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Abstract: This study was conducted to explore effects of biochar-based fertilizer on physiology and nitrogen uptake of flue-cured
tobacco and nitrogen balance in the yellow soil flue-cured tobacco system, which will provide certain scientific guidance for
optimizing nitrogen management in the yellow soil of the tobacco-planting areas in Guizhou and reducing pollution in the
ecological environment of the farmland of tobacco-planting areas in Guizhou. A field experiment, carried out with flue-cured
(Yunyan 87) in yellow soil for the study, was designed to have three treatments, i.e. no nitrogen (CN), conventional fertilizer (CF),
biochar-based fertilizer (BF). Results show that Treatment BF significantly increased soil urease activity, root length and surface
area, glutamine synthase and glutamate synthetase activities in leaves, and nitrogen uptake of flue-cured tobacco. Treatment BF
was significantly 35.06% and 14.24% higher than Treatments CN and CF in nitrogen uptake of flue-cured tobacco, respectively.
Treatment BF was the highest in activity, volume and dry biomass of root and yield of flue-cured tobacco, and significantly higher
than Treatment CN. Nitrogen surplus was obviously detected in the yellow soil flue-cured tobacco system in all the treatments,
the nitrogen input was mainly the initial soil inorganic nitrogen, while the nitrogen output mainly consisted of soil inorganic
nitrogen residue and nitrogen uptake of flue-cured tobacco. Treatment BF increased inorganic nitrogen residue in the 0-20 cm soil
layer. Moreover, Treatment BF significantly decreased nitrogen apparent loss by 44.42 kg-hm 2, and decreased nitrogen surplus by
37.70 kg-hm’z, and significantly increased nitrogen apparent recovery efficiency by 16.15%. Therefore, the reasonable application

of biochar-based fertilizer is an effective way to optimize management of nitrogen in the yellow soil and protect ecological

environment of tobacco-planting areas in Guizhou.

Key words: Flue-cured tobacco; Yellow soil; Biochar; Nitrogen balance; Root
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HHLIE (CF, Jifi S (H L FHAEIE ) Ao SIS (BF,
Jiti e IRAE ) 3 b B, FEASAREL 3 RER
AR/ NX R 36.3 m?, &3 9 AN/NX, FlHL
X ZHES . AR AR TIE R 1.1 mx0.55 m, &4
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Table 1 Morphology and activity of the flue-cured tobacco root in different treatments
pusiil R GREHEA MR AT )
Treatment Root length/cm Root surface area/cm?> Root volume/cm® Root activity/ ( pg-g’-h™")

CN 4 862+857b 1 600+205¢ 54.41+14.36b 86.95+32.34b

CF 5 349+885b 2 196+209b 85.79+4.74a 103.1+22.42ab

BF 8 781+1 654a 3 121+£374a 100.2+8.29a 149.8+17.58a

1 AP RNG R R R ab B E] 25 57 8 3% ( P<0.05 ), T [A], Note: Different lowercase letters in the same column mean significant

difference between treatments at 0.05 level. The same as below.
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Fig. 3 Glutamine synthetase and glutamate synthase activities in the tobacco leaves of different treatments
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S, FBORIE it AL A HR A 5 00 it . I R
JHIE = 22 K (£ 2). BF AFE T4 i i
W U R = B de i, CF AbF g rp, ON kb P fR
fik. Frfr, BF Al CF AR BB S0 T it i 3% & T CN
AbER L S 32.25%F1 31.15%; AN [ i AE Ak B
Z IR IR A 22 5 3%, AT CN Al CF 4b 3,
BF Ab 3065 00 % 20 43 i 55 33.28 kg-hm 2 Al 13.52
kg-hm™2, HHE4 910 35.06%F1 14.24%; 5 CN 4b
FHLL#S, CF F1 BF AbBEAHR = 50500 i 25 42 & 931
kg'hm? Fl 1 004 kghm?, HEHE 518 44.57%F
48.07%. %A B KL RO KT 166 R i) 4 o RN R 28 R R
BT TR R
25 AEMEEAENEHKXETELINEESE

b

B4 =B, KR ISCGER e, AN TR] it AE Ak 21 ) 30
HLA A EIILL 0~20 cm 28R, 0~60 cm BRIEE
FEl PN -3 TCHL AR & AR BE A 35 A S R R, 60 cm
ZIEEREABETRE, 0~20cm +)2, BF 2b#i+

M A SRR, 15 24.63 mgkg', % CN Fl CF
ARBEA 5 9.45 mgkg ! Al 2.62 mgkg ', HEiE 43 R
38.37%A1 10.65%; CN AbFETHLA & B &K T CF
Al BF W A0RE, R Wi H A T2 0~20 cm
TR THARFRRE , Wl TEHLE ) R I e

#2 TREERAETHEETYRE. RAEMN™2

Table 2 Dry biomass, nitrogen uptake and yield of flue-cured
tobacco in different treatments / (kg-hm )

Qb3 T i &R s
Treatment Dry biomass  Nitrogen uptake Yield
CN 5 579+355b 61.63+12.02¢ 2 089+381b
CF 7 316+891a 81.39+11.38b 3 020+432a
BF 7 383+667a 94.914+8.31a 3 093+73a

2.6 AREIHEAEALIENT HIE — HIRE R R E L&
AL R 2 (5] B9 32 i
T 3 AN [R] i S b BT R — 0 AR R R R R P4
IyHT (£ 3), MiAARFER AR A L EHEGR A TEHL
REANE, HEAZEMARER 52.58%~56.40%:;
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HYPOREREBEA, HEAZEBRA LSRN 27.87%~
30.32%; IS E AR, (H AR AR
15.73%~17.11%. jifi ZALHL A9 R FE i o DL CHL AR 5
Mo E, HEFER B EEM 52.53%~59.57%; Hik
JRE AR, SRR D SN 27.10% ~
34.38%; REFMBUL G N AL, HARZE B L
HH 6.06%~20.36%. A [F]Jiti A Ab 34 ] £ 39 5% B2 6
MIRZERARE ., 5 CF AL, BF AR KR
WA e B 35D 44.42 kg-hm 2, S [R] it A Ab 34
RIMAZEA, BAENT 137.7~218.9 kg-hm?,
Hp CF AR R B i, WEmT CN A,
CF Qb H R R A A 55 ON Al BF Ab P43 5] =5 1 81.24
kg-hm 2 1 37.70 kg-hm 2,

&4 IEH, 5 CF4FH A, BF ZbFHA
JIE 2 VL) 26 0 2 5 16.15%, EAE R WLER B R A
RIERMB KRR ZERARE

MR i
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Fig. 4 Soil inorganic nitrogen content at different layers of soil
profiles with different fertilization treatments

#3 TREMEAELEEE -EEARAETE

Table 3 Nitrogen balance in the yellow soil — flue-cured tobacco system of different treatments/ (kg-hm2)

A ZEHi A Nitrogen input

REHi 1 Nitrogen output

GO Jit A 'R TCHLA e 8 A R WEITIA  ARFWRE  AREAR
Treatment Nitrogen Initial inorganic Net Nitrogen uptake of Residual inorganic Nitrogen Nitrogen
application rate nitrogen mineralization flue-cured tobacco nitrogen apparent loss surplus
CN 0 152.1+3.56a 47.23 61.63+12.02¢ 137.7+5.59a 0b 137.7+5.59b
CF 83.70 169.4+19.12a 47.23 81.39+11.38b 157.8+17.31a 61.14+1.81a 218.9+19.12a
BF 83.70 145.2+37.73a 47.23 94.91+8.31a 164.5+17.54a 16.72+20.34 b 181.2+37.73ab
k4 TEERBLERERYE®E
Table 4 Apparent fate of nitrogen fertilizer in different treatments/%
b3 AR AN FRWEE B R AN R
Treatment Nitrogen apparent recovery efficiency Nitrogen apparent residual rate Nitrogen apparent loss rate
CF 23.61£13.60b 24.01+£20.68a 52.38+20.68a
BF 39.76+9.92a 32.05+20.96a 28.19+£20.96a
3 ¥ JE AR EEAEREDT, LA R WA

3.1 AEHEARANEXS + R R K TR R0

A TR B4 A it T S A e S AR A O ) A v A
MINBESHEAE, 22 TSRS MM Y e Y i
JUR it P AR A ML BT R Y K A L GO P S AR B
i A USRI AR G, B A A

HeApat B R E R ER, KA TTHLER L H
BCEW R R . AR, it e SRR B 2
PR KRB IS M, X R Y A i UG W R
(1A 2), X5 E AP SH6E —a, R
LA B e R A, dE A AR W B | R RS 13
A = A A E RN, AR Tk B 22 L 25
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