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B OE: BREN 300 gkg ' A1400 gkg " SRS A PLEHLURIRAC (LL OR30 Al OR40 £/ ) XFFEMAERK |
Jo e e % 43 R FHZR 5200, A 155 2 T SRR A 8 T8 1) AR 8 S R B TR o T B2 LR ARG o LA R i K326 S b
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Effects of Combined Application of Rapeseed-cake as Organic Manure and
Chemical Fertilizer on Yield, Quality and Nutrient Use Efficiency of Flue-cured
Tobacco

YU Xiaofen', YANG Shumingl, Z0U Binglil, XIE Yan?, LIU Jiahongz, ZHANG Ruiqinz, LU Yaqiongz, CAI Yongzhan2 ,
ZHANG Suhua®, LI Junying®, QIU Xueli '

(1. Agricultural Resources & Environment Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China; 2.
Qujing Branch of Yunnan Tobacco Company, Qujing, Yunnan 655002, China; 3. Biotechnology and Genetic Resources Institute,
Yunnan Academy of Agricultural Sciences, Kunming 650205, China; 4. Yunnan Academy of Tobacco Agricultural Sciences,
Kunming 650021, China)

Abstract: A field experiment was conducted to explore effects of combined application of organic manure (300 gkg™ or
400 g'kg ' rapeseed cake) and chemical fertilizer on yield, quality and nutrient utilization efficiency of flue-cured tobacco, in an
attempt to provide scientific basis for improving utilization efficiency of the rapeseed resources and tobacco quality. Using
flue-cured tobacco of cultivar K326 as test material, the experiment was designed to have ten fertilization treatments, i.e. T1
(chemical fertilizer, consisting of 400 kg-hm™ specialized tobacco fertilizer equal to 60 kg-hm™ in N nutrient + 362.5 kg-hm™
superphosphate +160 kg-hm 2 potassium sulfate as control) , T2 (OR30 at 400 kg-hm™, equal to T1 in N rate ) , T3 (OR30 at
265 kg'hm 2, equal to T1 in N rate, and 150 kg-hm 2 potassium nitrate, ) , T4 (OR30 at 225 kg-hm 2, 10% less than T1 in N rate,
and 150 kg-hm 2 potassium nitrate) , T5 (OR30 at 440 kg-hm %, 10% more than T1 in N rate) , T6 (OR40 at 500 kg-hm 2, equal to
T1 in N rate) , T7 (OR40 at 331.2 kg-hm ™ and 150 kg-hm 2 potassium nitrate, equal to T1 in N rate) , T8 (OR40 at 281.2 kg-hm™
and 150 kg-hm ? potassium nitrate, 10% less than T1 in N rate) , T9 (OR40 at 550 kg-hm2, 10% more than T1 in N rate ) and T10
(neither manure or fertilizer). Results showed that compared with treatment T1, Treatments T2, T3, TS, T7 and T9 significantly
improved growth, leaf area and leaf area coefficient of the tobacco plants by 1.74%—4.51% and 4.47%—19.11%, respectively.
Compared with treatment T1, Treatments T4, TS, T7 and T9 significantly increased fresh weight, dry weight and root volume of
the plants; Treatments T2, T4, TS5, T7 and T9 increased by 2.69%-7.46% in yield, increase rate; and Treatments T2, T5 and T9
increased significantly or by 10.99%-13.46% in output. Meanwhile, Treatments T2, T4, T7 and T9 increased contents of total
sugar, reducing sugar, potassium oxide and water-soluble chlorine, and decreased the content of total nitrogen and nicotine in the
middle position tobacco leaves. Compared with Treatment T1, Treatments T2, T4, TS , T7 and T9 were 9.31%-25.17% and
7.67%—22.32% higher to apparent and physiological N use efficiency, respectively; Treatments T2, T4 and T9 were 19.85%—
28.05% and 14.71%-21.39%, respectively higher in apparent and physiological P use efficiency; and Treatments T2, T4, TS5 and
T9 were 8.55%—17.40% and 9.06% —21.98%, respectively higher in apparent and physiological K use efficiency. In summary, the
application of a proper amount of complex organic-inorganic fertilizer in Treatments T5 and T9, and the application plus
potassium nitrate in Treatments T4 and T7 can promote growth, yield, output value and quality of the flue-cured tobacco by
improving their NPK absorption.

Key words: Organic-inorganic complex fertilizer; Quality; Yield; Flue-cured tobacco; Fertilizer use efficiency
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1.1 iRIe R

RIS T 2019 4FHEAT , I IR HLAL T 2= w4 ity o
B B2 1 111( 103°57'E, 24°46'N, 14K 1480 m ),
RUEE NS, HHERRU R, i R+, &
A AR BT R Z 3% pH 5.67, A ML 30.19 gkg ',
AR A 147.3 mg-kg ', A RBE 46.25 mgkg ', AL
B 284.3 mgkg ', BRBHIRARSL, oAt )@ Y E R
FEAR o AT 6 1 -4 39238 0 R LAk Jag bR o 7 i 35
T X A, B R

1.2 iR

HEEE IR R . K326 ( EFkmFPZ— ). it
Bh: 2 B A BEUFE SRR HLCHURIRE: 1)
OR30, A 300 gkg', N : P,Os : KO=15% : 5% :
18%, AHLIE 722.9 g-kg s 2 ) OR40, ikl 400 gkg ',
N @ P,Os : K,O= 12% : 5% : 17% , A Hl &
758.1 gkg ' MELHE A N : P,0s : K,0=15% :
8% 1 25%; FHIREF (N135 gkg', K,0 465 gkg'),
RS (P,0s 160 gkg '), HRARH (K,0 500 gkg ' ).
1.3 Rt

BEE 10 M AEAbEE (£ 1), He, T1, T2,
T3. T6 Ml T7 Zb# N % MUt & i (60 kg'hm *), T4
H1 T8 AP NI A 10% ( 54 kg-hm™2), T5 FIl T9 AbFH
A 10% (66 kg-hm ), B& T10 4b, 2 4b#AYBEAL
(P,0s) FIHFAE (K,0) FHIE451R 90 kg-hm > Al
180 kg-hm 2. K HAH R FHBEHLIX 4L 531, A4k
3 RER, BN 60 m*, RAETE,
2019 4F 4 H 26 HEAX, #RATHE 0.6 mx1.2 m, &4~
NXFRAR 80 Bk, ERMLAE, T2~T9 ZbHAERA
FHLTCHLE RN, FH i 198 %5 L 1 140 D 2 Wl A
REbits O =X, BR T3, T4, T7 Ml T8 AbH A AR
BRTERE RS R K AR 8 H B I S K — YGE i
A, A R RN At Ak 1 f 4350 HEURL 345 A A AR st 1
Sy HERE R FHAR Xt AR ( 2Rt ) — kbR A . K H
Al 7 PR il >4 b A T R A A R R A T
14 MEMHSAZX
1.4.1  JEMRAR 2RI FRFJE 50d (HARE
1) FRECREEHT, /NIRRT M 8
Pk, HebrE YC /T142-20100 0 @ Makk bk . 25/, A
kR g. R RASE, TSR AR AR AL
1.4.2  EMETERmE TGS AR, %
VAN Ry g 1 L - =3 L v
GB2635-92"0 4, Gl gk bil . prik, el
7 2019 4EHH MY By, ST (E L FRIE N (&
667 m*) FA{HS CIF (Hig—) MM i, s
P /CIF B x 100 755,
1.4.3 MMl o SonT e 05 PL/INX
Sy, BB RN B2F ( LAg ). C3F (i
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Table 1 Designing of the treatments of experiment
AL A4l i H Total pure fertilizer
IEE R K Ab B Fertilizer application rate/ ( kg-hm™)
Treatment
N P205 Kzo
FRAE (B B AE ) @, HHE L R AIE® 400 kg-hm +754579362.5
T1 (CK) R , 60 90 180
kg-hm *+ER AR 160 kg-hm
T2 A HLIEHLEIRAE® (OR30) 400 kghm > 60 90 180
T3 A AEHLTEHLEIRIE® (OR30) 265 kg-hm 2 HEB A A4 ©150 kg-hm™> 60 90 180
T4 A AHLTEHLEIRIE® (OR30) 225 kg-hm >+HA i iR #1150 kg-hm 2 54 90 180
TS A EHLIEHLEIRIE® (OR30) 440 kg-hm™? 66 90 180
T6 A HLTEHLEIRIE® (OR40) 500 kg-hm? 60 90 180
T7 MG AHLTEHLEIRIE® (OR40) 331.2 kg-hm B RS R 150 kg-hm? 60 90 180
T8 MG AHLTEHLEIRIE® (OR40) 281.2 kg-hm 3B iR #1150 kg-hm 2 54 90 180
T9 MAEAHLEALEIRAE® (OR40) 550 kg-hm™ 66 90 180
T10 AT AT A 0 0 0

(DInorganic fertilizer ( Specialized tobacco fertilizer ), @Compound fertilizer of tobacco, @ Superphosphate, @Potassium sulfate,

(®Organic- ( rapeseed cake ) and inorganic complex fertilizer, (©Potassium nitrate topdressing, (DNo fertilizer.

B (YC/T217-2007 ) PARIK TS & B (YC/T162-
2011) B BB/ PR Ak 2 i ]
#5841 ( Chemical components usability index, CCUI )
FH AP 4540 B %) A2 1 o B R 1
1.4.4 SR RIER A BRI 7ERLRY,
Fi /N AR EL 6 ARG IR S, 43 3 WA BRI L L
TER feJE 1 UCRMERZE L MR, BUREE
B ACKHRBR v T, Forh X AR R PRI EE Y I )
P CHIEAR MR AR U 72 )(YC/T 142-2010)17,
FHAHE A 200 72 JR R AR AR R . B S 45 2% B 40 T AE
105°C A 30 min, 80°C FHLT 2B T4 i i,
MR A5, RIS PTAES, # NY/T 2017-
20112955, SR H,S04-H,0, 14, FAAdER
1 (K9840 AL, rfE ) MIE2A, 4RI E
LW, JIBIEREEI E A AR IR S vk
HHEIEEFHZE, AT

JERL 2 A 2= (it A X5 00 7 43 W i =
F DX R 7 A W Ak ) /AR Ak it FH et > 100%

FIEASE A BRI R = (i A XA P 7= 25 F XA
g ) /i A DX R I AL 43 25 1 DX ek

W3R ) x100%
1.5 HUELE

M Microsoft Excel 2010 fil SPSS 19.0 #f4:
BTG, 2555 T R IR T e/ W 3 25
(LSD) Jiik,

2 44 R

2.1 HEAVEHEREEXTEERZ MR

HER 2 Al%0, T10 (ANHEAE ) FAPRZEREAS A B I
Ky, HA 2R B3R T A . 7E)%
WG 50 d, 5 T1 (CK) M, MElkiAHLIL
BUA TR AL A 3 ik e . 25181 L i U8 B 3 s
fH T2, T4, T6 FI T8 Ab P i 35 R MR A - e AH K i
AR E, ENPCRIERT, T2, T3, TS, T7 Al T9
Wb PR AR . 25 LS CKOARERTE B
F2ES, ARty A R R R B ) E R N T
1.74%~4.51%., 4.47%~19.11%, i T4, T6 Fl T8
Ab Py TR RN AR B CK A W TR
WS R W, FeAH A IR & AR O U, it
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ZIAFIIMAL 300 gkg ! A F T A K AT 78

x2 MERAEENITNER

OR30 1 OR40 ) = it A
FRAE, R o i T AR R T AR R A

, 16 it fi PR A vl e #E A
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Table 2 Effects of application of organic-inorganic complex fertilizer on agronomic traits of flue-cured tobacco

35 50d 50 d after transplanting

SKJE R Preroast

b3 MR EN MEARRE tReE ZEH AR T AR R B
A% MEF Leaf M1 A Leaf
Treatment Plant height Stem girth Leaf area Plant height Stem girth Leaf Leaf area
Leaf number area/cm? area / cm’

/cm /cm coefficient /cm /em number coefficient
T1 (CK) 87.3+1.7a 9.2+0.1a 15.8£0.1a 657.1+£85.1a 1.59+0.11a 117.1£3.9a 12.2+0.2a 20.5+0.4a 928.2+97.1b 2.46+0.21b
T2 86.5+1.2a  8.840.4a  14.6+0.2a 640.4+46.5b 1.54+0.15b 118.3+2.7a 12.0+0.4ab 19.6+0.2ab 944.3+68.5a 2.59+0.12a
T3 89.1£3.1a  9.7£0.5a  15.240.1a 724.7+27.4a 1.87+£0.08a 121.4+2.4a 12.9+0.la 20.9+0.6a 967.6+81.3a 2.77+0.14a
T4 84.7+£0.9a  9.3+0.1a  14.5+0.3a 631.1+£34.6b 1.49+0.04b 107.2+2.1b 11.8+0.6b 19.2+0.1b 905.7+72.6¢ 2.36+0.15¢
T5 83.9+2.4a 9.0+0.3a  16.3+0.1a 792.2+63.2a 1.92+0.06a 124.7+3.5a 13.6+£0.3a 21.1+£0.7a 970.0+54.9a 2.93+0.17a
T6 98.2+0.9a  9.4+0.8a  14.1+0.6a 628.7+52.7b 1.48+0.10b 109.6+3.0b 11.6+£0.2b 18.9+0.5b 902.7+60.1c 2.31£0.09¢
T7 91.7¢1.8a  9.6£0.2a  15.240.8a 660.9+71.8a 1.64+0.14a 119.9+1.9a 12.4+£0.5a 19.9+0.3a 946.6£101.8a 2.57+0.05a
T8 89.4+2.5a 10.5+0.6a  14.3+0.4a 644.3£38.3b 1.56+0.15b 112.5+£2.1b 11.7+0.6b 18.7+0.5b 894.5+116.4c 2.32+0.11c
T9 85.843.0a 10.1+0.4a  15.840.9a 675.1x41.9a 1.73£0.09a 123.6+3.3a 12.5£0.3a 20.5+0.2a 950.7+89.5a 2.61+0.03a
T10 47.5£1.1b  8.2+0.2b 12.8+£0.1b 373.0+£60.1c 0.85+0.12¢  57.4+1.8c 9.5+0.1c 14.3+£0.4c 594.8+37.9d 1.44+0.07d

T RSB 5 A R T R AR Rl AL BRI E 0.05 7K B2 5 2
column followed by different letters are significantly different at the 0.05

, PR N V- YIME « #rifE22, TIRl. Note: Values in the same

level. The data in the table are means + standard deviation. The

same below.

2.2 BV HE R ABXT R 25 R B R0
H % 3 AIAL, T10 AbBEUH 4500 28 5 Ptk B 3
T HADLE . WA SEH L5 E, T2, T4, T5
AT FAEMNELGIER T1 (CK) REH N 4.59%~
14.17%, AR ELBILL T6 FI T8 fiefio T2, T4, TS,
T7 F1 T9 % CK W™ 2.69%~7.46%, HAthibH
PR CK L% R % 3.23%~36.62%. Ab3 T2, T5
T FPE R, B CK BN 10.99%~13.46%,
H=FREEFAEE, LB T4 F T7 KZ, ® CK
FEAE N L E AN 7.63%M1 6.85%., PR . AR
TALHA S P EARL. LR RERN, 5 CK 48
FHEG, FRt AL A HLCHLEIRAE,, LA TS Al T9 Ab3
LG et ERCAERR A AT, 4L
T4 (WA 10% ) A1 T7 LbBRARI; =5 . = fefd .
23 MHENEYEREMEN FENXZEIH

A

H 2 4 AT, T10 AbERKR I Ab 25 o o A Ik
PR PE2E . BSOS TR, i OR A9 8 MAb3A

& BN 201.6~363.7 gkg ', F1 2780 gkg s 5
CK HFL, EHSMEm LA B T3 F1 TO AR,
BB T4 F T abFEe s, THCh T8 AP & . il
OR b HH A JFOBE &N 186.3~298.5 g'kg !, F1
236.9 gkg', WAL S SR, SEEA
SRME, M OR MHMBASEN 13.6~
247 gkg', V1 18.0 gkg!, KALFE . NEBMEA
MAS CKZ AR, il B A 8 T CK.
Jiti OR AbPEAGHNGN 3k 15.3~35.5 gkg', FH
23.1 gkg ', AALHEL L HAHIKE RS CK 25K
W, REEM L T2 T3 AR PG S R, T
BRI T2, T3, T6 I T9 AbFEALE . i OR Y4
A& 14.6~39.7 gkg ', F¥ 244 gkg!, kb
T2, TS, T6, T7 A1 TO AbBH [ FBAH -4 5 A i
rRERIEAE L T2, T4, T5. T6. T7 1 T9 kb FH4gw,
P ATt OR AL 38 T FSH i B 7 i 3 i 3 = T CK.
Jiti OR RI/KIEHEESEN 2.8~11.9 gkeg', F
6.6 gkg ', HAbHEMMTA S REYE CK 2540
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Table 3 Effects of application of organic-inorganic complex fertilizer on economic traits of flue-cured tobacco
ah LA AL o i g Yk
Treatment ng?z(riz(;za?.i(};gh Prop;)rr;g;nl::fn/l;:i U yield / ( kg-hm?) ?L;f:r:.;iiuze)/ Output index Grade index
T1 (CK) 50.1b 36.9b 2 736b 60 885c¢ 124.9b 69.24b
T2 55.0a 35.5b 2 924a 69 078a 148.2a 94.26a
T3 49.5b 32.4c 2 648bc 58 760d 132.7b 73.91b
T4 52.7a 33.9¢ 2 810a 65 053b 139.3a 79.52a
TS 54.6a 32.4c 2 879a 67 576a 145.3a 84.96a
T6 49.0b 37.1a 2 628¢ 56 006d 102.1¢c 68.93b
T7 52.4ab 33.5¢ 2 825a 65 529b 141. 5a 82.32a
T8 48.9b 39.8a 2567c 54 629¢ 98.21c 64.57c
T9 57.2a 36.6b 2 940a 68 833a 143.3a 87.89a
T10 25.8¢c 34.2¢ 1734d 34 253¢ 59.31d 43.05d
x4 EABEENENERETHRENEZXERS
Table 4 Main chemical components of the flue-cured tobacco relative to treatment
&3 fb 3 KA Z\'.)E*ﬁ Etﬁ JHHH Nicotine % {L4f Potassium KIS
Total sugar / Reducing sugar Total nitrogen / o . O Water-soluble CCUI
Grade Treatment (gke!) / (gke ) (gke') / (gkg') oxide/ (gkg') chlorine / (gkg ')
T1 (CK) 239.9b 221.7b 22.2a 33.1a 18.6ab 6.1a 68.41c
T2 243.2a 235.9b 23.4a 34.5a 18.9a 6.6a 63.14d
T3 275.8a 255.1a 21.9a 32.2a 15.4¢ 7.1a 85.43a
T4 238.8b 223.1b 22.9a 35.5a 14.6¢ 7.2a 57.85e
B2F TS 222.8b 222.1b 22.2a 34.2a 19.5a 5.5a 72.68b
T6 225.9b 213.5b 21.9a 33.5a 19.5a 5.4a 70.28b
T7 223.7b 214.5b 23.4a 30.6a 20.8a 5.3a 75.62a
T8 201.6¢ 186.3¢ 24.7a 32.8a 18.3b 6.7a 43.57f
T9 253.6a 244.9a 22.6a 31.9a 20.5a 6.2a 82.39a
T10 205.2¢ 170.3¢ 12.4b 16.8b 16.2¢ 2.4b 24.35g
T1 292.6b 214.1c 19.9a 24.3a 25.7b 2.8d 69.97b
T2 306.2b 243.4a 17.8b 24.2a 28.7a 7.5b 83.56a
T3 294.5b 226.7b 17.2bc 23.9a 22.2¢ 7.6b 56.27d
T4 346.3a 231.9b 16.1c 21.5b 29.8a 9.7a 89.42a
C3F TS 309.4b 258.6a 13.6d 16.1c 27.3a 5.1c 80.14b
T6 326.2b 243.8a 15.3¢ 19.5b 28.5a 5.8¢c 76.45b
T7 308.1b 217.3¢ 17.9b 19.7b 28.9a 5.4c 87.19a
T8 305.8b 218.8bc 17.7b 21.8b 24.3bc 6.2¢c 61.58c
T9 363.7a 268.5a 16.5¢ 19.1b 29.6a 5.1¢c 82.53a
T10 327.9b 241.3a 11.3¢ 14.2d 15.2d 2.5d 20.69¢
T1 280.1b 242.5¢ 15.6a 15.9b 28.8d 5.6¢ 73.35b
T2 270.6b 234.7¢ 15.3a 19.1a 35.8b 11.9a 75.45b
T3 307.3a 249.8¢c 15.3a 19.5a 29.3d 7.7b 70.59b
T4 306.2a 262.8b 16.4a 16.5b 33.2¢ 8.3b 87.43a
XOF TS5 299.6ab 298.5a 15.1a 15.4b 32.7¢c 10.9a 89.24a
T6 266.2¢ 231.6¢ 15.9a 18.3a 39.7a 9.7a 64.12¢
T7 312.5a 286.4a 16.2a 15.8b 31.8¢ 6.2¢ 82.26a
T8 319.5a 275.8b 16.1a 15.3b 33.3¢ 6.6¢ 61.24c
T9 310.8a 278.1b 15.6a 17.2ab 36.5b 10.3a 86.17a
T10 257.4d 229.9d 10.2b 14.8¢c 13.4e 3.4d 27.38d

. CCUIL: fb2E 5T FHPEF8 %0 B2F: 4% —; C3F: H#% =; X2F: T#% . Note: CCUI: Chemical components usability index;
B2F: B2F grade; C3F: C3F grade; X2F: X2F grade.
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E L SN S 19 L e 1 = NG A D 235 %
£R3FE, 5 CK ML, T2, T4, T7 1 T9 {EAHM L
WERE . AR S BT, BRI &
MR, M EeE R T UME . RaRgE IR,
JiiFH OR HYALFHEXS b | SO AR 5 0 ) A R0 2
SEEL/IN, T S R P O P 4 B 25 S A
24 HEBEVENERETIEER ZISREER

F A R 130w

% S AT, SUORERARBRIEARIN S, T4, TS,
T7 F1 T9 AR EH 7 i AR T4 ot it FARAAR A CK
Iy 3.74%~32.73% . 3.71%~30.24%F/l
7.09%~28.78%. MARFMHME, T2. T4, T5.
T7 F1 T BYR R FRWAN 2 H R R A BRI HI 25350

9 34.27%~39.24%FH1 30.34%~34.47%, ¥ CK 4
A E R 9.31%~25.17%H1 7.67%~22.32%. T2,
T4 F1 T9 B R FWFHRIE 6.28%~6.71%, 43 HE
CK B354 28.05%. 19.85%F1 26.72%; T2, T4
1 TO B B A HEN 4.13%~4.54%, % CK 43
P EILE 14.71%. 19.79%FH1 21.39%, T2, T4,

T5 Fl T9 #0 LA K 33.51%~36.24%, 43 Bl4%
CK W 17.40%. 13.96%. 11.08%F1 8.55%;

T2. T4, T5. T7 F1 T9 #P &R A HH HIZH 32.97%~
35.69%, % CK AbPEE EHE S 9.06%~21.98%. I
REESL R, MU imAL A HLICHLE IR TS F T9
DA P i R BT A T4 (IR 10% ) Al T7 AbHf AT {2
HEIMRAR R EE . JFRE &P B AR R =R

x5 EABEANENERETERRAEIRRER T AR

Table 5 Root indices and fertilizer use efficiency of flue-cured tobacco relative to treatment

R ZF848 Root indices

W) FH 2% Apparent use efficiency/%

H: BRI FH >R Physiological use efficiency/%

ARERY ARG R AR TR RRIRRL
N P,0s K,O N P,0s K,O
(gplant') (gplant') (cm’plant’)

Tl (CK) 227.3c 70.1c 248.1d 31.35¢ 5.24b 30.87¢ 28.18¢ 3.74b 29.26d
T2 243.6b 75.1b 287.4b 34.27b 6.71a 36.24a 30.34b 4.29a 35.69a
T3 185.4d 59.6d 212.9¢ 26.92d 4.25¢ 29.63¢c 25.13d 3.11c 27.34e
T4 235.8¢ 72.7¢ 265.7d 37.23a 6.28a 35.18a 34.26a 4.48a 33.51c¢
TS 301.7a 91.3a 319.5a 38.41a 5.77b 34.29b 32.55b 4.13a 32.97¢
T6 194.9d 61.4d 203.6¢e 27.16d 4.03¢c 26.35d 26.92d 3.25¢ 25.13e
T7 243.5b 77.9b 279.3¢c 35.75b 5.97b 32.96¢ 32.81b 3.96b 34.92b
T8 171.4d 53.8e 192.2¢ 25.83d 4.39¢ 27.52d 23.69¢ 3.47b 25.45e
T9 282.1a 86.6a 316.1a 39.24a 6.64a 33.51b 34.47a 4.54a 31.91c

(D Treatment, @ Root fresh biomass, @ Root dry biomass, @ Root volume.

3.0 EHFHBENEHEREMEN=RENE

1]

THAR R 0 N Rz A LI R, B
LG A AR AR AT o 70 3 S A i R T A —
SEFRE AR i, I RE AR UE K R = s e
TS24 | P E R E R AR,
NG FLBITE 30% LAY, AR P R
il P I 5 T, R k2 R o T B

JAUSSL REFIE R, SR, BRE A A AL
TCHLEIRAE (OR30 #i1 OR40) Bf, LA OR30 (jii4l
A 60 kg-hm? Fl 66 kg-hm?) P& OR40 (JifiZli %
66 kg-hm > ) AR HH = R (A (6 3), Ul
HHERIITEHIRG 300~ 400 g-kg " AT (RSIERENHEAE T IR
SRR . A B A R R 25 F R, OR30 (il 2l &
54 kg'hm™, Vi & 10% )F1 OR40( 2% 60 kg-hm™)
b BRI AT o R S A R R A (R 3 ). ZRAT
M, WIS 300 g kg™ B A ) T4 5 dl 7
HLOUME, X5EA MR REN—80 gHE
R IOR S EIRANE , ASHE Sl 2 A
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52 R 3, X n] RE R S IR AR R A LA ML S
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EREFRCY AR, SE e, b
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FIFPRB ST (3R 5), RUPEMIA. B #r0oRIH
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JCE A LB IE T AR N 3550 A0, oty
MLEMESE T 3R BRSO, JRERRIR T AL
BT RWRIEDY, A R TRl 55—,
3t it J 2 ML AR HE TR Bk — R AR 1 &
H, HAPARECR . R T Y E R EEREDY, )
3+ R A RERR G RO T, U A Y R
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W e U2 AR X AR ( HZERE ) ik,
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X i FIES 482 g FIEL Rk 5 25 M) T 3 A 0 A A 7= S B AT
AN (i A B0 aT WA Je A0 A 7 v R RS
JE LA IR 23 B IR TR AR PR AT 45 302 P B i
A REAT R LR IR . AP R AU — 2R A0 T
BN —AF R HIRH, &5 R X0 2 IR AR
AT RFERARRR LKA A HLICHL A TR AL B AN [R] e
AE BRI AL L 53R4T, 97 01 3 b A9’ A
AR S ORI R AR R AL | AR BRI M 5 45
1) 2t — P IE

4 % @

SEATIAS A HLIC ML A TR A AT A2 208 Je 08 L 3 A
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