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Effects of different nitrogen application measures on NH; volatilization and N.O emissions in a wolfberry

orchard

LU Jiujin', NIE Yifeng', WEI Jiaojiao', SHENG Haiyan"*", HUA Mingxiu', XU Micong',WANG Yongliang®

(1.College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, China; 2.State Key Laboratory of Plateau Ecology
and Agriculture, Qinghai University, Xining 810016, China; 3.Qinghai Nuomuhong Farm, Dulan 816100, China)

Abstract: To clarify the effects of an optimum N application rate combined with nitrification inhibitor addition on NHj3 volatilization and
N>O emissions from soil in a wolfberry orchard in Qaidam, nine treatments were conducted, i.e., Nes7, Nssa, Naoo, Nagz, Niza, and No(N: 667,
534, 400, 267, 133 kg+hm™, and 0 kg hm™, respectively) and Naolzo0, Nagli33, Nisslos7(Nago, Nagz, and Nis; treatments combined nitrapyrin
with 2.00, 1.33, and 0.67 kg - hm™, respectively). The venting method and static chamber—gas chromatography were used to evaluate the
soil NH; volatilization and N>O emissions, and the gas content was determined by a continuous flow analyzer and gas chromatograph. The
results showed that the NH; volatilization rate and accumulation NH; volatilization increased significantly as the N fertilizer rate increased.
Nitrapyrin addition had no significant influence on NHj volatilization. The maximum NHj; volatilization rate of the Ng; treatment in 2019
and 2020 was 0.48 kg+hm™-d™ and 0.57 kg-hm™-d™", respectively, and the NH; accumulation was 34.49 kg+hm™ and 35.11 kg+hm?,
respectively, which were significantly higher than those in other treatments. Moreover, there was no significant difference in NHj
volatilization accumulation between the same N application rate treatment and nitrification inhibitor addition treatment in two years. In
contrast to the N fertilizer rate used by farmers (Nes7), Nugolzoo, Nagrlizs, Nisslosr treatments significantly decreased the N,O emissions. In
comparison to the N,O accumulation of the Neg treatment, that of the Nug treatment decreased by 43.09% and 16.11% in 2019 and 2020,
respectively. Moreover, compared with that of the Nuw, Nogz, Niss treatments, the cumulative N,O emission of the Naoolooo, Nagrliss, Nissloss
treatments was significantly reduced by 28.52%~41.37%. The wolfberry yield of the Nuploo treatment in 2019 and 2020 significantly
increased by 9.26% and 6.67%, respectively, and the net income increased by 9.80% and 7.10%, respectively, in contrast to those of the
Neer treatment. The results indicate that compared with the N application rate used by farmers, reducing the N application and nitrapyrin
addition rates can significantly decrease NHj volatilization and N>O emissions. The combination of N 400 kg hm™ and nitrapyrin 2.00 kg
hm™ is optimal to achieve a fertile wolfberry orchard in Qaidam.

Keywords : wolfberry; nitrogen application rate; nitrapyrin; NHs volatilization; N2O emission; yield
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Figure 1 The air temperature and precipitation during the monitoring period
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hm™, # Nuolooo 20 B 12 25 5 /i1 1 4.56 kg - hm™ 1 5.35
kg-hm™. PIAE FRS Ak 0 590 0 NHs #2234
TG i 5
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Figure 4 NHs; volatilization rate during wolfberry growing season
- 407 52020 - 2020 pgem2-h 11 783.27 pg-m?-h™';2019 4 F1 2020 4
S 3 00125125979 o 1 56 9] 18] Noo A8 BE 9 NoO H 2 HE 0l & 2 51 o
=z O ' 330.85.496.59 wg+m~+h™", 43 5% Nuoo Nagr . NoZb I
K=~ 3471
&E;ﬁé nl T 42.21%. 89.46% ., 636.86% F1 23.64% . 54.51%
= N S
S2% 5l 979.07% , 4% Nuolzo0 Nacsly 5o A0 FE 53 BRI T 123.80% |
ZE x| oo oo 131.17% M 91.59% . 129.97%. i . il 35 119 45 Jin 22
R P SN T N.O OHERGE S, 2019 4512020 4F it 56 0]
= 24

R=0.987%**
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Figure 5 The relationship between nitrogen fertilizer rate and

accumulation NH; volatilization

2.3 ANE e R FEBEXT N.O HE B #9540
2.3.1 N,O HEjif i &

TRY N FIHE K S N0 HEBGE 4 THe , HAE G
NEJG 1 3~4 d Ik BIWE(E , HEK IR 1Y 1~3 d B 3, bt
JE BEARIE S T 22 (81 6) o Nog 20 FR A NoO HE i i
Hie iy, HER W (EL 1) 1 A BEAE it IS A 2 4 d (2019
AR5 124 H J20204E 5 J1 19 H) , 435 2 1 765.43

[] , Naoolooo A0 FH 18 HI Jilr 04 {E i E’IJ N1 242.57 g .
m2-h Fl 1 252.75 pg-m>-h, H 4 HEE &2 50 8
147.83.,259.20 pg - m™>+ h™', &% Nayoo 40 B 43 51| B AK T
36.46%.35.47%:

NoO HEC S 3R B WFPS Y5 W2 1 E A 56 (P<
0.05) (£ 1), 2019 4EF12020 43856 W 18] , Neor 2 FH A
N0 HE i 5 WFPS ¥ 524 & 25 1EAH 2, A1 56 22 500 B
9 0.599.0.617 (P<0.01) , NugoL.oo Zb P £ N,O HE Wk 5
WFPS 5 12 35 1A 5 A5G 2R 8000 71y 0.334 H110.456.
2.3.2 N,O EFHE &=

N.O S FHHF R & -5 it 260 o S A S 25 TEAH G, 2019
AN 2020 48 AH 5C R 055 71 0.984 F110.923 (K1 7)
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Table 1 The relationship between WFPS and soil temperature and
NH; emission, N,O flux

HEfcH ghpp RIEFOKALBEAR WEPS RIERJE T

Emission  Treatment 2019 2020 2019 2020
NH, Neer -0.058 -0.080  0.586*  0.464%*
Nss -0.029 -0.148  0.426%  0.504*
Nuoo -0.086 -0.185  0.422% 0.675%*

Nogy -0.143 -0.058  0.476*%  0.435%

Niss -0.040 -0.370  0.468*  0.423*

No -0.040 -0015 0242 0282

Naool200 -0.028 -0.086  0.384%  0.574%

Nasrlias -0.197 -0.126  0.405%  0.451%

Nisslog -0.126 -0.258 0364  0.405%

N,0 Neer 0.599%*  0.617*%  0.476*  0.512%
I\ 0.414% 0.451%  0.349%  0.492%

Naoo 0.462% 0.408%  0.467*  0.603*

Nag 0.458% 0.467%  0.503*  0.473*

Niss 0.297+ 0.208%  0.425%  0.507*

No 0.251% 0.093 0246  0.367*

Naool20 0.334*  0.456%%  0.534%  0.493%

Nagrl23 0.118 0.299%  0.458*  0.446*

Nissloe 0.348% 0.303%  0.439%  0.399%

A ORTE 0.05 FN0.0LACE 400G
Note: * and ** indicate correlation is significant at the level of 0.05
and 0.01, respectively.

i A A1 o 550 % S Sk 2 REAIG T M AT Bl N0 SR AR HE T
T M R (£3) . 2019 4EF1 2020 4E Neo A0 FE AY
N.O SRAHE = Y fe =, 43 31K 6.84 kg - hm ™ F19.73
kg hm™; NoAb FRA A, 73514 0.91 kg - hm™ F1 1.19 kg-
hm™2, 2019 4F Neg A0 P N,O B2 FHHE B 48 Niza \ Nugo 20
FEE Z I T 24.36% .43.10% , N,O 4451 2% 1t i 2 1
JNT 29.19%.53.23% ¢ Nagolooo Noerlis3 . Nisslosr 20 FH 1
NoO B FUHERT 50 51458 Naoo Nagr N s 20 T 5 2 AR T
34.31% .31.45% .41.37%, N,O il e it L E AR T
42.38% .41.64% .65.19% . 2020 4 Neg; 40 B N.O 2 FH
HERL 2 Nas  Nuoo L0 BRI 38N T 7.51% . 16.11% , ¥+
e E N T 8.65% . 18.78% . 55 Nugo\ Nagr N3
AL B EE |, Nucolooo« Nogrlias . Nusalosr A8 B N.O R FHHE
il i PR AL T 28.52% .29.90% | 33.84% , N>O ¥+ 45
Je i i AR T 33.24% .36.98% .45.51% .
24 REBRAEEX T ERAENZN

Wi it 2Rk ) 398 i b AT i Rl 25 = S e
FEAR I RE 3 (6 4) o 2019 4F Nasy A0 1) M AT 77 2 5
Neo A0 FH 58 Z 04 11T 7.56% , il s B 42 1 7.95%

1% WHART]

K2 WIEENH.EX ERE

Table 2 Cumulative loss of NH; in wolfberry orchard

Y8 Yk

Accumulation NH;

FHbik hE
Net loss/
( kg- hm™2)

bRl

Year Treatment

volatilization/(kg+hm™) Loss ratel%

2019 Neor 34.49+0.22a 9.58+0.03a 1.44+0.01ab
Ns4 31.68+0.22b 6.77+0.03b  1.27+0.01b
Nuoo 29.91+0.17¢ 5.00+0.02¢  1.25+0.01b
Naer 28.74+1.58¢ 3.83+1.39d 1.43+0.52ab
Nis 26.84+0.89d 1.93+0.70e 1.45+0.53ab
No 24.91+0.19¢
Nagolz00 29.93+0.13¢ 5.02+0.06¢  1.26+0.02b
Nagrlizs 28.75+0.15¢ 3.84+0.04d 1.44+0.02ab
Nizloer 27.37+0.16d 2.46+0.03¢  1.84+0.02a
2020  Neor 35.11+1.49a 8.57+1.05a 1.28+0.16a
Nz 32.16+0.94b 5.62+0.50b 1.05+0.09a
Naoo 30.37+1.85bc 3.83x1.41bc 0.96+0.35a
Nagr 29.28+1.98cd 2.74+1.54cd 1.03+0.58a
Nz 27.38+2.03de 0.84+1.59d 0.63+1.20a
No 26.54+0.44e
Nagolz.00 29.76+1.26cd 3.22+0.82¢  0.81+0.05a
Nogrli 33 28.75+0.82cde 2.21+0.38cd 0.83+0.14a
Nissloer 27.36+0.49de 0.82+0.05d  0.62+0.04a

T R PR FIE R v O 22 5 R Z0 B 5 A ) 7 B3R ] —
YNNI TR A 3 225+ (P<0.05) 0 Tl

Note: The values in the table are represented with mean+SD;
Different letters after the same column of data indicate that there are
significant differences among treatments in the same year (P<0.05). The
same below.

(P<0.05) o A8 [F] it 20 52 T 8 I £k 30 i 00 2 55 1 A
e r= i Rl as o H A A Nuoola.oo Ab B (1) AT 7 H:
RS g Y g5y, 7 B 53 0 A 7 867 kg - hm™ Hl 8 462
kg« hm™, %I 25 43 1) 4 274 504 JC - hm™ i1 295 626
JG - hm, 2019 4 Nagol.o0 A0 AT 77 5 58 Ny AL FHLEE
T 9.26% , HrI AR 32 T 9.80% 52020 4F Naool, o0 b HiE
8 Nogr  Naoo 20 FRAG AL 7 522 43 BN T 6.67% .5.62%,
Fli g o3 i = T 7.10% .5.59%
A AECRE 50N 7 AR (& 8) mT AT, 2019 4 Jith %1 12 >

445 kg - hm™ B M AT 77 i e 5, O 7 583 kg - hm ™5 Jili 4
1N 441 kg - hm™ B 28 55 40 23 fe {4, O 264 557 JG -
hm2, 2020 4 Jifi & & 4 554 kg - hm™ B £ 7 5t B
151, 4 8 055 kg - hm ;i L & 4y 545 kg - hm B £ 5 4%
#5280 891 JG-hm™,

3 iTig

3.1 SABIREUHE B AR NAH AL 7 X = E R R
FHIRAIFTE AT, VR4 0 i S P 8 o 22 S 44
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Figure 6 N,O emissions during wolfberry growing season
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Figure 7 The relationship between nitrogen fertilizer rate and

cumulative N,O emission

T BEAG AR A, ARG 25 5 B, it 280 O~
667 kg hm B}, FyAc 7~ it 22 e )5 B i e 3, ELAR i
HERESON 5 B2, 2019 4F Jz 2020 4F it %0 & 40 1)l 445
kg - hm™ F1 554 kg« hm™ B}, M AQ 7™ it f5 iy, it 260 o
441 kg~ hm™F1 545 kg - hm> I}, My #2550 45 et o
AR R 2 Wit 2 N 667 kg hm™2, 3 8 3% & T i fE -
it U M A BT A i A . R AR T

Jifti %0 & Nitrogen fertilizer rate/(kg+-hm™)

B8 ERESTENXA
Figure 8 The relationship between nitrogen fertilizer

rate and yield

Mifd =&, AT RESE T T AR 5 2 ROcR A iRl flsHt
YER 2 S R R T REBHAT T RHAXT A B 720 R 1
WA, BRT AR SE R T, R AL T AK
P REAR -1 pH A, SE AR RIE ), RS BEUR R
W CSR 5 e 1 N B . ARG B il Ui Ol 400 kg -
hm it i 2.00 kg hm™ nitrapyrin (AL B B 2% 5 T
PRI R & o SRR BT BB /2 nitrapyrin B 1)1 1 3%
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Table 3 Cumulative N>O emission in wolfberry orchard

T [P
Year Treatment emission/(kg-hm?)  (kg+hm™) Loss rate/%
2019 Nior 6.84+0.01a 5.93+0.05a 0.89+0.01d
Nisaa 5.50+0.01b 4.59+0.05b 0.86+0.01d
Naoo 4.78+0.17¢ 3.87+0.11c 0.97+0.03¢
Naer 3.72+0.20d 2.81+0.14d 1.05+0.05b
Nizs 2.49+0.04f 1.58+0.02f 1.19+0.02a
No 0.91+0.06h
Naool2.00 3.14+0.09e 2.23+0.03e 0.56+0.01f
Naerlizs 2.55+0.11f 1.64+0.05f 0.61+0.02e
Nissloer 1.4620.03g 0.55+0.03g  0.41:0.02g
2020 Neer 9.73+0.63a 8.54+0.55a 1.28+0.08e
N4 9.05+0.17b 7.86+0.09b 1.47+0.02d
Naoo 8.38+0.18¢ 7.19+0.10¢ 1.79+0.03¢
Naer 6.22+0.35d 5.03+0.27d 1.88+0.10b
AES 4.64+0.11e 3.45+0.03¢ 2.59+0.02a
No 1.19+0.08g
Nuool2.00 5.99+0.19d 4.80+0.11d 1.20+0.03ef
Nagrli33 4.36+0.14e 3.17+0.06e 1.18+0.02f
Nisslos 3.07+0.09f 1.88+0.01f 1.41+0.01d

x4 AEAERLERNMICTEREF NS
Table 4 Wolfberry yield and economic benefit

R bt B b )
Year Treatment Yield/(kg-hm™)  Net income/(yuan+-hm™)
2019 Neer 7 200+240¢ 249 997
AP 7 744+336ab 269 883
Nuoo 7 437+233abe 259 559
Naer 7 333+252bc 256 442
Niss 7 067+318¢ 247 573
No 6 367+233d 223297
Naool200 7 867+167a 274 504
Nogrli33 7 700+153ab 269 257
Nissloer 7 033+252¢ 246 286
2020 Neo7 7 933+294bc 276 019
N 8 191+244ab 285752
Naoo 8012+118bc 279971
Naer 7 729+138cd 270 500
Niss 7 487+94de 262 483
No 7210£161e 253223
Naoolz.00 8 462+107a 295 626
Naerli 33 8 079+145bc 282712
Nissloer 7584+131d 265 846

TR R LR, BEAK NOS-N ki 5 2 A fk— i
AL R, P i T R A R MR =™, 5 Bt
HFPR R FEARARML . DRt , 7R IR A 20 Ak )

1% WHART]

fithh Wit 40% AL HBC jitt nitrapyrin, 7] 3l 2 ¥ 40 42
A BRI R E TR, A B E R ROR, Bl ik
AR AT
3.2 S BE IR A R R N AR AL 30 1 57 3 NHL 32 & B Z20
ARG 25 W, RISt (5 2 B T AT bl £
R NH ¥ & % e B, R e T2 E Rt
A S R R AR B A VE F R K A% NHHCO,, B
Je R A Ak R NHE-N, S NHs 3 & $2 41 T 58 2 9IS
Y. MM R, NH 4 % 5 + HEiE B 5 R A oG,
5 HHOKRAAC, WREE R T HHE KRS T
KR T R K A R S 1 R
NH:E Ak A NHs, [ B 3 K 42 0 R 28 1) - S8R 2 i
FRAR T 38 322 NHG & &, i pdi /> T NHs #5 &,
ARG NH, # 2 11k 8 0.62%~1.84% . %1 % 3 2
el (4 10F 5% 45 R 6 B, it 60 A 0~225 kg - hm 2, NH;
ER I B 5.71%~10.81%, 51T AWFIEA L,
AR 9 NHL #4% P A A%, T B2 T3P R el ik
SRR VA N TR, 3K o ORI T A%
7K, L2 e AT 5 1T AR U A AT AR T N R K
S, S OKRAE . NHE R RS 855k
SAUE, S AT A NHA% L AR . il
A 46 7006 NHs 4% % 0 f2 m i o8 25 SR AR — o B
S BT AR SERT B 5 BT S R Ak ) A2 A
T NH: 48 % 5 A i 58 R W1, U I nitrapyrin GE B I
NH; # &, A 3 50 45 5 2% BH f Ak 9 461 770 % NH 9%
RICEZEFZW o ]R8 A S DR 2 s Ak i 580 T 0
NH:-N 4k NO5-N, i3 i 7 + 3 5% )22 NHi-N
B o R R T NHL 48 &, [R] s A Bl 76 # Al A= 5 3
WiEAT 2 0, Sl HIERZNARMIRZE,
P 5 S [ 4 FH AT e S50 £ 40 3 550 4% % ok NH, 442
KT . R, R0 PR BE 450 1T RE S 2A
AL A6 NH5 #4 & 0 8 25200, 53X 5 WOLF 582
WFIT 45 AL AR - B IR 5 NHL 35 & 3R
L 0 E A OG, R R O T Y A
DAL I T v T R SR R I L PR PR K SRR
NH:-N, 2ok 55 - 498 e 44 %) NHE iy 05 B 68 7, 34
g NHG & i, DI 5 2 R 3 5
3.3 G RBIRHE B s I AL 4 6 370 X NLO HE 5 32 0
AR R W, bt A S NLO HERT 5L A% 2 1E A
X, 5 CHENG &FPVZ5 BBl X2t F A= AU
AL B ALY, AR 2 T N0 HEjl . BFE SR
o Rt R R S R I R B S R B AR A AT X
RIERFIHR . 58K 5 380 B A NLO HECE B
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FIEA K . ABFFESE T WA, B HEES N0 HEdY
FhE o HEBE KB 2R AL =K Y B
IEE, T REAR T 3 i A B A o7, A2 T S A
ARAE FH B NLO HER, [l B A58 B 4F WFPS {8 43
Sk 58.32% F1 58.29% , il A58 R W] > WFPS /N T
60% At , 3Gl A Bl 25 90 146 e Bt 7 43 188 T 3 55
Wt B R B0 1 1) 7K 43 25 AR 0 T NLO R ; 398
BT e T A A S S AR B T L iR
A AL K SRR VE R AR HE T NLO HERR . ASHIFIE it
A K 0~667 kg - hm™, N.O H ¥ HE 7l 33 % Wy 6.55~
67.57 g-hm™ d', 7€ [F] S5 it KT, 35 XIE 51785
JbE (N.0 H V-S4 HEH 4 71.78 g-hm™) B RFFE 45
TR AR, PT RE 2 R T AR 50 b0 75 K v i 30 A
MR RAR, —E R B T A W g e
/D T NLO FIHERL . ARG 45 5 o, i Ak i 51
B BEAR T NLO HER B2k 2, 31X 5 BRI SR oY
&% BN N nitrapyrin 5 NoO S8 FHHEfE B AR A0 25 SR 25
bl nitrapyrin I T NHi[ NOEE Ak, E a1 4%
AL AR BEAR T NLO HERC, BRI, 38 2 9 715 3
0 L %) - S 3 P R A R R B T R R R R R
Sk

4 it

(1) Bl UIE T A 1, A e 7 o Sl 4 24 52
FEIE NS AR e 3 s A )t R0 T S i £ 49 ) 5]
AR PR R AL P B R WA T I AL (R IR ST B
NE AL PR 2 4

(2) AL & A4 e B & 5 1 NHL #5 k R
1 N0 ZEFLHEG & 5 WS 0.5% B nitrapyrin 5 4% R >J
A At 2L E A L S FRAIR T NHL%E 5 A NLO

(3) LR G A TR 8 FAE AR, HEFE il A=t 400
kg - hm™ H i nitrapyrin 2.00 kg - hm™? R 58k AR5 R
I AC R B R it B

S 3k
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