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Differences in the Photosynthetic Characteristics and Tree Vigor among
Some Cultivars of Very Early-ripening Satsuma Mandarins

Sueyuki Yamamoto, Naoto Iwasaki and Minoru Tanaka
Faculty of Agriculture, Miyazaki University, Gakuenkibanadai, Miyazaki 889-21

Summary

Photosynthetic rate and shoot characteristics were investigated in relation to the tree vigor
on 6 cultivars of 5 or 7-year-old very early-ripening Satsuma mandarin (Citrus unshiu Marc.),
to discuss the differences of the ecological characteristics among the cultivars.

1. There were no distinctive differences in thickness of the leaf and the palisade tissue
among the cultivars. However, in ‘Hashimoto wase’, both the leaf and the palisade tissue were
somewhat thinner than those of the other cultivars. Stomatal density of the leaf varied among
the cultivars. Density of stomata was the highest in ‘Tanaka wase’ and lowest in ‘Hashimoto
wase’ of all the cultivars studied.

2. Photosynthetic rates determined from June to July were higher and maintained so in
‘Ichifumi wase’ and ‘Kusumoto wase’.

In ‘“Tanaka wase’ and ‘Douwaki wase’, photosynthetic rates decreased markedly during this
period. It seemed that ‘Tanaka wase’ and ‘Douwaki wase’ are not adapted to high temper-
atures.

3. Differences in the seasonal changes of photosynthetic rates among the cultivars were
not clear. In all the cultivars, photosynthetic rates reached maximum at September, then
decreased gradually. However, in ‘Tanaka wase’, ‘Yamakawa wase’ and ‘Kusumoto wase’
the rate of decrease of photosynthetic rate after September seemed slower than that of the
other cultivars. The maximum photosynthetic rates was high in ‘Tanaka wase’, ‘Kusumoto
wase’, ‘Ichifumi wase’ and ‘Yamakawa wase’, whereas in ‘Hashimoto wase’, the maximum
photosynthetic rate was always the lowest.

4. Shoot growth after summer pruning was greater in ‘Ichifumi wase’ and ‘Kusumoto wase’
than in that of other cultivars. Furthermore, in ‘Ichifumi wase’, the average final shoot length
was the longest which resulted in the greatest total shoot growth. ‘Douwaki wase’ and
‘Hashimoto wase’ produced fewer shoots, so that their total shoot growth was minimal.

The correlation between photosynthetic rate and total shoot growth indicates that tree vigor
is related to photosynthetic rate as measured under field conditions.

#® oA LN REORBIEENE - ZFEL, 215
WERAETY 27 I A VB 1970 FIRFRENTLE, 25007 N—TISELTwa, LiLids, %
ZLOEMTRAEINCN D, ZNHNREOUEY]  NFRENHEL L MBI k> (NS
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ERET B eHicli, RREICREROEFHE 2 LET
LZENBETHEEEZ B,

KR TR, BEET L 273 hVITBWTEL
REEERE Y, BMAOABREEICI )RS L ICH
N AENEEER T LI R EME LT, ESE
HTIC BT 2 BEDLABRFME L b IcHB DM &
FAEL, TN5OBRIZOWTHRETL 2.

MEsLUFE

HIGRE R R RSO 5 A HhRA
BIOWNEAE 2 5N 7 484 Tisc R, i R,
MARE B L UEARE D 6 R EHAL 2. 72,
R R Tld oy, 9 FETFERAICOWTL—
BEREIC AL, BEERN & DB LT - 72,

1. XEREEDRE

19876 A13H, 27 H, TAH9HF AT 1 HIC
R IBEHRAL, LERCBIT A2 RABEE S
BEMT TRIEL 72,

1988 4EiCi2 3 A 5 12 Bz TEBRICHIZE L 72,
B, 1988 45 A F TIIEIFENFERICOWT, 6 AL
BT BFENERIT DWTHAIEL 72,

A REE DHIEIZ I LI-COR jfi%%@#”rﬁﬁﬁch
BEEEOREEEE (LT —6200) 2 v, GHMEI A
AR T 1,000 gmol - m2 - sec L ENOIER H D4
AhIcAT - 72, AEB ISR T, RBOFEHIIFEL
FHLEH 1,140 ml, BeAFED 1,250 ml-min~ D K>
TTAEBREE 2, 4B, HEREKOHNEED
—EEh b LI, EREAND—EEREHNDA- 72

Fa-T7EBL, TOTHERP LERELRMLZ, X
BHOREIZREN R IEIRT 5 2R CORENEL%
WELEHR L7, 1RIOREIZH 0B THT TS L5
iz L7,

72, MHRDEMEEDIEE Y i b BIED YA
BIZOWTLUTORE AT, 1987 £ BEZEIZ B\
TEHL 7.

W EpER (mg - hr!) =PnX1.584 X (La/100) X0.68

Pn ! JoAB0EE (molCO, -

La : F¥3EMmHE (cm?)

B, KD 1.584 1A REE D BAL % wmol
CO, *m~2-sec ' 6 mgCO, dm™2 - hr Y2 #-& T 3
72002, 0.68 IZEE S L1z CO bEEI N LEWE
ICHRET 2OV LN,

2. EOMENSHERE

1987 £ 7 A Bz, R MO LELEM % 5 ~ 6 KRR
B, FEARIEERRE, 2> 7HEiCk 3RILBELXHE
L, & LIIZIENEMITT A % 12 1) NEEBOKREE 21T\,
EBL X CREBOES ZRIEL 72,

L. EHMEAERDOFEHRBELCE IR

Z2

BB NEF M5 HH T, EHEAEROTHRE
PR DWTHREL 72,1987 £ 7 A 30 HicHREA 7>
CavIhvERKIMEHERAL, £WREIToLHE
PNBELEAE L L PICHGIERAER 1 | 10EA&
THEEIHS0%IC T B LI T2, 2Nk B8 H 28 H
AR, MERES L OTERICOWTTREL 2.
4, 2on 74 LEE

1988 4 4 A5 5 5 B F CIXBIFENER, 6 A5 12
R E CI3LFEOFE» LELFRWL RRE—-20C TH
FREL 72, AmonBEic k> TEEL . EEBICE
LEEL2cmDERZ 1LY 2 ~ 4 BETHIKE,
0MDEFZHNTT 2 b THIEL, =—F V2K
L7214 6638 L 1F645nm TIRGEERNMELC 70
T4 NVEEE KD,

m~2 - sec™!)

Table 1. Changes in photosynthetic rate (xmol-COz-m~%sec”!) during early summer season.

Varieties 13 June 27 June 9~11 July Ave.
Okitsu wase 9.83+0.426% 8.29+0.417 8.53+0.927 8.88+0.481
Tanaka wase 11.35+0.596 7.90£0.354 5.06£0.737 8.10+1.819
Yamakawa wase 9.65+0.175 8.16£0.376 7.72+£2.048 8.51+0.586
Ichifumi wase 11.77£0.297 9.44 +0.407 9.65+1.513 10.29 +0.743
Kusumoto wase 12.88+1.058 10.11+0.067 8.12+0.196 10.37+1.378
Douwaki wase 11.40+0.813 8.02+1.305 5.46 +£0.597 8.29+1.720
Hashimoto wase 9.26 +£0.399 5.83+0.451 4.42+0.535 6.50+1.439
Air temp. (°C) 25~28 31~33 35~38

R.H. (%) 50~60 45~55 50~ 60

“ Mean +SE.
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13 @ T‘ti%ﬁZS”*-ZS"CBJ:U’SO*—GO%, 6 RH27HT
IFEL < 31°"~33C, 45~55%, 7H9, 11 B3 35°

Table 2. Differences in dry matter production per leaf
among very early-ripening Satsuma mandarin cul-
tivars.

Average leaf area  Dry matter production

Varieties

(cmz) per leaf¥ (mg-hr~1)
Okitsu wase 12.5+1.01% 1.15
Tanaka wase 1122219 0.98
Yamakawa wase 12.4+2.19 1.22
Ichifumi wase 14.0+£2.35 1.55
Kusumoto wase 12.0+2.13 1.34
Douwaki wase 10.2+2.75 0.91
Hashimoto wase 13.7+2.82 0.98

? Mean + SE.
¥ Photosynthetic rate (x mol COz'm~%sec™ ) x 1.584 x
(average leaf area/100) x 0.68.

~38C, 50~60%TH -7z, [EMLFENDIEREIZ D
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1,000 gmol - m=2 - sec*LL LT, T—%IiCi3RL Tk
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Fig. 1.

Month

wase’.

Seasonal changes in photosynthetic rate ( ®) and
chlorophyll content (A) of leaves. Measurements from
March through May were done on the spring leaves of

3 the previous year, and were done on the current leaves

2 from June through December. A: ‘Okitsu wase’, B: “Tana-

o 1 ka wase’, C: ‘Yamakawa wase’, D: ‘Ichifumi wase’, E:
0 §L4. 5 ‘6 .7 89 101112'0 ‘Kusumoto wase’, F: ‘Douwaki wase’, G: ‘Hashimoto
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Table 3. Air temperature (°C) and relative humidity (%) in the assimilation chamber at each measurement.

3/10¥ 3/31 4/30 5/17 6/14 7/11 8127 9/26 10/8 10/27.  11/20  12/14

A*  Air temp. 18.0 — — 29.3 33.2 36.3 35.7 - 31.0 29.3 22.2 20.0
R.H. 16.1 - - 52.7 454 44.7 51.3 — 47.1 49.8 39.2 33.8

B Air temp. 17.6 21.8 32.6 29.2 359 33.9 33.6 28.0 30.3 30.3 22.4 21.1
R.H. 17.6 26.3 22.7 51.9 36.6 42.7 54.9 36.8 43.9 41.4 35.1 30.7

C  Air temp. 17.0 231 31.1 28.3 34.2 34.4 33.3 27.9 29.3 284 21.6 20.0
R.H. 18.6 214 25.0 51.3 42.9 374 54.0 351 459 45.0 37.1 30.8

D  kAir temp. 17.3 25.1 30.1 27.1 32.3

33.0 32.5 26.5 29.2 26.7 19.8 19.0

R.H. 19.1 21.8 21.9 53.6 45.5 35.0 54.6 36.5 46.4 47.5 40.7 30.7
E  Air temp. 18.3 22.1 — 28.6 35.0 34.0 33.9 26.1 29.9 — 20.9 21.3
R.H. 16.3 29.0 — 53.2 - 413 46.0 55.2 379 454 - 38.4 30.8
F  Air temp. 17.5 21.9 — 29.0 35.7 34.3 33.9 27.6 30.0 31.1 21.8 21.4
R.H. 18.0 26.1 - 53.7 38.9 45.3 55.6 36.2 46.6 40.5 36.7 29.9
G Air temp. 17.4 21.2 — 29.3 33.4 36.1 34.2 24.6 30.4 — 20.7 21.0
R.H. 17.0 27.9 - 52.7 42.6 39.8 53.7 38.6 45.5 - 38.2 28.4

* The descriptions of A-G are given in Fig. 1.
¥ Date of measurement.

Table 4. Differences in morphological characteristics of leaves among very early-

ripening Satsuma mandarin cultivars.

Varieties Stomatal density”

Leaf thickness Thickness of palisade
(mm) tissue (mm)

Okitsu wase 512.5+11.12Y

Tanaka wase 611.2+£26.61
Yamakawa wase 501.6 +25.15
Ichifumi wase 528.8+£21.76
Kusumoto wase 548.8+19.21
Douwaki wase 531.5+22.21
Hashimoto wase 497.2+17.62

0.245+0.0176
0.333+0.0010
0.334+0.0190
0.338+0.0180
0.332+0.0185
0.340+0.0171
0.280+0.0068

0.119+0.0052
0.127 +0.0025
0.132+0.0091
0.138+£0.0072
0.124 +0.0069
0.122 +£0.0040
0.113+0.0033

* Number of stomata per square millimeter.

¥ Mean + SE.

/&<, 0.91mg - hr'Th- 7z,

#1RNC 1988 4E 3 AA 5 12 Alc»lT CRIEL 7258
AEEEB LN 70w 7 4 VEBROEIZDWTRL
2. 72, BERORERNORIAS & CHEMEEC
DWTEIRIZRL?, FMLAEROREIZTA1IHD
PIERICRELE L, 33~36CTh -7z, FOBIIHL
IET L UT- 72, £RMIC BT 2 RABEENZE
LI IZ R E L EREIALNT, 9 AliRAMEISE
L72BIET L TiT-7. Lo Lad s, 9 ALIEOR
AMENE H A RA, BB L 0 RARAE Tl
BHHER» Th - 1z, AR E DR AEIL B4,
WARAE HXREEL LN RETEC,1LD
~12.7 umol CO, * m~2 » sec ' DERAIC H -~ 72, FEAR
B RIRLEHER L, ieAfED 8.7 umol CO, m™2-

sec ! TH - 7z,

ran7 4 VEER, AEMRRARSBEL AL LT
NTHRMT?2 mg * g ' FW B TH - 72,
2. EOMENLEER

EARICERROENEE B L URILEEICDNT
AL 72, RILEER, ‘BEREAE 611.248 - mm—2T
b Bh o 72ht, BARE T 497,28 - mm— TR
LA Lo, T, ORI B LU KEKOE
23, BAEBRENR LD » 2 BARE T B W TR
L &4 0.280mm, 0.113mm TH- 72,
LEHHtARKROFHBAREOESR

HIE A BBROPTHFEERRIZOWTE L RITRL
7o, MMRR=ISTSCRAE'B L UHAREA RS THE
BT&~% 1,576.0cm, 1,224.0cm TH Y, R4
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Table 5. Differences in shoot elongation and shoot characteristics after summer pruning among very early-ripening

Satsuma mandarin cultivars.

Varieties Total elongation
ari

Number of shoot

Average shoot length Average leaf number

(cm) (cm) per shoot
Tanaka wase 547.3 +48.82% 49.7+3.47 11.0+0.36 8.0+0.39
Yamakawa wase 873.57 69.5 126 8.3
Ichifumi wase 1576.0 +80.21 121.7+£3.95 13.0+0.78 8.5+0.51
Kusumoto wase 1224.0+£59.20 115.0+1.41 10.6+0.45 7.5+0.43
Douwaki wase 827.0 £54.00 76.3+£2.37 10.8x0.42 7.8+0.45
Hashimoto wase 719.3£40.95 80.3+4.58 9.0+0.30 6.4+0.19

Pruning was done on 29 July, and the measurement was done in late August. .

“ Mean = SE.
Y Mean of two replications.
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