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Bkt PN R RER D, DRSS I R R . [ E52R ] IR R RS R A
ERAPEIEADE, IR AU 2R T AN R SRR A R A 82.6% I 84.8% AL ST,
RN AR R R M PCEE N R BRI R S HIRA PR S R VIR, e HIEAPUR S i 0~35 g/kg
MW, TSR RRE I REE A LB S BRI I S TN AR TR, HEERHL A RTE 60 ke/hm®
TIRAPUTE A 20 g/kg ZEABONE B bt SRR I8 65 M AR ORI 2 A0 IR R R IR TR

FERE, P RE AR DX RS HE K B+ 4 kil 19.9~38.9 mg/kg, KHIMWI 3w (L AUR 5B MA R BAlR 24k
LRPEADE, YT A RN 2 30 me/kg DAL, AR RS FHEN ;S A DU I

5 E YU S SR T DU B R R i ad by AR R B AR AU . PE R AR X R
ToHLE (0—30 cm) FIERIEM AR N 14.1~237.7 kg/hm®, WHMAR SEAEAZEHEE D EIEMHLE, 211
LG TCALAFIAC A A A B T 150 kg/hm® B, AR 1 BRE B TRE ;. BIHAR BRI AR AL
BB TITRE N, e M A K AR R 300 kg/hm? BB KH AU K BBURIE AR GE , LRSI A R R IA
BT 100 kg/hm?®, P50 X AACF FHE N 25.4%~37.1%, HIHEA PR S5ARR AR R RM X R BOER T 0.783
(P <0.01), AEEFIFRKE AP S DT EREO A . [ 458 ) VT i OB R MAES R, &
JRANAE B3R ISR R B AE 60 kg/hm®, AHLE S 20 g/kg ZEA MO H I, UKL S R EHL AL 2
Z RS AE 150 kg/hm® LAPY, % M 2E 1K 2 S JCHLRU A B P I 7E 300 kg/hm® DAPY o P R 08 X RUIE A R F- 24
32.6%, WL E 4, PR AR TR S AR R R,
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Relationship between nitrogen supply and nitrogen absorption of flue-cured
tobacco in southwest China

LIU Qing-li, ZHANG Yun-gui, JIAO Yong-ge, GU Hai-hong, XIA Hao, LI Zhi-hong"
( Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of
Eco-environment and Tobacco Leaf Quality, CNTC, Beijing 100081, China )

Abstract: [ Objectives ] Nitrogen is the most important element affecting the growth, development and quality
of flue cured tobacco. Nitrogen deficiency or excess can greatly affect the yield and quality of flue-cured tobacco.
This paper aimed to understand the relation between nitrogen supply and nitrogen uptake of flue-cured tobacco,
which can provide a theoretical basis for improving management level of nitrogen nutrition of tobacco grown in
southwest China. [ Methods ] Several fertilization experiments were carried out in Yunnan and Guizhou
Provinces. The in situ incubation and "N isotope tracing method were used to study nitrogen absorption of tobacco
from soils and fertilizers. [ Results ] The results showed that the N amount in flue-cured tobacco was

positively correlated with the soil basic N supply. Soil basic nitrogen supply (SBNS) explained the variation of
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nitrogen in flue-cured tobacco and soil nitrogen for 82.6% and 84.8%, respectively, which was decisive factor
for nitrogen accumulation in tobacco. SBNS was closely related to the content of soil organic matter. When the
soil organic matter contents were within the range of 0-35 g/kg, the SBNS increased with the increase of
organic matter content. In view of the requirement of flue cured tobacco to nitrogen, SBNS with 60 kg/hm* and
SOM with 20 g/kg were more suitable for the formation of tobacco leaf quality. The sources of nitrogen in flue-
cured tobacco mainly included the mineralized nitrogen, initial inorganic nitrogen in soil and nitrogen
fertilizers. The amounts of soil mineralized nitrogen were 19.9-38.9 mg/kg during the growing season. There
was a nonlinear correlation between soil mineralized N and N in flue-cured tobacco. The N amount in flue-
cured tobacco was not increased when the content of mineralized N increased to 30 mg/kg. The relationship
between mineralized N and SOM can be expressed by a logarithmic equation which can predict the supply of
mineralized N. The input of soil initial inorganic nitrogen and fertilizer nitrogen was 14.1-237.7 kg/hm’. There
was a significant positive correlation between the nitrogen input and nitrogen accumulation in flue-cured tobacco,
when the input amount was more than 150 kg/hm’, the nitrogen amount of tobacco became stable. Flue-cured
tobacco nitrogen accumulation was increased with the increase of inorganic nitrogen supply. The increasing trend
became slow when inorganic nitrogen reached more than 300 kg/hm’, and at this point, the amount of nitrogen
accumulation reached 100 kg/hm’. The correlation coefficient between soil organic matter and nitrogen utilization
efficiency was 0.783 (P < 0.01), and the utilization rates of fertilizers were from 25.4% to 37.1%. [ Conclusions ]
Overall, for the production of flue-cured tobacco in southwest China, the soils should be considered in priority in
which the basic soil nitrogen supply is about 60 kg/hm’, organic matter content about 20 g/kg, the supply of the
fertilizer nitrogen and soil initial inorganic nitrogen should be within 150 kg/hm’, total inorganic nitrogen supply
within 300 kg/hm’. The current average of fertilizer nitrogen utilization efficiency in this area is relatively low at
about 32.6%, which could be increased by cultivating soils and improving soil fertility.

Key words: initial inorganic nitrogen; mineralized nitrogen; fertilizer nitrogen; flue-cured tobacco
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Table 1 Basic physical and chemical properties of tested soils

55 H HiE THERR PR (wkeg)  TRA (mgkg) THLA (mg/kg)  AXBE (mg/kg)  HEBE (mg/kg) -
Field Site Soil type SOM Alk.-hydr. N Mineral N Olsen-P NH,OAc-K P
A Jinsha Yellow soil 33.8 200.2 77.0 12.3 112 59
&b g
B Jinsha Yellow soil 15.5 49.8 12.1 129 6.4
C Jinsha Yellow soil 23.7 31.0 70.2 239 6.9
D i AATRE 23.5 106.0 5.5 23.1 96
Midu Paddy soil ' ’ ' ’
E o AR 22.9 185.0 3.9 43.7 251
Midu Paddy soil ' ’ ' ’
F AL AR 27.2 50.7 43 68.6 160 6.3
Hongta zone ~ Paddy soil ’ ’ ' ’ ’
G AL AR 22.9 44.1 3.9 37.4 87 6.7
Hongta zone  Paddy soil ' ’ ' ’ ’
H ik “Lk 8.4 46.6 6.0 7.0 53 6.2
Jianshui Red soil ' ’ ' ’ ’
1 ik “Lk 15.6 64.0 8.9 28.8 120 5.9
Jianshui Red soil ' ’ ' ’ )
J Lk “Lk 20.2 99.8 17.6 12.4 116 5.9
Jianshui Red soil ) ) ) ’ )

102°35'~103°11", db&h 23°12'~24°10", 4EXSIR
19.8°C, H &A% 2322 h, 4EHFEN R 805 mm, JG
FEIDI 307 do JE R AU, DGRBS TG, TC
TR, AR, ZZENAMIEE A, 2
M E RN . A ZRR A E ) S AR AR RRE

FARLLHE I R H A, ARZ 102017~
102°41", db£h 24°08'~24°32", XU SR 25 FE Ny
1630 m; 4FHSHR N 17°C, H R 1878 h, 41
FeFR 894.4 mm, JCREI 272 d, J& PR
e D AU A
1.2 ¥t

WEATAEE . FHEE (N, L& E R
(Nyign) 3 MNAEFE, EAALE 3 RER, PNXE 66
m’ I A . AR O R R . T REIRAS |
R, HEARMEA N2 2 pion . Horbits FH 2R
INKCRFHFEE N 5.3% B9 "N SURCHEIREARC 12 &,
ARG FH B SR B, Wl . PPAE AR
1.3 HEERE

FEAR T . PPACHMRIE L B 7 s 3HEA,
WEAL A ERABORAL , BRI AR AL s ICHE TR
I Cs IR (D, E 5 5), BIET&E)E 30 d 5%
it o SEAE v B AR RLR R G i, R AR T

M 20 cm x 20 cm x 10 cm HHERA, "N AL HFAHRERA]
FHERIHE IS RRET, YRE 30 cm, JB8E¥ “NH,*NO,
K IERDEE AR S om &b, A

WO R RGNS, R M, JfAE
PR 5548 25, Z e ik 1, AR
FARRAEK,

TR IRAR BT . R FH i 24 R 2 b = S A R
(Nicotiana tabacum L.) i Fh K326, #A4kH ¥EH
H . R 16500 plant/hm®, LA 110 cm 47
PE . 55 om PREEEA . GRS AR R LA AT, ot
18~22 5o FHA)AE BEHZEAR TR A ™ B AR i 92t
14 #HmRESNK
141 LIRS RAE S E 1) AR - S HORE
TE 5 1R AR T U S0 H [R) 3R 5, i A
ZEBREIEN, Bt 1 kg IRA, DE HEEA LR .
B A BASE . AR . AW, B . pH.
2) H AR B R BURE . FERSIRAS ARG 1. 3. 5. 7.
9. 11, 13, 15 RIS HATIRE . 25 B RAR
RAR KA WY R R, HUH R AR AR 25
10 cm PINBYIR & LIRS (030 cm +)2), 43R
Ay, —13H 0.01 mol/L CaCl, iEIRIZHE)E . M5E
BREAMESE; H—W AR D48, BEREL
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Table 2 Experiment design
R i - HEe T JiEAC 3 Fertilizer amount (N-P,05K,0, kg/hm?)
Field Site Soil type NO N, Noar

A 4:¥b>-5. Jinsha County 1 Yellow soil 0-90-225 90-90-225
B 40 B Jinsha County HHE Yellow soil 0-90-225 90-90-225 120-90-225
C 470 B Jinsha County HHE Yellow soil 0-90-225 90-90-225 120-90-225
D PxEE Midu County 7KF&t Paddy soil 0-105-210 105-105-210
E PxEE Midu County JKF&G 1 Paddy soil 0-105-210 105-105-210
F Z1$4 X Hongta zone 7KFG 1 Paddy soil 0-90-180 90-90-180
G ZI3%IX Hongta zone 7K F&+ Paddy soil 0-90-180 90-90-180
H #7K B Jianshui County 4T3 Red soil 0-90-270 90-90-270
1 #7K B Jianshui County £T3% Red soil 0-90-270 90-90-270
] #K B Jianshui County 4T3 Red soil 0-90-270 90-90-270

RN E, HF 0—30 cm (15 cm) HEH,
IRHCE IR B D AR AR PR A 1/ FR 2 AR G
HHLE, BE TRES, HRERAE R, REEIRE
TIESKE . FRCSRAEIFEZ UL AR, #7T—
BB ge, HRMMHRIETR ., HIERG b
RIS s e ToHL AR 2516

TIETALE R H AR, E2msh Al
(Foss Sampler) %€ ; +3EAPLUFCR A & RIMA, &
IR — ik 13 pH R HAK LR
2.5 1, pHIFE ; ARk FHIRIR E i fd—Lt
ok AR HIBS PR ER e — B R R,
1.4.2 MEBRFESCRE SME B /N DCRFE 2
B, BbRic 5AEFRICA 1 BR, AR . X T ER
13 S £ 1 11y | 00y et I VA N [ 2L v
FE o FEATE 105°C FAT 30 min, 60~70°C #t =
fHEE, FREJSMBEAIN. FEMm2ACRH K-05 A3
F AN 7€ [KIELTEC SYSTEM 1002 Distilling Unit
(FOSS A ED], R Zpmic e dlh "N 3= B I R FH it
B (MR ZHT-03 JRiEiT).
1.5 HERE*

A BRI AR AL i = JORUIE DO AR A

FHRIR R = MR A S & < T

THBR SIS R R i = AR E A < AR
SN T IR NS O

FRBR U T R = R CE A — R
WERLA

THERH LA E (N, = 85555 BT - 55
Frni IR TCHLA

2 HPRE

2.1 TEREMHEERESEEREWRI

+ R A F LN i (soil basic nitrogen supply,
SBNS) 1 IR AR LA RE I LG H8hr, LG
IR X 0 U A s o BFFR SR (B 1) R,
JH R P AU 22 F AR, g . SR 10 A
PRI LR A R UL i 17.1~106.1 kg/hm?,
F R AR S A T AR B R+
R B RN E IEA (P<0.01), MXRET
IS 0.91 F10.92; ZePEEIAREIEREE S, i
M sE B HIAF] T 0.826 1 0.848, 2B et
Tlt AL 2808 0 S A R T 0 2R 3R SR Rt R e A - 4 R
% EPE 82.6% Fi1 84.8% [H7AE 5,

+ M ML S A R A K TR R4S Rl 3R o
2, BEEMAEYESNREIR, XY fh
A v A ERIR A, PR AR EoR,
SBNS 5 T 8EA L & 1 2 VIAHC (8 2), SBNS i
A LTS TG, %Oy R RR R AU
AWHE LGS, AT RAIE RECR) N
0.486, HITPIH MG ML T LA H, AL
B i 20 g/kg BF, T IEHARIEAR Y 60 kg/hm?,
22 TEFHRHBESERERERRA

e b R I AR A A T [ e AR oy
fE B R I LR . TR S IR SE (] 3) Wow,
VY e AR DX A R ) - 3 0 fb ol 19.9~38.9
mg/kg; AR F LA RS R A R
Nt AR SR T A R BRI AR A OC,
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Fig.1 The relation between SBNS and cumulative N in tobacco plants and soil
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Fig. 3 Relationship between mineralized soil N supply and
cumulative N absorption in tobacco plants
during growing seasonb

R RZB 1M 0.95 F10.82, AR BHEHE
T A R AR AR R, Y IR A R R
% 30 mg/kg DA A, BIAE 3wt A AN, &
AR BRI

ZA RIS R R, o HIEAPRY LA =
K 1.1~2.4 mg/kg, F¥IH 1.6 mg/kg. LM
AN R iva ot 2 SR VIV TN B R A N S R S N s
LM ERBOAEN T —0.823, HAERMGA -y =
—0.9297In(x) + 4.3927 (|8 4), 1% )5 FEA T 4 4
WAL A ML B
2.3 RIS AR S A R SR AR

RE ) R % S e AERL 0 A S2 B W A0 ) A7
B, ABETER A N R R BT B TR AR
SERFIH R, SRR, PR AR X R S R A %
9 25.4%~37.1%, VYN 32.6%, HIEA G
L RHEE LT IERER R R, AH DG AT
7R A P 5 AR EUR S A PR AE G R BGA
F T 0.783 (P <0.01), AERLFIFH 2R FE 4 A HLT AT
Boergor K (| 5).
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Fig. 4 Relationship between soil organic matter (SOM)
content and the mineralized N per kg of SOM
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RALR VBN, BIRE R B ERmst, Tl
AL EHEIT 300 kg/hm?®, HEHHAE R 2RI
ARLE, BRI A R BEREAE] T 100 kg/hm?,

3 e

R AR R A RN IR R AR
MIZRE PR, RBWE FHRAE v 7E LI FnVE Yy
Sy B hl AL A Rh e B, B R AR
SEBNARBIET R, REs, =, 5t 10
AN R AR A 17.1~106.1 kg/hm?, 4
M A Al i R i 22 R K X5 Khurana 5512
WF 5T 45 A — 20, LR s B B2 VG A /N 22
XA A A A 26.1~94.8 kg/hm?,  HiL X [i] 25 5
BK. HHEEAMEAE S LA T EHAR ZER
i BN A R R AR A IE ARG, [
BRSNS, AR BRI R s T
VG R A XA 0 R R SR B 100 kg/hm™®, AT 1
A LU HY i ERL Rl U0 5 60 kg/hm?, 3R]
IR AR TE 60 keg/hm? B MiE T, ST iR
R S A PUROCR (B 2), BHFhiE ik
PREA DU A 20 g/kg 224 H 4, X 5 R ARSe
B EHEAPUR &N T 25 gkg VE 4 HIEHERGE H 1S
B A A A — 3

WA, XA AR R KL, R
IR R 22 AR, AW BoR, PRI A
HESZBR R HZ N 25.4%~37.1%, FEH R 32.6%. +
AP S R AR 2 A OC R EGA 2] T 0.783
(P <0.01), AERHFIFH e 0E 1 984 AL L5 ek 50
MK, T HEEF LRGN N R AR,
ST T . AR R IEIE R /22 B it A it AT Y A
FHRCR A 5 73 /N 22 %8 56 it 38 it 2B %) e Ac )
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RO RI Ry N7 3 TR ) 8, X %
Sl T HEAVRE =R, EMAR R,
AT SRR 22 AR, B TAERE AR .
VLGB e B AR e R R A R
AR It

T AR AR A Nz —,
I A SR A R WCE VI (B 2), K
AR W A T b A B 88wy, 4+
HEW AL A BN 30 mg/kg DL B, BEfd 4 95 6k
R, BHAR BB RO AR, A
LB TN R EEE S, (Rl A B 2 g
REVAMIEY), HIL AT & B A E
A HEEW, R B, A EEA LT LR
HS5EIUR S ENEREES TR [y =-0.9297In(x) +
4.3927] K5, Hi T HIEE bz LI RO S 2
PP BSE I, Al B A A AR R SR FR M

KEWFFREREN, LHEEWRRE R E L
HEh i EHLA (NH,-N F1 NO, -N) Fljiti A+ 32 A9 1k e
FORAERLNY, P R E MR ik B H bR i T
MR RPN I (R LA + (RIE ), e fE
YT MR, BRI AT e JUIB LR &, ik
Bl 48N, 529, G 20 4F0R, KR, RMAFRETE
A E A K i SR B — 2 2 TR B A A R o )
TEHLA S E A Ak T ANEHERE, B TR
GFRT AR PR A X R RIS s,
IR EHLA (0—30 cm +338) FILAE A A
14.1~237.7 kg/hm?, WiE AR 5B MR R R E
HEWEF MG, YWEmAEET 150 kg/hm? i,
MR E R R TRE ., Hit 3R G TILA
SRR R R FUBAE 150 kg/hm® PUR

T4y ot 52 a0 S 2R B R 1 o v 44
Jn, VU AR O AR B IAF] 100 kg/hm? B,
JH T - w ok TAE , el i, A RT
L EBIEN R AIE . AR BN, EIE R R
SR PR AR I n, R G LA (0—
30 cm +J2). HLA (0—20 cm 1+)2) S AL
2 T 300 kg/hm? B 5 00 0 2% B 448 ik 34
8%, WA AR BREIAEH T 100 kg/hm’, F L
KRV ARSI, B TIOR3 1 8 R
HI7E 300 kg/hm? LLIN .

4 558

TEVGRE M X I A AR S R g rh, # IRA R B
PEPEAE SR HE A & 60 kg/hm? . AL & 20 g/kg 72

A, MR U 5 b TT AL AU HE R & 22 RN
£ 150 kg/hm?® N, B A 4 22 B AL S0 HE I dk B 4
il 7E 300 kg/hm? LLN . P4 R 4 X ZUIE R H 27340
32.6%, HAEEE I R B AT R S AT
.
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