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STUDIES ON THE REGULATION
OF THE UNDERGROUND TEMPERATURE IN THE POT

Il Results of the Cultivation in Autumn, Using Wagner Pot

Haruo Suzuxki, Ryoichi TANABE and Masaki UEHARA

There have been only a few reports which demonstrate the micrometeorological relationships
between plant roots and soil environment in pot cultures. The objective of this study was to
elucidate the effect of albedo on the growth of radishes planted in Wagner pots. For this
purpose, four pots of different conditions were prepared, i. e., the outer surface of the pot
was coated with a black lacquer, covered with aluminum film, covered with soil by buryng
the pot in the ground and remained uncovered. On September 12, 1975, radish seeds (cultivar
Shiju-nichi) were sown at the center of pots and four portions (east, west, south and north)
from the center and equally distant each other. At each portion one seedling of uniform size
was left and used as plant materials afterward. . Observations terminated on October 22.

The ratio of solar radiation onto the outer surface of pots changed at every directions during
the observation period, resulting in the change of soil temperature environment in the pots.
Similar trend was observed for soil in the non-planted pot, indicating that, in this case, the
radish growth may slightly affect the temperature environment. The growth of radish roots
was most superior at the north portion of the black lacquered pot, among all portions and all
pots examined, as measured by fresh weight on October 22.

It was proposed that for the growth of plants in pots two factors should be considered, one
is the conditions of outer surface of pots and the othgr is the location of plants to be grown
in pots.
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2,
Q= g So{cos 2 cos (A — B)} d¢ 3)
MATGED)

LORDBCENTER, ZOBEADL Si=1EdNITBEETORHBR sin 2 Th3, 7K LIASBOHARICK
BRI NES TS 3.
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Fig. 1. Distribution of daily amounts of solar radiation in each
direction at the pot wall, 1975.
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M+ BXROEBF BRI BT 3 Pot MABRELLE RT 2%, ARIEH Pot i T 10 cm DN R F 18
EZ% TablellicEb L7z,

Table 1. Variation of the five-day average of soil temperature during the “shijunichi” radish
cultivation (°C).

September ‘ o October
Number of days ;
13—17 18—22 2327 23—2* 3—7 812 13—17 18—22
Max. 34.2 31.4 30.7 26.0 23.5 23.4 23.3 181
No. 1 Min. 18.3 19.4 18.7 17.9 16.2 14.6 11.5 12.4
Mean 24.9 24.3 23.7 21.4 19.0 19.0 16.5 14.9
Range 15.9 12.0 12.0 8.1 7.3 88 11.8 57
Max. 39.0 35.8 35.4 20.2 26.5 25.8 27.0 20.6
No. 2 Min. 18.3 19.4 18.5 17.9 16.3 14.6 11.6 12.5
Mean 26.9 25.8 25.4 22.6 20.5 19.8 17.7 15.9
Range 20.7 16.4 16.9 11.3 10.2 11.2 15.4 8.1
Max. 32.4 30.6 29.8 25.6 23.3 23.83 22.6 17.9
No. 3 Min. 18.7 19.5 18.8 18.3 16.5 15.0 11.9 12.6
Mean 24.6 24.1 23.5 21.5 19.5 19.1 16.7 15.0
Range 18.7 11.1 11.0 7.3 68 | 83 10.7 5.3
Max. 27.7 27.3 26.7 240 22.3 21.9 20.2 17.8
No. 4 Min. 221 22.2 21.7 21.2 19.1 18.6 16.2 15.2
Mean 24.8 24.6 24.0 22.5 20.7 20.2 18.5 16.5
Range 5.6 5.1 5.0 2.8 3.2 3.3 4.0 2.6
* October 2
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Table 2. Temperature ratio*! of cultivated to no cultivated in each plot.

Plot x ¥ x2%3 xs*4

No. 1 0.97 1.00 0.98

No. 2 0.99 1.04 1.02

No. 3 0.98 1.02 0.99

No. 4 0.95 1.01 0.98
L.S8.D. (0.05) 0.03 0.02 0.02

*2 ratio of maximum temp. in cultivated
* ratio of minimum temp. *4 ratio

*! calculated on the basis of fine days.
pot at 10 cm depth to that in no culitivated.
of average temp.

FRHORIEER 2 i, 2ETHME =580, B Pot Ryt T 10cm OBMIHEE (8, 10, 12, 14,
162 WEMFE) &, A0 BRELOBIRRERD, Table 3ikcERb L.

Table 3. Relation between daily amount of solar radiation(x, cal/cm?-day) and average soil temperature
in the day time (y, °C).

Plot Sep. 13 — Sep. 23 Sep. 24 — Oct. 5 Oct.6 — Oct. 17

No. 1 y =2.39-10"2-x + 19.2 vy =0.82-10"2-x + 19.8 v = 1.89-10"2-x + 13.4
(r = 0.91%%) (r=0.61%) (r = 0. 79%%)

No. 2 y =3.62-10"2-x + 18.0 y=1.61-10"2-x + 19.6 y = 25.8-10"2-x + 13.5
(r = 0.86**) (r=0.71% (r = 0.88%*)

No. 3 y = 1.78-10"%-x + 20.4 y =0.48-10"2-x +20.3 y =1.52-10"2-x + 14.0
(r = 0.86%%) (r=0.36) (r=0.72%

No. 4 y =0.81-10"%-x + 22.4 y=0.13-10"2-x +21. 4 y = 1.14-10"2-x + 15.6
(r = 0.67%) (r=20.16) (r=0.68%)

TRHIT X 5 & EFIHIIE EHHE 100 cal/cm?-day X L, No. 1T 2.4°C, No. 2T 3.6°C, No. 3T 1.8C, No.4
TO8CDBRELREAAICEIEE, Uhl, EFRBRE313E, BHBREI 2 IBEF0 FREREL, &h
B x DFEBIC EDLITH 3,

(3) THEEORZEL

Pot ADHFE T 10 cm B 3 drd, BELD 2ecm NRIOEFEEILTOBENE, 98 258120 T Fig. 2
SR U, BThil, SREEROLOTHS. HHORERNEIT FHKRER21.7C, BHEKE 26.4C, HESE
16.9°C, EJBEEF 11 B3R, BHHE 409 cal/cm?-day TH o 72,

b, FRES KM S 6 EEE T3 BT X 2 #8020, Pot B & Pot PIHIEE D > OFdic & +i%
BEREFT 22 HMERBEOSKBOERIBEAER. ULHL No. 413, BRUBICELD, Pot NOKMAH0C
PricRicnt., 6KLlE, BHCIZZANTTATL 34, FAERMOZNEFICHLN TS, F7- Pot BEE
OEHMNOTEBEAA 5 &, FHEIFME RSHIcEHEE202, AKCZENTIOOT, BERBORX TR
Pot AEMEDOFRENSEDLREL A5, &K No. 2 TENBBEETH o 72,

RICERBEOREMRZIL No. 2 DFEHEICBNTREL SI0BICA LD 5/, No. 1, No. 8 Tixzhhs 14KE
THY, I0RFORETER, EHMSOBERMOMEALVERELIL Tk, T, FMAORESEEICKo2%d
FERELSEMICET LI o 2Dl 3 TREZOBAEIR—EBHIIBNTH 07 BHRICGE LT Pot Hhs
LRNCRERL, Uhd Pot NOKRBGEE « FNMICGENSER» SOREHE IR EZ EHEL OGNS,

No. 4 Gl Pot REHMAMHOEZERE, BERUEDLDITEEALESH LN h oIk,
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Fig. 2 Diurnal variation of soil temperature. C: Center of the
soil of the pot. Other symbols show each direction.
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Fig. 3. Vertical distribution of soil temperature.
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(4) Hh#THRBOELEL

LR O Pot Whific 1) 2 kbR %, &0 9 F25R &108 148 ~158 OEAKER» SHIROE
SlEfe, HEhcEAENOELSE L, BMERAZOHEATZBETO, B HOEELHEFOS 3HIIC, dk
RABNEREZ, &, tLBCBIBZCORELY 6, 0L L, BEABREOTEOREREC, £, LEBICBY 31

Ro#fit U, U, E7Hhid,

U,—Uy=CH(H:, — Hy)
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» B3R, Table. 4IT/RL7e.
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Table 4. Daily variation of heat quantity (difference to diurnal mean value) in the soil (cal-cm-2).
(Sept. 25, 1975)

P e o | 2 4 6 8 | 0] 12| 1| 1| 18] 2 |2

No. 1 4 | —11 | —48 |— 76 |— 90 | —15 31 69 74 56 8 | —-21
No. 2 —20 | =85 | =76 |—101 |—106 | —15 43 99 123 81 21 | —20
No. 3 21 4 | —42 |— 64 |— &8 | —H4 7 45 60 64 15 14
No. 4 27 18 | =20 |— 34 |— 41 | —10 2 11 18 25 17 14

(Oct. 14~15, 1975)

e N ENE R 2 4 6 8 0 | 12 | 14 | 16

No. 1 52 217 4 | ~-10 | -23 | =35 | —49 | —50 | —30 | —13 35 35
No. 2 69 31 8§ | —18 | -8 | —B50 | —66 | —66 | —18 31 62 60
No. 3 50 39 18 0| —-15 | -3¢ | -3 | —48 | =35 4 15 36
No. 4 27 15 8 1 (—8|—~2 | —22 | -2 | =28 | — 6 25 15

B, 9HABHOES, Hh#BEOR AR No. 1 & No. 2 TiZI6HHIZ, No. 3 & No. 4i32h kb 2RMEEL 18K
BHbhk. #LTCNo. 1 ~No. 4 TTOER BT 2HPHAEDHBEEIZZNLN 164, 229, 152, 66 cal.cm™2 T No.
4BBENEL, No 1 THROKREP o7, 2LTNo. 2, No. 3, No 43 No. 1 D2NE{ 140, 93, 40%TH »
7z,

F7:10A 148 ~158 K TRIBHEEOERZIVTNOR B UEDISFIKELATED, £ LTERIE 5
#HEORKEE, 9ARCHKRLUTEHBORLICEDEY, WINGHRBHI/NS P o, No. 1 ~No. 4 £TO HEZE
BEhZFh 102, 135 98, 55cal-cm™2 T, FXOMEAIZ9 ABEDOEAELFAKTH o7, 7B No. 2, No. 3, No. 4
2 No. 1DZ#NEN 132, 96, BABTH -7z

(5) HhekBEOHED

ZIXD Pot RHIFEKBOAHE MBI RETH 20T, AFHEENPN 1BHC Lic HRWIER Pot ©

T 10 cm BEDQ B AR U, SKBEEEGRIC K > TRD, Table. 5 R LU,

Table 5. Seasonal variation of the soil moisture content (%).

Plot Sept. 19 Sept. 25 Oct. 6 Oct. 14 Oct. 22
No. 1 24.1 19.5 22.0 21.8 21.7
No. 2 21.6 20.3 18.6 21.8 21.0
No. 3 18.5 19.2 26.9 21.5 19.6
No. 4 20.0 24.6 30.8 26.0 26.9

Bib, SERoMED, OO E D Pot WABRE G U BBRELERE, 108 6 BRARA Sk o/
2, CRREERBISLFIOSREH L2 DEZLON S, Tz No. 4 BIFRHRESEKRATRE LA, Thid
BERNE L ZHKRRTEYD, %ld 3L 5K TERBEOETHRICS ZhoZBEiE LI,

3. O+EXBROEFLETCRE

MEEORB

RIERIZDOOTI, No L~ No 4, BEUE Pot HOHE, Pot B2k D 2em RMORERILO MAMICBT 22
RIFEAEH ONE Dot BRE®S BT No 1 ~No. 4 T Pot BERAFEET, 2hEN 92, 94, 91% THo
7.

b oEBELERR 1 Pot NTEHMS, BEOAFTERLTH S LHRERSLE LTEL, ER, TEREOVLTE
Bl (Fig. 4). $4bb, SRO Pot HRCHBNT, BEid, HEBBOIALEMSERLLIIFERET, 985
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Fig. 5. Status of the ‘shijunichi’ radish cultivation
(Oct. 22, 1975). A: no treatment pot. B:
black coated pot. C: aluminum covered pot.

Sept. Oct. D: buried pot.

Fig. 4. Seasonal changes in growth status.

I3RS TH dem TH o7, BRKE (No. 2) B llem TEL, AFERIFTAM /. LiL, Nol,
No. 3 TIZAHEHION O 2 ¥mICH 24cm 1K o 70h8, No. 22 OB ZNSDR EIFEAEERIBIELE S
ThY, 10823 B em IELZ. 538, No. 4139 ABHES S EFRBEZMIT O RET, 10A228%T
4em BETH- .

GRS D 123, BERRBIC X B Rk ig, iﬁmm41¢ﬁ£@@®&%i6ﬂé

R, MELRNLE IHTREEEG S ﬂet&b b, #E, , No. 312 HBTEKNIITZLEN
22.9, 6.6cm & 22.7, 6.2cm T No. 213 21.5, 6.9cm THh o 7.

Pot RHBLIAD HES S EIRITRBREEITH o 7o, 7o/ N HgIT BN TIE No. 345, No. 1, No. 2
CHEE L TP RETHD, No 4139 HBAEM SIZIZHITOORETH o7, 2T, Pot lil], BLUFH— Pot
FHEIC BT B IEIT Pot HITFEREIASE JIT LA RICE~ S

OBEREOHER

10H22 R ICHIK T OEMAE LTSV, £ OEH% Table. 6 TR L.

zhick B L, HIBWRTE, HMUFERTE, MRE MEQEERMEO No. 4 WEWTKRERENS LN, ABHREENED

. BB E UTHEERHTTBIDVTA S &, Pot IAEBIDZEREIL No. 1, No. 4 WO BRI b A SHICE
mf@&aﬂmmat.imm%@bfi,%ﬁmNQZ@qum R Pot HDC, S, WEOKTHY, &5
IKNo. 10 C, N, E®No.3DC, NEVKRTH-T, 2FKMEENLT, SEOHEAAR L. el
Nozmsmﬁm%aiﬁém*< TR ST, Pot BEMEBMFIC & 5 HEREOEBMEL BbHh 2. BB
HE I o AR IR (Table. 1) 2A4 3 &, No. 20 Pot el (—10cm) KBTI, 9 A Lo EER
@%CfCKT%@ Pot WHIFEH FEBSHEDERICE 250 EBDILE DT, il EDEEBA®D i

ERESNHIFE THEH LD LB ONS.

ks, WIESBSIREOMGEE L ETEMS /0850558, KAEBRICEO TIZAME T OMRE & BI85
B O(10H;, 16HFEBD WICiZRES BRI 5N » e,

Pl i 50 Pot BENALEL, [E-— Pot WHLEMIC L 2 AEZEN D 6N/ T &5, Pot IEICk 2 M FBRES
EREETEY & OB A & D BENCINT T 3 C ST & o T Pot B2 X SICHTIE S DI T 2 AHEED & 2 T & psiRs
ENFbDEELATING, 158, Pot WEEIKSGOSHOER, HEHELOTICOOTIHPMICTEEh o7z, &
NS DO TSR OB Lico.
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Table 6. Yield of the ‘shijunichi’ radish at harvest time (Oct. 22, 1975)

Plot to& Xl?lilg)ht rog;/x}rlvielil ht ggzt)i/é'oot root <:I:Ialngth roczt(:: rif)x}k%th rootc;vnvidth

cal 146 16.5 0.94 238 | 3.7 16

N 14.3 18.9 0 81 o1.1 3.2 1.7

No. 1 | E 13.3 16.2 0.84 22.9 3.6 15
S 17.1 22.6 0.78 23.6 47 18

W 15.3 20.9 0.74 249 | 3.5 1.7

c 17.1 13.8 126 21.8 2.8 15

N 18.7 2.3 0.80 21 6 4.6 16

No. 2 | E 15.1 21 4 0.81 21.0 3.5 16
S 12.8 1.9 114 17.4 2.3 1.4

w 14.1 14.2 1.01 21.9 2.7 15

C 12.3 14.4 0.87 22.9 3.2 15

N 11.7 17.2 0 67 23.3 3.0 16

No. 3 | E 14.5 23.8 0.62 21.3 41 19
S 13.0 29.9 0.63 2.1 2.9 1.7

W 13.2 19.9 0.75 224 3.0 1.7

c 32 35 125 8.4 21 0.8

N 3.5 3.3 115 9.8 1.7 08

No 4 | E 2.7 2.8 1.07 9.3 1.6 0.7
S 3.3 2.8 114 111 3.0 0.9

W 2.8 3.3 0.9 9.1 2.4 0.8

LSD (005 4.9 7.2 0.34 53 | 11 0.4
(0.01) 6.4 9.6 0.45 71| 15 0.5

*1 Center of the soil of the pot. *2 Emerged above ground.

BEEDEELZRMAE L TOR RN ICERE- R IRICE 0B R LET.
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S ICB Y 21152 T Wagner pot % FHU 7oK1k
W1 5 ERERG, TNREEE 29 (1), 35—
44 (197D).

(2) spokmgilt, BERAED, L : Pot 18R
BESREN B9 ATH9E L Wagner pot 27 &
TR B FZERENE, FNIK B 30 (1),
35—42 (1978).
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(4) FIHEAE : Bt osiRod RIS 2 EBRE
OWFE, BHXBRIES, 1—95 (1959).
(5) B W, TEES  ZWy A oy QEETFE
KT AR, BERAMERRESR, WN4BGE
7, 136—137.
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