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Effects of cultivation years on the greenhouse gas emission of greenhouse vegetable soils in a Beijing suburb
WANG Xue—xia', ZHANG Lei*, ZHANG Wei—dong °, NI Xiao—hui', WANG Jia—chen', CAO Bing', LIU Dong-sheng'

(1. Institute of Plant Nutrition and Resources, Beijing Agricultural Forestry Academy, Beijing 100097, China; 2. College of Resource and
Environmental Sciences, Hebei Agricultural University, Baoding 071000, China; 3. Soil Fertilizer Station of Changping District, Beijing
102200, China)

Abstract: The response trends for CO,, N,O, and CH, greenhouse gas emissions (GHGs) and factors influencing them in greenhouse
vegetable soils following different numbers of cultivation years were revealed in this study. Open vegetable fields were selected as the
control (CK), while nearby greenhouse vegetable fields under cultivation for 5(Y5), 10(Y10), 15(Y15), and 20 years (Y20) under the
same management system were selected for this study. Greenhouse gas emissions in the experimental greenhouse vegetable soils were
determined by GHGs fluxes combined with soil physical and chemical properties, enzyme activities, and other environmental factors. The
results showed differential responses of the three greenhouse gases according to the cultivation years of vegetable fields. The emission
fluxes and total emissions of CO, and N>O increased significantly (P<0.05) with the increasing number of years in cultivation compared

with that of the CK, with N>O emission fluxes being more affected by years in cultivation, whereas the effect of cultivation years on CH,
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emission was not significant. The greenhouse gas warming potential (GWP) and emission intensity (GHGI) of greenhouse vegetable soils

significantly increased (P<0.05) with an increasing number of years in cultivation, and the contribution rate of N.O to GWP also increased

with years in cultivation. Redundancy analysis(RDA) showed that soil organic carbon(SOC), NO;-N content, B—1,4-N-acetyl-

glucosaminidase (NAG ), nitrate reductase (NRA), and pH were the key factors to influence the GHGs of greenhouse vegetable fields.

Therefore, long—term cultivation of greenhouse vegetables promoted the emission of CO, and N,O by increasing the content of SOC and

NO3=N in soil, improving the activities of NAG and NRA, and reducing soil pH. In conclusion, emission fluxes, total emissions, GWP, and

GHGI gradually increase with the increase in years in cultivation. Therefore, reasonable measures should be taken to reduce NO ;- N

content and increase in soil pH, which may contribute to decreased GHGs in long—term cultivation of greenhouse vegetable soils.

Keywords: cultivation years; greenhouse soil; CO2 emission fluxes; N>O emission fluxes; warming potential; emission intensity
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(TPI-21-G, W {TATHE = AR AN A R 2w MAE 5
3 K SR T B I 5 LR (EC) T A
ME OK L5 1) 5 L3 pH A PR EE 11 (OK L1 2.5
D)I5E 5 3SR (TN) R HLK (SOC) SR TR 3H7
X (Vario EI, Elementar, 78 [ ) #ll & ; NHi~=N F1 NO;-N
R R 8h 43 BT AL (AA3, Bran+Luebbe , 78 [E ) 46 )
I3 .

A WS k3 BT o o BE 1T 1 (alpha—glucosi-
dase, AG) . B—H i 11 1§ (betaglucosidase , BG ) \£F- 4k —
1 7K f# it (cellobiosidase, CBH) \B—1,4-N-Z it 3 24
JL ) A BT (B -1, 4— N —acetyl—glucosaminidase,,
NAG) Fl B—1,4- A BT (B—1, 4—xylosidase , BX) i
PER AL e o 3 A TR 5 K
il FE T 4 - W 3 < JF 1 Tk (4 — methylumbelliferyl,, 4 -
MUB) #EAT9EH M . BARE Ry - (1) 13 BT ke
st ORI 255 (2) 7E 96 AL LAR | 23 BIHERE i 25
1B R KA TR 0 2 28 s EBCEL P A iz
R ) JoT AR A0 (3) B AL AR T+ 25 °C R 2547 T 8%
B4 h, R ERSLPIIA 10 pL 0.5 mol - L™ ) NaOH
S5 W, N 1 min J5 G AR SO0 R 26 AH , 4-
MUB 1% 56 38 56 RS D 't 8 4 43 511 7E 365 nm il
450 nm A0 (4) T IFEFHE T . IR R (Ure-
ase, UR) V& PR JH 62 M 5 LG 60 05 DU 5, Al 1R 300 Jit it
(Nitrate reductase, NRA) 5 W fi§ g 1A J5 B ( Nitrous
reductase , NR) R FH ) & (R o g A= ) T REBF 5%

WWW.QEs.0r9.CN




m@g 1604

URETR Rt Y F 4055 TH

FIE )RS
1.3 RSt o

FIH SPSS 22.0 B4 xf B s #4748 it 53 #r L iz
B 225007, FLAAS [ R AR B 3 il =2 A HE
O L R RS A R 2R B
FVEIKF- 4 0.05. SCHEUR I 0 - B pr i ok
JFH Origin 2020 /£ . iz Fl CANOCAS.0 k1 7 #1485 5 1
58 = AR HEGE 2 8] 19 70 4% 43 H1 (Redundancy
analysis, RDA) .

2 GHRESW

2.1 FhiEERY TN ERR T IEREE AT
Bt ol A B A 38, £ 358 pH B M REAIR (R 1), 5
CKAH L, Y20 S 4h 52 25 B3I T 0.31 4~ 5437 (P<0.05) 5
1M+ 38 BEC RILH AR H, 5 CKAR L, & b B ECH
Y 8 S5 30 (P<0.05) o il b R A1 BR A 38 m , = 4R
BE KA A HLER  NOS-N R4 &L R Wi
NHI-N & AR 2, 5 CKAH L, 2403 B 5
T A BERE SRR ALK S NO-N & it (P<0.05) .
SN L o R T e w27/ B LK 3 g i T e

TR

oL IR S 2 1 T A it S . 8 A ik 1 3 1 (P<
0.05) , (LA [7) il 755 24 X oo L 44 R 174 i 197 s 4 AN ] (5
2). YI53EH AG 2/ T Y5(P<0.05) , 1 5 Y10,
Y20 A b 22 AN B 2 Y20 38 BG B % 5 T YS(P<
0.05), 5 Y10 Y15 kb 22 5 ANt 25 5 AN [ B AR 41 B 1]
CBH 5 BX ZH AR % . Y205 Y1531 NAG & %
T YS(P<0.05), 5 YIOM L 2 % A& % . UR,
NRA NR {14 257 [ Fofr A 4 BR 38 o 22 348 i s 34, o
UR A [R) FfoA A1 B 2 1] 22 55 A8 i 2% 5 Y20 S8 NRA i
FZE T Y5.Y10(P<0.05), Y1534 B/ T Y5 (P<
0.05);Y20 5 Y15 32H0 NR .2 & T Y5(P<0.05) .
22 PEERTIZHETIERESEHIREEN N

AN [ A A A B 14 it 75 A - 9 TR & AR HE
AW E 1R o Bt 1 58 COo, HEHGE = R
75.23~368.67 mg - m >+ h™, HEHCWEAE 43 51 H B0 FE R
JE R 10~12 dFIE RS 1Y 4~7 d, B AT BE M AR R
Bk oK 2R COHE i LA
A S AR A B o 4 iy A (B 1A) .
1 it 498 NLO HEGHE £ 4 36.28~532.29 pg-m™-h',

x| NEAMEER T %M T EEA SR (CEHEAREIR)

Table 1 Properties of soil physical and chemical in greenhouse of soil different cultivation years (mean+SE )

b3 IS K EC/ A B NH:i-N/ NO;-N/ 2R
Treatments P11 Temperature/C  Soil moisture/%  (pScm™)  Organic carbon/(g-kg™) (mg-kg)  (mg-kg?) Total nitrogen/(g-kg™)

CK 7.52+0.02a  22.53+0.90b 23.46+0.87h 194.80+5.27e 13.33+0.60c¢ 14.81+0.73b 19.38+1.97d 2.47+0.20¢
Y5 7.50+0.02a  24.82+0.54a 29.23+1.07a  225.40+5.13d 15.45+0.47b 17.82+1.37a 27.98+2.32¢ 2.80+0.18bce
Y10 7.36+£0.02h  25.69+0.70a 29.08+0.95a  258.24+4.74c¢ 17.71+0.62ab 19.55+0.80a 52.62+8.53b 2.90+0.25ab
Y15 7.29+0.04be  26.14+0.63a 29.89+1.08a  329.88+5.49h 18.74+0.65a 17.59+0.81a 80.37+9.32a 3.05+0.24ab
Y20 7.21£0.04¢  26.06+0.60a 29.56+1.09a  442.00+9.67a 19.45+0.80a 18.10+1.02a 98.12+8.67a 3.32+0.19a

T« IR SUAS TR ING S B 3R AN [F) AR AR BR8] 22 5 1 2 (P<0.05) ,n=15.

Note: Different lowercase letters in the same column indicate significant difference among different cultivation years (P<0.05) ,n=15.

R2 AEFEER T&E T ERE T (EHEARER)
Table 2 Soil enzyme activities of greenhouse soil in different cultivation years (mean+SE)

FEH5 Factors CK Y5 Y10 Y15 Y20
AG/(nmol-kg™'+h™") 21.83+1.46¢ 25.47+1.57b 27.93+1.80ab 31.63x1.61a 26.96+2.44ah
BG/(nmol kg™ -h™") 115.16+4.72¢ 155.05+6.93b 170.75+8.55ab 187.66+9.99a 197.07+10.86a

CBH/(nmol-kg™"+h™") 43.18+1.34b 49.39+2.73a 54.89+2.77a 49.88+2.24a 52.97+1.92a

NAG/(nmol-kg™"+h™") 77.70+2.63¢ 103.16+5.85b 132.76+7.77ab 141.83+8.29a 148.56+8.13a
BX/(nmol kg™ +h™) 46.71+1.17b 55.59+3.23a 58.42+2.23a 60.61+2.41a 62.93+3.27a
UR/(mg-kg™"-h™) 12.71+0.80b 1591+1.31a 16.25+1.42a 16.98+1.38a 17.40+1.75a
NRA/(pg-kg'+h™) 2.76+0.05d 3.18+0.05¢ 3.46+0.08b 3.63+0.09ab 3.81+0.06a
NR/(mg-kg'h™") 0.22+0.03¢ 0.25+0.03bc 0.29+0.02ab 0.30+0.03a 0.33+0.02a

T« [T A ) NE B RO A TR R A B ) 22 53 2.5 (P<0.05) ,n=15

Note : Different lowercase letters in the same line indicate significant difference among different cultivation years (P<0.05) ,n=15.

1% WHART]
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Figure 1 Dynamic changes of soil CO,,N,O and CH4 emission

fluxes in greenhouse tomato of different cultivation years
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Different lowercase letters indicate significant difference among different cultivation years (P<0.05)
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Figure 2 Soil CO,,N,0 and CH, emission flux of greenhouse tomato at three growth stages with different cultivation years
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Table 3 Cumulative emissions and GWP of greenhouse gases, tomato yield and GHGI from greenhouse vegetable field

under different cultivation years

65 Factors CK Y5 Y10 Y15 Y20
CO, ZRHE/ (kg-hm™) 3103.76+67.97d 5100.35+88.91¢ 6216.69+91.84h 6 623.38+92.38ab 7 395.25+95.69a
N0 RBRHE R/ (kg -hm™) 2.46+0.28d 3.95+0.33¢ 5.26+0.25h 5.80+0.33ab 6.53+0.29a
CH, EBHRCR/ (kg - hm™) 0.23+0.01b 0.29+0.03a 0.27+0.02a 0.31+0.03a 0.32+0.02a

CO G EHY (kg COze-hm™)
N2O 38 i 5 #/ (kg COze+hm™2)

3103.76+67.97d
732.37+41.72d

5100.35+88.91c
1177.14+49.17¢

6216.69+91.84b
1 568.57+37.25b

6 623.38+92.38ab
1 696.78+49.17ab

7 395.25+95.69a
1946.97+43.21a

BV GWP/ (kg COse +hm™) 3 841.72+70.43d 6 284.56+89.78¢ 7 792.03+94.75b 8 428.02+91.22ab 9 349.26+99.46a
i i/ (10° kg-hm™) 43.88+2.99a 4442+ 2.78a 43.24+2.90a 42.4623.03a 41.88+3.52a
HEGR E GHGY/ (kg COse+kg™) 0.09+0.04d 0.14+0.04c¢ 0.18+0.05h 0.20+0.05ab 0.2220.05a

0.6 CH.

RDA2(1.43%)

N0

-0.6 b . i . .
-1.0 RDA1(50.30%) 1.0

B3 TEEESEHMEES TIRBEAMR BEENX R

Figure 3 Relationship between soil greenhouse gas emission flux

and properties of soil physical ,chemical and enzyme activities
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