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Development of New Irrigation System
based on Water Relations Research for Citrus
Fruit Production

Kunihisa Morinaga
(Course of Applied Plant Science)

A new cultivation system using drip irrigation and liquid
fertilization methods combined with year-round plastic
mulching system (DLYM system) was developed, expecting
high quality and stable fruit production based on the
research results on water relations of Satsuma mandarin
(Citrus unshiu M.), where sugar accumulation in fruit was
caused by an increase in translocation of photosynthates
into fruit under drought stress.

Water and/or nutrient solution is automatically supplied
through the drip tubes laid under mulching sheets to give
adequate water stress. Fruit quality was well controlled
through the DLYM system. Sugar content of fruit increased
by 2 Brix %, and functional components such as
B-cryptoxantin and B-caroten increased by about 50%
compared to juice from fruit grown on control trees. In
addition, new technologies were developed, such as
hydraulic design support system and water stress indicator
sheet.
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Fig. 1 Change of water potential (A), osmotic potential (B),

and turgor (C) of peel of satsuma mandarin fruit grown
under well-watered (O), moderately drought-stressed
(a), and severely drought-stressed () conditions.
Each point is the means = SE of the three peels, each
from a different fruit.

BTHbEEZLNZY, LzdioT, EEREIZBY
THHRT R VIS A ML RRBERRIFFTE L L)
AKREBNLELTMEEHO/ZDIZIIARTRTH L L
Wz b,

—FTlE, WmMNIH DA oH o F v (hpd s v
FYRE) FEMI A ERLE ST, KRFICET A G
MEDDOTHELZ L., SNSDH VF Y TIEIKRSEMELD
bREOHIE LY IHEEII RS AEMICHY, K
SFMOZAIC & B REREE OB R RITEN I A XD

FEILKZRFEFME|®E  Vol. 102

Tk wz s, 2205 OREIZRKEVHHREMEC
BNDL NS, WEE TELLT#E, REORPAM
W D723 AKELT) TENERETH L.
COEITH X YOMEE, HELVFRICE o ThrA
KOVEY, LERIZRLZ > TS0, WOz
5 WICRR G OIS T & 2 0 AKEEDEET
H5b.

2. WX VERICBTBIDPAKFERELTORY v
hAK

196048 2> H19704EARHT - F Cid, IRIN I 7 > o Efill
FAZL D, BRIGEPIRELLMELAZZErSEMNI P
VORI ZAUNHEST L, ZAUIES LTl A
BHizk, A7) Y7 FOEANED NIz, AT v
7 G A SN YIE, FEAEEMNI S TED
PR - R D BIE L LB e L, F—0h Ak
HE R BHBRIEHE N E o 72 IS, C o L FF IS & 2 RhH
WEposz, LarL, N3 o > OMitEEERIC & 2 if
AT vy OB ARCIENI A o Th B4, S
Mk TRIEAILRL, il - RO LA BHE Z %
5 T B XD ATRRLBI B O S FIFH B9 7 L BEPEAMEK T L
T, LLAMATHHIZHATE 2 ANBE 2 A KSR
EFRETLEOAONTEL. T AT V7 TD%
1B 2 304F DLkl L 72 36 R e C I BcE & # o %1k
WX BIRAKRDOE S EOMBENEFLLTWwD LI A
RoNs, EHICHBEBTLEIR N v 7 (H#H) A
AN C & B KR & L C LR B % o KR o w] 45
Migm SN T 5D,

) LIATY) ¥ 7T 0 AIKD b OFRE R R b M
THIR SN2k R EORER2 S, FEHEHITS 5 IR
DEWKY w THAKDH VFVRENDEA ZBE L
720 KUY THhAKEZDO L [ 7 OhAdN]
O—oODFEEE LT, b EHFHOL T A 7%
F—APF)T AATINVEETHRELTEZLDT,
DOET b FEFEMEE DO EFIE 2 Ee i e LTHA S
NTWpY, ZOFKERL: EOFSIERE < 205 M
BUIDLDPAKTTTIZED LN T WA,

CHETRY Yy IPRAKRTIIEM D GO TEH L DR
MBS, FHE LT, 1) DAKSERGN S, 2) i
BRI B AL, 3) MEMEIBAT S, 4) W=,
mMENE LTS, REPBHITLENTVD,

COL)nEROS L, KIEMEROREEZ 7 > F &
FEHT\Z BT B L e AR RE HIW, S7E) 41 iR - 729 72
BPAKFTRELTRY) v TRAKY AT 2085, &
ANzt 7z.

3. Ml AKEM <IF - FUYTHAOREE

WL7zEI, ArFyvohThEICENI o

Hil
REMEIBEOKTIRREIZRE CEAEN, KA T



February 2013

B2 xVKPEREE A KEM 55

20.0 -
— 15.0
&
o
.S
=
2
—~
k7]
A 10.0
O
5.0
0.0 =
g
= 2
o %)
5§ e
= - o
3] o] 5
E = &
Peel

1 i L] |
19] 1]
5 (5
g B 2 g B A
et 0 O b 17 O
8 [} H jl_,) o =]
< = @ < = »
= = O] 53 o )
1 ] ~ | 0] —
= ° 3, = © o
2 S a>.> 5] S %
E = & E = &
Locular Juice sac
membrane

Fig. 2 The distribution percentage of the assimilated 13C in peels, locular membranes and juice sacs of satsuma mandarin fruit grown

under well-watered (open column),

moderately drought-stressed (laterally striped column), and severely drought-stressed

(shaded column) conditions. Each error bar indicates the mean = SE of three tissues from a different tree. Peels, locular
membrane, and juice sacs of satsuma mandarin fruit are shown in a schematic diagram.
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Fig. 4 Satsuma mandarin orchard installed with drip irrigation and liquid fertilization methods combined with year-round plastic
mulching system (DLYM system) . Ehime (left), Kagawa (center) and Wakayama prefectures (right)
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Fig. 5 Effects of DLYM on sugar content, acid content and sugar/acid ratio of extremely early and late matured satsuma mandarin

fruit.

DLYM : drip irrigation and liquid fertilization methods combined with year-round plastic mulching system, Control : not using
any irrigation system and mulching. Extremely early matured satsuma mandarin : Nichinan No. 1, Late matured satsuma

mandarin : Aoshima Unshiu.
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Fig. 6 Water stress indicator sheet affixed on abaxial side of leaf changes color depending on the water status of citrus trees, for

quick check.

The indicator is based on the fact that Cobalt (II) chloride changes its color by hydration reaction.
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Table 1
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Effect of drip irrigation and liquid fertilization methods combined with

year-round plastic mulching system (DLYS) on respiration rate of sat-

suma mandarin fine root.

Respiration rate of fine root
(umol Oy/g DW/h)

August September
Root below drip orifice (12kg N/10a/Year) 30.7+2.5 31.5+4.6
Root away from drip orifice (12kg N/10a/Year) 25.1+4.2 26.6+3.0
Root below drip orifice (20kg N/10a/Year) 28.4+1.3 28.4+3.4
Control 17.340.7  17.2+4.8

(No DLYS cultivation, 20kg N/10a/Year)

N =4, Average = SD
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Fig. 7 Mass management shared use of liquid fertilization system combined with plastic mulching of citrus orchards.
The aerial photograph is mass management citrus orchards (above), and the orchard map (below) .
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