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A 3 0 0 0 3.0
B 3 3 0 0 6.0
o 3 3 4.5 4.5 15.0
D 6 0 0 0 6.0
E 525 5.25 0 0o 105
F 10.5 0 0 0 10.5
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Table I. Yields.

;] — — Rk D¥IBL i = - ) 2 K73 Bk THLE %
K B R % No. of grains. ® " * Wt. of 1000 %k
G ~ hulled ins.
CRABD AR IE) % = % W W )% W unhulled grains %
it ¥ B B & & & & 2 54 B
Plat. " B i . (T) G) 2% G/Nx1oov %
Distribution of No. of (M) Unripe Ratioof Wt of vy of l‘l'vltl. gf Wt. of  Perfect
fertilizers No. of ikelet Ripe Total ¢ ihty. st whole e unhulled G/T
among different spiieicts ‘P grain. ertiity. aw. plant. grams. grains. grain,
soil layers. ears. per ear. grain
(%) (gm.) (gm.) (gm.) (gm.) (gm.) (gm.) (%)
1 14 100.0 1263 138 1401 90.3 30.35 67.80 33.93 26.37 23.22 20.70 38.8
A (3,0,0,0)
2 9 153.2 1233 145 1376 89.5 2%7.85 61.75 31.23 23.74 22.22 19.26 38.4
I 12 131.8 1466 119 1585 92.6 31.25 73.30 38.90 30.14 23.56 20.56 411
B (3,3,0,0)
2 14 123.9 1640 1737 94.5 35.65 81.65 42.60 32.58 22.50 19.85 39.9
I 13 136.1 1641 129 1770 92.7 35.75 84.60 45.58 36.45 23.70 22.21 43.1
C (3,3:4-54-5)
2 14 139.7 1854 103 1957 94.8 36.25 89.45 50.18 40.11 23.68 21.65 45.0
12 1500 1645 158 1803 9L.1 33.75 78.50 41.35 32.21 21.98 19.60 41.0
D (6,0,0,0) .
14 144.3 1868 152 2020 92.5 40.35 89.05 44.97 34.37 20.94 18.39 38.5
1 14 130.0 1705 116 1822 93.6 45.80 92.72 43.17 33.90 21.28 19.85 36.5
E (5.25,5.25,0,0)
2 15 148.5 2022 159 2181 92.7 37.80 92.00 50.78 40.12  21.90 19.83 43.6
1 16 140,5 2126 125 2251 94.5 42.95 99.60 52.58 41.17 21.20 19.38 41.3

F (10.5,0,0,0)
2 13 177.1 2171 134 2305 94.2 43.20 101.25 53.93 42.17 21.56 18.27 41.6
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Table II. Tillering.

) * a & Tiller. =10 e ;3
ECT o _ - 5 a m

Oer i -8 B = £ =R &N oA BB e

Plat. of Main 1st. Period. 2nd. Period. 3rd. Period. 4th. Period. st hi.gher without No. of
tiller. stem.  (18/VI—28/V[) (31/VI—8/Wll, Cro/fi—13/{ID  (20/Wl—) Total node. ear. Ears.
o 1 — — — —_ _ — —_ 1
| st - 4 3 5 6 7, 8, — 6 — — 6
1 l 2nd. - — 43, 44 53) 34 54 35, 63, 7 - — 7
3rd. - - — - — o —_ — o
Total 1 1 5 5 2 13 0 0 14
A (3,00,0)

o H — — — — - — —_ 1
Ist. - 4 3 6, 5 — 4 — — 4
2 2nd. - - 43, 34, 44 45, 33 5 — 1 4
3rd. — - — —_ — o — - )
Total 1 2 4 2 1 0 1 9
o I —_ — — — — — — 1
Ist. — 4 3 5, 6 7, - — - 5
1 { 2nd - — 43, 44, 33, 45, 54, 34, 6 — — 6
3rd. — - — — — o — — o
Total 1 2 4 4 1 1" 0 0 12

B (3:3,09)
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1st. —_ 4 5 6, 3, 8 7 - 6 5
2 2nd. —_ — 43, 44, 45, 33 ? 5 6
3rd. — - - 443, 433, — 2 2
Total 1 1 5 6 1 13 u
o ) — — — b - I
1st. - 4 65, 3 7 - 5 6
1 2nd. - — 43, 44, 63, 45, 64, 5 5
3¢d —_ — — — 433, 1 X
Total I | 4 2 4 Ir B3

C(3:3,4-5:4-5)
o 1 — — —_ — h 1
st. — 4 356 7 - 5 6
2 2nd. - — 43, 44, 33, 34, 45, 53 54, 7 7
3rd. - — — — - o o
Total 1 1 5 5 1 12 14
o ) 4 — -_ - - - 1
Ist. — 3 4, 5, 6, 7 —_ 5 5
1 2nd - — 43, 34, 44, 53 63, 7, 6 6
3rd — — — — - o o
Total 1 2 5 2 2 n 12

D (6,0,0,0)

) o 1 — — — - - ¥
[ 1st. — 3, 4 5, 6, £ — 5 5
2 2nd. — — 33, 43, 34, 44, 35, 52, - 6 6
1 3rd. - — — 453, 343, - 2 2
Total 1 2 7 4 (1} 13 14
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‘/ o 1 _ — — — — 1
i 1st, — 3 4 6, 5, 75 8, 6 6
I 2nd. -~ — 33,43,34,44:35, 45, 22 8 7
3rd. - - — - ? 1 o
Total 1 2 7 2 4 16 14

E (5.25, 5.25,0.0)
' o I — — — — — I
{ Ist. — 3 4 5, 6, - - 4 4
2 (I 2nd. — —_ 43, 44, 33,34,35-45> 53 7 9
| 3. — — - - 443, 1 1
{ Total i 2 4 4 2 12 15
o 1 — — — —_ — 1
[ Ist. — 3, 4 5, 2, 6, - 7 6 6
1 2nd. — — 43,33:44,34, 45, 63, 53 7 7
3rd. — - — — 433, 443, 2 2
Total 1 2 7 2 4 15 16

F (10.5,0,0,0)

[ ' B B o _ . l
, Ist. — 3 4 5 6, 7, 8, - 6 6
2 ﬂ 2nd — — 43,33,44,34, 45, 54, — 6 6
| 3rd. _ _ —_ —_ — o o
{ Total 1 2 7 3 — 12 13
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Variation of the Number of Spikeléts of an Ear.
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160 —|— —— —— e —|— i
O PP RO M DS XX XX DS % P MK *
170 |— — — — — —
18 |— — - — — — )
190 |— — - — — —
% ) #%3%00 *
200—|— —|— —_— —i— —|— ——
210 |— — — — — —
© D3 %
220 |— — — - — —
© @)
230 |— — — — -
240 |— - - —_ — —
H B(No. of Ears.) 14 9 12 14 13 14 12 14 14 15 16 13
*gc?ﬁﬁikrgl?tﬁ 1401 1378 1565 1737 1770 1459 1803 2020 1522 2181 2251 2303
Z= ¥ Av. 100.0 153.2 131.8 123.9 136.1 139.7 150.0 144.3 130.0 145.5 140.5 177.1
90.3 89.5 92.6 94.5 92.7 94.8 9I.1 92.5 93.6 9z.7 94.5 942
© x H (Main stem)
% ABAHFIIFE2 240  (Tiller developed before 8. Aug.)
N. B O AATEBMIFELILD (7 4 715 Aug)
o ABZTHUBIIZECIIO(” ? - after 0. Aug)
A

E=X0a i kor (Tiller developed from a higher hode.) :
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Relative Transpiration in riping Period and Weight of 1600 Grains.

E S . kT kL B BRARH—A JR I — 1
RO IR Wt. of 1000 unhulled grains. A qsigdﬁﬁl’&g A Z}Sﬁ]%ﬁflzﬁ
= . verage daily verage daily
etk HWRMEX 1000 ’
Plat. J;nn{a " Wt of A%‘z?sgjf]ggi /_/.%1';2?; %kﬁ;%
P erec unhulled i - VT . Aw 17%H
Distribution of . . Average dail 15/X -8/ " Average dail
il grain grains Tage Y 3 X1 3¢ y
( femhz.egs \ sid DI transpiration e transpiration
gmpr}gydnﬁcmnt during 10/[X —19/[X - during 10/[X —19/[X
soil layers. (gm.) (gm.) (¢/9) %)
1 23.22 20.70 54.9 25.6
A (3,0,0,0)
2 22,22 19.26 55.9 28.4
1 23.56 20 56 60.2 311
B (3:3,00)
2 22.5C 19.85 62.5 29.3
1 23.70 22,21 70.5 40.94
C (35 4.54.5)
2 2363 21.65 €62 28.4
1 21.93 19.60 57.4 20.7
D (6,0,0,0)
2 20.94 18.39 580 23.6
1 21.28 19.85 2.7 24.2
E (5.2 5,5.25,00)
2 21.50 10.83 62.8 30.82
1 21.20 10.38 62.2 28.14
F (10.5,0,0,0)
2 21.56 18.27 61.1 23.1
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HBoHEEMRE
b B MR A TREIT 2B S, T R BEUET, REOARICEEY A O RN
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Table V. Amount of Roots in Different Soil Layers.

N, LD I I il m #
HKE@E Soil layer. cm. o—20 20 —40 40—70 70—100 Total

Plat. cm.  (20) (20) (30) (39 (100)

1 2.979 0.675 0.877 0.460 5.191
A (3:010,0)

2 2.776 1.269 1.044 0.594 5.683

1 3.014 1.761 1.007 0.495 6.281
B (3,3,00)

2 3.356 1.835 0.988 0.672 6.852

1 2.399 1.847 1.563 0.960 6.769
C (3,3,4-5:4-5)

2 2.325 1.400 1.402 1.104 6.232

1 3.811 1.014 1.065 0.613 6.505
D (6,0,0,0)

2 3.700 1.126 1.262 0.768 6.856

1 3.084 2.070 0.522 0.535 6.511
E (5.2 5, 5.2 5,0,0)

2 2.709 2.150 1.064 0.609 6.553

1 3.357 1.089 L.I53 0.682 6.280
F (10.5,0,0,0)

2 3687 1.153 1.037 0.691 6.566

WORTRAML, ROBRERS O TRIIATHARDS 22, HopTy A D, F
DL RO ARIEL 72 b DREDBIIRCAROBLILT, BB OBEIL, B
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AT RAR, KOBOMOREATL b HERES FHERLOTHS 2 S 2 RELTRA D
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Tol: COBE—-ROROBFACORMCEA DD TH LI »o » > SHERIRORIOD
X—HiE BT E SOMIcd, LF D IOMIRTIABEH»ONL, 8L ER BT
HUS—-ROUB BB L LGB INED, HROBR S VD, B—-RIRTRESD
{, RECRBCOAMEShTHED, KOROKLL T OB—ROBE D O K=k
U0, ZICET A A REMED 5 —O B, 2 RIS OREI & 0By & T
53, KOPEC L o hoRICR RO B ROBESE 5 S5 S ThHbo Ping C BTFRE
CHESh TROEEANRL OLE, H—RTREHT B ALLHLOTHAL, E OF—
ROMD B % D ZHELOREZFICIBRIShTHEBEOROBEDOARL O L I IOEY
IRADDTHB, L D LHURLRIHBShi: F OHB—RHO MO D ORIZET
OHIIRZTREHLI» NS,
RCZBEORENCROBEREBCEVOBRIHED, 2055 bORMERUEOD
BORRO LL ORIHLBAML TH A, fi~E A LRTH—OREE OB ILLE—R
ERTELIBRUTERTH LD T2, HOWEBORFRELILET 23, K-
FIUC UL A8 R, —HOSERO SRR, HOFHlE HEL M EDTD
Bo HUILERORE RTHED RIS HEEORORE 2 NET 58D 520 <, BUIRT
b RO EL SIS BEAERORE 2 HIEL, @b 2580 M Mo R e 4 2250, »
» BEERERLEDOTRDB 0D, ZIABOBHERBEOET 2 o0, KOO HRE:
RTLBS BB,

Bh E RTE—REZCRLS—~ROBE £ B ROBESCY, KON EBORE
2210 A OBASTABIKE 2R THEMITHL, MbBENIEDTDE,
B RO C OBARZESTIRAL S, B AN L TRHLES S Thb o ML THET
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HMNC, RO EREL RI2 T 254, AROROET LOBGKER G FTLA VY, B
—HREIATRLOMEIE  FNTob00MTHs,, EL LBREY RSN, X
OWKH MOBEES FHTAOBBABMRTH S, OIS HTRAIHETATHD
9o
T BoER LIY OB KE

1O £ & O OBKRZ-EA AU —~BARCE,EZFHOMARG I EL 1
P, K@M o B+ AR O REIRGC B C THEOM, o880, MR, mE
B B TR BN 20 5, WO BIKIRE 2 BARIZIRLU 12,

oOFEPBRTHIIESE ST AR, D RO F oM [{—HBRO FEFEORKIRE &b
FINZRU 5 B> b OBUKROLO MK BT 5 HEOHI R L0 555,
DD TIZRTISHMEEEL CHOBUKIKEL RIZLTOA I THB, HLLOZERHE
HMOMBIREOERE 0B < RIHLBLLI ThHo, MTARBHEMOBEBHLIZL
T, WOM> LEEREDETHL I o ZILRPHZRIIRLIMEORB S B=RO —HOE
EBO BRI ZHIL D BT 5ORE ST 5, |

%5 A OIS 5. SENOBKIRES 51, B ORI %
WA DR L ;ﬁ:&(ﬂifszﬁﬁiz SHEICARODC A, OLHEBKLTDH 5,
BroEHE Xomb el bh s, KOERWMABOOMER LR, LA TRURIC A
5, BUROWKBHT A, OBHELRDOTHE, MEOMMBHRO MU0, B
AMAUSEORBICEEL, BWMREREA~IMEL T O I THE, 240 £ O HEEED
BEHCRTRE> bEROMKET 2 DRERTH S, MHICHBROEO MM FRERIC 1k
£ 5, MEME O RAPZEL RN S T (4) B 5 HROBIS B R ILFIE AT
Do o b, AENEEE 5D, FUOESHIAT 5B —ED bOTKROESTAR
BT HEDTEDS S0, FEDBMOEEAEED RRITHET 5070 <, DR M2 B M
DEE~OEELHIET 2BAH 2SI BRSO I I TREY, FEDD I A 2535
WRTHEZBUT»oRACLRIBKT 6 CSRHCLTRBEI S, ML TH%
éﬁ%tﬂg<ﬁ&bﬁ%&ﬁﬁwwﬁﬁtWUM$%E«i@ﬁbTﬁU&,ﬁ@%ﬁ#&
ORKEDHAHMT A THEY . ULOPHRKERRAELLARACEELOHOR
®ht%%&&ﬂ6:iu%ﬁbtﬁfééo
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Table VI. Amount of Water Absorbed
#BH L#oR A (3,0,0,0) B (3,3,0,0) C(3, 3,45 45)
e e | r——— e e P ——
Period  Soil layer IS (2 m (2 (1) 2
I 495(721)  488(77.0) 553(78.1)  576(81.8) 416 595
LN I  160(23.3) 104(16.4) 56 (7.9 o (00) 420 406
12/VI—31/VI i 31 (4.6) 42 (6.6) 81(11.4) 129(18.2) a 109
(20fdays) I o (0.0) o (0.0) 18 (2.6) o (0.0) VN PN
S 686 634 708 705 836 1110
[ 4548(79.5) 3442(64.5) 3940(72.0) 4793(80-8) 3432(63.3) 4422(67.9)
FE®M L 822(144) 1354(25.4) 1023(18.7) 544 (9:2) 1594(29.3)  1960(30.2)
Ull—2ofl T 157 (28) 370 (6.9 330 (60) 588 (99) 408 (7.4) 125 (1.9)
(z0Hdays) I 184 (335 174 (3:2) 176 (32) 42 (o.1) a a
S 5 5340 5469 5925 5434 6507
[ 7533(65.6) 6614(55.0) 8169(62.8) 8667(64-4) 6347(57.2) 7520(60.2)
fir £ M [ 3107(25.8) 4004(33.0) 4029(31.0)  3250(24.4) 3383(30.5) 4194(33.6)
21/{l—9/K il 676 (5.6) 1039 {8.6) 621 (4.8) 1505(11.2) 1352(12.3) 769 (6.2)
(20Hdays) T 340 (2.8) 355 (6.7) 193 (14) & — o — o —
S 12008 12012 13012 13452 11079 12482
I 3083(57-8) 2532(50.3) 2995(51.3)  3512(55'5) 2040(47.5) 3126(49.3)
i I 1557C29.1) 1707(33-7) 2216(38.0) 1795(28.3) 1770(28.5) 2179(34.3)
10/K—19/K i} 466 (8.7) 536(10.6) 600(10.3) 1033716.2) 1495(24.0)  719(11.3)
(tofidays) M 233 (44) 269 (5.3) 192{0.4) & — o - 325 (5.1)
S 5339 5044 5830 6340 6208 6347
[ 4095(55-8) 3762(53-5) 3766(43.9) 5253(53.0) 4143(38.1)  4376(41.6)
JZEART B [ =z2002(27.6) 1976(27.9) 3625(42.3) 2669(27.0) 3525(32.2) 34909(37-2)
20/K—14/X i 796(10.9)  890(12.6) 1192(13.8) 1988(20.0) 3251(29.7) 1601(15.2)
(25 H days) Jitig 438 (6.0) 421 (6.0) 0(00) & -— o = 626 (6.0)
S 7326 7060 8580 9910 10949 10512
I 1647(46.3) 1713(48.0) 1008(=22.2) 2170(46-9) 1595(25.1) 1614(35.5)
TR P 2R I S10(22.8)  671(18.8) 2214(48.8) 909(19.6) 2177(34.2) 1598(42.0)
15/X—8/ WM 986(=85) 1117(31.8) 1310(29.0)  1552(33.5) 2579(40.7)  972(21.6)
(25Hdays) [ 110 (3.1) 71 (1.9) o (00) & — o — 274 (0.6)
S 3553 3572 4532 4631 6351 4511
I 21746(62.7) 18571(55.1) 20431(53.6) 24976(61.0) 18973(46.3) 21653(52.3)
4 F I 8458(24.4) 9816(29.2) 13173(34.7) 9197(22.4) 13226(32.4) 14545(35.1)
Total M 3114 (900 3994(11.9) 4134(10.7)  6795(16.6) §728(21.3) 4293(10.4)
(120Hdays) [ 1305 (3.9) 1290 (3.8) 4064(1.0) 44 — o0 — 9782(2.2)
S 34623 33671 38144 40972 40858 41470
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B fr (Unit): cc BIEIK hOBeR (LMK RICH T 58 %em T

from Different Soil Layers.

D (6,0, 0, 0) E (5.25,5.25,0,0) F (105, o, 0, 0)
_/————&—-———\ /-_&—_’_\ /—M
a ©) e)) @ (D €

512(734) 563(90.5) 600(87.5) 776(92.4) 899(94-4) 579(75:9)
72(10.3) 20 (3.2) 32 (4.7) 94(1.0) 04 (0.0) 68 (8.9)
112(16.1) 40 (6.3) 54 (7.8) 55 (6.6) 53 (5.6) 117(15.2)
o (0.0) o (0.0) o o o (0.0) o (0.0)
697 623 686 840 952 764
4426(73.0)  4677(73-4) 4245(64.0)  3897(71.3) 5031(80.5)  5194(75.9)
1117(18.4) 1168(18.4) 1805(27.3) 11024(20.2) 732(11.7) 1179(17.2)
331 (5:5) 338 (5-3) 33t (50) 329 (6:0) 308 (4.9) 264 (3.9)
187 (3.1) 178 (2.8) 241 (3.7) 144 (2.6) 177 (2.9) 203 (3.0)
6061 6361 6622 5472 6248 6840
7440(55.8)  7582(54.3) 9709(63.2)  6741(51.I) 8485(58.5) - 8628(57.7)
4304(32.2) 5078(35.0) 4468(29.1) 5261(40.0) 4663(32.2) 4788(32.0)
1194 (8.9) 1132 (7.8) 832 (5.4) 929 (7.0) 1025 (7.1) 1062 (7.2)
416 (3.1) 419 (2.9) 364 (2.4) 232 (1.8) 316 (2.2) 433 (3.1)
13354 14211 15372 13163 14491 14931
2801(46.1") 3016(43.6) 4021(64.5) 2712(41.1) 3262(46.0) ‘ 3024(45.2)
2155(354)  2396(35.6) 1341(21.0)  2869(43.3) 2470(34-.9)  2401(35.9)
833(13.7) 509(14-9) 561 (9.0) 837(12.6) 980(13.5) 808(12.1)
291 (4-8) 369 (5.9) 331 (5-4) 195 (2.9) 387 (5:3) 456 (6.8)
6080 6590 6254 6613 7099 6689
3996(45.8) 4166(43.6) 6180(63.0) 3625(35.0) 5111(46.3) 4411(43.1)
2901(32.2)  3403(35-6) 2400(24.7)  4854(46.8) 3528(32.0)  3670(34.9)
1207(13.8) 1420(14.9) 670 (6.9) 1834(17.6) 1503(16.4) 1384(13.5)
628 (7.2) 502 (5.9) 525 (5-4) 672(0-7) 588 (5.3) 769 (7-5)
87132 9551 9797 10380 11030 16234
1684(48.0) 1661(42.5) 2354(62.5) 1765(34.7) 2351(47.2) 2040(53.0)
1009(25-7) 1467(35.4) 1137(30.2) 2438(47.9) 1034(20.8) 1084(26.1)
598(17.0) 742(19.0) 814 866(17.4) 1600(32.0) 576(14.9)
224 (6.3) 474(0.1) 1952 oo o— A — 158 (4.0)
3515 3917 3767 5089 4985 3858
20859(54.3) 21935(52.8) 27109(63.8)  19516(47.0) 25139(56.1)  23876(55.1)
11556(30.1)  13532(32.6) 11205(26.4) 16533(39-7) 12427(27.7) 13192(30.4)
4275(11.1) 4481(10.8) 2529 (6.0) 4870(11.7) 5760(12.9) 4231 (9.8)
1746 (45) 1573 (3.8) 1656 (3.9) 638 (1.6) 1470 (3.3) 2019 (4.7)

38439 41521 42499 41557 44805 43316
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B Oz b AP EL $#EBDHBNL, £ B, ILRTEDBZROCBMBHEMD -~
574 ¥ RITHMED HOTy, BHUEL b £HKOTM 2 R, ZIZH LU THZROBIKER
L HOTHT, KORROBKRI BELESHESRYHH0T, BTREH—RUBZRO
BAKEL T O AFET 5o AP (KB ARERL T B, 22T 5 1tk L, S
B oA, HoRm»bIEMKLLITE A OB/ ENLPHTI-RLTDZ255T
hbo PLEDESEROITEIL $1, SR EEY 2 HOME AEO L L, HB—TH R
THAOUMRO XL IBOR I I»LHLT, HaRHTHAL 0BV TED
DREFHLOTH R, SR~ B, O HEBLHCRTH ZRY> LOBKRELH—HO b
OREETHZIIE C BRI CRCE FEHECBRIHBELIEODOLELR, BEORO
K32RACKOBRASIDILTEGMORE 5 23 & 0L T, HsBKIREDILE O
ﬁm%tﬁwwmﬁ%ﬁs%%%é:swm&ur;wv%&ﬁo ZIHLT T, OBk
B2 A ORCIEMLTHAELY, HOWMESTROBBELI P T HL0AELT, WORKIOD
BRIINRTLEPPLBL DB,

CIRATY B OBAIRAUBHTH ~ROBFAROBRKRED 2 THET 5, WM
O PKIRIEE R DI UT A A2, MidHOERBETOEERED ZRL Lig  RELE
B THB, WHE—RUBHIE S bR L (oL THWARU C OGS RIIHK
KLU TooD, HB—ROBKRO & AR TERS HL , REPESH CFEEORML
t= C, OEFOMMOMMT 2 R THOEEEAT AL, HHIRTLRACHENIED L
hat, C OBKREOMML TREROZOBAT A I IR LU TRy, LT G
DHH ORI OBREEA /M, FHERA SO, BOKIRED ZIZFTLT G OLd 5
ZROBKED WEFKIZ RO TDE, D IZRTEAEEO WKL T2,
ML TR REPDOBED RO CL L0, MORNMDOBROFTIMTOHHEORT, W
BORBOLFRAPTHRIATEICCTHDL I,

E CRTRAEHED RBREOELEZL (REDTH 50 FTL T, Lo BRI b 3%
LSEOHHIIvBDdbNb, E BHLIHBUIY, ZAOEMZEC, MOK S OBR
BEAKIZLT, MibEOFYERILORKERIIHL TERREIEDLNLESHTDHSE,
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BRERLADRO, BLEHCBELLET DAL AREHBRLBARST, KOKFOR
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ZROLEREIBAKLI I SISTIREE B O TN, ML TH LY E (3 E
CIUBE—-RCESROMPEL LY, BZBUTIIRTREAD LD,

F OWMERREIAC & APRKIRERRLTE A, HLILDBHAIC b i LI O R FIRRE
DERBBIKIRIED LIS ML THHLML ThHoH, BIHLE AL F. B—R>» 08404
CBIKL T2 52, BR> b OBKRZEIAI D0, '

VEOMRCEBEIART I EBORBERBHEZEL SEROBREIDH 0, ZITHEL
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FREE-ORMILT A, 2o, ZLUBTHIORHACEHET 5%, HERAIR
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HOFHObDEBOAS RUKOBREVLRT, A O I KBD AEA HROIER
S NI BAOMINC R 5 » O THES o LILOHRKED T 0TS, [E»OR
HIZ& 02> 2 T2 LEGACREKOEROBKRELRTIDTHA, P, RO E &
BOBITHE, #h B, KHOPEGRERVEOX SOBEINT A, LRAPTOEH82,
BOKMRIZ X HDOTY, ZILHT 5 £F050 BKBRO AR EHTEC BELRLT
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BROKZE D R F OXROHIEH 2 EZHULEIRTRAIOTHE, HFR
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CUTmi b0 6 PR T 2 27502, iR EARCESBIMAT 2, HLTH—D
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RUHBOKEHS 52RO » WBRTHD TECHFERLTOE, KOS
LT D, ORIz IBKED SMLiE2 8 B RS,

FRIOX=@ C OWifEfs, B: RV E, CRADDTHE, HERMFTLIFE AR 2N
UTORCLERZH DT, MEKEORIHIA JCEZELTSRBIIBKT 52, 2V
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ROBE ROEHO-HBOKMRKTH5, 5 O RTEMBHAL WA 5,



424 } B & o® R BE AER

2 - @ MO BRI 8% B L Y OlKEOEMED—4 (A)

B B o231/ 1/fI—20/l 21/—9/K 10/K—19/K 20/K—14/X 15/X—8/X
B B 20 20 20 10 25 25

MO F B OB TR A &) DRt R
1 '495(27.2)  4548(795) 7883(65.6) 3083(57.8)  4090(55.8) 1647(46.3)
I 160(23.3)  822(14.4)  3107(258) 1557(291)  2002(27.6) 815(22.8)
il 31 (45) 157 (28) 678 (5.6) 466 (8.7)  796(10.9) 986(28.3)
i 0(00) 184 (33) 340 (25) 233 (44) 438 (60) 110 (3.)
gt 656 5711 12008 5339 7326 3553
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g2 = B RMORRIESEEERL Y OWKEOEMEO—~] (D)

3R s2/I—3yVI 1 Mi—20/] 2t/ll—9/K 1o/K—19/K 20/K—14/X  15/X—8/X

B # 20 20 20 10 25 25
Ew: D)y 7 B W fhF i) AR JREETHA TR
I 563(90.4)  4677(73.4)  7852(54.3) '3016(436)  4166(43.) 1661(42.5)
I 20 (3.2)  1163(18.4)  5078(35.0)  2396(35.6)  3403(35.6) 1467(38.4)
il 40 (6.4) 338 (5.3) 1132 (7.9) 8og(14.9)  1420(14.9) 742{19.0)
il 0 (00) 178 (2.8) - 419 (29) 369 (59) 562 (5.9) 475(0.1)

Ed 623 6361 14481 6590 9551 3917
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S e T
....’—‘ -— : ' l . sorn
oM I3V 1/ill—20/M 21/{l—9/K 10/K—19/K 20/K—14/X 15/X—8/X
B & 20 20 20 10 25 25
dTHEOR 5 OB W e I JR IR IR IR
I 595(53:6)  4422(67.9)  7520(60.2)  3126(49.3)  4376(41.6)  1614(35.8)
I 406(36.6)  1960(30.2)  4194(33.6)  2179(34.3)  3909(37.2)  1895(42.0)
i 109 (9.8) 125 (1.9) 769 (6.2) 717(11.3) 1601(15.2) 972(21-6)
il A o a 325 (5.1) 626 (6.0) 274(0.6)

=
B

1111 6507 12482 6347 10512 4511



SILER - RIS . LEERRORBOS T S ERORE 427

C ORE R ARKRO B BB RS o

YRRy BROMCERILBATHDL S -

YD L EO AR & 0BKT A BB OBEIRE, K 28 FROBRSCLOTH
LAY bR, (i b5 AR AU RBEICRT S EROBEREIL 3274, BukiR
B ERUSBEDDH A, ML TH A BFIIREO 8 REBROFEFREI b L T, KO
BREOBKIREZ B2 O THA IS TR LB D, AL LIKERICRY RO R
B FrEBKIREI B NI i SHIERTR 0,

W < A—ZREREL R 5 RARIED B RE L 0 S 0, FEIEIRIED %55 LI O R E
CRET A UL, HEREYRAKIRIE S BT 5 SV ERTHH - B o BIRD LIRS
REL THKIRE? ZOERIC AL 1: B—RERCOIDBEIIMLE S NBHAOVOT, &
—E LEAEEIRKT 5, BRI CRBLO AL RIZHIEL BED YO T, H—
CHUSZHUTF» bHACELREIBKT 5, HEZ@BERUTICLHELHEDODIOT,
BR> L ORKBROBIEREICIL O,

KEO#TIROWREE 2 bOBKEDH AL THZREUT» bEIAI SR BT
AEECR A ZSRURTH AP, BEBMIRTREBEZOERILSNO b O bRk E
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DA e i R0 S ST MM RIR & 0 R kA, HE TR R A L1 5 B
Ut 1O ZRMOBEO S HRELTELIIL T, ZICHEEREREL, s LEIREIC
UTHA I BEE L UERL, ZI0& 0 TH Lo ME T B L2 » LIC R THE
LUle |

2. W LI ORERCKED LR BERRONL THDI

a) AR ES L THET 20 cm. ZOHE—RICRG 5 HEIERI & v Z2AEE bW, UTOR
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DEVELOPMENT AND ACTIVITIES OF ROOTS OF UPLAND RICE
PLANTS AS RELATED TO THE DISTRIBUTION OF NUTRIENT
SALTS AMONG DIFFERENT LAYERS OF THE SOIL

( Résumé)

Takuji Kovama and Yoshio MARUYAMA

1. From the point of view that studies on the roots of crop plants should
be made in relation to soil conditions, the authors have made several experiments,
one of which is presented here. In this experiment the effects of the distribution
of nutrient salts among different layers of the soil on the growth of upland rice
plants were studied, when conditions of air and water supply were maintained
uniformly good in all layers of all plats.

Containers of galvanized iron sheeting, 25cm. in diameter and 1 m. in depth,
were filled with soil. The soil columns in the containers were divided into four
layers, 20, 20, 30 and 30 cm. thick from the surface to the bottom, inserting
thin sheets of paraffin wax, which allowed the passage of roots but not of water
and salt solution. The surface of the soil was also sealed with paraffin wax to
check the evaporation from the soil surface. Each layer was auto-irrigated after
the LiviNgsToN method under a suitable hydrostatic pull. Thus the moisture
content in each layer was maintained in a moderate degree and practically con-
stant, and the amount of water transpired and absorbed from each layer by the
plant could be determined by the loss in the water reservoir of the irrigator.
Fertilizers were applied at the following rates, mixing with the soil of each layer

before filling :

Soil layer I 11 I v Total
\Thickness incm.)  (20) (20) (30) (30) (100)
Hlat A 3 o o] o) 3

B 3 3 o o]

C 3 3 4.5 4.5 15

D 6 o] o] o]

E 5.25 5.25 o] o] 10.5

F 10.5 o o o 10.5

Unit : Kwan per tan for each gradient.

Placing the containers in a glasshouse, an upland rice plant was grown in

each.
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2. Factors constituting the yield of grain were affected by the conditions
of the experiment in the following way (Tables I, II, III and IV.):

a) The tillering was determined mainly by the fertilizers applied in the
first layer, those in the lower layers showing scarcely any effect. In the plats
fertilized abundantly in the first layer the plants started and finished tillering
rather earlier than in those poorly fertilized in the same layer. In the total
‘number of tillers, however, no conspicuous difference could be detected among
all the plats. Though fertilizers in the lower layers were not effective on the
tillering itself, the growth of tillers was accelerated by them rather markedly.
Thus the yield of straw was bigger, as the amounts of fertilizers were increased,
when all were applied in the first layer if the amounts were equal, and when
the lower layers were also fertilized.

b) The numbers of spikelets per ear and per plant varied among the plats
in the same order as the yield of straw, but more conspicuously than the latter.

c) The ratio of fertility of grains (the ratio of the number of ripe grains to
that of spikelets), which appeared to be determined by the nutritive condition of
the plant at the flowering stage, varied also in the same order as the yield of
straw and the number of spikelets, and hence the number of ripe grains of a
plant varied more markedly.

d) The weight of 1000 grains was generally smaller in the plats fertilized
abundantly in the first layer than in those fertilized pcorly in the same layer,
and fertilizers.applied in the deep layers seemed somewhat effective in making
them heavy. Considering that the accumulation of reserve materials in grains
would be affected by the photosynthetic activity in the ripening pericd and this
would roughly parallel the transpiring activity, an attempt was made to deter-
mine whether there was or was not any relationship between the transpiring
activity in this period and the weight of 1000 grains. The comparative transpir-
ing activity in the ripening period was expressed with the ratio of the amount
of transpiration per day in this period to that in the heading period when the
plant showed the maximum transpiration. It was found that, in the latter half
of the ripening period the plant fertilized poorly in the first layer and having
heavier grains showed higher comparative transpiring activity than the others,
though in the first half of this period any conspicuous relationship could not be
detected between these two numbers. From these results and those of other
experiments the authors have performed, they are inclined to conclude that, in

the plats fertilized abundantly the growth of plants was affected beneficially till
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the beginning of the ripening period, but in the later period the photosynthetic
area being rapidly decreased as compared with the number of grains, on account
df the decline of the nutritive condition, the plants could not accumulate so much
materials in the grains.

e) The yield of unhulled rice, the resultant of the above factors, was bigger
as the amount of fertilizers were increased, when all were applied in the first

layer if the amounts were the same, and when the deep layers were also fertilized.
On this point the results seem not to agree with those of the experiment on “ the
effects of the depth of surface soil and the amounts of fertilizers on the growth
of rice plants” formerly reported(z). Because in the létter experiment the yield of
unhulled rice was bigger as surface soil became deeper and hence fertilizers were
distributed in greater dilution and to a deeper layer. Such a disagreement,
however, may be admitted. Because in both experiments the effects of the soil
conditions on each factor constituting the yield were similar, and yet the resultant
yields were different according to the combination of these factors.

3. From the above it may be seen that, nutrient salts in the deeper layers
showed their effects as the plant grew, but those in the surface layer were most

effective almost all through the life. And, as will be stated later, the greater
part of the water consumed by the plant was supplied from the first layer.
These are a notable contrast to the fact that nutrients in the deep layers were
utilized by some dicotyledonous plants grown under similar conditions from their
early stage, and hence they were more effective than in the case of cereals.
This seems to be explained from the root development. The root system of the
cereal plant consists largely of nodal roots which increase in number from its
early stage till the ripening period. Hence the plant has its active roots almost
all through the life in the surface layer. While, in the cases of some_ dicotyle-
donous plants, the tap root grows into deep layers first and then fine branches
develop from it, which are gradually replaced by newer ones. Thus the plant
can utilize nutrients in a deep layer even in its early stage, and yet the most
active part of the root system tends to move to deeper layers as it grows.

4. After harvested the tops, the amount of roots in each layer was investi-
gated. The results are shown in Table V, from which the following facts may
be recognized :

a) Although the amount of roots in each layer decreased with it depth,
they developed especially well in layers abundantly fertilized. Similar results
were also obtained in other experiments with other plants, previouly reported (1).

The amounts of roots in each layer, however, appeared to be conditioned by the
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whole development of the root system. Thus a good development in a particular
layer showed a tendency to check the growth in another. For example, in tle
f)lat C, where all layers were uniformly fertilized and hence roots developed
well even in the deep layers, the development in the first layer was poorer than
in the plats A and B, in spite of the fact that this layer of each plat was equally
fertilized. Such facts were also observed in the other plats. l

b) The development of roots in each layer seemed to be conditioned by
the growth of the top. Thus even in the same plat, if the number of tillers was
rather small and every tiller grew uniformly well, the roots developed more
poorly in the surface layer and better in deep layers than in the contrary case.
It may be explained that, if the plant tillers too many, many nodal roots from
many stems cannot develop into deep layers and hence the stems cannot grow
" uniformly well.

5. As to the absorption of water by the plant from different layers it may
be summarized as follows (Table VI):

a) The mode of absorption of water from different layers varied according
to the mode of the growth of the top even in the same plat. If every tiller of
a plant grew well and hence had uniformly a large ear, the plant tended to
absorb comparatively much water from deep layers. While, if the plant tillered
too much but had ears which were not uniform, it absorbed relatively much
water from the first layer. A similar phenomenon was observed in the develop-
ment of roots as stated in the preceding paragraph, but it was more marked in
the mode of water absorption.

b) Although the mode of water absorption showed a variation even in the
same plat and hence it seems rather difficult to find any relationship between
this and the conditions of the experiment, it may be stated that the distribution
of fertilizers among soil layers affected the growth of the top and the Iatter in
turn conditioned the mode of water absorption.

c) In the layer fertilized abundantly roots developed well but did not
absorb so much water proportionately to their development. It may be explained
that, since in such a layer the water absorption was resisted by the higher osmotic
concentration of the soil solution, roots increased their absorbing area to adapt
this condition. At any rate, it is of interest to state that, even under different
conditions of fertilization, if plants grow similarly they show similar mode of water

absorption in spite of their different root development.



