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Studies on the Control of Physiological Disorders
in Fruit Vegetable Crops under Plastic Films

I. On the Occurrence of Stem Abnormality in Tomato Plants

Toru Karo
Laboratory of Vegetable Crop Science, Facully of Agriculture

Abstract

Several experiments were carried out using the seedlings treated with various fertilizers
under different soil moisture and or/night temperature during the course of raising in order to
clarify the occurrence of stem abnormality and establlsh the preventing methods in the
practical procedure of tomato production.

1. It was shown that the low night temperature during the period of raising was more
effective in the induction of stem abnormality in the seedlings applied with calcium phos-
phate, potassium nitrate, slaked lime, potassium phosphate, and ammonium sulfate respecti-
vely than high night temperature.

Among them slaked lime and potassium phosphate promoted the occurrence of stem ab-
normality at both night temperatures, and ammonium sulfate induced it more frequently
at low night temperature, but not at high night temperature.

2. It was clearly shown that ammonium nitrogen application increased stem abnormality
and grade of this disorder symtoms compared with nitrate nitrogen.

The higher the concentration of ammonim nitrogen, the more the increase in the occurren-
ce of stem abnormality and the grade of this disorder symtoms.

And also high concentration of ammonium nitrogen induced the stem abnormality at the
lower node.

3. The effect of application of ten grams in all combmatlon of calcium nitrate and pots-
sium chloride to the soil in clay pots showed that potassium chloride only application induced
the high frequency and grade of symtoms and calcium nitrate was vice versa. However, the
combination of much potassium chloride and less calcium nitrate increased this disorder
remarkably.

4. The more the ainount of potassium nitrate application, the more the increase in the
occurrence of stem abnormality. These tendency was more and more strengthened by lower-
ing the soil moisture content.

5. It was shown that the occurrence of stem abnormality was increased under the com-
bination of slaked lime application and dry soil treatment, but not so remarkable with
much amount of fertilizer application.

6. The effects of light intensity and amount of fertilizer application after transplanting
the seedlings treated with high potassium application during the period of raising on the
occurrence of stem abnormality showed that the development of this disorder was reduced
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with low light intensity and heavy application of fertilizer, the former being more effective
than the latter.

7. Mineral constituents were investigated on the dried materials of leaves and buds in-
cluding young stem and leaves in healthy and disordered plants treated with various kind of
fertilizers. :

It was shown that B in leaves and N, P, K, Mg, B in buds were higher content of healthy
plants than that of disordered plants.

8. From the above-mentioned results it may be concluded that the stem abnormality
develops through two process; first process is the lowering the boron content in apical bud
which is reduced by the inhibition of boron absorption by roots under heavy nitrogen and
or/ potassium, alkaline soil, dry soil and low night temperature respectively or together,
second process is the vigorous growth under high light intensity and moderate fertilizer ap-
plication.
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Fig. 1. Typical symptom of stem abnormality.
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Fig. 2. Grade of disorder symptoms.
0. Normall

5---Stem abnormality.
1.--The most light symptoms
5..-The most heavy symptoms
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Table 1. The constitution of culture solutions

Treatment N souree P K
i Ca(NOy). (NH,),HPO,
N- 50 ppm 50 ppm 0 ppm 0 ppm | 200 ppm
100 50 350 55 200
200 50 150 165 200
300 50 © 250 275 200
400 50 350 385 200
* Fertilizer source: P...(NH,),HPO,, K...K,SO,, Ca...CaCl,
Mg...MgSO,

* 1 ppm Fe, 0.5 ppm of B and Mn, 0.05 ppm of Zn, 0.02 ppm of Cu
and 0.02 ppm of Mo were added to culture solutions
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Table 2. Top dressing of fertilizers with Ca(NQOj;)q and KC1

Plot N: K Ca(NO;), KCi Total

no. g g g
1 10: 0 5 0 5
2 8: 2 4 1 5
3 6: 4 3 2 5
4 4: 6 2 3 5
5 2: 8 1 4 5
6 0:10 0 5 5
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Table 3. Ap[}lication of fertilizers with KNOs, KHePO4 and Urea

Lime* Symbol l Amount | Fertilizer composition/pot
g/pot g

0 KNO; 0 4+ KH:PO,
3
6

Urea 0 + KH;POq,
0.9
1.8

KNQO3; 0 4 KH:PO,
3
6

Urea 0 4+ KH:PO,
3
6

NPK

UPK

NPK

UPK

O WOl WOl w oo w
O WOl WO WO O WO

* Lime: Slaked lime 5 g/pot
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Table 4. Effect of various kind of fertilizers on the occurrence of stem abnormality

A Temperature Low Temperature High Temperature
No. No. Grade of| No. No. Grade
of Percentage | ;. Percentage
. Items of . disorder | of plants of . of
plants disorder . . disorder .
h . | plants symp- investi- plants disorder
investi- | .. occurred . occurred
. disordered toms gated disordered symptoms
Fertilizer gated
No fertilizer 3 1 33.3 5.0 5 0 0 0
Calcium phosphate 4 2 50.0 4.0 6 2 333 3.0
Potassium nitrate 4 3 75.0 2.7 6 2 333 2.5
Slaked lime — — — — 1 1 100.0 3.0
Potassium phosphate 3 2 66.7 4.0 6 4 66.7 2.8
Ammonium sulfate 4 4 100.0 3.3 4 1 25.0 5.0
Total 18 12 | 667 — 28 10 35.7 —
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P, ERRRTREEMIETI00S— %> F3ELTwE0IH L, BRERTR 25—+
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A LRTOITH L, WEMET &Y TRREE LK VOTRENHEEL LN,

WEEGIK, U v Bh ) I TRERDOEGNT EREKDBNEA Y ORI KA T IS %
EATwB 2 RTIDTHA5.

2. FoUEBORE

BT 2= TEF » v CHHT 2 ERERIEL, BBEIELIH. Lo LIKES
gV DHIMLTL B ERBICHERSHEBEIET L, DVICHIER LA %5,

TYRZT AL Y DEABED I EHEICHEE L Tw S (Table 5).

Table 5.  Effect of nitrogen source on the occurrence of stem abnormality

Plot I:fo. lo\}o. Percentage Grade of
NO;-N & NH,-N ' disorder disorder
no- plants - plants
investigated disordered occurred symptoms

1 10 0 10 0 0 5

2 8 2 10 0 0 o

3 6 4 10 0 0 0

: : 6 1o 2 20 1.6

: 2 8 10 7 70 2.4
0 0 10 10 10 100 36

3 ZUVE-TFERF.VEEORY
TYEZTEF Y DRENREEIRONT, BERIHUTEIHLI IR TEL, BHEM
DGR LT BRI DFBREMMIMET LT BT oA bif- (Table6). LHLTre=7HF -

Table 6. Effect of concentration of ammonium nitrogen on the occurrence of stem abnormality

First node .
No. No.
of of Percentage Grade of occurred
N concentration disorder disorder disorder
plants plants ccurred symptoms symptoms
investigated | disordered ° ymp ymp
(cluster)
50 ppm 3 0 0 0 0
100 4 0 0 0 0
200 7 0 0 0 0
400 10 10 100.0 3.8 2.5

v YV IREET 200 ppm LUF T4 { SeE A b it b o 7.
4 FovENVOBROEE
Table 7 IZA LN B LI ITHBEAIKL D 3HILD ) T ELONTH P RERIEEFEIH. L

Table 7. Effect of ratio of nitrogen to potassium on the occirrence of stem abnormality

August 17 Sept. 12
No. First node
Plot of Percentage Grade Percentage, Grade occurred
N: K ) of . of .
no. plant disorder . disorder . disorder
- . disorder disorder
investigated | occurred occurred symptoms
symptoms symptoms (cluster)
1 10 0 10 30 1.5 30 2.0 3.0
2 8 2 10 30 1.5 30 1.5 2.0
3 6 4 10 50 2.0 50 2.0 2.0
4 4 6 10 100 2.5 100 2.5 3.0
5 2 8 10 100 2.0 100 2.0 1.5
6 0 10 10 50 3.4 50 4.0 3.0
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TedioThH ) ORBHRE LWL I KEDLNDY, L) THBAKEMALNL L, 3, 4,5K
KHLND LS ITHAERBHMT E2EPL Y TEHL, SROXD CRAMBEIETL, HHLLFL
EBLHITHB. R

5. WHENVDBVLELSUICLBKIOEE

EHRRETHEH S NL L, HEREONTHELRERSMST 2ELY TE, HELEDS
\n,

F K CBMR R L, MBS ) DBRITL > T—BRET BHMHA b s (Table 8).

Table 8. Effect of amount of polassium nitrale and soil moisture stress on the occurrence of stem abnolmality

No. Grade First node
; Percentage of occurred
Soil misture KNO3 © disorder . disorder
plants disorder
investigated oceurred symptoms symptoms
. l (cluster)
.0 10 60 3.0 2.0
High 8 ‘10 80 4.0 3.0
845 10 80 35 3.0
0 10 30 2.5 2.5
Low 8 10 20 2.0 4.0
845 10 50 2.0 3.0

6. BXOHE HERLLICIBKIOEE
EOHBREFRARITEAIBL BN EFE L SpEHSMNT 2MEBEALND. AKEMAT S
EMMAR L Y RERBBBH A LIBOERBHA S L L —AREBYEINLLITH S,
WEIERHINT 2 OoNTHRERBE T 2RSS NS WEKMAITL > T—BREVHEZ
NTwna L) itEbs (Table 9).

1. EHEBOBBOMIBIUHEIEROEE _ ‘
VBRI LEEWEITE > THE LR TVWEEMED, INEHIEROREZIMBLNEARD
HMEORELZEICER LT, THEOBRESWHICHEIEET 50 R L #R Table 10
DEFDTHS. ,
WRRBENEREBNHEINL LS T, BRMWETFTT 2L —RIONHSPREZINLLITS
b, WEBEIIOWTIRERLAHOEASALN L.

8. HAEBMALBIIRBELONR

FEMXTEL L FFERZEVWTF oY, YV ¥y, A, AKX FL, WEREFEEI N, ZE
CEWTY) B REK L Y ERBED % RS O NI UL RS T—EOBEB AL LNENL,
ETHERSB) BT TR/ IV E L BEVWERTS > 7z (Table 11).
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BHEROREREREZRITHT EE3T 5 2 L4 Tabled 1 L8 Table ) DR LWL 2
ZhEH bz,

—% Table4 THEMAR TRHIERED & XBARAERTD -7 b ONFHE T TRE L  Fatk A
BLTw3., Z0L3EWPTo7 == 7EF v VIBHOENED ERFELE L EHEICHEFRL
TwT, Table5, Table 6 KALNB LS T vy E=THBF v VY RRERLEHD LA, BBEF -
VTREE LIS WZ EBHEPOLNRTVWD., LELTr2=TEBF vV THREBETHERE LI
{n (Table6) Z L %% 22L, Tre==THBFy VIENOBHANKEEZREERLEEZE3DL
Zzbhd, IThRABOYOHEL—HTE. Lt TBIEXHCREF v VROV TWL
HEBEF v vOoEHBZE LWL, ZIRLEVWI LTSS,

% 7z Table 4, Table 7, Table 8 DiERIEH YV OZAVBBHERORETHE L T 5.
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Table 9. Effects of amount of fertilizer, slaked lime supply and soil moisture stress on the occurrence of stem abnormality

No. No. | Grade First node
Soil Slaked Amount | of plants| of Percentage | of occurred
moisture | lime Fertilizer Ipot investi- | plants discoder disorder ;ilsordcr
ymptoms
*1 *2 gated disordered| occurred symptoms (cluster)
0 10 5 50.5 1.0 2.0
NPK 3 10 4 11.0 1.0 1.8
6 9 1 11.0 1.0 1.0
+ 0 10 5 50.0 1.0 1.0
UPK 3 10 1 10.0 1.0 2.0
6 10 1 10.0 1.0 1.0
Sum 59 17 28.8 — —
Wet 0 10 0 0 0 0
NPK 3 10 1 10.0 1.0 2.0
6 9 3 33.3 1.0 1.7
- 0 10 0 0 0 0
UPK 3 10 2 20.0 1.0 1.5
6 10 2 20.0 1.0 1.0
Sum 59 8 13.6 — —
Total Sum 118 25 21.2 — —
0 10 4 40.0 2.5 1.0
NPK 3 10 7 70.0 2.0 1.2
6 10 6 60.0 1.7 1.0
+ 0 10 4 40.0 2.5 1.0
UPK 3 10 5 50.0 1.2 1.4
6 9 6 67.0 1.5 1.0
Dry Sum 59 32 54.2 — ] —
0 10 0 0 0 0
NPK 3 10 3 30.0 2.0 1.0
6 9 2 22.2 3.0 1.0
- 0 10 0 0 0 0
UPK 3 9 2. 22.2 1.0 . 1.5
6 9 3. 333 1.0 1.0
Sum 57 10 17.5 — —
Total Sum 116 42 36.2 — —
*1  slaked lime 5 g/pot .
*2 NPK3: KNO;3;3 g+KH:PO, 3 g UPK 3: Urea0.9g+KH:POs3 g
7 6 ” 6g ” 6g 7 6 7 18¢g ” 6g

Table 10. Relationships between light intensity and amount of fertilizer supply after transplanting and the
occurrence of stem abnormalily treated with heavy potassium supply during the period of raising

No. No. Grade First node
Light of of Percentage of occurred
et Fertilizer Amount plants disorder . disorder
Intensity investi- plants occurred disorder symptoms
disordered symptoms
gated i (cluster)
Ammonium | Heavy 10 8 80 2.5 2.5
sulfate Low 10 10 100 2.5 2.0
. Urea Heavy 10 3 30 2.0 4.0
High Low 10 - 10 100 3.0 2.0
Calcium Heavy 10 7 70 3.0 2.5
nitrate Low 10 10 100 3.5 2.0
Ammonium | Heavy 10 2. 20 1.0 3.0
sulfate Low 10 8 80 2.0 2.5
Low Urea Heavy 10 0 0 0 0
Low 10 7 70 1.5 3.0
Calcium Heavy 10 3 30 2.5 3.5
nitrate Low 10 9 50 3.5 3.0
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Table 4 O{&5, Table 8, Table 9 D%k, Table8, Table 9 TOBIEHED & i OFe4: L i
RLTYw2ORMEORR e —HEE LTI DLELOND.

INH ORI Table 11 OMFEER L LBT 2 &, WEORNVBEEEI LT, LEADOHRRIT

Table 11. Chemical analysis of leaf and apical part of bud in plants with or without stem abnormality

Bud Leaf
N%P%K% Ca% Mg% Brlfgf N% P % K% Ca% Mg% Brlg
Potassium Healthy |[6.56 1.23 342 035 040 123.00| 408 051 225 5.15 034 51.75
phosphate Unhealthy |6.47 0.88 290 0.12 032 51.16| 439 0.50 2.10 548 029 25.00
Potassium Healthy [6.3¢ 1.30 3.00 050 0.39 93.75| 4.08 0.39 235 584 0.38 32.50

Treatment Disorder

nitrate Unhealthy [6.16 0.76 2.80 0.15 0.32 56.42| 447 049 210 620 0.28 2875
Ammonium | Healthy 895 1.45 368 0.28 045 75.00| 4.00 0.45 248 502 042 37.50
sulfate Unhealthy [9.24 0.68 3.35 0.06 0.34 56.25| 3.56 065 242 4.58 048 26.25

Calcium Healthy 692 142 298 0.38 034 9840|578 058 255 5.15 037 39.38
phosphate Unhealthy |6.70 143 2,72 0.18 030 57.50] 5.31 0.51 235 5.72 0.34 "28.75
No Healthy 662 140 3.00 0.28 040 80.00f 485 049 270 525 0.56 32.50
fertilizer Unhealthy |6.62 0.48 2.80 0.08 0.34 56.88| 6.08 0.60 2.80 5.17 0.38 25.82

A—F v OMIMNOPHE > THBEBBAKE S L&D TRKMBOBITHEC L 24:E MO
—BHRERICL > TEDERORELEZLIDLEEDLDNS.
INLDERREBOWOZEEDOS LOWThLER ERRAL, ELIZF vV ERNED,
EHWIEZERE LR ERBEBEVEVIRE LE—H L T i
RELPTVWER* Y oW TH Table 10 0L 5 I ABFRORBFCRFEENELLRLET
w3, THRABOETIEE > TMERZSIRE LI, W LW ZBTWEBRABS EHRE
¥R EBDITHLL, BRIZL > THEBTHIPHERTTNERENRT L LA DD
FTh3 THALLBHERABIEM L LTWMEOLECREBSFERI N, B2RMELTHY
IREORE-- B, g, HRONEE, BEZEVSLOANERELTHIDEED
nz.

ULBET2REREMLTETCpH BT b ) Ekotch), TYE=TETF Yy vy BBTERY,
AVEZRLEY, H50RBIELTERY LUBBHORRMNRT 85 YA E D ERELPT V.
WA, EREOLS ARNEEET 2AERABHEHRORE LT EHEKLETS. IOk %%
BHHHPEBRIIRELTL B ERELT 230 LBDRS.

i =

BHERORBEBMELW O, ITT 70, BHHPORMOME WAREH,L S & & ITHEK
& REZIPLTLAE L TEML, BHEROBEOHEERIT 2L L CERBOBEOR
BIZONTIRHF ML . .

1. ) ERK WEY, MEBAK Vo8B, RREMTZAZAMBICELS LK
RELTERLEBERERMT AR LTEE L ER BRERBEREL ) BRERLRT L L]
CHER, U VB Y RO MBI L D AR THMIE TS, RERIERENEROR
HhR LB ERERTREENE LR '

2. FouVEBOKBELLILDIL, WBRBF vV ETryE=TEF YV LEOH%10:0,8:2,
6:4,4:6,2:8,0:1006i@hITHTTHL, ToE=THEFy Y OMMAEED EHORLEL
LbURBELBOII LR DT,

3. TryEZTREFy VEBEDOEBYLLIHITF v Y IBET 50,100, 200, 300,400 ppm @ 5 X
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AT T LR EREDOT v 2= TEF » v HE L RERL L UVHERE*HO TN
Y Th L, FeEMALSEMAALL FEEIETRnE., L L 200ppm BT THBEGALNE
7.

4, THEBRAIREBEAAN ) EOREITL > TEDL S ITHEITHBT 20 %RE L CH 2 LHEBA
KTk BENAohtvnd, Hh ) OLDOEFARERIHML, HBESFLIEL L E>Tw
5.

mmwurm&ambmbaa?L<%n%#F<&91w5# BEERELH ) DHOYE
LIHWBELTVS.

5. WEA VOBV EIWMKIOEBELLE, WHBHIIVBTHIND ERENFE LML,
WARIMEIZ L > T L FESHML, HEBEIVELZ> T3,

6. BKEMOAYE WEXOZVELVLWAGFOEBIOWTHEL CH 5L, ARIEAL
XK FOBMYHE L RETHD TN B, BEROZBLIXOWTREEZIE ERENHN
BEAAEDLNE300Z0FMBEHEHFELL K. -

7. AV EBALTEEL, %ééﬁ@%&L??mﬁ%Mﬁ@ﬂﬁ,ﬂ&#x%tt%kﬂm
DRI HIDPRIE =Y REMLTABE, EXTTRE L RESMHEINEIEHD T
L, ZRRETTIMHMEN T 5. R, REDLLCHBAKDEEOHTHRIRFKEFE Tl
et L b s L5 IBbLNS.

8 HIHRIHRLHY ek EVRBRIXATTCELIVFEZNENRTRL, EHIO
WTH T LT
L TR E VEHOMCBMRLUA—EOHARALONE Y. TEDLL ) FROEOWME SR

Haetkoznt b 3Vin TRFETCRPEHRIZSORIFCRF Y, )V VB 2, FHIK,
Wk, METXTOGRBD % .

9. ULOHMRIVBILERGHLETHIIHZEBEOEBIFELOLND.

WIBH 27y, 25, 27022 TEF VHEEL EORBEERICL > THEORINA
BRI NTHRYOLEESOMESRAMET T2, LIWOER, FREBITLBLBOT vH Y (L,
HINEEEREZ OWMERN L T2 THBRT2HMEHD 5.

WM 0L ) RABR TROBRSEA L LIRS, BE, HRYBER, SiE% L CHERITR
HIONLERATLLIINARD., BB EIILIVEFHABT CHBESTFDOONDL I L EE S,

Lictio THIFEOBRPAFMEINENL I RBNT L ENBHERBETH LT EE —$L %
BIDEHELBD. '
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