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Comparative Study on Ammonia Volatilization from Soil Surface and Whole
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Abstract:  Objective Ammonia volatilization from solar greenhouses driven by excessive nitrogen input has received
widespread attention in recent years. However, the ammonia volatilization emission of greenhouse system is mainly determined
by soil surface ammonia volatilization. Greenhouses are semi-closed structures, as a result, a part of NH; emitted from soil can be

absorbed again by the plant canopy or dissolved in the greenhouse membrane water and returned to the soil. The volatilization of
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ammonia from soil surface can not accurately reflect the amount of ammonia discharged into the atmosphere by solar greenhouse.
Therefore, ammonia volatilization from soil surface is difficult to accurately reflect the amount of ammonia emitted into the
atmosphere by solar greenhouse. Method Experiment comprised four treatments: (i) no nitrogen input with conventional
irrigation (NO+FI), (ii) conventional nitrogen input with conventional irrigation (FT+FI), (iii) optimum nitrogen input with
conventional irrigation (OPT+FI), and (iv) optimum nitrogen input with optimum irrigation (OPT+OI). Ammonia volatilization
losses were measured in three vegetables seasons (tomato-watermelon-tomato) using intermittent closed chamber ventilation
method. The air volume mask (Kanomax 6570) was used to measure the gas flow at the vent, and the ammonia concentration at
the vent was continuously monitored by pumping method. In this way, the loss rate and amount of ammonia volatilization were
measured from the whole greenhouse, and losses were compared with the soil surface. Result The results showed that the
ammonia volatilization rate peaked on the same day after greenhouse fertilization, and there was no significant difference between
fertilized and unfertilized (control) after 7 days. During the three planting seasons, the ammonia volatilization under different
nitrogen treatments were: 2.82-4.97 kg-hm™, 6.59-9.97 kg-hm > and 15.77-21.83-kg hm™, respectively, and the corresponding
ammonia volatilization emission factors were 0.64%-1.50%, 3.11%—4.21% and 2.59%-3.90%, respectively. The trend of
ammonia volatilization rate of the whole shed was basically consistent with that of the soil surface. The ammonia volatilization
rate of the whole shed was N 2.22 kg-hm 2 in the second quarter and N 2.92 kg-hm™? in the third quarter, which accounted for
13.38%-33.69% of the ammonia volatilization from the soil surface, and the ammonia volatilization coefficient was only
0.46%—1.48%, which was much lower than the ammonia volatilization from the soil surface. Conclusion Thus, it is concluded
that the ammonia volatilization from solar greenhouse will be overestimated when only taking the soil surface ammonia
volatilization into consideration. Measuring ammonia volatilization based on the whole solar greenhouse system is thus
recommended in future studies.

Key words: Solar greenhouse; Surface ammonia volatilization; Ammonia volatilized from the whole greenhouse
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Fig. 1 Schematic diagram of NHj; destination in solar greenhouse
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Table 1 The basic physical and chemical properties of soil before the experiment

+J= AL g WS A AR B BE
Soil layer Organic matter Total N Mineral N Olsen P Available K Bulk density
Jem /(gkg") /(gkg") / (mgkg") / (mgkg!) / (mgkg") /(gem?)
0~20 14.84 1.46 212 774 1.28
20~40 9.16 0.95 280 84 398 1.43
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Table 2 Nitrogen application and irrigation in different planting seasons

Jiti % £ N application rate/ ( kg-hm?)

WE L i Irrigation rate/mm

QbR
= Bz Bz = W IS
Treatment
First season Second season Third season First season Second season Third season

NO-+FI 0 0 0 161.8 90 219

FT+FI 450 250 750 161.8 90 219
OPT+FI 225 150 450 161.8 90 219
OPT+OI 225 150 450 131.6 76.5 171

H: NO+FI, FT+FI, OPT+FI. OPT+OI 43It At &+ M 4 .

WHUERAR M . UG R+ A . Ui A+

ALHERE . Note: NO+FI, FT+FI, OPT+FI, and OPT+OI represent no nitrogen application + conventional nitrogen application, conventional

nitrogen application + conventional irrigation, optimized nitrogen application + conventional irrigation, and optimized nitrogen application +

optimized irrigation, respectively.
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Fig. 2 Schematic diagram of the sampling point of ammonia
volatilization in the whole greenhouse
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Fig.3 Temperature dynamics inside and outside the solar greenhouse in different planting seasons

(a. First season; b. Second season; c. Third season )
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Fig. 4 Ammonia volatilization rate among different treatments ( a. First season; b. Second season; c. Third season )

®3 FE#EZE NH; REHHE RHERARE

Table 3 NH; cumulative and emission factors in different seasons

NH; SR B NH; HE 54

Kb PR NH; cumulative/ ( N kg-hm™?) NH; emission factor/%

Treatment o e = o e =T
First season Second season Third season First season Second season Third season

NO+FI 1.38+0.18b 1.93+0.30b 5.2940.14b — — —

FT+FI 4.97+1.23a 9.97+2.40a 21.83%1.76a 0.8b 3.22a 2.59a
OPT+FI 2.82+0.14ab 6.59+1.15ab 15.77+1.65a 0.64b 3.11a 3.10a
OPT+OI 4.76+£0.30a 8.24+0.67a 18.4613.08a 1.50a 421a 3.90a

. [FPVEEE R AR R R A BRIA) 22 538 B 5% % K, FIA. Note: Values followed by different letters in a column are

significant at the 5% level, The same below.
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Fig. 5 Ammonia volatilization rate of the whole greenhouse in different planting seasons ( a. NH; emission rate from

whole greenhouse; b. Gas flow )
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Table 4 The total accumulation of ammonia volatilization and comparison with surface ammonia volatilization and NH; emission factors from

the whole greenhouse

M) NH; 5 % &

NH; cumulative

L TE=REVE S

NH; emission factor of

NG /e T R

NH; cumulative loss of whole

Qb3 greenhouse /soil surface/% whole greenhouse/%
loss from whole
Treatment G A Akt At
greenhouse/
FT+FI OPT+FI OPT+OI Farmer nitrogen Optimum nitrogen
(N kg-hm?)
input input
5
2.22 22.26 33.69 26.94 0.89 1.48
Second season
W=
2.92 13.38 18.52 15.82 0.39 0.65

Third season

3 3 ®

31 THSEELZEZmMEZER

MAFREERE, BREAHERETIE N
2.82~21.83 kg-hm >, SHTAMBFFTL5RARMDL . AHF

FEEIE KA R BN 0.64%~3.90%, & T FEHbHE
B EAEY E 4% K Z 80 Shan 2558 it A ]
SR H T K AR PRI, FIIRE
PG 845 R ZHCH 13.26%~16.00%. K7 250458 iof
VA FACA X b 2 BRI LB & B, Jb
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KA AR A A A N 1358 kg'hm a2,
A 2018 47, Fh [0 % =2 1% A i AL I8 4.0  10°
hm?P280 PR T DAASBIF 9 235 S R A 7 e 4
KERE 2 L w, @35 LEMNR (2.51~8.06) x
10 ta™, fCRIRE N L2 L /Y 13.4%~33.7%;
AR K T s Y S SO R SRR R A
R ENRE A R R, AT BRI KRR
15 Yk m)

ARBFEHIA AT A 1 B A A R B 25 5,
P T R S R S R L DR Rl 3 KL
R EFEZH R, HEMIELZRRBSREESR
RIA G, RENRZEREE DR HOGRES, MafiAs
[ A SRR, BL, MR AN 2R =
ORI KRR, MBS IR ERE RS A
il

4 5 B
HYGRE i R EE L EZER N 2.82~21.83

kg-hm?, HERLRECH 0.64%~4.21%. i id 76 % 8 X
R SIS Y 2 7 4 TH NH; 95K 11 13.4%~
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