the variety
under cultivation .in' N_?n_king the loss was more than thirty per cent
in 1931, Certain varieties are very susceptible such as Funpi (ﬂﬁ_),
forty nine per cent of its total number of fruits being diseased in
1633. Th¢ percentage ranges from 4 to 22 in the same 'year for the
other varieties, Yushuhtze (EHF) being '-_the' most resistant with

only four per cent infection.

*Contribntion No. 35 from Plant Pathology Laboratory, Botany Department.
The University of Nanking, Nanking.
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Symptoms.

The disease affects only flowers, fruits and fruit bearing stélks. :
The diseased fruits dry up and remain on the tree throughout the
fall and winter. On these fruits minute, densely aggregate, yellowish
dots are present. These are the pycnidia of the causal organism.
Symptoms first appear on the petals or stamens of the Hower which
become discolored. From these the infection may extend down into
the receptacle. Brown and somewhat sunken areas appear within a
short time, first on th.e lower part of the calyﬁ lobes er usu.a]iy near
the ‘base of the cleft of thehcalyx' ]obes‘-;., and finally involve the
whole receptacle. (Plate 1 Fig. 1 & 2) Flowers and young fruits
when heavily infected usually fall to th:e gro‘und but infected. frusts
which have attained three-fourth of the size of mature fruits usually
remiin on th/e tree. As the diseased fruit gradually dries tip, -nume-
rous minute elevations appear on the affected parts, When such
dried fruit is opened. minute black fruit bodies of the causal crganism
may be found on the seeds and other internal parts of ‘the host.
(Plate 1 Fig. 3) 'I“he fruit bearing branches may also become affected
and show smali black fruit todies on them. A serious stor'age disease

caused by the same fungus has also been observed.!
The Fungus.

dselation lsolations were made from pericarp, seeds, and internal
parts of _di-seased fruits and also from diseased fruit-bearing branches.
More than one hundred isolations were made. On the'average ninety
four. per cent of all these isolations vielded the same fungus.

Cultural characteristics  Growth 1s good on. ord'inary media such

as potato, potato dexirose and oatmeal agar. The rate of growth is

1 Y}l. T. F. Notes on the storage and market diseasés of frujts. 1. Jour
Agr. Assoc. of china. No. 123: 16-27 1534
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about the same on potato dextrose and oat meal agar, but pyvcnidia
are produced earlier and more abundantly on oatmeal agar. Zonations
are often produced in plates on these media. In all these media the
mycelium adheres to the subst-ra-tum, no aertal mycelium being form-
ed. Scanty aevial mycelium is sometimes produced on the margin of
the tube slant when the medium gradually dries up. On sterilized
cowpea pods, 'however, profuse aerial mvcelium develops on the
surface of the substratum.

Pyénidia are procduced witnin one week to ten davs., When the
plates are contaminated with molds, pyenidia are preduced around
the mold growth in a much shorter time than normally.

Gervinalion of poenrilestores The pyenidicepore germinates in
distilled .water at 24"C. wi hin ﬁ\\'_ent}'.'-fc-ur hours. Patato decoctionis
a more favorable medium for germination than distilled water. The
spore first increases in size. Germ tubes are produced laterally near
the end of the spore. It rérely germinates terminally from both ends.
The germ ti.lb&s arel stouter when the spores germinéte 1n water in
which a bit of the pericarp of the pomegranate f{ruit is added. A
vellowish {luid is usually secreted and accumuylated on the apical
portion of the ydung.h}'phae. Anastomosis by tubes from one spore
to the germ tube of the other spores has often been ohéerved'. Ap-
pressorium-like structures are sometimes produced at the end of the
gér.m tube and. of its branches, The SHape and size of these .st'rlict-..
ures vary greatly, sometimes reaching a large size, Occasion_aily the
spore become bicellular just before germination (Plate 11, Fig.fl&l)..

Temperature in relation to growth of the Sungus Discs of bla,te
culture of this fimgus of uniform size were plénted on dextrose agar
plates and incubated at .different temperatures, six plates forming a
set for each temperature, The diameter of ‘the fungous growth was

then measured at intervals of time. The results are tabulated. below;
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Table I. Growth of the fungus at different temperatures

Av. diameter of fungous growth in cm.
Temp.o C. _ ,
3 days | 5 days 7 days j 9 days
12.5 0.0 0.6 1.7 -
i 0.8 1.5 2.5 —
19 1.3 3.6 5.3 6.4
21 2.4 5.4 7.2 8.2
24 3.2 6.4 8.5 8.2
26 g.S ' 7.4 9.2 —
28 .5 7.4 9.1 —_—
30 2.4 5.9 7.1 9.2
32 2.5 3-4 3.9 —
35 0.6 1.5 1.8 1.8

Thé optimum temperature for the growth of the fungus was found
to be between 24° and 28°C. At 35°C. and 12.5°C. there was little
or no growth at the end of _fhreedays. The average maximum and
minimum air temperature in Méy and June in 1933 at Nanking, for
instance, was 27°C and 16.2°C. in May, and 28.4°C. and 20.1°C. in
June. This probably accounts for an outbreak of the disease at
Nanking in May and June.

Tannin tolcrance In the germination tests it was observed that
tannin in the‘pomegranate fruit seemed to have some sttmulating
effects on -the -ger'min_ati_on of the spores. A synthetic medium®* was
prepared with tannic acid (C14H1009)'.added to the following con-
c_entra.tibns: 1-1000, 2-1000, 1-100, 2-100, 3-100, 4-100, 6-100 and
7-100, medium without tannin serving as check. Discs of uniform size
from culture plates were introduced into the tubes, foﬁr tubes makih.g
a set for each concentration. ‘These were incubated at 24°C, for one
vﬁee_k. At the end of one.week mycelial weft that was produced at
t—hé‘ top of the mediu.m. was taken out from the tubes and dried in a
dessica.tot. After being thoroughly dried they were weighed. The

results are pre‘sen’ted'in the following table:

% gee page 207.
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Table II. Results of experiment. in tannin tolerance

Concentration of tamnin 1 Dry weight in milligrams of mycelial weft
Check ! 0.8
1-—-1000 10.5
21006 12.1
1—100 al 15.9
2100 : 16.7
3-—-100 i 21.9
4100 7.2
6—100 | 0.86
7—100 'i 0.0

: ]

In the above table it is of interest to note that the organism made
a feeble growth in medium in which no tannin was added. The
growth was best in tannin-containind medium at the concentration:
of 3-100. Growth was inhibited by 7% tannin.

Cook and Taubenhaus? have found that in many cases tannin
has a tendency to retard. or inhibit the.germination. and growth of
fungi. In the present case, on the contrary, tannin was fou_nd-to
promote the growth of the fungus, as growth was much poorer in
the medium to which tannin was not added than in those containing
tannin below 6% concentration.

Pathogenicity Pathbgenicity of this organism has been proved
by inoculation. Surface-disinfected pomegranate fruits with and with-
out punctures were inoculated with pure cultures .of'_ the organism
and then placed in moist chambers, In the case of those fruits om
whi_f:h puﬁctu‘res had been made the area around the punctures
became di_‘scolofed on the third day after inoéulation, while infection
did not take place on frui,ts- that had no jauncti.l_res on them.

* H0 1000ce.

Dextrose 25 gms.
. MgSO; 2.5 1
KH:P_O{ 2.5 LR
NH,NO; 2.5 o,

2 Bul. 91. Delaware Coll. Agri. Exp. Station. 1911.
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Flowers were also inoculated by spraying a spore suspensicn of
the organisni on them, and then kept in bell iars. Two days later
petals of the inoculated flowers became discolored and some of them
were detached from the receptacle. Discolored areas first appeared
near the calyx lo.bes, and gradually extended to the whole receptacle.
In one experiment, flowers with petals removed were inoculated bw
applying spore suspension only on the stamens. On the second day
after inoculation, all the inoculated stamens became discolored Scanty
white mycelium appeared on them after three days and the cal_yx'
also began to turn brownish. Four days later the whole receptacie
was involved and numerous minute elevations began to make thair
' apbearance. In another experiment, flowers with both the petals and
stamens. removed were inoculated by applving the spores only on the
stigma. The upper part of_ the pistil became disco.lored on the second
day but the infected area did not extend further downward and the
receptacle remained healthy.

In all the experiments checks weres used.iThey all remained healthy.
Re-isolations from the infected flowers and fraits all yielded the same
and original fungus.

From what has been stated, it will be seen that the fungus can
infect its host only through tender .Tissues or wounds. This explains
why discolored areas always appear near the calyx ._iobes_as'has been
observed in the field.

Descripiion of the fungus The pychidia are densely aggregate.
They are-at first covered,-but finally erumpent, globose and measu-
ring 56-144 by 62-131 u. The pycnidium is “pirite yellow’’3 in eoler,
provided with a protruding ostiole, 4-5 u in diameter. The pycnidi-
ospores are fusoid and hyaline, measuring 13-19 'by 3-5 u. The
sporpphore is slender,. £9-25 u long. (Plate I. Fig 4. and Plate II,
Figs 1 and 2)

3 Ridgway-(}olor standards and nomenclature
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fdenti?y The above description and measurement agree closely

* which was originally discov~

with those of Zytiia versoniana Sacc.
ered in Northern Italy on immature fallen fruits of pomegranate.

Associated perfect Stage The junior writer collected on July §,
19231 in the University Garden from one-of the trees of the variety.
called Chien-tsen(:f‘%') one diseased fruit which. bears superficially
brownish, globoid or discoid fruit bodies. On mICroscopic examination
these proved to be perithecia. A search was subsequently made in
other places for such specimens, ncne -was found. Bﬁt on April 14,
1932 the junior writer on examining diseased specimens .which had
been collected on December 24 of the previous year from different
places, énd kept indoors since, found alse the same perithecia on
all of them.

The perithecia are superficial and densely gregarious. They are
globose or .discoid, broﬁrnish and provided with a beak, measuring
166-227 u in diameter. The beak is 44 to 65 u long. Periphyces are
present along the wall of the beak. The ascus is fusoid or cl.aifate,
thickened apically and opening by a pdré, measuring 42.53 by 8§-11
w. It is sessile or some imes shorily “stalked, ap-arélphys-ate,' eight-
spored and biseriate. The ascospore is one-celled, hyaline, granular
and fucoid, measuring 11-14 by 4-6 u. The above déscription ‘com-
pares favorably with that of Avesriclia -cnozzmmz Sacc and Penz. ®
found originally on immature fallen pomegranate fruits i Italy and
frequently associated with Zytlia versoniana. It seems to be the
same fungus (Plate II Fig 3 Plate III Fig 1&2)

In order to determme the generic relatlonshlp between Zytiia ver-
soniana and the assocrated perfect stage, attempts have been made
to secure a culture of Nectriclla versoniana but without success.
The' ascospores did not germinate in the :'different media trfed nor

- when subjected to low and hlgh temperatures The germmatlon tests

4 Saccard Syll. Fung. 3:614.
5 Saccards-Syll. Fung. 2 449,
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were first made in July 1932 and égain in April 1933 using the same
material in the hope that the ascospores would germinate after a
period of rest, but all efforts to make them germinate failed.

Experiments tried with the ‘prcoidiospores to obtain the perithecial
stage have also resulted in failure. One of the experiments consists
of first growing the fungus in ;goté.fo decoction, and thén transferring
the ‘mycelial weft from the decoction on to moistened filter paper in
sterilized petr1 dishes. Scanty growth of mycelium ap‘peare_d and after
about twenty days a few pycnidia were prodiuced. Perithecia did not
make thei/r appearance. Another experiment was conducted by plant-.
ing single spore isolations- in different combinations on various
n;aedia; the sexual stage was not produced.

“Querwinlering cxperiments In December of 1931 two sets of
experiments on the overwintéring problem of the fungus was started
by the junior writer. One set of dried'frui'ts_,was hung _'outside the
window sill ‘and the other set was shallowly buried in the ground.
Germination tests were made in April and May in 1932, The spores
from the fruits buried in the ground did not g'erm'inate,'wh_ile those
from thé fruits hanging outside the window sill germinated at the
following percentages: 9.3 in April and 10.5 in May.

Table 1II. Results of gerfn_inatibn tests of pycnidiospores

in overwintering experiment, 1931-32.

Average percentage of germination
Aprit 18 | May 3
~ Hanging outside of window sill | 9.3 10.5

Buried in the ground 0 0

L

 The original aim of the overwintering experiment was simply fo
determine whether the spores are still viable when the hqst - plants
are in bloom, It was, however, contrary to expectation to find in

this experiment 'that the percentage of germination of the spores,
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instead of decreasing, was greater in Ma_y than in April. This
curtous fact led the senior writer to conduct again in the fall of 1933
another experiment by hanging dried diseased fruits collected in
September, 1923 on the top of a tree, and by storing another set of
fruits in the labomtory for comparison, Germination tests were made
of the spores fiom these two sets of fruits from December 1933 to-
May 1934 at sarious intervals. |
Table IV. Resulis of germination tests of pycnidiospores in

overwintering experiment from December 1933 to May 1934.%

Average percentage of germination

|
i
| Dec. 28 . Feb. 20 | Mar 28 | April 30

. E May 31
. ’ 1 1
Kept indoors | 60 | 54 23| 8 48
Hanging on o ’ |
top of trees | , 23 9 E _ 53 ; . -5.7

*The spores were germinated in potato decoction at abou;t 23°C.

" From the above table it will be seen ‘that there was a rapid de-
crease in viability of the spores from both sets of fruits from February
to March, more so with those kept oﬁtdoorsl. But from April to May
the pércentage of germination of the spotes of both sets, as in tE_e
experiment of 1931-32,' was on the increase, The rate of increase was
most striking in the case of fruits hanging on trees. "It is h.ard' to
believe that spores which had already lost their viability could re-
cover and germinate again. It might be suggestéd'_that chilling out-
‘doors may have some relation t;a the increase in the perCéntage of
germination of the spores. The reason for the nongermination of-._
“many of the spores _might be due to the laék_ of fuilfillment of con-
ditions for the best germinatio;l, and not due to the loss in via’r:.)il'ity.
But how shall we account for the same phenomenon in the other set
that was storéd'in the laboratory? This rather seems to_indicate that
at the iﬂ.c'eptit_:)n' of favorable tempefaturé and on absorption of

moisture in April the dormant mycelium in the tissues of the dried
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fruit became active again.- Pycnidia were produced. P_\-'cni'dio’s;wores
from these new pycnidia account for the increase in the pe:centage
of germination in April and May. The seccnd set of fruits t'at were
stored in the laboratory were put in paper bags. These Ba‘:s would
not prevent the stored fruits from absorbing.enough moisture for the
dormant mycelium to start its aé:tivity again. - Hence the percentage
of germination of the latter set alsoc increased from 23 in AMarch to
48 in May, although the increase was not so great as in the oiher
éet. In other words, the dried fruit hanging on the tree is an impor-

tant source of primary infection.
Contrel Measures,

In the spring of 1623 a preliminary control experiment weas carried
cut, Six {‘arieties';; of pomegranate were used: Tachinpi (AT,
Chientsen (“F&), Yushutze (E£AF), Malao UGB, Funpi (BH)
and Tiehpi CEE R, Half the number of trees of each variety was
not spraved, serving as a check. The other half was sprayed with
Bordeaux mixture (4-6-50) on May 16, 24 and June 10, Unfortunately -
each varietv consisted of only two to six trees, so the data obtained
is not conclusive, but i1t gives some indicaticn that the disease can
be checked by spraving. The results of the spraving experiment are
tabulated below:

Table V. Results of spraving experiment in 1923,

— ; = )
Vai'i ety EI _ No. of _t:'ees : ' of diseg;eegatgoe tgf;(lier?;fi—%‘; fruits
i Sprayed Check ; Sprayed = | Check

Yush utze | 3 3 1.3 | 3.9
Tachinpi ] 1 j 2.4 « blown off by wind)
Funpi 1 2 | 21.5 | 48.6

Malao 1 1 1.8 1 17.4

Tiehpi | 1 2 1.6 10.4
Chientsen 9 1 3.3 r 29,2

Reé.dings were.taken on August 4, 1933.

It will bs seen from the above table that the 'pérce-ntage of diseas-
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ed to total number of fruits varied with different varieties, but the
fact that the diseace was considerably reduced by spraying was
quife evident in susceptiblé plants. Since the dry diseased fruit hang-
ing on the tree is an important source of primary infection it should
be removed and destroved in the fall. The disease will be kegt in
check if removal and destruction of the dried fruits from the tréesis
accompanied by spraving. The difficulty in the spraying lies in the
fact that the most critical period for controlling this disease is when
the trees are in full bloom, but at that time furgicides should not

be applied. Only resistant varieties should be planted.
SUMMARY

1. A dry rot of pomegranate fruit caused by Zytlia rersoniana
Sacc. intlicts heavy loss on the growers at Nanking every Yvear.

2. Pathogenicity has been proved bv successful inoculation and
re-isolation.

3. The causal organism has been tentatively identified as Zy#hia
personiana Sacc., and the associated perfect form as Nectriclla vers-
.snu}m&. Sace. & Penz., The relationship between the imperfect and
perfect forms has not yet been definitely determinad.

4. The optimum temperature for the growth of the causal organism
was found to be between 24°C. and 28°C.. the 'minimum and maxi-
mum somewhere around 12.5°C. and 35°C. respectively.

5. "Tannin was found to promote the growth of the -fung'us..
Growth was best in the 3%, tannin-containing medium.

6. '_I'he'_dried fruit hanging on the trees is an important source
of primary infection. Although the spores decrease‘ rapidiy in their
viability in the early spring, the dormant mycelium in the dried
fruits seems to become active again in April and produces crops of
new pycnidia,

7. The disease was greatly reduced by sprayiug with Bordegux
mixture in 1933.

8. -.Yushutze-,-one of the varieties of 'poniegranate, is found to be
resistant to the- disease, while F unpi very susceptible.
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A PRELIMINARY STUDY ON BACTERIAL
SOFT ROT OF BRASSICA PEKINENSIS
AND OTHER VEGETABLES IN CHINA™

L. Hwang

Bacterial soft-rot is one of the most common and wide spreading
diseases of vegetables. Some strains of bacteria cause soft rot in
fleshy vegetables and others in ordinary herbacesus plan.ts. Thej'
attack especially the fleshy stems, roots, fruits, and other parts of
the .plant_s that consist.largely of succulent parenc'hymatéus tissuq.
There is no data indicating the actual loss due to the dkisease,
available in this couritry but a survey made in the fall of 1930
showed its destructivenéss To vegetable crops here at Nanking. In
1929, about 10% percent of Brassica pekinensis ﬁa;zr...,_(Sﬁantung
cabbage), a common vegetable in Ch'ina,_ -~ was lost due to
the occurrence of the organism in the farmers’ fields. In the
University Garden, heavy loss of cabbage was recorded in the
spring'._ of 1932. This disease is of great economic importance in
tﬁi_s part of China, not only in the field, but also in storage and
during t.ra'nsportation.

The caus_alforgan.isms of bacterial soft rot have been described by
Jones (5) as Bacillus carotovorus, "and - by Townsend (22) as B.
aroé‘dgae. 'Recenily. it was reported that some vegetables were
affected by the former and some by the latter. A preliminary study
of the disease was therefore undertaken with the hope'of determining
which of the causal organisms of bacterial soft rot is responsible for

the disease in China.

(1) This woi-k‘w_as_done during the period from the fall of the 1930 to spring of 19_34;
(2) Contribution N2. 27 from the Plant Pathology Laboratory, Botany Dept.,
University of Nanking, Nanking, China.
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REVIEW OF LITERATURE

In 1896, C. F. Stewart (5) in New York made successful inocula-
tion experiments using bacteria isolated from diseased cabbage and
prd:cfuced_ the soft rot as it appeared in cabbage fields. Later on, he
determined experimentally that a destructive soft rot could be produc-
ed under proper conditions by the inoculation of a pure culture. In
1898, L. R. Jones (5) isolated an organism which produced soft
rot in carrots and other vegetables. It was described by him in 1901
under the name of Bacillus carotovorus. In the snmm.er of 1899, he
also proved that the soft rot of cabbage was a disease closely allied
to carrot rot. In 1902 van Hall (16) in Holland described an or-
ganisrﬁ which he isolated from iris bulbs uncf;a'r the name Racillus
amm’z’am.;_. *At the same time, Harrison (16) described Bacillus olera-
ceae as a cause of soft rot in ca-uliﬁower and related plants, Tow'n-.
send (22) in 1904 published a description of a soft rot'l,lorg_anism
found in calla hly, which he named Bacii/ius aroideae. Gigldingi&)
published a paper on a bacterial soft rot of muskmelon and named
the organism Baci/lus melonis 1m 1910. This organism was found
not'only'_ destructive to muskmelons but also capable of pr.oducing
rot in some other plants.

In ._1909, Harding and Morse (5) made the first comparative studies
of the soft rot organisms. Their studieé_included four species namely:
Bacillus carotoverus Jones, B. oleraceae Harrison, B.omnivorus van
Halli, and B. araz’déae Townsend. Thii’ty nine additional strains were
isolated from various soft rot hosts, such as cabbage, cauliflower
and turnip. All these 43 strains were alike in the 38 classificatory
features studied, except in their rnami_er of common sugar ter_menta{
tions. They were classiﬁe_d'in'three groups. "The first group, in.clud-_
ing Bacillus carotovorus, B. oleraceae, B. omnivorus and 30 .upnamed
strainé_, showed the production of acid and gas during the fermenta-
tion of dextrose, sancharose and lactose. The éeéond group, which’

showed the characteristic of acid fermentation of these three sugats
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without gas formation, included Aacilius aroideae and three unnamed
strains. The third group which included six other unnq,med stra.ms,
was Just intermediate between the above two groups and vaned in
the fermentation of these sugars, some with acid and gas production
from one sugar and others from two. This difference was not, however,
sufficient to classify them as distinct species, and a study of’the pa-
thogenicity of these cultures was needed. Harding and Morse (13)
| questioﬁed Bacillus carotoverus and B. aroideae being distinct species,
and they fecognized that their pathogenic behavior might separate
them more distin‘ctly.

Sherbakoff (19) in 1916 proved that soft rot of pepper fruit was
ca.ijsed: by B. cara_z‘oz'orz;;.

Smith (20) in 1920 thought that B. aroideae and B. melonis were
identical.

In 1922, Richardson (18) reported that be had isolated 36 nrganisms
from soff rot of iris from various sources and their pathogenicity
was proved by inoculation. Among them two of the isolated o.rga_nisms
which reacted in a similar manner,‘ appeared to be forms of Ba-
¢illus carotovorus.

In 1924 Wingard (24) proved that bacterial soft rot of tomato was
caused by B. ar azdma and that the disease was responsible for severe
losses in Virginia.. In the same year Massey (13) published a paper
‘showing that a bacterial soft rot of tomato was caused by Bacillus,
aroideae, and made comparative studies of B. ara)’a’eag at;.d B. ca:ro.!-
ovorus. The studtes indicated that these two forms were closely
related, but they might be readlly differentiated by laboratory cultures |
and pathogemc:ty ot by a combination of the two.

Lacey (8) in 1926 published a paper reporting that three species
of Bacillus had been isolated from various hosts, and made cultural,
pathological, é;nd serological tests, showing that a close relationship
exis'ted'betweéﬁ' the three -s_pt;cies,‘ B.. carotovorus, B. solanisaprus,
and B. phytophthorus, and that they could be differentiated culturally.
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Ciferri: (2) in 1927, after inoculating with a strain of B. carotororus -
which was isolated from rotted rhizomes of ‘yautia {X(m!/zc;wma sagit-
_tzfo}z'um Schott./. concluded that B. carotororus and B. aroideae might
be 1dentical.

Link and Taliéfer‘:o (11).in 1928 reported' that B. aroideae and
B. carotovorus were found to be c]osély related serologically, but
the existence in each of specific antigens was considered sufficien;
justification to retain them as distinct species.

In 1930 -johhson’ (6) re.ported " that cabbage maggot was often
assoclated with the soft rot qf cabbage and other vegetables,. .and
that the control of the cabbage maggot should be considered in
planning measures of controlliﬁg the scft rot of cruciferous plants.
In the same year Leach (9) published a paper concluding " that
- .blackleg was simply a form of soft rot of patatd and was ::aused
by a strain of B. carctevorus.
| ]ohnson and Valleau (7) in 1931 found that soft rot of potatees
and carrots was produced by the tobacco blackleg pathogen which...
was considered to be identical with B. aroideac. In the same year.
Leach (10) regarded the causal organism of blackleg disease of
potatoes as identical with B. carofezorus. and from a compar'at-iVe
study of allied organisms, 5. olerdceae, B. omnivorus and B.-apz-'ozfa-
rus were found to be synonymous with B. mrafof"orus. Matsumoto
and Okabe (14) in l‘i3l.reported that a bacterial rot of an orchid
(Phalaenopsis aplrodite, Re_z’dz&.) was caused by B. carotovorus type B.
~ In the same year Matsumoto- and Somazawa (15) reported that the soft
rot pf peh-tsal fBrassica pekinensis/) was caused b'y a Bacillus which
was morphologically similar to B. aroideze, and that some soft rot
'6rga§isms from various hosts resembled B. aroideac and others were

's_i_hlilar to B. CArotonorus.
SYMPTOMS

The first indication of infection is.the appearance of watersoaked
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the parts which are infected.
ISOLATION

The diseased specimens colieeted from varicus places in the vicin-
ity of Nanking were isolated in accordance with the following
wethods. The diseased host was first thoroughly washed with tap
water and then sterilized with(1:1000) mercuric cl;loride. _

1. Take a small piece of the slightly infected tissue directly from
surface sterilized part and put it into the nutrient agar plate.

2. Select a piece of partially infected tissue from the ster;llznd
part and isolate it by the ordinary dilution method.

3. Take one piece of partly decayed tissue direétly from thn steri-
lized part and put it into a tube of nutr_ient_broth;

Twenty-five isolations were made from four different species of
rotten Bms:_z'ca from varicus sources. Based on the physiological and

cultural characters and pathogenicity, they fall int6 two strains.
INOCULATION_ EXPERIMENTS

The inocula for the experiment consisted of two strainé of bacteria.
Culture No. 1. was isolated from the rotten Shantung cabbage and
culture No. 3 from the rotten stem of cauliflower. The inoculation
expjeriment's were carried on both in the green house and in the labo-

ratory.
1. Green lhowuse experiments

Plants to be inoculated wete grown in pots. They were inoculated
by puncturmg the stem just ahove the soil surface with a ster:le
needle. By means of a stenle plpette, 24-hour old beef culture was
introduced into the punctm_'es. The results of the experiments made
duxing March, April, and Meiy 1931 were as follows:

Cabbage: After seedhngs were moculated wath cultures No. 1 and
No. 3, one set of each was placed in a mo:st chamber in the
green  house. while a second set was left in the green house.
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Five to é.even days after inoculation, .the seedlings inoculated with'
No. 3 gave no Signs of disease while those with No. 1 showed dis-
coloration and soft-rot around the needle puncture. The resuits were
similar in both sets despite slightly different conditions.

Brassica e-,%z'?zemz's, L. (Peh Kan Tsai), a kind of Chinese cabbage:
Both young seedlings and old plants were psed for inoculation through-
out this experiment. Six days ' ‘after inoculation, there was a
sl;ght appearance of discoloraticn pear  the root ‘but without any
further decay in the first experiment. In the second experiment all
plants showed rotten areas around the needle puncture and the
plants died ten days after inoculation except those inoculated_ withe
culture No.3.

Brassica narinosa, Bailey (Piao Er Tsai), another kindof Chinese cab-
bage: Six days after it was inoculated with culture No. 3, the seedlings

. were rotten around the needle puncture near the root. They did not
however, show any signs of discoloration and decay with culture No.
1.

Iris: Several days after the greeh leaf was inoculated with culture
No. 3; a very- slxght discoloration and decay appeared. V\’hen
placed in a mo:st chamber, there was a general breaking down
of the leaf tissues around the needle puncture In a severe case the
leaves were bent down and dlEd seven days after’ moculatlon Inoc-
ulatlon with culture No. 1 d:d not. cause any sxgns of the disease.

Hyacinth: The bulbs after inoculation were put immediately into a
meist chamber in order.to'secure__a high humidity. Two da’.ys after
inoculation with the cultures mentioned above, sap was given off.
from the puncture. Ten days later these bulbs were mmpletely
dec_ayed and the decay spread to ‘the adjacent leaves.

Day-Iily: Two to'_‘,_five»days afier ) inoculation. with culture No. 1,
there was a slight disco_idratioﬁ éhd decay ‘-a‘rd,und ‘the needle punc-
_tﬁré and -'ther,é was a 'fhf_iher dévelopmeﬁt_‘: of the i_nfec"ted a:_rez_i.

With .culfure No® 3 under similar conditionis,no infection took place.
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Table I. Results of inoculation of soft rot organisms

(Experiménts were made in moist chambers in the laboratory
at 20-25"C. on March, April, Mayv, August and September

of 193{;

December of

and September of 1933.)

1932; and January,

July,

August,

Culture No. 1

Culture No. 3

Host

t Ist. appearance days for com- | ist. app. of .days for com.

of disease

. plete decay

disease

plete decay

Apple, fruit )

Asparagus lettuce;

Banana, green :
Cabbage stump |
Balsam-pear E
Carr;t l
Beet root !
Celery !
Cucumber ‘
Eggplant . !
Ginger i
'Fiéld pumpkin
Irish potatn, tuber
ys 3y young Stem
Kolhrabi
Lettuce’
Muskmelon
{ Onion bulb
Orange
Oriental pickling
melon (T:ai-kua)
arsnip, stem
‘ pepper fruit, green:
‘Radish, ldng red
y» red skin
»s S5Small round

b

‘Sweet potato -
Tobacco, stem &
S|

. sucker

white skin |
Shantung cabbage|

No infection
1 day
No infection
2 days

3 4,
. 1 LA

3
2-T 4

I 1

3 4 -

No infection

”

2 days
No infection
2 days
2 5
1 7
1'2' 1t

No infectios

b

_'No infection
2 days
1 5
1 B
1 5
1
1' :f
1
5

kY

'No inféction

iR _1-2 weeks

: 7 days

|

| —

13 days

.. partly decay
o

11 days

10

3

7 days
: 5-6_days _
13-15 days i

14 days

11112 days

"7 days
_4'6‘ 12

—_—

1
i
i )
§

A E,

i 'No infection
. No infection
] 1
e 2

LI S

f Not significant’

' No infection
t Not significant
I No infection
| e . ry

M

e
1y
11 1':3_.
5; 1)
5 days -

No infection
Not significant
No infection

1 N
RS
LRI
1

N6 infection .

| Not significant]

I

No ‘infection

L [ ¥.21 * :
Not significant; -

) ¥

EEREEEEEE
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i
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Tomato, young

stem _ ) 1 e rroye E—
Vegetable spongel . ' _ yr 33 —
Watermelon | 1-2days  5-6 days 2 as —
Zizania aquatica | No infection - —_ RN —

found to be significant when culture No. 3 was used even when tried
twelve times with the same materials under similar concitions.

6. Townsend’s me_tﬁod} The plant- tissue was disinfected in
advance and slices  were pllaced 4n sterile petri dishes; then
each slice was éut into fcur parts aseptically. Two pieces opfﬁosit’e
each other were taken as a check and the surface of the remaining
two pi.eces were inoculated with drops of 24-hoar cld Dbeef broth c‘ulmre_
and then these drops were stabbed through with a sterile needle.
Cultures No. 1 and No. 3 were used as inocula in this experiment.
According to Massey’s (13) dpinion, there are two objections to thiis
method; (a) **The chances of autolysia of the .plan_t tissue are
greatly increased over that of the small wound caunsed by a. needle
puncture, hen.cé the bacteria find simpler compounds at hand tl{an
those which occur naturally in the tissues”’; (b) ‘‘“The addition of a
liquid culture to the wounded surface gives a chance for a saprophyte
to agipea.r_ parasitic since it is possible for_ the extra cellular enzymes
to bring about hydrblysi-s'of the compounds of the tissues’. For

(Results of the experiments: January & March, 1931)

Cultuore Nn, 1 o ~ Cuiture No, 3
Host _— :
_ ‘Days _for complete decay i Days for t:om_plete decay
Cdbbage stump. 10 days-partly decay ] Not significant

‘Carrot, root 11 days '_ 1 1
Cauliflower stump 9 Y oy
Kohirabi . : 9 : No infection
Radis_h_. long gi'eeh_ T _ 23 3
Radish, red skin ' 7 3T 1Y sy

. Ra'dish, white skin 7 5 7 days-partly decayed
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these reasons, inoculation experiments of this sort have been made

a few times only. The results are tabulated as follows: | _

Table II. Results of incculations of floral plants, frizi_ts-tobacco and
vegetables with soft rot bacteria, in comparison with previous

work O=no soft rot developed; + == diseased developed;

blank spaces = no report or inoculation not made.
Hoat L Bacillus carotovorus , B. aroideae 'ICulture 1; No. 2
o8 Jones  Smith Masseyé—' ;[‘g(vims- ] Massey 1 Author | Author
|Apple, ripe e G } o) o i o I o
Asparagus lettuce i [ " : + o
iBalsam.-pear ; slight 'e)
'Banana, matuore O c o ¢ 0 O
Banana, green O o 0 O
iBeet root 0] 8] : 4 + I O
Brassica narinosa i I o |+
. chinensis f ' + | 0
bbage + + | + + @+ v
Carrot, root -+ |+ + o+ +- + slight -
auliflower O O + + |+ o
lery + + + + |+ slien
cumber + + 1+ + i+ Q
Daffodil C+ 1o
ay-lily [ O
geplant fruit + + + +  * 1 o0
ield pumpkin [ O O -
inger e O
yacinth + + |+ +.
is, leaf ‘ 1 o) +
ish potato, tuber | O + + 1+ .+ 0+ 40
3 R St_ém C Q ' o o . O
Kohlrabi O + -+ C
ettuce + + - : b + +
uskmelon + + + + + O
ental pickling . ' )
~ melon (Tsai-kua) ] S -t o
ion bulb + -+ o+ | 4 ) slight
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¥
L

O

Ig:ﬁon young leaf i o) : e j . . )
ange, ripe 5 ; - i .
Parsnip

+
OO0 OO0

]
--

Pepper, fruit ’
Pieplant_ :
Radishes _ i'
Salsify ] ,
Shantung cabbage l
Sweet potato, tuber :

' slight

+4+ ++ o+
++ 4+
+++++

Q

Tobacco, stem

|

|

) |

1y sucker E
Tomato, fruit |

c+o0o0+4+ + + 400

OGCoO0O+

Tornato young stem
Turnip, root !
Vegetable sponge | :

+0+CGoO
+o4++++ ++

+ 0+
+ 0 +

L

{

i

|
Watermelon é | !
White gourd l
' 1

| |

According to thc above results, culture No. i1 in most cases is

O+ + 0
0000

Zizania aguatica

not pathogenic.

In addition’ to the above experiments, a number of inoculations
were made in the plants for the purpose of comparison. The results,
which were shown in Table II, were similar to those which had

been reported by previcus investigators.
HOST RANGE

In 1901, L. R. Jones (13) reported the results of inoculation of
twent_s,r 'kinds"of hosts with Baciftus carotovorus, and twelve of them
were found to be susceptlble In 1904 C. O. Townsend (22) reported
that 15 out of 19 kinds of hosts were infected by 5. aroidcae under
labogatory conditions. E, F. Smith (13 and 20) in 1920 reported that
five d;fferent hosts 1nocu1ated with B. carotovoris ehowed the dlsease.
In 1924, A. B. Massey (13) reported the results of inoculation
with three organisms. E:ghteen out of 34 different hosts moculated

with B. carotovorus, were rotien; 23 out of 33 different hosts inocu-
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lated with B. arpideac were found to be infected; and 21 out of 32
different ‘hosts inoculated with tomato strain were susceptible. The
writer conducted this experiment from the fall of 1930 to 1933, For'ty
kinds of hosts were inoculated -both in the green house _a'nd ‘in the
laboratery and 29 of them were found to be iafected. These 29 hosts
were dlstnbuted in eight families namelv:  Cruciferae, Um?el!z_'ferae,
Cuczsré:mceae, Compositae, Liliaceae, So[anafeae, Cpné*o[ﬂu_mcme and
Chenopodiaceae. The results obtained by previous workers and by the

writer are summarized in Table II.
CAUSAL ORGANISM
'I. MORPHOLOGY

The morphological characters of the organisms were -studied in
one to two-dayold nutrient broth and agar cultures (cultures No. 1
and No, 3).

i. Form. A short, nearly round rod, occasmnally long, with round-
ed ends and occurring generally as a single cell, sometimes 1n short
chams of two or rarely in long chains.

2. Séize. Organism from a 24-hour old beef-broth culture at about
23°C. and stained with carbol-fuchsin or gentian violet. Culfure No
1 measured from 0,5-0.9 £ in w1dth and 1.1-3.5 !L in leng‘th average
0.8 by 2 2R, 'The average size of culture No. 3 was 1.0 by 2.4 .
The sizes of ,the bacteria computed by variqus workers and the writer
are tabulated in Table III.

3. Staining reaction. Gram negative. Stained readily with the usual
bacterial stains.

4. Endospores. No endospores found in artificial media or .in the
disea_s'ed tissue.

“§. Flage?la Organism from nutrient broth or agar slant cultures
16- 18 ‘hours old stalned by Loefflers or Moore's (21)" method. Peri-
trnchlc flagella not dlstmctly VlSlble in prepared slides.

6. Capsules. No capsules_ found..
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Table III. Comparative size of bacteria.

Name | I Width Length Age and kinds‘éf m‘edig
gid;;i!ier}%’tslfs | '0.5—0..8 P-' 0.971..5‘}’-' €6 hrs. in broth or a-ga?_
g?fg;‘;g: (f;ohfgfgsé 0.7-1.00 | 15500 -1 days ia aar slope
%‘f“;‘iﬁﬁ‘iﬁe' |08 B 2oser| m; in beof broth
glrl:ttsrres No. 1 I 0.5-{).}1}*« 1.1-3.5 p H:4 hrs. ;;abe:f broth -
glr;t']:.‘?:esNo 3 0.8-1.1 | 1.6-5.54 | 24 brs. in beef broth

1. Ineolution forms. Absence ot involution -forms.
II. PHYSIOLOGY |
. The cultural and physiol'ogica'l characters of cultures No, | and
No. 3 were guite similar in most media and treatments. They 'a}e
given under the same description unless there are some differences
between them. ‘Their differences are described separately.
A. Cultural characters. Cultures No, 1 and No. 3 were us.ed
throughout this'experfgent_. ' S |
1. Nutrien? droth (A. P. Ha A. 1925)+15 Fuller's scale. Six to
twe_nty hours atter transferring, a moderate to ..strong clouding with
a slight-ring formation and a small amount of sediment were not_ed
but no pellicle \ﬁas_ seen -in culture No. 1 tubes. A similar . result
was obtained but with a heavy pellicle in No. 3 tubes.
2. Nutrient f.Zc?'flf.(A.. P. H. A 1925)+ 15 Fuller’'s scale.” It con-.
sists of:
"(a) dgar slant.  The growth, distinctly visib}e within twenty-
four hours at 20-25°C.," was filiform to’ spreading. It was .raised,
we.t-shiaing',. ‘smootﬁ'agd. of a xi.rhit_e;_f"c.ar opaque ‘;_to __ opalés_cen_l_t_ \(:t')‘lc__)r_.

(B) Aear stab. After twentv-four hours incubation -at 25°C..
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(b) Gelatin stab. - This 'growth was also apparent within
twenty-four hours at 18-26°C., and was best at the top and filiform
along the line of puncture. Liquefaction began on the second 'day.
The liquefaction was crateriform to infundibuliform.

4. Litmus milk. Tt coagnlated within frve days after moculation
at ZSOC; Two to three days aftér inoculation, the htmus was reduced,
and § days later the medium mas entirely changed to a reddish
color.

5. Fermentation broths: Thess were prepared by ucing the standard
nutrient broth plus 2% sugars in Smith’s fermentation tubes. After
sterilizing, each set of the experiment was inoculated with 24-hour
old beef broth. cultures of the organisms. Then the tubes were placed
i two incubators at 25°C. and 30°C. The results are shown in
Table IV. The details of each trial might be stated as follows:

(a)Saccﬁarose brotk. The growth was more rapid ‘at 30°Cs than
at 25°C. Twenty-four hours after transferrmg, a very good growth
was found in the open arm and a slight gro_wth in the closed arm.
There was acid aud no gas produ_ced in culture No. 1 tubes while
with culture No. 3 sli_gh't- gas and acid were produced,within twenty
hours at 30°C,

(b) Maltose broth. The. growtli was similar to that in saccha-
rose but more gas was produced in the case of culture No, 3.

(c) Lactose broth, The growth was qulte similar to that in
saccharose but no acid was - “produced in the case of culture No. 3.

(d) Glucose broth. -The growth was. qlmllar to that in saccharose
but with a smaller amount of gas. produced by culture No. 3

(e) Mannite broth. The growth was - somewhat similar to that
in saccharose but the growth between closed and oven arms was
shghtly dnfferent i, €, the growth in the closed arm ‘was much more‘
abundant than in other broths and more gas was produced than in
saccharose ‘at 25°C.

() Glycerine brath. The.growth was very similar to “that in
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saccharose except that more gas was produced in culture No. 3.

() Urea broth. There was nearly. no growth in the closed
arm, but growth in the open arm occurred as in other cases. Neither gas
nor acid was produced by either culture No. | or No. 3.

6. Milk in fermm{m‘z}}n tubes. Skimmed milk was placed m Smith’s
fermentation tubes and treated in the same wmanner as t_ﬁe;-fermen--
tation broths Five days alter inoculation, the milk in all tubes,
except the checks coagulated. Abundant gas and acid were produced
in culture No. I' but without gas in No. 3 at 25°C, and 30°C.
Table IV._ The results of gas and acid fermentation given by pravious

workers and the writer (Experiments madé 1n ]aﬁuary.
April, and May, 1931).

; B. carotovorus B. arcideae B, melonis Cult. 1 5 Cult. 8
Gas ; ~acid | Gas l acid- | Gas acid' Gas ,!acid."Gas ]lac;
!IJones ]Smlth ‘Jones [Smlth Townsend \ Giddings s Writer ’ Writer
Glacose | + | + | + o + o +-o-{+i
Glycerine | O | Q : + | + | O | + | O] + [+ |+
Lactose 0+ P+ 1+ 0+ O] + 1C1+ |+ base
Maltose } . ol + 10l + 1o+ + tbase
Mannite + . + | +- + @] + [ C + | O [ + + |+
Saccharose; + . + | + + [T OC |+ 104+ | O basel T [+ |
Uréa ‘ B ' Q1 4+ 10 O jbase
Milk Ol o+ |+ [+ |+ FIHI+F]O+

' Aci:ording .Ito the above table, culiure No. 1 was 1dentlcal with
B. aroideae and B. wielonis, while culture No. 3 was siniilar to B.
carotovorus.

| ? Fermi’s solution. Slight growth appeared on the folloWing day
but it was -q-uite' covered with a pe]licle. three daj’s after inoculation
at 250 C. '

8 Cohn’s -solution. No growth was f’Ound in any culture.

9 Alcohohc broth. (pH 1. 2) Six days after inoculation with cul-
ture No I, there was slight growth but without amd and pelliclés in.
5% “alcoholic broth, while that with. culture No. 3 showed, abundant
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growth, pellicles and acxd (pH 5. 9) tprmatlon However, there was'
neither growth nor acid in 8% and 10% alcoholic broths within two
weeks. The results agreed with those reported by Massey (13).

10, Duntham’s solutton with 1% Methylene blue. Th:s consisted of
two preparations:

(a) Without gflzzcbse. One to two days after transferring, the color
of the medium became very tht blue, but after. dhaking- the original
color was restored:

(b) HWith 1% glucosé. Five days. after t,_r’ansferrin,g,_- the color of
the solution became Benzol green (Ridgway), while the check tubes
retained the _ori.ginal color (Ithlian blue).‘l-. The green color of the
inoculated tubes could not be restored by shaking.

11¢ Dunkhanm’s solution. T“o days after transferrlqg, the solution-
became turbid with a pelllcle and slsght sedlrnent

12. U.s‘c/zmsky.r asparagin medmm /G'zlmer) Twenty four - hours
after moculatlon, good growth appeared in ‘the two cultures at 259 C.
A pellicle was produced n culture No. 3 tubes- but none: m the case
of culture No 1. However, pellicle tormation was found in all cultures
at the end of one to two weeks.

13, Cooked potato. Tweniy -four bours after inoculation there was
moderate flhform growth which was sl:ghtly effused.. It was creamy
yellow in color and the odor of the inoculated potato was decided
and disagreeable. |
- B. P/zysz'az‘agiméf characters. CuItures_ No. 1 and No. 3 were used
as the imocula Iin,'_‘_th'e _following _ex'peri:mer'xts".

. Gas and acid pfodactz‘orz ' Cultures were ‘made in Smlth s fer-
mentallon tutes of nutnent broth contammg different kmds of carbohy-.
'drates as kas been stated under the tOplC of fermentatldn ‘broths.
The tubes were under observatlon for \t_hree weeks, _AC_-ld was formed
1 most of theSe' su'gar 'broths ex‘cept"' urea ‘which produced elkali,
and no ga,s was produced in- any of the tubes moculated w1th culture

No. 1 but gas and acid were. r)roduced in milk {ubes., In tbose tubes
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inoculated with culture Ne. 3 gas and acid were produced in most of
the sugar broths but no gas was ﬁr'o_duced. in urea and in milk.
The results are shown in Table IV,

2. Indol production. Cultures were made in Dunham’s solution and
put mn the incubator at 25-20" C. Four to fifteen days after inocu_la.-.
tion, the.;cultufea: were tested for indol. Negative results were obtained
at the end of 15 days,

3. Nitrate reduction. Niirate broth cultures were inoculated with
these organisms and then _.i\n-cubat.ed at 24-30° C Two to five days
after inochlation the cultures were tested by placing several drops of
nitrite test reageats A and B in'eaeh tube. In the tubes i'_r.:ocula.ted
with culture No: ],; abundant nitrite was prodliced at the end of two
days a@nd seemed 1o ihf‘:rease 'steadi"ly. Slight nitrite éva.q produced
in culture No. 3 within 15 days. The tubes were tested in_the same
manper but gave no nitrite production. T.his indicAted that the ni-
trates in the broth were reduced to nitrites . by the growth of the
orgenisms.

4, sz’_z'mm;z pH for growith. A series of nutrient broths ranged
from pH 3.6 to pH 10. The growth appearecfl' ﬁvithin 24 hours at. 25°
and 30° C. m pH 4.25to 9.7, Growth was best in pH 6.3 to.__.8.35,
weak in' pH 575 and in 8.5, and very weak in pH 4.25 .and._in 9.7.
At the end of oue week, -'grthh: ‘appeared in pH 10. In cofnf)aring
these with Quirk and Fawcett 5 (1?) results, . ‘“the"greates.t degree
of acidity tolerated by any orgamsm tested wast#—M Fuiler s - scale
(pH 4.3) in Bacz!!us sp fromms and Bactermm marginatum, and the
greatest - degree of alkalinity was=—22 Fuller’s scale (PH 9.4) m .B
arazdeae, B. apzaaoms, "B. carotovorus arm’ Ba termm ma[vacearum -
the range cf pH value for the growth of the orgamsms was/ shghtly
different, namely from pH 4.25 to 9.70.

S5, Tem jer‘a‘t_we relations:

(a‘) Thermal death point. . This was 1nterpreted to be the hsgh tem-

perature at which the life of the organism would be destro; ed when
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a young culture was exposed to thaf temperatute ior 10 minutes.
Nutrient broths incculated with 24-hour old cultures were used. The
results showed that the thermal death point of culture No. I was 51°
C. which was slightly different from tbat of Townsend's (22); while
that of culture No. 3 was 50° C. |

(b) Opgwmm temperature., Fresh cujtures of nutrient broth aqd
agar were inoculated with 24- hour old cultures and placed 1in mcq
tators of 21-22° C., 24-25° C., 290 C., 30-31° C,, 33° C., 35°C,, a
3.7.S°_C., respectively. The results showed that the growth Iappeared
in 5-6 hours at 29°C., 30-31°C., 33°C., and 35°C.; growth- began in
7-8 hours at 21- 229C, and 24- ’)5°C and very Shght growth within
24 hours at 7. 5°C Tlperefore the optimum temperature was 29-35°
C. Whlch was qulte close to the 1emp3_rature at which 5. arvideac
gIOWS besf;_é‘s'repcrtéd by Biierley (1)

(c) Minimum temperature. After the fresh cultures wee made,
they Were.placed in a ice box regulated at 1=-3°C. and at 4-6°C. Two
and. half days after 1noculation slight -grow_th appeired in broth cul-
tures. No. 1 and No. 3 at 4-6°C., while at 2-3°C. very slight growth
was found in cuiture -No. 1 at the end of six days. The result was
quite similar to that for B. car ofm orus as qhown by Brterley (l)

(d) Aaximum temperature. The fresh cultures were inoculated n_:l
the maunner described under optimum temperature: Thea they were
placed in the mcubator:, at 3BGC., 39°C., 40°C., 41°C., 2°C 43“C
449C,, ‘and 47°C. Stight growth appeared at 39°C. w:thm 10 -hours
and no growth above 39°C.

6. _Di;;;ct :mdiglz}. “Agar cultures were poured into petri dishes,
One-half of eac‘l'.\"dish' was covered with black papér and then exposed
to the  direct sunlight at mjd-day ia January. Some of the dishes
were' "remo'véd from. the diréct sunlight at the end of 5, 10, 15," 30,
6(i'mi'nutes, one and half hburs a'nd? hours. Theée dishes. were then
mcuba.ted at 25°C. 1a those dishes which were exposed for § and 10
mmutes, celomes were found within 20’ hours, while in those exposed
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for 15 minuFes, only a few colonies were formed. In the rest of the
dishes evos;éd from 30 minutes to two days, no colony appeared within
20 hours, but 48 hcurs Jater most of them showed growth along the
edge of the plate.

7. Growth over chivroferm. Culiures were made in 5% chlordform
m nutr_u_aa_t troth and kept at ZSIOC. There was a very slight. grawth
in 24 heurs but abundant growth in 48 hours This meant. that
chloroform had a slight effect on tke growth of the crganism.

8. Tolrmtzafz.

- (a) E;-r?fo.f:/’:!or:'n acid in nmutrient broths having reactions of
+10, +15, +20, +25, and +30. Twenty four nours after moculatlon
moderate’ g,rGWth was vvalble in the lroths hanng reactions of +10,
+15 and +20 but none ia the other two.

(b) Oxalic acid, Nutrient broth was acidified to +45, +47,
and +52. There was no groysth In any_ of the reactions unt:i_thr__ee'
days” after inoculation.

(@i): Sodium Jydroxtde.  Nutrient broths having reactions of
-6, —7, —10, —11; —15, =18, —20, —25, —30, —15 were made.
Twenty-four hours after inoc{;‘lation abundant .grbwth was formed in
—6 broth, moderate growth in —7 and —10 Brdthé. Slight growth
appeared in the broths having reacticns of —11, —i5 a_(nd —18 in
twenty-four hours _btit__ m_ode_rgie growth appeared in —20 _and' —25
broths two E_}éys after .i_m')cula_t_ion, and the growth was visible in —30
and—23§ bréths within six days

(@) Sodtum chioride. Nutr{ent broths contammg IA,, 3%, 6%
2% and 10/3 were. qqed for the tests. There was abundant growth
in 1% and 3% . broths in 24 hours but no growth in any other broths
cont,almng more than 3% ,sodtum chlonde. Seven days later, moderate
growth appeared o'nly in broths containing 6% sodium chloride.

9. Effect of germiclies:

(a) Phenol. Ordmary broths contalmug{) 02%, .05%, 0.08 A:
0 l‘ 1%, 0.18% and 0.44% of -ptenol-‘were tried. The growth was
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apparent in the broths containipg 0.0277, 0.05% and 0,08% on the
third dar, ‘but no growth appeared in the broths 'containing more
than 0.08%. | -

(b) Foermalin, Brot‘w ccut'*mmg 0.005°%, 0.02%4, 0.05%, 0.2%,
0. S/c and 1%, commercial Formalin were used. ‘There was Do S1gn
of growth duriog a period of from one dav 1o several weeks in any
of the above dilutions.

10. Desiccation. Twe'ritv four hour old putrient broth cultures were
transferred to c.te;i}e cover <lips with a sterile platinum need e, and
put into a sterile peiri dish. These were then allawed to drv at a
room temperature of about 20°C.For the sake of tewtmg the wiability.
of the organisms under such CODdl'lODh two of these .cover S'lpb werel
transferred-with sterile ferceps to broth tubes at the end of a period
of 5 minutes,. 30 minutes; S hours, 10 hours, 24 hours, 48 hours, 3
days, ._and one week. Twenty-four hours éfter transferring, growth
was appardpt_ in broths containing cover slips which had been dried
from S minutes to 24 ho_ers, but none in those dried for 48 hours te

7 days even thres days after inoculation.

III. PATHOGENICITY

The pathogenicity of the 5 isolations of the bacteria made from
variouq' vegetables affected with sofq rét in the vicinity, ef Nanking
was thorough!y tested by moculatlon and only one of them Was.
found to be pathoge'nc, and one vueakly pathogemc, as shown in the
'toregomg paragraphs__. Inoculation made “with _cultu;e, No. 1 was
shown to be pathogenic, /while that \?i_.ri’thr culture No. 3 was weaklv
pat.hoge—rii'c or if most cases, n‘cinpathogenic.' - _

-On hct‘:qtmt of the close ‘ré]ation‘ship"bet.ween B. carotovorus and
B. aroz'de'ae,' Massey (13) in 1924 ‘made’ comparatlve studlec; a.nd
accardmgly proposed a scheme for d]fferentlatlon 'The scheme rnay
be summanzed as follow‘;

. Cultural azid jer}uenmﬁon “characters: For B. arvideae: agar
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colonies in thinly sown plates were amoeboi'c_l; fermentation of dextrose,
lactose, galactose, saccharose‘,'_manﬁil’ol,- etc. produced acid without
gas; action in ethyl 'alc'e_hel media -produce‘d no acid or gas, no pellicl'e‘.'.
and slight growth, FOr_.B_. Carotosorus: agar cclonies were round en-
fire: ferrnehtatio_n broths - produced acid and gas*;-:‘in ethyl alcohol
media, acid without gals, heavy pellicle and abundant growth were
found

2, Pathegen:sis; In moculation of calla, kohlfabi, cauliflower and
iris, with A. .aroz'dc'a.e,_' the first three hosts were found to be rotted
and the last ‘one intact. With 7. m}m'oz-_m-u.s oppasite results were
obtained, i.e. positive results on iris and  negative fesult_s on the
remaining jhres.

Townsend-.hﬁf’eported that 5. aroz'decz-:_ produced acid without gas in
fermentation broths but produced acid 'and'gas n m_iik. - Jones and
Smith sh_ovve.d that B, carotovorus 'rproduced acid and gas in fermen-
tation broths - but acid and no gas in milk., The results heve been
summarized in Table IV,

According to the data on fermentatlon characters shown in Table
IV, cultures No. ! and No. 3 gave the same results obﬁtaine-d by pre-
viotl.‘ls workers,_jReferri.né' .ti:_) the data on.alco_holic broths, -slight
grewth, no acid or pell_if:le were found in culture No. 1 tubes. 'Inocf
‘ulations made with culture No. 1 on kohlrabi and cauliflower ¢howed
pbsi'tive resu-lts but 'negati'v'e?results on /ris sp. - These results were
quite 51mxiar to B. aroideac as shown by Massey.

Inoculations made with culture. No, 3 on kohlrabi, cauhflower, rad-
1shes, etc. gave neg‘ahve results but appeared weakly pathogemc to
Iris sp. and Brasum nar inasa,™ Thu», culture No. 3 'was rather_
S1m1-lar to B. mrotoz*orm cullurallv and physxologlcally, but usually
it was nonpathogemc Therefore this culture may not be the cause
of the soft rot but is. probably a very weak’ strain of 3. carotovorus.

By compa.rmg Townsend’ (22) ongmel descmpt:on and Massey s
(13) results, it is found- that the bacteria- isolated from  Brassica _ﬁt_l



242 hOE RS F N X A8

kinensis {cuvlture No. 1 ) is probably the bacleria which has teen

named Bacillus aroideae Townsend.
SUMMARY

1. Two very closely related strains of'a Bacillus have been isolated
from Brassica pckinensis, Rupr. and other vegetables which were infected
by soft rot bacteria in the vicinity of Nanking. One of them has
proved to be Bacillus arvideae Townsend and the other is a very
weak stré.in of B. carotovorus Jones,

2. About 10% losé of B. pekincnsis was due to this disease in 1929
and heavy loss of cabiaage was due to the same disease in 1932.

3. Artificially inoculated, B.  arcideac infects the following . hosts:
carrof, ré.dishes, cucumber, parsnip, kollrabi, pepper ffuit, cabb_ag_e,

 balsam-pear, beet root, céle_ry, eggplant, potato, asparagué ]'e’tti:ce,
}ettuée. muskmelon, onion bulb, oriental pickling mélon, sweet potato,
vegetable spohée,' waterme.lon, tomato fruit, white gourd, cau_liﬂower,
. Shaﬁtungl-Cabbage, Brassica chinen is, daffodil, day-lily, alm'i hyacinth,
4, ‘Mdrphological, cultural and physiological characters of. the or-

ganisms are given in this paper.
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