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Summary

This study was conducted to determine influence of planting
date, seeding rate and phosphate rate on main growth characters,
yield and chemical composition of senna from March 11, 1998 to
September in Cheju Island.

The results obtained were summarized as the follows:

1. The effects of planting date on main growth characters, yield
and chemical composition.

1) Flowering period was lessened as planting date was delayed.

2) The plant height of senna was the longest at March 31 planting
(99cm) than at the other planting dates(y*=-1.29x"+7.99x+86.64).

3) Stem diameter and number of leaves were superiord at March 31
planting but number of branches was not affected by planting date.
And number of withering leaves were increased as planting date
was earlier,

4) Fresh forage yield per 10a, for senna was the heaviest
(4,660kg) at March 31 planting, the second(4,397kg) at April
1 planting and the lightest(3,473kg) at March 11 planting
(y*=-234.07x*+1498.93x+2193.40). Also dry matter yield
(y*=-64.50x*+405.50x+556.20), crude protein yield and TDN
yvield per 10a for senna showed a similar tendency to fresh

forage yield per 10a.



5) Crude protein and crude fat percent was the greatest at March
31 planting and than at the other planting dates. Crude ash
and crude fiber percent was decreased tendency as planting
date was delayed. NFE and TDN percent was increased
tendency as planting date was delayed.

6) SPAD reading value of leaves had gradually increased as planting

date was delayed.

2. The effects of seeding rate on main growth characters, yield
and chemical composition

1) Flowering period decreased as seeding rate was increased.

2) The plant height of senna was the longest(99cm) at a
seeding rate of 3kg per 10a, the second(97cm) at a seeding
rate of 4kg per 10a and the shortest(86cm) at a seeding rate
of 1kg per 10a(y*=2 18x*+14.78x+73.36).

3) Number of leaves, stem diameter and number of branches
per plant was decreased as seeding rate was increased. But
number of withering leaves per plant was increased as
seeding rate was increased.

4) Fresh forage yield per 10a, for senna was the greatest(4,913kg)
at a seeding rate of 3kg per 10a and the rest decreased
gradually(y*=-299.11x2+2053.11x+1251.98). Dry matter yield
(y*=-73.76x+515.46x+288.24), crude protein yield and TDN
yield per 10a for senna showed a similar tendency to fresh
forage yield per 10a.

5) Crude protein, crude fat, NFE and TDN percent was increased
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as seeding rate was increased, but crude ash and crude fiber
percent was decreased by increased seeding rate.
6) SPAD reading values of leaves had gradually increased as seeding

rate was increased.

3. The effects of phosphate rate on main growth characters,
yield and chemical composition.

1) Flowering period was gradually delayed as phosphate rate was increased.

2) The plant height of senna got longer at the phosphate rate of 25kg
and 35kg per 10a(105cm and 109cm respectively), but at the
treatment of the rest became shorter gradually(y**=0.99x+77.67)

3) As phosphate rate was increased, stem diameter. number of leaves
and number of branches per plant was increased, but number
of withering leaves per plant, was decreased.

4) Fresh forage yield per 10a, for senna was 3,291kg at the
non-applied treatment, but it was more increased as phosphate
rate was increased. In the result, its became heavier respectively
5.200kg and 5.230kg at the phosphate rate of 25kg and 35kg per
10a(y**=59.14x+3404.41). Dry matter yield(y*=7.48x+864.95),
crude protein yield and TDN vyield per 10a for senna showed
a similar tendency to fresh forage yield per 10a.

5) Crude protein, crude fat and TDN percent was increased as
phosphate rate was increased, but crude ash and crude fiber
percent was decreased.

6) SPAD reading values of leaves had gradually increased as phosphate

rate increased.
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Table 1. Chemical properties of experimental surface soil before cropping

Organic Available Exchangeable

matter P20s5 cation(cmol /ke) CEC EC
(1 5) (g/ke) (mg/kg) Ca Mg K Na (cmol™/kg) (dS/m)
54 54 5 147 179 0 80 128 0.26 8.60 013

ZA7AF 71 92Ae E 204 B v 2o
Table 2. Meteorological factors during the experimental period in 1998

years 1998

Mar Apr May June July Aug Sep
Max, |16.7 200 216 236 29.3 301 254

Tempcrature () Min. 38 104 126 162 215 217 180
Mean 94 150 172 197 252 256 213

Precipitation(m) 332 1586 900 2137 1357 1204 356.0
Hours of Sunshines(h) 5% 1 518 625 632 749 75,1 T1.6

Ttem

_10_
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Ry B Fale] EAelE o wirES#E (TDN)2 Wardeh(1981)7}F
A AL g =2lof] oj5le] AEFT
TDN(%) =-17.265+1.212CP(%) +2.464EE (%) +0.835NFE(%) +0.448CF(%)
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Table 3. Growth characters of senna grown at five planting date

Growth characters

Planting Plant No of No of Nﬁ " Stem SPAD
date Flowering height branches leaves [liijering diameter reading
period leaves
(em)  /plant /plant (mm)  values
/plant
Mar 11 Aug. 3(145") 93 190 160 55 38 369
Mar 21 Aug 3(135) 97 19.5 192 48 4.2 43.3
Mar 31 Aug. 4(126) 99 19.8 228 45 50 44 0
Apr 10 Aug. 4(116) 98 19.6 208 43 44 44 3
Apr 20 Aug. 5(107) 94 19.2 180 3.2 41 43 2
Coefficients of regression equations relating planting date.
Intercept 154.80** 86 64** 18 12** NS 599" NS NS
Linear -0 93** 7 99** 1,04 NS -0.51** NS NS
Quadratic 007 -129"™ -016* NS NS NS N8
r* or R 0,99 099 0 99 NS 0 93 NS N§
LSD(5%) 065 NS NS 16 82 016 0.34 4.60
CV(%) 0 36 3,30 6 34 461 194 4.28 577

" number of days to flowering,

*** Significant at 1% probability levels, respectively
NS . not significant at the 5% level,

..14_
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g, HHE KER 59 MEE BEH e Hils EREe Wi s
Hl =g AEoldvt. £, 38 31H HFEREAM Y 22870, sk 19.874,
FER S 7 S} 1 ol 43 2 o)t BHEEMN FAHoR
AaEe] 378 11H EHEENA E#HE 1607, oF#cs 1970, EERS 3.8m=
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Ao} By B wel Wiekpyo R FAEAT, 48 20H EER A
E 3.270% .

B EfEe HE7 2oldel et #rkey ez golAle Aot

2) Y Mk

BH) hE AEe) 4B % HEAE L TDN Jke) Maks E 4004
B vie) 2o
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Table 4 Yield characters of senna grown at five planting date

Yield characters (kg/10a)

Planting ;
date Fresh forage Dry matter Crude protein Total digestible
yield yield yield nutrient yield
Mar 11 3,473 891 104 506
Mar. 21 4,200 1,127 138 664
Mar. 31 4,660 1,176 152 711
Apr 10 4,397 1,150 146 697
Apr. 20 3.847 972 121 582
Coefficients of regression equations relating planting date
Intercept 2193.40™* 556 20** 50.60** 273.00**
Linear 1498.93** 405.50** 63.34** 278 64**
Quadratic -234.07** -64 50** -9 86** -43 36™*
r’ or R? 0.99 0.99 010 010
LSD(5%) 393 69 567 9.76 1502
CV(%) 5.08 0.28 3.92 1.26

** Significant at 1% probability levels, respectively.

7hH ' 3 mE ks

10a% £®ikEL 38 31H BEENA 4,660ke, 48 108 EEEA
4,397kg 02 23, 38 11H HEEAME 3.473kgo 2 /M Fe S
Bled o] dzdele] [MEEAERLS y*r=-234.07x"+1498.93x +2193.40
o2 BANE 4 A

10a% EwEiE #be £Rik=e] B ¥&d Zgolsict. 38 318
HIEECNA 1,176keo2 73 FASI oL 1 o] 37 1 oldtel Bl ik
ez 7hAA, 38 11HZ 48 200 BHEEAM 2t 8913 972kgo 2
e Az, o Mg e MEHERLS v =-64 50x*+405.50x+556.20
12Tt

o]
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W) #H&EAE % TDN HE

MESE &S 38 31H BEEAAN 152kge.2 Estod, 2 o7 2 o3
o] FfEREANA AR oFol RolH 38 11H FHEAA 104ke, 48 20H #&
fEE A 121kgeliv. TDN 4ol HMale HMEBH kst vsd 243
e, 38 31HE JIFoe REES MEEANAN Sl Rolxe ¢S
BYTh(y** =-43.36x*+278.64x+273.00).
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880 ——— - ‘ Bl P 3000
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Planting date Planting date
1300 | eoo ¢
700 -
k=]
g 1100 z3
=g 3 S
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59 g2
E < 900 y = —64 643+ + 406 20 + 55553 e= i y - —4348%° + 2794x + 27212
F 2=
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00 ' - . . . . d 400
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Planting date Planting date

Fig. 1. Plant hcight, fresh forage vield, dry matter yield and

TDN yield as affected on planting date.
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Table 5. Chemical composition of oven—-dried forage of scnna grown
at five planting date

Chemical composition (%)

Planting -
date Crude FKEther Crude Crude Nitrogen Total digestible
protein extract fiber ash  free extract nutrient
Mar. 11 11.7 2.9 38.5 4.3 36.1 56.8
Mar 21 12 3 36 37 2 4 2 36 5 b8 9
Mar. 31 12.9 41 36 0 40 36 8 60.5
Apr 10 12.7 3.8 34.6 3.8 38.3 60.6
Apr 20 12.4 2.8 321 37 42 0 59.9
Coefficients of regression equations relating planting date.
Intercept 10 56** 1.34* 39.00** 4.48** 37.76** 53 42**
Linear 1.29* 1.80* -0.43* -0.16** -1 98* 3.83*
Quadratic -0.19* -030* -019 1.01E-15 0 56 -0.51**
r* or R? 0.96 0 98 0,99 0 98 0 93 0 99
LSD(5%) NS 030 069 0.39 069 1.24
CV(%) 3.66 4.59 1.03 5.11 0 96 111

* **. Significant at 5 and 1% probability levels, respectively.
NS : not significant at the 5% level

HE BRI M 282 3A 310 HERNA 52 Holglen, I o4n
3 ol3te] FERAA S BkeI 22 WolAe eIt 37 31H BEEIA
HERE =, 12.9%. M 282 4.1%2 %o, Hith BERE M=
wokom, 37 11H #HEREAIM Z0E 82 11.7%, 47 2080 #HEREAA
sl &< 2.8%% 71 wrt.

e e ks 82 38 118 HEEANA 242 38.5%, 4.3%A
Aol FEHI/Y EBIEE O] o} @Rkao R Yol A, 48 20H HBEEAAME
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W S8 32.1%, MRS &R 3.T%E votat)
AEtEREM(NFE) &2 38 11H BHEEAM 36.1% %2 EE
b Add wat @ik R wol i, 48 20H #HfEECA NFE 28
42.0%% 7V w& Btk TDN HES 34 310 #fEES 47 100 i
ol 60.5% 60 6% 2 & Wolort, 1 o] 1 o|ste] HiEE A @
obAlE Z#ela, 38 118 #HfEREAN TDN 282 56.8%2 7H w3l

4) & Hel H b

el we AEY B Mol T BRE & 63 74 BASA

7h) FE el TR
BHEGY W AES Y MY HHEREE B 69 Ee diet 2o
AHE) oA FEEEIARA S B NFESH A& A9 fHEARRE vebd
o] HERERL, Mg, HUKG I mER AEY 1B AERRGRE 20
e BEEe AEY LY MHRBRRE, o ERkE LEKRE,
HMEBE Jk&, TDN Jk&, Hilghhste s A8 o MAEARMES ekl
o ot HEE, HESE, Mkhde HET B HEGE, Bl £X
Yok, doEE, HEBHE IR, TDN kEde mES A8T 1k HHRIRGR
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mEiE, WEAH Y, TDN WiEde SEE AET 9 HERMAE Yet
W REkES HiERdE AET ke MBS
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- 20 -



e BER FEY I HRBR

HE VeEbion HERY kae HERH,
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Table 6. Correlation coefficients among the agronomic characters of senna grown at five plantmg penod

Character Flowering Planl  No of No of qur;]}[:er[::fjg Stem ri::ir?g E;EZ}; m];gcr ;—g:;g; TDN Crude Ether Crude Crude NFE
pentod  helght branches leaves leaves diametor values  yield yield vield yicld prolein extract  fiber ash
Plant height -) 157 -
No of branches -0 254 0 989"
No of leaves -0348 0949* 982"
Mo of withering leaves 0 960** 0024 -0136 -0 224
Stem diameter 0283 0875 0828 Q971" -0193
SP'AD reading values =0 707 0755 0803 0 768 -0 646 0692
Fresh forage yield -0327 0978" 0997*" (0988 -0208 0831 0838
Dry matter yield -0244 0988* (0978 0928° -0124 (0831% 0832 0974*
Crude protein yield  -0347 0980* 0990** 0966 -0223 0884* 0868 0994* 0989™
TDN yicld -0348 0977 (981" (948" -0222 0851 0876 0984 0953*" 0998*
Crude protein -0625 0845 0905 0949 -0514 0903° 09I10* 0935 0859 0924° 0909°
Ether extract 0008 0982°" 0959 0920 O 14l 0866 0621 0938 0542° 0928 0920° 0768
Crude fiber 0985 0005 -0110 -0210 0984** -0165 -061) -0185 -0097 -0203 0202 -0506 -0 149
Crude ash 0992 -0152 -D246 -0350 0924 -0285 -0666 -0319 -0227 -0335 -0334 -0621 -0 017 0970
NFE -0 886" -0300 -018 -0097 -08940* -0118 0368 -0122 -0201 -0103 0100 0219 -0447 -0950" -0 864
TDN -0799 0716 0784 0836 -0692 0761 0944* 0830 0762 0837 0831 0964*" 0605 -0698 -0 792 0 441
*** Significant at 5 and 1% probability levels, respectively
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Table 7. Significant regression equations of agronomic characters
due to planting date in senna

Independent character

Dependent character

Regression equations

Plant height

No. of branches/plant

Fresh forage yield

Dry matter yield

Crude protein yield

TDN vyield

No of branches/plant
No. of leaves/plant
Fresh forage yield
Dry matter yield
Crude protein yield
TDN vield

Plant height

No of leaves/plant
Fresh forage yield
Dry matter yvield
Crude protein vield
TDN yield

Plant height

No of branches/plant
No of leaves/plant
Dry matter vield
Crude protein vield
TDN vield

Plant height

No of branches/plant
No of leaves/plant
Fresh forage yield
Crude protein yield
TDN vyield

Plant height

No. of branches/plant
No of leaves/plant
Fresh forage vield
Dry matter yield
TDN yield

Plant height

No of branches/plant
No. of leaves/plant
Fresh forage vield
Dry matter yield
Crude protein yield

y**= 0.13x-6 99
y* = 10 19x-788.33
**= 186 10x-13820
**= 50.35x-3789 66
**= 7 84x-623 86
**= 34 47x-2690.31
"*= 7 58x-50 79
**= 80 82x-1375.85
**= 1454 07x-24123
**= 382 30x-6361.14
**= 60 T4x-1047 28
**= 265 20x-4518.11
"= 001x+75 23
**=0001x+16 61
**= 0 06x-35 77

0 26x-10.37

0 04x-39.87

0 18x-119 21
002x+75 178

0 003x+16.76
-0.20x~14 18
3.63x+252.13
0.16x~-32 98
0.69x-99.32
0.12x+80 21
0.02x+17 29

1 30x+22.40
23.61x+994 35
6 30x+230 60
4.40x+50 49
0.03x+78 90
0004x+17 13
029%+11.55
**= 5 30x+763.53
y**=143x+156 40
y**= 0 23x-10.85
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***! Significant at 5 and 1% probability levels, respectively.
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N AEL 7~81 12 3lM £FE FLUH T o] Al7]e FEETES 3.

A RgME 30 110 BEECAN RS Bite 145802
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Aoz gHAL ged (F F, 1996), & ol e 37 310 FHEENN =
E2 99en=2 Ao, ¥, ohds A7 228709 19.802 Bdvh. 22lx,
ERE R GEIRERE 22 4,660ke/10a7 1,176ke/10a2 E3toL
T ol 4] BiERSL 1 olsle] FHEE A E #ikay R o] Az ki
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Table 8 Growth characters of senna grown at five seeding rate

Growth characters

Seeding No of
, Plant No. of No. of ) ) Stem SPAD
rate Flowering withering \
) height branches leaves diameter reading
(kg/10a) period leaves
(em)  /plant /plant (nm) values
/plant
1 Aug 4(126") 86 27 7 383 3.2 52 39 2
2 Aug 5(127) 93 26.4 354 38 48 43.9
3 Aug 5(127) 99 26.5 332 51 45 459
4 Aug 6(128) 97 23.4 308 6.5 4.2 46 0
5 Aug 7(129) 93 221 297 6.6 4.0 46 2

Coefficients of regression equations relating seeding rate
Intercept 125.80**  73.36** 29.48** 416.70** 174 5.64* 33,96

Linear 027 14 78* -142* -36 05" 1.34 -047 628"
Quadratic 007 -2 18* NS 237  -006 0.03* -078*
r* or R 096 097 0.91 0 10 096 010 098
LSD(5%) 0.84 4.81 3.42 4.55 0170 0.52 5.67
CV(%) 045 2.72 7 20 0,72 7 40 612 6 80

' number of days to flowering.

Y Significant at 5 and 1% probability levels, respectively
NS not significant at the 5% level

BRERIZIA o] B fiERe] WolHdl wet rkies RolAe AE
olUT. F, lke/10a HHEREA BAEH7IA Sl B#7E 126H IR 21,
BHEmel Woldel wel ZojH o, bkeg/10a HMEX FATELI7FA] 9
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HEre 1292 397 @its) et

ER 3kg/10a BHEENA 99cm, 4kg/10a FBERENA 9TmE ZA oW,
lkg/10a HBERAA 86cn= 71 #&skrh o] W3 dele HiEHAEALL
y*= -2.18x*+14.78x+73.362 EAIE £ Ut

THE, B 1ke/10a FERAAN 22 27,7709 383702 wakent,
HREE ] Bobdd mel ka2 A A, Ske/10a HIERAA 4rHisL
22.170, M 2972 v W2 WMo} HEME ik 3 Ege] #{Let

H) 3 74 gl vt

FAERE 1ke/10a HHEENA 3.2702 A2 Hollou, #EfEmo] $718
wet HiREY 2 ok A Ske/10a HEREAAM = 6,602 ST ERFE
R e 8L = A 3S B 1ke/10a #EFFROIA EHH MElE
39.2% 21}, #EEEC] Wetel wel Wikaye 2 EolA 4~5kg/10a EBHER
ol X HEfFE MEME 46.0~46.22 =3}t

2) g B

e B AE AE 4E HEHH 2 TDN fEe X 99 ¥
Ehit= g
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Table 9. Yield characters of senna grown at five seeding rate

Yield characters (kg/10a)
Fresh forage Dry matter Crude protein  Total digestible

Seeding rate
(ke/10a)

yield yield yield nutrient yield
1 3.073 747 90 409
2 3,963 975 122 549
3 4,913 1.215 157 709
4 4,620 1,160 156 688
5 4,037 1.019 144 615
Coefficients of regression equations relating seeding rate.
Intercept 1251,98 288.24 29 18 125,20
Linear 2053 11* 515.46* 67.34* 315 24*
Q@uadratic -299 11* ~73 76* -8 84" -43 36"
r* or R? 0.96 096 098 096
LSD'5%) 148 34 112 05 16 14 933
CV(%) 191 5 82 . 640 0.83

* Significant at 1% probability levels, respectively,

7h £E ¥ mE ke

10a% E£Hce-2 3kg/10a BHERAA 4,913k 2 718 B3, o thd-&
4ke/10a #HHEEC)A 4,620kg0120 2™, 1ke/10a EHERIA = 3,073ke 22 713
WAHAE o] e} Ao mEHRNE y*=-299.11x*+2053.11x+1251.988
FA| BT

10a% LRikRe] 8 £Rikae #{het v s Ao}, &,
3ke/10a #EFERN A 1,215kg0l A2 1 o) 3=} 1 o] 8] #HBHEAIME
AT FeFolAer, 1ke/10a WEREEAA T47kgo 2 71 ks ot
(y*=-73.76x*+515 46x+288.24) .
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HMEAE ke 3ke/10a9] HHEmNM 157Tkeh 4kg/10a9] RHHEE A
166kge2 #gten], 12 o]4a 1 olste] HERAN ol #HRHLE
wola 1kg/10a®] HHEEANA 90ks, Skee] fEMEAN 144kg o= Yol
ot TDN 4ol Bc= HEBR JEd Pl A H 3ke/10a HiEE
olA 709kg22 A FF vehlen, 1 o33 1 of3te] HERAN =
A dgdte] sobRth(y* =-43.36x"+315.24x+125.20).
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Fig. 2 Plant height. fresh forage yield. dry matter yield and

TDN vield as affected on seeding rate(kg/10a)
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Table 10. Chemical composition of oven-dried forage of senna grown

at five seeding rate

Seeding Chemical composition (%)
rate Crude Ether Crude Crude  Nitrogen Total digestible

{kg/10a)  protein extract fiber ash  free extract nutrient

1 121 2.2 39.8 4.9 351 54 8

2 126 23 378 46 365 56 3

3 129 26 34 6 42 38 9 58 4

4 137 27 338 40 39.2 59.4

5 14 2 29 333 38 39 2 60 3

Coefficients of regiession equations relating seeding rate

Intercept  11,76*" 2.00* 43 66** 5 34" 32 06™* 52 46**
Linear 0 32** 018* -4 01* -0 45" 3.19 2 40*
Quadratic 004 1.14E-15 0.39 003 -0.35 -0 16
r’or R? 099 0.98 0 98 099 0 96 0.99
LSD(5%) NS NS NS 050 0 38 NS
CV(%) 11 23 15 98 7.73 6.16 0.53 4 60

* **: Sigmificant at 5 and 1% probability levels, respectively
NS not significant at the 5% level

HESHE 8% B a8 BERel F718d bl #ikieR Eolxe
AEelRot, MRS TET MM TR HEOE, N S8 ¥
gh o] ekl et

ENEEREY(NFE) S8L #HHac] F7tdeE Srlste 2%s 249
1, 2, 3, 4, 5kg/10a9] HEEN 22} 35.1, 36.5, 38.9, 39.2, 39.2% %
UehlAl NFE &0 1ked] &R 718 Rkom 4kgoh Skeol #HfEA
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Table 11 Correlation coefficients among the agronomic characters of senna grown at five seeding rate,

Characler Flowering Plant Mo of No o mr;l;emr]g Stem riiigg I}:; ::g}; mjji:nr p(;;?;]; TON  Crude Ether Crude Crude NFE
poriod height branches lecaves leaves diamete values  yeld  yield vield sviold  protein extract fiker ash
Flant height 0971
Nao of branches 0543 0397
No of leaves -0 952" -0 980™ -0 325
No of withenng leaves -0 9917 -0 948* -0638 0 929*
Stem diameter 0975** 0914 0595 -0928° -0983*"
SPAD reading values -0 993%" -0955" -D827 0932% (999" 097§
Fresh forage yvield 0858 0792 0857 -07TI8 -0908 0844 -0907°
Dry matter yield 0577 0427 0998 -0362 -0669 (0635 -0657 (876
Crude protein yield 0630 0485 0993 -0D424 -UT7T D685 -DTOB 0902° 0998
TDN yield 0788 0675 0938 -0625 0863 (0835 0855 0963*" 0953 0971
Crude protemn 0718 0581 0972 -0AR26 -0795 0767 U785 0935° (982" 0992 0993
Ether extract 0991"™ 0985" 0455 -0985" 0976 0967 D978 0806 0491 0548 0732 0644
Crude fiber 0 988" 0929" 0565 -00807" -0976* Q970" 0978 0843 0602 0651 0810 0733 0 965"
Crude ash -855* 0866 -0754 (836 0978 -0965" 0975°° -0 936" -0 784 -0 822 -0 933" -0 886" -0 913" -0 966
NFE -0950%" -0932° 0843 0908" 0095°* 980" 0 995'F -0 904* D681 -0 724 -0 870 -0 806 -0 9RS* -0 990** 0987
TDN 0917° 0810 0816 0776 -0952" (940" -0947" 0 946* 0843 0876 0Us4** 0929 0867 0935° -0994"" 964"
* K

v

© Significant at 5 and 1% probality levels, espectively
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Table 12. Significant regression equations of agronomic characters

due to seeding rate in senna

Independent character

Dependent character

Regression equations

Plant height

No. of branches/plant

Fresh forage yield

Dry matter yield

Crude protein yvield

TDN vyield

No of leaves/plant
No of branches/plant
Fresh forage vield
Dry matter vield
Crude protein yield
TDN vield

Plant height

No of leaves/plant
Fresh forage yield
Dry matter yield
Crude protein yield
TDN vield

Plant height

No of branches/plant
No of leaves/plant
Dry matter vield
Crude protein yield
TDN wvield

Plant height

No of branches/plant
No of leaves/plant
Fresh forage vield
Crude protein yield
TDN vield

Plant height

No. of branches/plant
No of leaves/plant
Fresh forage yield
Dry matter yield
TDN vield

Plant height

No. of branches/plant
No of leaves/plant
Fresh forage vield
Dry matter yield
Crude protein vield

Yy
y

< <

AR - L S SR

< <

ST T S S TR T - ST i T I - A I

y

LR

*
*

]

*
=

*

x
)

*
*

*
*

*

*
*

*
*

+ % *
*
It

*

%

+*
+

hom

Il

b

Il

I

-4 46x+752.69
-0 15x+39 66
141 98x-9187 84
36 51x-2398 93
5 33x-366 01

23 65x-1623 36
-0 69x+111 Q7
13 72x-11 48
-108 77x+6864 40
-32 94x+1854 01
-7 50x+323 07

=—-27 05x+1276 24

0 0lx+64 82
-0 001x+30.19
-0 03x+470 12

0 26x-39 53

0 04x-23.01

0 17x-98.76

0 02x+66 10
-0 01x+30 81
-0.14x+474 16

3 86x+171.57

0 15x-19 69

0 66x-78 38

0 16x+71 65
-0 05x+32 19
-1 06x+476 77

23 83x+929.97

6 28x+182 69

4 2bx+24 89

0 04x+70 03
-0 01x+31 30
-0 23x+470 29

5 7dx+T712.60

1 50x+133 03

0 23x-3.78

***: Significant at 5 and 1% probability levels, respectively

_35_



5) & I

R 20E & E) AS99L Bestke ZEY Bl Ha v
Z, o= A=A BHEEC) S/HETE ) £F S RiFsty ke 1o wet
F7HE AR o= GAE Ho RipEE ) AxE B ol KRR 239
A sHAl BohA] T 1979)

A Aol A 23 FHERC SHEFE BRSO R AR Aol o,
EEE, ol 2 EH 5 BES 237 AxIAAT. of= ME(1973)] dF
oAl A, HEek K(1995)L FAl oA il S48 ERE Aot sk,
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(b 1975).

AEle 9 EloRe vlad EfiEe] B2 EelA Bolths Rik dEd),
Shibles®t Weber(1965), 2= 5(1994)€ tF 59| FH2EL HilclM FAMKE
o] Bolitin Budtgct. &K FAEIANE 10a% ke HHEENA FAkE 2
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AR P RRERES W Heled, ol FHAEL WA dkEikel
E}he & $(1998), Shibles¢t Weber(1965)%59 R 3ol dasit},

A Aol A e HEEC] F7HE et HEARYE S®, Ml 58 TEY
B2FEM(NFE) 9 WiHLEES (TDN) &8 S7iEeu iy a8
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Table 13. Growth characters of senna grown at five phosphate rate

Growth characters
Phosphate No of

Plant No of No of Stem  SPAD
rate Flowering withering
height branches leaves diameter reading
(keg/10a) perlod leaves
(cm) /plant  /plant (om) values
N /plant
0 5 Aug.(127") 72 197 171 47 3.6 43.5
5 6 Aug (128) 87 227 214 41 42 43 5
15 7 Aug (129) 95 24 4 246 38 45 43 7
25 8 Aug (130} 105 256 267 3.5 48 1.4
35 9 Aug (131) 109 259 293 30 19 416

Coefficients of regiession equations relating phosphate date
Inteicept 127 24** 77 67" 21 06" 186 78" 451" 385 4338

Linear 011* 099" 0.16" 322 -004™ 003 004
Quadratic NS NS NS NS NS5 NS NS
__1‘2 o R’ 099 Q97 090 0 98 0 98 093 0 &8
LSD(5%) 132 4 86 244 15 87 A 046 NS
CV(%) 0.70 2776 548 359 2390 550 748

number of days to {lowering
¥ *E

Significant at 5 and 1% pirobabilitv levels 1espoctively,
NS not significant at the 5% level

BH{EWAA o] e Al ate] Wobgel wel o]« Fgoldtt =
MAEAR T A {07 21 o 1T 127 1ol ok Ryfrehishl i o] F7hghel] mhet
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o) Hge 13182 483 o3,

RS 3bke/10a MilLESNA 109enZ Aot wEeiiERe] gl uhed
WikEy o2 Froldn, EEEEAM 722 7H BUTHy ™ =0 99x+77.67).

SRE, EHE BEEERC] Boldd ma @k R wobR| = A el
o], SRR SHE 19.770, SEgr 171 oV, BB B whet
Wrkay R bR 2, 35ke/10a HEAEEANA iid 25.970, E#e 29370
2 Z7tE Y. HERY EiE NEES o8Ee] #bet vl sd Agoldnt
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Table 14. Yield characters of senna grown at five phosphate rate

Yield characters (kg/10a)
Fresh forage Dry matter Crude protein Total digestible

Phosphate rate
(kg/10a)

. yield yield yield nutrient _yield
0 3,291 825 104 470
b 3,699 935 123 544
15 4,333 985 142 580
25 5,200 1,078 156 645
35 5,230 1,100 171 670
Coefficients of regression equations relating phosphate rate
Intercept 3404.41* 864 95** 110 05** 494 .95**
Linear 59 14** 7.48* Iy 8" 543*
Quadratic NS NS NS NS
r‘ or R? 0.95 0.96 010 098
LSD(5%) 3579 109.41 17.36 45,79
CV(%) 4.37 5.90 6 62 418

* d#

%0 Significant at 5 and 1% probability levels, respectively
NS * not significant at the 5% level

7h) AR S i

102 ERIKE-S BEEEA 3,291ke oo HERHIAE R S7Hdd o
2} #rkAy o2 F7ts o] 25keT 35ke/10a HMiftelA EEIkES 242 5,200ke
5,230kge.2 BolxleHl, MEEM e HE Mol FEH U, 25ke™ 35ke/10a
MLl = HEM] BEHAA &UTHy*™ =59.14x+ 3404 .41).
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102 #EgEE £&Ekae #4Let v&d AdolAt AR AA
FEWCR S 825kgol ok, MEEEEIEE St @7 S7iE o] 25ke?t 35ke/10a
MRS A = 2H2 1,078ked 1,100ke .2 S7HE QAT Sl o} Mk H I
o= FEie) BEAAN Y, 25kg¥ 35kg/10a MEEEMAM = FEIEC) BE
A FUH(y*=7.48x+ 864.95).

W) ERE k& 2 TDN &

HMEOE KBS HEMTEC] S/18es vEger Srtete A3l
5, EEE R A 104kgo = /M @& IREMS B oW 35ke/10a9] Mk
MEARECIA 171keo 2 %@ Irgits Ry

TDN k&= HEHE k& ¥t Juie vlxstd gigiitael 715t
whe} ggEiko] S71tet 4Bl 470ke .2 7FF Wgton, 35ke/10a9]
BB EAA 670kl 2 REH S EJvH(y**=5.43x+494.95).
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Table 15. Chemical composition of oven-dried forage of senna grown
at five phosphate rate

Chemical composition (%)

Phosphate
rate Crude Ether Crude Crude Nitrogen Total digestible
(kg/10a) protein  extract fiber ash  free extract nutrient
0 127 23 361 47 37 2 57.1
5 132 26 35.3 45 37.9 581
15 14 4 2.7 3417 44 38.5 58 9
25 145 2.9 334 4.2 38.6 599
35 15.6 30 330 40 38 8 60.9

Coefficients of regression equations relating phosphate rate
Intercept 12 83* 2.41** 3592 466 37 54** 57 33**

Linear 0 08* 0.02* -0 09" -0 02** 0 04" 0 16**
Quadratic NS NS NS NS NS NS
r* or R 0,96 0 96 0 98 099 0 89 010
LSD(5%) 191 NS 203 033 NS NS
CV(%) 7.23 10 94 312 4 05 320 2 30

* dE

. Significant at 5 and 1% probability levels, respectively.
NS ° not significant at the 5% level.

HEAYE 8 BN 3RS BEGEEC] Bolld mat F7ide 7%l
Aok, F, EHEEEAM HERE FEB 12.7%, HEN g8 2.3%3 20
BEEHEAL R ZUlo) welM @ikio2 F74Ela, 35ke/10a MAEER G A=
HERE &8 15.6%, HEW & 3.0%% 73Ut

KRS 2wt AL 2RS MEQE a8 59 ML) Wi Aded=d,
RO HIKG BR 4.7%, M a2 36. 1% A2t BEEHEE= S



S7reh g wolAAM 35ke/10a MIEEAM MK &S 4.0%. HABHE
ZEe 33.0%%

TEEEEZRY(NFE) &3 TiEbERS R (TDN)S Bt ol
F7Heel whe} Svtete ¥ Efou Aty AEIES sisich

4) WH el HEs HE

WEIGILE ZR B2 4B K MY Y HEE E 163 1794
BE w2y

7V) #E Riel AHE

BEEEREE S wE 2 Mo tHRS X 16904 FEAIsksh

Az Slolx o] FTEMIZIA S HEre ERFE, B, NFESE FET
1ES) MBS, B, EH RBEK, ARka, LEkE, HEAH k&, TDN
I=, HE&BE, MiE, TDN 83%c SEE A& 9 MHiS vehlla,
THIEBL, AAEHE, UKD Ie BEEZ AR HERGRS 2

B ik, HEDEAe FES Y HRERGRE, ofkgr, ¥ KE
%, £5E, RE, HERE JkE, TDN Y&, g, NFE, TDN &%
e WER ART EY ARBGAS Jdehlen, fhlEl, Mg AKs I

2 AZT 119 HERGRE Ve

EEMES HEDH, NFE4E AT £ HERGRE Jetdon, &%
Jem, Man® k&, TDN ik, ik, TDN grds SEE FES 1k

‘l
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HRBRE, M, Hksde BEZ FEY A9 MHRAMRE el
LERES MEOESE AR B HRARMAS Jed 2, HERK k&,
TDN ¥k, #ifghs, NFE, TDN &%= SE2 FE% ke HEEGRE,
MM, MUK T BER AET AY HERGE Jebllt

HERH Y2 TDN Y&, MiEa|, Mg, NFE, TDN & E%4e @E s
FED o HRAMMGE vebdled, g, kg He aES FET 49
HRIBRE Etdal, TDN MEd HEREAT FES £ HERMGRE,
HAENS, NFE, TDN S&¥s BE: AED 19 ARHEGRE 9om, ik,
HIRGIe mEZ AET A HEMEE Jebit

HMEBES HIER, NFES= FET o HEBRE
Aol HRRMRE WEhlen, TDN ZRAc HEE FET Lo tHRBRE
Mk SRR AT AY MHEBEES vebit

i MK SES AR 19 MRS Yeila, NFESte A8
Aol HHEIS, TDN 223 E SEE FEY A9 MHEENEGRS e
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Table 16 Correlation coefficients among lhe agronemic characters of senna grown at five phosphate rate

period  hewight  branches  loaves leaves diameter \alues  wold acld s10ld yvield  protein  extract  fiber ash
Plant hmght 0 983™
No of branches 0 950" 0989
Mo of leaves 0930 0994 0981
No of mthering teaves ) 991*" -0 983** -0 958" -0 994*"
Stem diameter 0965 (996" 0998°" 0988 -0971°"
SPAD reahng values (0 938* 0 830" 0813 0 886" -0896" 0849
Fresh forage yield 0975 0976 0949°  0964% -0947° 0950 0Y48*
Dry matter yield 0 980** (998" 0984** 0 988" -0'978* 0993* 0904 0980
Crude protein yeld g ggg*s 0990 0968™ 0997*" -0992** (978" 0016 0975™ 0985*
TDN yield 0 ogg*™ 0997 0977T** 0991°F -0985°* 0988*" 0916° 00981* 0999 0991
Crude prolein og78* 0947 0921 0974 -0973°F 0931* 0881" (830" 0933" 0980™ 0 945"
Ether extract pogpse 0097°° 0U8Z™ 0991 -0087° 0992" 0B891Y 096" 0997 0O98E™ 0998 0939’
Crude fiber -0 ggg*= -0 981" -0945° -0974* 0972"" -0961* -0 961" -0991** -0 986" 0 984" -0 991" © 941" -0 980°"
Cruwe ash ) 995+ —0974° -0933° -0981°" 0992 -0953" -0 942" -0 9607 -0 974" -0 988*" -0 GH4"* -0 963** -0 980** 0 987"
NFE po4gs  0977'° 0993 0880*" 0956 0987 0793 0931 (965" 0966* 0G61"° 0842° 09667 -0924" -0 923*
TDN 0 9g99* 0981 (945" (988 -0993"F 0962 0941 0971 0979* (995" 0 G88* 0974* 982" -0990* -3 993" 0 939"

LR L

Significant at 5 and 1% probability levels, espectively
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Table 17. Significant regression equations of agronomic characters

due to phosphate rate in senna

Independent character Dependent character Regression equations

Plant height

No. of branches/plant

Fresh forage yield

Dry matter yield

Crude protein yield

TDN yield

No of branches/plant
No of leaves/plant
Fresh forage yield
Dry matter vield
Crude protein yield
TDN vyield

Plant height

No of leaves/plant
Fresh forage yield
Dry matter yield
Crude protein yield
TDN wvield

Plant height

No of branches/plant
No. of leaves/plant
Dry matter, vield
Crude protein yield
TDN vield

Plant height

No of branches/plant
No. of leaves/plant
Fresh forage vield
Crude protein yield
TDN wyield

Plant height

No. of branches/plant
No. of leaves/plant
Fresh forage vield
Dry matter yield
TDN yield

Plant height

No. of branches/plant
No of leaves/plant
Fresh forage vield
Dry matter yield
Crude protein yield

v**=0 17x-7 78
y**=3 18x-59 34
v** =57 33x-1014 34
y**=7.51x+281 43
y**=1 77x-25 98
y**=5 38x+77 89
y**=5 T77x-42.95
y**=18 30x-194 63
y* =324 94x-3337 37
y**=43 16x-36 93
y**=10 06x-98 79
v**=30 77x-146 16
y*™ =0 02x+21 27
y* =0002x+11 61
y**=0 05x+9 84
y**=0 13x+438 01
y**=0 03x+10 45
y**=0 09x+189 46
y**=0 13x-37 00
y**=0 02x+1 60
y**=0 42%-175.02
y**=7 65x-3180 53
y**=0 23x-90 56
y**=0 72x-123 52
y**=0.56x+16.26
y*=009x+10 71
y**=1.79x-10 82
y*™ =32 12x-121.17
y**=4 16x+405 44
v*=3 00x+164 16
y**=0.18x-13 92
y**=0 03x+5.60
y**=0 59x-103 34
y** =10 67x-1859 48
y**=1 39x-174 34
y**=0 33x-51 13

* **. Significant at 5 and 1% probability levels, respectively.
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FIEANM B gl b dt FAE At LS HEE Ba B ER
weme] KUK TIEC R o]Foixn Jlom(Yd 5 1977), BEIAEW KILIKRLAIE
& AU 66,4%2 120,840hac] B3t st} o] F(1975)L kLKL
Buel fPk 2 BACIM] AlEe] H8AS AAH | Uz, T4 5(1956),
Templeton et al (1966) #EEe] s Miild:, BRke] MEAR, &) f44,
anfE S0l wet a2zl ANt 1 Bt 11 @\ R 21 Budke
o9, Caradus(1980)9 Shoope(1961)& F2x| W BB RAF} &
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7F ot MEAF M S Bk NEEKiEY el FURte Ao A &4
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3l 9ulshy
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ol e, olv MEEMIFC]l #Ee BHF FF FL wEST FARFH T
1978) 7eie] #BiIkE 7t (Al £ 1964: o] 5, 1983)% Huel dAsitt.
Davis(1969)¢ Wilson 5(1959)& P:0s @5 Al &2 #Ee HHE

FRS I/ A F R T R IE o] b wek HADE,
Mgl Fe) F7iskdon K, HIKkG 2 RE WAdged o€ Munk

(1966) 233 #HE F9o ¥ EHHE dE2 LI BEGEHE & 19
AR (RS Ve AT Qlate] REald MBI UEhA ¥etia Eud
A% X35, Osman F(1977)9 £719 Helo] HEAYE T8 HEY
BEREFIHgE 0 whet Srtgvhe Eade dA g

ol’}e] AE Fiele] B wl AFTL WEHIERS 10a% 25kg 22 MM

e o] KBS F/NA & AT BY ohid, B Fo 22T HNY £
g Aoz 47HEY,
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T3} A-2o] BN, EAER P RRHEA Y MR el Fika, R, TE,
fifd, T EFY BE MR R % EE REd et dede Bas
BHF $1996).

HO5(1979) 2 F 5(1996)° ostd T3 A9 #HiEHiel e G
A e HEE BE7E 2ol met fiFEvn o fth A HBdME FiE
GEE ARG O#e 2041 g Srs BERZE S 0#e sl
e, ot AT AFHMLRE Bol RigdM e Fullol ¥, ik &5
Famo] wobd AHE AFol Fugd LNE Aoz AU (E F1996).

B, £ 59 MHEY 10a% £E(4.620ke) R EEIKE(1,160kg) =
3H 318 HREEAA 717 SAsta e, o o33t 1 olte] FfEHIA Mi=kaY
o2 Az3A Udenth o) 2L A AEL T ~ 87 L A EF

RS 3 o] Al7)el BIfERThE FEME(1985)9 Enst AEE & dholA

~

AF iRt F 5(1996)9 Bt K #iE #RE AAe AR 4
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MESE, Mgl TEE Aed ERE 2 dkke] Hades visd 2%l
th. %, 3)1 31H MMM HERE(12.9%), HEEE4 1%) 282 52
Hololowt 7 ol 43} 1 olahe] FEHHIIME #irki o R ATt kS
MK aie BESFE WrRie.2 Foke AFeldled, oe HiFES
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T3} 5L BiERc) DE4E HREE 2o ok, R EERK 59
FHES #eA Eohs Biae Shibles®t Weber(1965), & 5(1994) o2
AFREo ofdled Bud v} Qloh(z §.1998).

A el Mz B, 10a¥ £Eiks 9 RIRE-L 3ke/10a FHEE A
7t} 4,913kg3} 5, 215kg 22 FAISIE R, I o] 33 T ojdte] &M &=
di-reg g A2 Uestth o) AuiaEel o ARl kel F7t

e Agol Fxsta a2 wet FrketA N Hifwol o= TAE

2
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R

dow 2E Jfo] Azxdy rEs FOETE X F(1979)9 Eix= K
# HRE AAete vk BREAD
T g S BHEEC] BoldSS MEOH, HiEH T®RE 37}

Ligh
|

S olghe vl 2 HAEHE, Ik F Rl mokledl (& §:1998), & el
M R wolddl whel MESHE, MY TRE Eolzlov MRS,

A

HAMEE SRS Qdld] Rolrle Zegoldnt ole Ffwmel St otk
HERQHE, D 28 oA MM, Hks 8 Yeliltds 2 ¥
(1998)9] Xyetm YAt

BEFEMAC &) SVl upet i REe] B3 A5 £H) A3, FAKE
= Z7tEve BRE 2oh(E 5 1998, § % 1994, & 51991). K Rkl
ME BEERIE =] S8 E AEY Bk, S, £ 5o PHEE A8
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ee S7HEAthe Bast dAlsisitt,

S 2o QlojA Wi Bine MEAH, HMIBH T &e] FUiEde X
% Ath(Davis. 1969, Wilson%:1959). & RNz HERH, Hish 2
TDN &&2 HMEEEE S7k uet Bobuovt #K7 MM T8-S Hot
A& AgolAdth. Munk(1966), Osman %(1977)2 HF-E9 T3 MazE
B EfEel mel MERE, MW Zael Foldittn EustdEd, ole &K
AEY] R4 dAEHUAT

o\ ol Ane BRI B o POES K&, LR T BR2ARAA 19
WL 37 31H, BB 3ke/10a, MEMMER S 25ke/10a 02 Bt
Aol AES) kol BT BT ohfe, FA R HIKE 290, FEHEEE =
Q& Sl ez HAHg
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V. B

A pree BEHLE AoIM AES BEH BEE R BRGERE E R
e EFRE, ki 2 FERHRES 7987 st 19984 37 11HFH
[ OAZAA #ITstRen, O #RE B ds3t 2

1. #HEKe o 2= EERE, KR 3RS B

1) BfEi7lA o] Hire RESTE AR 1, MiRgTE FolAle 4eelUnt.

2) ERS 37 31H #&HERA 99cmzZ ZHe™, 11 o] du I olsle] FiER
oA golxle AgolArh(y**=-1.29x*+7.99x +86.64).

3) ¥, EFERK T2 37 318 HBHEREAA AR, SREE BiEL
Mo e ZRE7T A3, MEHE BETTE Solth

4) 10a% 4¥igE-S 37 318 HBEEA 4,660ke™ 47 108 #EiEFC]
A 4,397kg o2 WL, 38 118 HHEEA 3,473keo2 ks Aot
(y*=-234,07x*+1498.93x+2193.40).
10a% FLER (v* =-64.50x%+405.50x+556.20), Mi%AE kg ¥
TDN KEE: £RIkEY Halda e vsd Z oAt

5) MEBEI MY &8-S 37 31H HEECA 7 2gte, g o4 o
oldte] FHEEAMNE Fobdon, MRS HMHE S8 MIEYFS Yol
A= 7 gel9dth. 12]3 NFE, TDN &&-S BEETE Foldv A3t

6) ¥E#FR AEET HBEHZE 2ol oet #ERiIe 2 ZobmT.
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2. BHE %R u}E AFe HERE, KR 2 HERD B

1) BAfERZIAS] Bce HidEe] Dotz uhel #ikie 2 £oxe AFelAct.
2) BREL 3kg/10a #HHEFANA 99cn, 4kg/10a FBEENM 97cnE AR,
lkg/10a #EFEREANA 86z #ATHy*=-2.18x"+14 78x+73.36).
3) TEBL, kg, WERKTS BiEEe] BelAsE Hhetdn, e Bot
2l 73 Ekol Tt

4) 10a% RS2 3ke/10a BREFCIA 4,913ke2 2 7H8 Beka, o1 old# o
olste] fEERECIME ARlieS HAH e (y*=-299.11x*+2053.11x+1251 98).
10a% #EIgE(y*=-73.76x"+515.46x+288 24), HEAYE K& &
TDN Ik £Elg=o] #{ket v &3 Akt

b) Hl& Mg, Mg, NFE 2 TDN &< fifEmc] Botdd oot #ola
o, MK Ml TEE 239 RAEE AU

6) HEtFR NlEfEc BiERc]l S7ig ot @k e 2 FollE 7 doldrt,

3. MiBHILR XN o E AEo] AFERE, KR 9 s Bl

D) BHediR ] Afe sEgiaiiae] Woldd wet #i-riyor zolAle 2%
o]},

2) Bl 3bk¢/10a WEMEAA 109emZ 7HF 2ot IR ol ik
Holl whet @ik ez got o, EigikEol A MRS T2mE 7Hd &

heh(y**=0.99x+77.67).
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3) ik, R, HERT T MEEEC] SV wet #Riye R $A1E
o, MEHE HojAle ARl

4) 10a% *FIES BEHEEEANA 3,291kegol A2t BEERGIT ROl Bobg ol
wet #rige = ke 25ke? 35ke/10a MIEEANM T 242 5,200ke
5.230kg2 &2 FAAMD(y**=59.14x+3404.41).
10a% #ElE, HEOHE ki 2 TDNKRE £Else] Hstde] o
u) 23 7 8ko) Y},

5) HERE, Mgk, NFE, TDN ZR-2 HEmEEe] S7tgd wet 8ot
Bk, kT M SRS YolAle Aol At

6) Mk NEMT BEGERC Solid wel #kmes golie 2%
olith.
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