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Effect of dazomet fumigation on nitrogen uptake and utilization in tobacco

YANG Shen"?, FANG Wensheng’*, BAI Qingrong', WANG Qiuxia*, LI Yuan®,
YAN Dongdong’, CAO Aocheng”*

(1. Jilin Agricultural University, Changchun 130118, China; 2. State Key Laboratory for Biology of Plant Diseases
and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract In order to explore the effects of dazomet fumigation on nitrogen uptake, conversion, and utilization,
two typical Chinese soils, acidic red soil in Yunnan and alkaline tidal soil in Beijing were selected for this
experiment. The effects of dazomet fumigation on soil-borne pathogens. soil nitrogen conversion., root nitrogen
supply, plant nitrogen spatial distribution, and the activities of key nitrogen metabolism enzymes were studied.
The results showed that the control efficacies of dazomet fumigation against the soil-borne pathogens, Fusarium
spp. and Phytophthora spp. in both test soils, exceeded 89%. The fumigation significantly increased soil
ammonium nitrogen content, reduced nitrate nitrogen content, inhibited soil nitrification rates, and root nitrate
nitrogen supply rates, and promoted soil denitrification rates and root ammonium nitrogen supply rates. Dazomet
fumigation significantly decreased the total nitrogen content in the leaf tissues, increased ammonium nitrogen
content in the roots, stems, and leaves and reduced nitrate nitrogen content, especially in the acidic red loam.
Following dazomet fumigation, the activities of nitrate reductase, nitrite reductase activities glutamine synthase
and glutamate synthase in tobacco tissues increased to some extent. The experimental results showed that dazomet
fumigation changed the morphology and content of rhizosphere nitrogen. This, in turn, affected the rhizosphere
nitrogen supply rate and the activities of key enzymes in nitrogen metabolism, promoted the metabolism of nitrate
nitrogen in various parts of tobacco rhizomes and leaves, ultimately promoting tobacco growth. These results
provide theoretical support for the scientific application of dazomet.
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Table 1 Physicochemical properties of the soil used in the experiments

HAR/ AR/

A5/

AR/ HL 33/ (s /cm)

HE IR
f%f (mg/ke) (mg/ke) (mg/kg) (mg/kg) pH Electrical ﬁ*ﬂ)ﬁ/(g/i{g)
RS NO; -N NH: -N Available P Available K conductivity e e
JbEC#E +  Beijing tidal soil 12. 00 3.95 463. 6 577 7.97 1610 31.4
403 Yunnan red soil 3.83 3.35 13. 0 166 6.01 359 29.0
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Table 2 Effect of dazomet fumigation on tobacco growth parameters
Ib¥g k& /ecm  Plant height XM /mm  Stem diameter
Treatment YN30d YN50d BJ30d BJ50d YN30d YN50d BJ30d BJ50d

DZ (12.50=%1. 30)a (23. 004 36)a (13.6741.53)a (23.00£1.73)a (1.26=+0.08)a (6.00£0.52)a (3.57%0.19)a (3.94+1.1Da
CK (3.77£1.65b (7.52+£0.67)b (13. 254-0. 58)a (20. 00£1.41)a (0.5840.12)b (2.0540.49b (2.61+0.18)b (2.85+0.57)b
AbFE MK /ecm  Root length M4 & SPAD
YN30d YN50d BJ30d BJ50d YN30d YN50d BJ30d BJ50d
DZ (5.3040.46)a (6.40%0.59a (4.07£0.57)a (4. 6740.76)a (34.78+1.72)a (33.33+3.15)a (35.77+1.94)a (36.86+2.15)a
CK (2.4740.72)b  (4.02740.38)b (2.6740.59b (3.1740.29b (24.64+1.71)b (38.50+3.04)a (38. 77+1.90)a (37.12+1.97)a
Kb ALEH /g Fresh weight of plant R+ HE /g Dry weight of root
YN30d YN50d BJ30d BJ50d YN30d YN50d BJ30d BJ50d
DZ (5.35+0.43)a (13.46+1.41)a (7.14740.23)a (11.7742.73)a (0.10%0.23)a (0.234+0.10)a (0.0940.01)a (0.17+£0.02)a
CK (0.91£0. 12)b (2. 77£1.00)b (4.4940.77)b  (6.50%1. 37)b (0. 004+0. 001)b (0. 03+0.01)b (0. 0640.02)a (0. 08=+0. 03)b
AbFE 2+ /g Dry weight of stem -+ /g Dry weight of leaves
YN30d YN50d BJ30d BJ50d YN30d YN50d BJ30d BJ50d
DZ (0.124+0.03)a (0.44=+0.14)a (0.2630.06)a (0.35£0.10)a (0.4840.10)a (1.1240.23)a (0.59%0.04)a (1.26=+0.16)a
CK (0. 01£0. 001)b (0. 0440.02)b (0. 23740.04)a (0.21+0.004)b (0.05+0.02)b (0.28+0.05)b (0.4140.06)b (0.40=+0. 06)b
D) RIFNE FREF R G0 K 7 25408, AL BRI BRI AH DG 240025 57 3 (P<C0. 05) . DZ. MREmEZE; CK. 25 (A% ;5 YN30d = mg - F
FEXHELES 30 K YNSOd 2 B HFRA R4S 50 K, BJ30d Syt - RME LA 30 K, BJ50d At et FRAR RIS 50 K, T,
Different lowercase letters indicate significant differences of parameters between treatment and control at 0. 05 level based on One-way

ANOVA (P<<0.05). DZ: Dazomet fumigation; CK: Blank control; YN30d; The 30th day after planting tobacco in Yunnan soil; YN50d:
The 50th day after planting tobacco in Yunnan soil; BJ30d: The 30th day after planting tobacco in Beijing soil; BJ50d: The 50th day after

Treatment

Treatment

Treatment

planting tobacco in Beijing soil. The same applies below.

R3 REEEXNAELEREENIE R
Table 3 Inhibition rates of dazomet fumigation on pathogens in different soils
HEfl)E  Fusarium spp. FERiJ®  Phytophthora spp.

ke 3] busi e . e o
Lo HIvE L/ (clu/g) TR HITE KL/ (clu/g) iR/ %
Soil type Treatment ’ e . e
Number of colonies Inhibition rate Number of colonies Inhibition rate
413 Yunnan red soil CK 2 973.331+325.78 — 2 910. 004670. 00 —
DZ 33.33423. 09 98. 88 310. 00£130. 00 89. 35
Jtatil +  Beijing tidal soil CK 2 560. 004=240. 00 — 650. 00£207. 85 —
DZ 160. 004=40. 00 93.75 40. 00%=20. 00 93. 85
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R d kR e et: £ 30 £
Soil type Soil type Soil type
= 5 —
=, Dz =% 030 a [ DZ
W& a 1 CK o Z1CK
2 4 < £0.25
S~ o a S~ S
oh o o) @
E 2 3 . £ § 020
% 5 b gf 3 0.15
®E 2 ®E
o 2Eoi0f a b
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®E If b | ® 2 005
Kz rf 43 g b
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a: TIALBHO dit LI ER AR A B b MVRIARE30 dit IR B A A B o AL TR IR RN A B d: DI R30 IR RN AR A R o AR
Y30 dif 1398 AN S £ FRLAE30 i TSR ARIR 3 o AR RE30 di M RAR RIS AR BLIE 38 he PRI RE30 dI AR R B A R RLH 3R
R B 05 AR /NG FRER R4 B R F T 25 00, AEBEAIRS BRIRDAH 2 28025 R B35 (P<0.05). DZ: Mk 7E; CK: 2 EXT IR

a: Soil ammonium nitrogen content 0 d after soil treatment; b: Soil ammonium nitrogen content 30 d after planting tobacco; c: Soil nitrate nitrogen content 0 d
after soil treatment; d: Soil nitrate nitrogen content 30 d after planting tobacco; e: Soil denitrification rate 30 d after planting tobacco; f: Soil nitrification rate 30 d
after planting tobacco; g: Nitrate nitrogen supply rate in tobacco root 30 d after planting; h: Ammonium nitrogen supply rate in tobacco root 30 d after planting.
Different lowercase letters on the bars indicate significant differences of parameters between treatment and control at 0.05 level based on One-way ANOVA. DZ:
Dazomet fumigation; CK: Blank control.

Bl #wREEENTREIERL REERHEAZE

Fig. 1 Effects of dazomet fumigation on soil nitrogen conversion and root nitrogen supply

TR AL SO A RS (B D BoR, g B MR AL AR 1. 14 mg/ (kg « h) (gL
SERREIAEES 30 ROYNSOD) , BEZR A FLH X AL i3l 0. 12 mg/ (kg « h) 5 b 50 A b AR AR 20555
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R A AL A o ] e A

IR R T BUH AR R AR ML Rk
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AR 1 Lo AL BEIE T 8. 07 A, 1M il AR A it
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R I B 2 2 B A R 7 o 6 Lk R A B 2. 51
5 AELR 5 L 0 2R Lo B Ak B /D 82. 47 %6 (P

<20. 05) (|l 1), AT U A B2 Ab 381 4 342 F AR AR B 2
LN R T AR R A A A R
2.4 BEERNFEEEKAZSENZI

3% 4 WAL AR 78 5 M R AR 2R EVAE YN3Od,
YN50d.BJ50d Hif Hxe 43 s /b 18. 286,22, 52%
18.65% (P<C0.05); 25 #B & & 7E YN30d, YN50d,
BJ50d B} e xit B 23 02 25. 21%6,30. 09 %, 45. 68%
(P<C0.05); M &8 G & 7E BIS0d B EE % B ik 2D 1
20. 94 % (P<C0. 05) (F 4>, A WL, K [ 26 78 i & %

{56 7 A A R R

Table 4 Effect of dazomet fumigation on the content of different forms of nitrogen in tobacco

BE/ A/ (mg/ke)
hby Total nitrogen Nitrate nitrogen
Treatment Jics 2 IH- Gic) E'S I
Root Stem Leaf Root Stem Leaf
YN30d DZ (2.19£0.08)b  (3.50£0.1Db  (5.422£0.05)a (89.77419. 3Db (830.47455.94b (1 070.29490.55)b
CK (2.68%0.03)a (4.68%0.23)a (4. 80=0.02)b  (916. 68+218. 04)a (1 388.23489.11)a (1 533.2653.52)a
YN50d DZ (1.7240.08)b  (1.58+0.07)b  (3.232£0.58)a  (566. 1155, 15)b (919. 90=£5. 03)b (1 832.35%100. 11)a
CK (2.2240.07)a (2.26=0.23)a  (2.9470.68)a (1 942.46=+200.37)a (1 470.654188.71)a (1 919.08=110.37)a
BJ3od DZ (2.0040.18)a  (1.86=0.34)a  (3.15%0.51)a  (179.80=460. 38)b (795.96=+136. 42)a (928.284233.13)b
CK (2.01%0.44)a (1.56=0.44)a  (3.1470.23)a  (758.61£277.61)a (805.9674-243. 23)a (1 721.984-149. 73)a
BJ50d DZ (1.5740.12)b  (1.51=£0.0Db  (3.89%0.01)b (1 730.114365.80)a (2 728.84£228.19)a (1 916. 054140. 09)a
CK (1.93%0.01)a  (2.78%£0.03)a  (4.927£0.02)a  (431.63%93.03)b (1 307.28%39.74)b (1 033.91£121.75)b
AR/ (mg/ke) AR AR /g
Qb FH Ammonium nitrogen Nitrogen accumulation
Treatment R 3 - yics = I
Root Stem Leaf Root Stem Leaf
YN30d DZ  (948.22447.58)a (157.8340. 56)a (114. 13£10. 0D a (0.22740.05)a  (0.47%0.0D)a  (2.88=40.18)a
CK  (622.45+£56.44)b (119. 654=1. 10)b (79.7443. 440)b (0.014=0.004)b (0. 04=£0.01)b  (0.2370.13)b
YN50d DZ  (833.20£28.61)a (171. 5840. 49)a (93.0744. 16)a (0.2974:0.04)a  (0.56=£0.07)a  (4.134=0.06)a
CK  (666.65+224.48)a (88.074-10.39)b (65.064=4. 15)b (0.0540.02)b  (0.11£0.07)b  (1.02=40.04)b
BJ30d DZ  (879.01%45.57)a (156. 7845. 01)a (104. 13=£5. 96)a (0.204=0.01)a  (0.48=%0.07)a  (1.86==0. 28)a
CK  (739.32+218.34)a (113.494-2. 90)b (83.0242. 90)b (0.104=0.01)b  (0.33£0.01)b  (1.2840.1H)b
BJ50d DZ  (986.49=+24. 96)a (170. 58=+1. 69)a (119. 4243. 63)a (0.2540.01)a  (0.63%0.100a  (4.89740.61)a
CK  (654.67+£81.80)b (114. 57415. 09)b (77.57411.86)b (0.164=0.0)b  (0.46+0.03)b  (2.0540.34)b

i TR 2R P IR B AR 25 AR A A A Y
2[00 . 2 3 A R B 2% i R AR AR A
A & B E YN30d, YN50d B FE X B8 45 5] sk 2>

90.21%.70.86% (P<C0.05); ZE TR A E & = 1

YN30d, YN50d H} Eo % B8 23 51 9 2> 40. 18%,
37.45% (P<C0.05) ; M- IS A & & & 76 YN30d i)
Fb X B S 2L 30. 20 % (P<<0. 05), fEdbat H 3, 14
Wt BB 7% i R R AR R B R S L B i 7R BI30d EE X
BEAM S0 76. 30 %% ,46. 09 % (P<C0. 05) ,{HAR . 2%,

307 il 2% & B 7E BJ50d B HE 6 BE 4 53] 48 i
300. 83%,108. 74 % .85. 32 % (P<C0. 05) (% 4), #]
D, o2 B850 0 i 25 2R 2 () o A AT W
M, BB Z% FI I (30 d) I 25 /D AR ZE 25 A7 i A8 A
o, R R B TS A
MiPEEZR G AR ZE i SRR EE
£, R ARES A& 27E YN30d, BJ50d B He Xt R
A3 N 52. 34 %6.50. 69 %6 (P<C0. 05) ; ZEFBAE SR
FETE YN30d, YN50d,BJ30d.BJ50d B Hb %) HE 435



« 106 -

4.9 44 25 2024

9 31, 91%.,94. 82%4.38. 14%4,48. 89 % (P<<0. 05) ;
MR A A S REE YN30d, YN50d, BJ30d, BJ50d i
Xof B 45 48 43.13% ., 43. 05%, 25. 43%, 53. 95%
(P<<0.05) (K 4), AI UL, AR S 25 1 A i 1l BT
BRI R ATRE R TR ZE N T A A A
i SO 2 S AR S A

RER B EAE AT 5 2R R0 25
Z— o [v) o 10 2 T A R SR 3R W 1 B AR AR
7 2 sl - 58 v, 4 P T 2 i 0 B AR L 2K i
REHEMBEER TEALHE HERARREZH
= 7E YN30d, YN50d, BJ30d ., BJ50d s [t % B 43 1) b
2 100%.480%.100% . 56. 25% (P<<0. 05) ; ZX&B
X HE AR BB N1 075 %, 409. 09 % . 45. 45% . 36. 96 %
(P <C0.05); IF 38 o X B8 20 510 386 m 1 152,17 %,
304.90%.45. 31%.,138. 54 % (P<<0.05) (F 4), A]
W AR ZE W e E TR A R BN Haz e i

MAE =M L B3
2.5 MREEAEXEAEEXESERm

HR 2 I 458 Wi 4 25 R A8 U - il 3
PR AN D7 IV R 3 D 7 2 T e B 7 2 PR
B BB L AL AR ) T P R

i T A e R R MAC P i 285 28U bk A 2
R AR AR R AT i 1) B il th 2 A S U TR b
ML . MR 225 . 2 B 48 vh O s
PR A D5 0% A L G BEE i 8. 5890 ~10. 787 (P<C
0.05), X3 HAESE 50 KA W/ T4 (5
12.52%, P<C0.05) MM F LB E LR, b
BB EIEFTH (B 30 K, MRS K 253 R 16
D T P S 25 0, 43 ) He ek BRSO 13, 77 %6 A
15. 66 %6 (P<0. 05) . H 5 1 (58 50 K i &2 5.
T L P08 B 22 A FHLRT X HE A FHLZE P9 U SR AR B[] 35 T
WEEFGEED,

RS RERAMNEEHERERE(NR)EFEHRIE

Table 5 Effect of dazomet fumigation on nitrate reductase (NR) activity in tobacco

HIRIE R G 1/ (TU/L)  Nitrate reductase activity

e YN30d YN50d BJ30d BJ50d
HP L
Positon MR g MR g PR g DR
azomet Blank control azomet Blank control azomet Blank control azomet Blank control
treatment treatment treatment treatment
R (192. 924+ (192. 76+ (188. 38+ (189. 374 (192. 334 (169. 05+ (197. 62+ (189. 96+
Root 7.06)a 3.95)a 10. 43)a 9.12)a 12.69)a 3.1Db 8.18)a 2.97)a
E3 (186. 854+ (182. 994+ (195. 324+ (173.584+ (192. 67+ (166. 584+ (175. 27=+ (181. 604+
Stem 3.21)a 3.00)a 0.10)a 10.2D)b 3.80)a 3.85)b 9.42)a 7.43)a
- (188.17=+ (169. 86+ (197. 36+ (181. 76+ (181. 81+ (191. 67+ (193. 79+ (198. 02+
Leaf 5.96)a 4.75)b 9.02)a 2.08)b 14. 66)a 14. 64)a 11.58)a 5.94)a

T TR 3t 4 I s i [ £ P I i 25 SR
JEORAAS R S A A R I R i . =/
d AR ZE R (B 30 K)o AR ER 35 3. i 1R
I D AR G 43 ) L X RS i 19, 56 26
5.57%(P<C0.05), fEEH —F LB #2257 )5
(55 50 R ZEF - F50 MV 7 R 10 it 3t 7 S =5 28 o
Bk 6. 67 %0 8. 76 % (P<C0. 05), dbatt A,
TEZE AT (5 30 R S MY (28 43057 MU A PR 30 i it
T T 2 A8 Ak (TR IS B 5 50 RO, AR ZE 4%
BRI i B2 8 5L i O M 43 ) L X R 2 B
17.34%,11. 81% ,11. 90 %0 (£ 6),

B ARG A U AL A =R 5 S R A G A
BRI R S AU RS — 25 5 11 DG
fiti, MHFEEZE)G, mm IR R AR R A S

A TG MR EE X BRI 13,0098 ~ 13.40% (P <<
0.05), 25 HAESE 50 KRB 8 & & T X I C&
7.02%,P<C0.05), MifEMF LB EZES, bt
B, BRI R 30 K, MR L 25 45 BB A A R I
Jiie G R T 35 PR 4 i EE X BRI 3 A 13,992,
12.80%.3. 75 % EJG B (55 50 FOAXAE M3 4 2 e
e B PRI P O o BRI 14. 42 %6 (P<<0. 05) L MR
FZEH SR E2ERGR D,

FER IR AL N R B 5 2-A K
TR TR AR, b TR AR R
MBI G R 73— T E R —2
BEARESRAY ™ . am L MR
W 30 KD, MR ER AT 2 B 45 BU IS 1 55 0T HEUARH L ik
EHN (R 7. 28% ., P<<0. 05)  (EZEFF AN 5 %0 BETE
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WEES EEEWCE 50 ), A RS WG 14.52%,P<C0. 05) , i F M AR 5B & 0L & i BT
P55 6F HEAE EL B 2N (5 9. 9026, P<<0. 05) fHARTR P, Huoxf BRI 4> 12. 46 %6 (P <C0. 05) 5 J5 31 (5% 50
B AR BTG PE H X B 2 14. 8020 (P<C0.05), K W HRERA &R A B 16 M 45 0 71 B 4230 2%, i %of
[FIRERY s e b BT B 30 O L BEZR AR IR s 25 (P SR A U T AR T H PR 5 B 2 R RO L
ZEFBFN A SRR A U I PE B I 5. 9920~ XFREI N 2. 91 %6~8. 89 % (P<C0. 05) (£ 8).,

* 6 MEEEINEEILHERERE(NR)FEHI MW
Table 6 Effect of dazomet fumigation on nitrite reductase (NiR) activity in tobacco
MV AE AR A IR A/ (TU/L) - Nitrite reductase activity

e YN30d YN50d BJ30d BJ50d
TP L
o3 o o o
Position  MEAIL gy IR gy PR e R
azomet Blank control azomet Blank control azomet Blank control azomet Blank control
treatment treatment treatment treatment
Lics (51. 17+ (42. 80+ (45. 59+ (45. 06+ (48. 76+ (47.29=+ (51.22%+ (43. 65+
Root 0.91)a 0.09)b 1.72)a 3.44)a 1.0Da 2.37)a 1.81)a 1.87)b
ES (50. 00=F (51. 35+ (47. 45+ (44. 45+ (48. 24+ (47.73=% (48. 37+ (43. 26+
Stem 0.47)a 2.16)a 0.22)a 1.40b 4.21)a 3.16)a 1.41)a 0.23)b
- (46. 39+ (43. 94+ (49. 39+ (45. 41+ (45. 62+ (49. 27+ (53. 11+% (47. 46 £
Leaf 0.04)a 0.86)b 0.83)a 1.08)b 4.06)a 4.23)a 0.01)a 1.99b
F7 WEEENBEASSBREHEE(GS)FEENF M
Table 7 Effect of dazomet fumigation on activity of glutamine synthase (GS) in tobacco
BB A RGP/ (TU/L) - Glutamine synthase activity
o YN30d YN50d BJ30d BJ50d
AP L
Positon MR g MR g PR g R
azomet Blank control azomet Blank control azomet Blank control azomet Blank control
treatment treatment treatment treatment
R (55.21=% (48. 86+ (55. 46+ (48. 91+ (51. 66=F (45. 324+ (46. 70+ (51.03=£
Root 0.80)a 2.16)b 0. 20)a 0.84)b 2.2D)a 0.71)b 2.95)a 2.03)a
E (46. 92+ (49. 03+ (48. 60+ (45. 41+% (52. 98+ (46. 97+ (48. 674+ (49. 06
Stem 0.96)a 1.9Da 1.00)a 1.500b 2.55)a 1.40)b 1.1Da 0.22)a
I (47.50=% (47.22% (46. 33+ (50. 98+ (52. 89+ (50. 98+ (52.92%+ (46. 25+
Leaf 0.32)a 2.47)a 2.53)a 3.56)a 1.02)a 0.23)b 2.68)a 1.18)b
*8 MEEZMNMESSEE K (GOGAT)FE N
Table 8 Effect of dazomet fumigation on activity of glutamate synthase (GOGAT) in tobacco
AR A G 14/ (TU/L) Glutamate synthase activity
o~ YN30d YN50d BJ30d BJ50d
Y VA
5 R 5 5 Tl o3
Positon WA g MR g PR g B
azomet Blank control azomet Blank control azomet Blank control azomet Blank control
treatment treatment treatment treatment
it} (83. 684 (78. 00+ (74. 62+ (87.58%+ (72. 77+ (83.13+ (78. 784+ (80. 74+
Root 3.50)a 0.72)b 2.14)b 0.93)a 1.44)b 0.29)a 0.35)a 3.95)a
ES (87.14=% (86. 624+ (88. 24+ (80. 294+ (75.01=% (70. 77k (79.77=% (73. 26+
Stem 0. 86)a 1.12)a 0.69)a 0.37)b 2.20)a 1.10)b 0.59)a 0.80)b
- (81. 09+ (81. 30+ (81. 95+ (80. 93+ (83. 67+ (73.06=+ (72.23=+ (70. 19+
Leaf 3.02)a 1.67)a 1.6Da 0.86)a 5.2Da 3.54)b 0.53)a 0.55)b
3 W A RIFMIBITARCR™ . AR v, 4 1 2 7 ) £ 18
", -Lb 1 —. Yy .
st e R IR L A R RO . HAR
FREEAE O AREE )3 R R 20 X R AR R, WA RSP MR RS

SRR S ATAT  BLIR ot T 3 S BRI R R T IR A T AT AT KB 2 e 0
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i L B T B0 B8 o — S
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88 AL SOV £ T 0 5 Simek
71 g Cubel 477 93045 F A1 . 5675 69 pH
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(I SR T IR PER 52 0T LA B 0
VIR [ TR 800 2 5 S
T R LA 1 5 9 R
S R 50 22 30O T U R L 00

J A RO 5535 » e 28 B el ) 1 3 A5 % Y
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RAE R PP O
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Xof A AR R e A5 SRR g R A R AE T
v B Sy B I TGS R R i A R O R A 0 ) A
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¥, 43R AMTLAMT2 B K% 30 @ 25 R
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