5550 % 43 + I E W Vol. 59, No.3
2022 45 A ACTA PEDOLOGICA SINICA May, 2022

DOI: 10.11766/trxb202007260420

TiE, P, MW, BEH, BRY-, EAL, RIE, T, KT e X K0 — Ak 0 35 it 2 i ZUIE RT3 5 S8 #E & 11 52 1)
[J]. 323, 2022, 59 (3): 776-785

WANG Yuan, XU Jiyuan, PAN Yunfeng, ZHAO Dongqing, YANG Dongping, JU Shengrong, MIN Ju, SHI Weiming. Effects of Fertigation
on Nitrogen Use Efficiency and Ammonia Volatilization in Greenhouse Tomato Cultivation in Lower Reaches of the Yangtze River [J]. Acta

Pedologica Sinica, 2022, 59 (3): 776-785.

I Tt XAKE— A3 Em AL AR RS
¥ A0

T &', Faex', B, BRAEL AT, EAR, B OE',
e T

(LSRR TR R TR E 0% (P ERABE R s LTS ), Rat 210008; 2. FXM4HARLRFTR, TLJRE% 214206 )

OE. KICHU XSSt m P ys @i s by | 978y Bk, midi 15 T, 8 H I A RIS A s KIS — (R AT
T AEAE ALy Bt e A 7 AR 2 N, T L A T i DX ek IR FH 23 B % R s T, g AN . SR FH
V] /N DR 3 X A2 it 2t T PRt I F 1) RN R % . 3 R R R, (S RIS ) R SR AR A T 1 R Go W A 43
Bro G5REM . EMFERAR T, AHESEEMIE T =0, AL A 2R 23.92%5 5 2 40.89%, 24 FHIA
ik SRR 37.25 kghm W/ % 3.07 kghm™, AR EE 16.56%8/0 % 1.36%, W&/ T 31.85%M HIERAA
(NO;-N) Bk i, AW N it St K S — AR ARZER VR W XA e R PR L TR 24840

KR KIE—IRML; Boitisise; FACHAIR; 35k BR0sHE

FESES: X511; S641 XERRERRS: A

Effects of Fertigation on Nitrogen Use Efficiency and Ammonia Volatilization
in Greenhouse Tomato Cultivation in Lower Reaches of the Yangtze River

WANG Yuan', XU Jiyuan', PAN Yunfeng®, ZHAO Dongging®, YANG Dongping®, JU Shengrong', MIN Ju',
SHI Weiming'"

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2. Yixing Bureau of Agriculture and Rural Affairs, Yixing, Jiangsu 214206, China)

Abstract:  Objective Greenhouse vegetable production in China has played an important role in ensuring market vegetable
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supply and increasing the income of farmers. As in the greenhouse vegetable production, a high rate of fertilizer was applied, the
production brings about a series of environmental problems, such as soil degradation and increased risk of greenhouse gas
emission, which undermines the sustainability of the greenhouse vegetable production. In the lower reaches of the Yangtze River,
the problem of non-point source pollution and labor shortage the greenhouse vegetable production faces are prominent. It has
become an urgent need to have some labor-saving, efficiency-enhancing, and environment-friendly fertilization techniques.
Fertigation is a technology that can save both water and fertilizer, improve fertilizer utilization efficiency, and reduce greenhouse
gas emission. Fertigation is mainly applied in greenhouses in the water-deficient areas in North China, and no so common in the
lower reaches of the Yangtze River. So little is available in the literature about the effects of fertigation on emission reduction and
efficiency improvement in this area. Method In this study, a field experiment, designed to have three treatments, i.e. CK (no N
fertilizer applied) , SF (chemical fertilizer broadcast) and DF (fertigation) , was conducted in Yixing, Jiangsu. Tomato (Solanum
lycopersicum) was grown in a row of plastic greenhouses. In Treatment SF, chemical fertilizer was broadcast three times, one base
application and two topdressings, making up a total of 225 kg-hm™ nitrogen (N) , and in Treatment DF, 225 kg-hm™ fertilizer was
divided into five portions applied with irrigation separately as topdressing. Then, yield, N use efficiency, ammonia volatilization
rate, and soil soluble N were measured for each treatment and systematically analyzed. = Result  Results show that fertigation
significantly improved N use efficiency, and reduced soil ammonia volatilization rate and cumulative ammonia emissions, as
compared with the treatment with fertilizer broadcast at the same N application rate. Treatment DF increased N use efficiency
from 23.92% to 40.89% and was 71.10% higher than Treatment SF, and reduced cumulative ammonia emission from 37.25
kg-hm™ to 3.07 kg-hm™2, and the ammonia loss rate from 16.56% to 1.36% during the entire tomato growth period. In Treatment
CK, SF and DF, the mean NO,-N residue in soil was 32.18, 45.70, and 67.06 mg-kg’l, and the mean NH4+-N residue in the 0-50
cm soil layer was 3.07, 8.27, and 19.27 mg-kg™, respectively. Fertigation significantly reduced the soil NO,-N residues by
31.85% as compared to the treatment of fertilizer broadcast. However, it increases the risk of N leaching to some extent.

Conclusion  Fertigation is an efficient method combining irrigation and fertilization, which can significantly improve N use
efficiency and reduce ammonia volatilization loss and soluble N residues, when applied to greenhouse vegetable fields in the
lower reaches of the Yangtze River. All the findings of the research may serve as a scientific basis for extrapolation of the
technique of fertigation in the Lower Yangtze River Region.

Key words: Fertigation; Greenhouse vegetables; Nitrogen use efficiency; Ammonia volatilization; Efficiency increase and

emission reduction
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Table 1 Chemical fertilization relative to treatment
AAE &

FEHL =T

AbFE  Chemical fertilizer application rate/

JEAE 2 JEAE 3 JBAE 4 JBAE S

Basal fertilizer Topdressing 1 Topdressing 2 Topdressing 3 Topdressing 4 Topdressing 5

Treatment (kg-hm?)
N P,0s K,O 04-14> 04-27 05-12 05-27 06-12 06-24
CK 0 75 330 50% 25% 0 25% 0
SF 225 75 330 50% 25% 0 25% 0
DF 225 75 330 0% 20% 30% 30% 10%

TE: CK, JHAbEAALIE; SF, LALHGE; DF, KL —feiu. VAL 1~38AL 5 4545 DF A3 B AL, CK R SF 4b 3 iy
55— ORISR YRGB AR [A] 5 DF AR B K58 AR 2 A 4 A 1A — 3. 2’0412 25 &R it AL B HI( mm—dd ). Note: CK, no chemical N applied;

SF, fertilizer broadcast; DF, fertigation. '’ Topdressing 1-Topdressing 5 refers specifically to the five times of topdressing in Treatment DF,

and the first and second topdressing in Treatment CK and SF coincided with the second and fourth topdressing in treatment DF in timing. And

>’ 04-12 indicates date of fertilization ( mm-dd) .
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kg-hm ™25 Uy A A it A0 P 260 A 24 79 1 9 35 et 1358
RBUBRE, kg-hm 5 F O A P A4 R it FH 2
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Table 2 Tomato yield and nitrogen use efficiency relative to treatment
T Bkt b AR BUR e RS FULAR AR

Pt S PRt

b3 Leaf and stem N accumulation in Nitrogen use Agronomic efficiency
Yield/ Fruit dry matter/

Treatment dry matter/ above-ground / efficiency of applied nitrogen/
(thm?) (thm?)
(thm?) (thm?) 1% / (kgkg")

CK 95.36+2.76a 6.67+£0.19a 3.87+0.40a 0.21+£0.01a

SF 99.94+4.19ab 7.00+0.29ab 4.51+0.41a 0.26+0.04b 23.92 20.36

DF 105.5+4.73b 7.384+0.33b 4.67+0.53a 0.30+0.02b 40.89 44.98

H: FIHARNG FEER R BL R 22 54 0.05 /KT B3 . Note: Different lowercase letters in the same column indicate
significant difference between treatments at the 0.05 level.

600
5
o 500
=
&
2400
W B
5
RE 300
¥ 8
W g
£ 200
<
g
[=}
£ 100
<
0
10 000
=
E 5000
&0
3
HE 6000
¥ 8
M% 4000
-
s
=]
=]
£ 2000
<€
0

a —o—CK ®
e A
—eo— H il Average daily temperature oo /0 hd \
g _0
° o . b
5 /./\ 2SS e A ° ,
e R g STy RV ST v RNV BT/ 7Y es @

Top({ressing 2

TR

Basel fertilyzgr /Topdressingl

/

Topdressing 3

|

I Ty

.,o\/o"\./o/ -

Topdressing 5

36

J

30

24

H i Average daily temperature/°C

1 gv‘na“"‘ Lo

TOSDEANS BERRSSUSE dmToengme aoTrengy

333933344 IIIILLLL ZIIAATAdd, 2IILIILL

OO0 OO0 OO ooo [wlelelelwlele el i)

H 4 Date (mm-dd)
36
b) —o—SF ]
—eo— H i Average daily temperature / \ /o 1 &
i s 0 —30
o. —
L i NS 4
BT A —° o— °
- ° o - °

| Basel wer A P WA 1
fertilizer Topdressing 1 L Topdressing 2

4

| |

I

'
|

18

H 7 Average daily temperature/<

14 F
14+

04-14
04-15
04-16 -
04-17
04-18 -
04-19
04-22
04-25 -
04-28
05-01
05-12
05-13
05
05-15
05-16
05-17
05-20
05-23 H
05-26
06-12
06-13
06
06-15
06-16
06-17
06-20

H ] Date (mm-dd)

06-23 -
06-26
06-29
07-02

e ORI 1 RE, JRBERD 2 H H IR, MEERT R 3 KA, R 3 KASF-H5{H . Note: When sampling took place once

a day, the temperature recorded is the mean temperature of that day, and when sampling did once every 3 days, the temperature recorded is

the mean temperature of the 3 days.

P RIRDEAE 77 20T A b e i
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Fig.3 Accumulative ammonia emission relative to treatment
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Fig. 4 Soil readily available nitrogen content after tomato was harvested
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1 A58,

FERAE YRR AR b, A5 HLAE 4 it FH 5 o
T L BRI AWIFE H DF A FEFT CK Ab 3 AE REAT
WA IR A, S LR = N 0.49 Al
0.39 kg-hm > (& 2, ZRIAGIT 8 X ), XAl fE
F T FH A A HILAE 359 A 2 5k 8 D T B4 7 A L
JIE, PR A of J 3 A A R R . 2 DY)
FEAEJEHBIX | E RGEP R 56 rp il XN KRR AR
FH AP HLAE 4 R AR AL I S 2 K 2k 3R 4 i o
0.20%F11 0.26%; fEAFH P, A HLARL 4 i 0L AL
Ja BIE LI RWALSy 2.30%; TEF/ A F/INGE R
ORI PO S, AN A MILAE 4% 2 42 0 R 43 i)
- 0.48%F1 1.23%. LR AFFEEs R BoR A HLAEXS
A R ST AR F /N . A HLAE i U D
AHLARIERAETE, FRF, HAELgh i et f2
W — AR LR E M AR, ST 7E K N ) Y
AR o 1 A HETRCRT
3.2 KE—EUERAAFXM TESELZFRUE

15 R0

SR FH 7K BB — 1A Ak 0 it A 5 125 15 5 0L UG A L
RKWD T /I G B R R, BE TR
JEFHZER, AW rh &l 44 B W & R
H1 A0 1Y 37.25 kg-hm 2 W K I — &40 7 1

http://pedologica.issas.ac.cn



34 +

TLAE s VLT Yl DX A HE— A A X 45 7 i R M) P 3 B 4k 2 ) 783

3.07 kg-hm >, ZAEFIHZRE 23.92%48 5 = 40.89%
(£ 2). FEAKME—ARALHE AT, AERE b I 7K
THHESE AR, TSk O B AR, K R —
MEBALE, HELRUTZEHY 8, LEBF
REAL R 2D, R I 3 e e ARG o i R AR 7 X5 /)
XN BSOS, AT SRR AT E T R, Rk
K B TR /N TN BB 58 AR I RHE 57 A
A, R AR 7 A 0 R K s e e T K
fE—Rfb Ty R A L. T RSP T
HHUIE F5 18 T8 R A S — A1k 1% 5 7 7y =X Al -
BRI LR, PIROK IR A B R 50 &E Kk
REAE 0.20%, 33X it W AERLBE K 8 A A 1A 2 2 4%
S Wk B IR A AR R — A B ST SR
T KR FHKIE — Ak R A £k, 2 F M
I K SRR 1.93%~3.52%4; Rk
X KR KB — R A B AR 25 & BRI =AY
9 0.99 kg-hm 2, ZUIE LA FHRILF] 51.21%58,
AT K B — Ak 7 3T 1 IR 2% 0 A R A
Fo o HLBOME R AR T 71%, (I XHE A E N T
K HEAEY) LA S HRE D %, X AT e S i T it
+ 00t TR WU AR, RERAE A, B
A 2 AN ik A S0 140 A R 1 i sk ) AR 0o A v ) e
KB 390 R A FE P 0 0 R AT G R AT A Ak
PR P A R AL B 1/2 28 2/3 2e 450334

N T B, ARHIESE oK R — Ak
Aab B A AU Ak B i e i e R R R
38.19 kg'hm*, EHHE RN 34.18 kg'hm >, 0~
20 em L JRHAS A M S AR H I T 83.11
kghm? ( HHEAELL 1.10 grem i), dkita,
KRB — PR AR AH L AE 0 7 At S0 R B R i 4 I 3
T 79.11 kg-hm 2, X EBA 2K AT RESE th AU IR
WA . TEAKIE—fb R, AR R KA
I B, HRERNA O o6 e fa — 2 4k 22
/KT HE 30 min PhYRAEE, SE—2 R T RER I
AR . R, SR FHAKAE — IR AL e i, B8 2 4%
HIVEE R, SR EZ WX M5, it
GRAE SIUEIE/ PO I b F g I s I KD
WA BN, Wi AR BRItk
Bifi 5 B & 3R AR A RN TR = i L R I AR R R
7K A — f ke 1% 8 it FES AT B SR 2 5 8 0 T R R
%, AT A TR

4 % ik

FERIT R X, AH A GE IR R , 1 7K
B — R A AT 8 2 4 i BUIE R 5, b R HEA
PR He R . MR AR, WG
MR RHEESE &5 T 71% M 2R R, 247
Pk BRI T 91.76%, BAE K 16.56%
R 1.36%; +H NO;-N Fl NH, -N 5% 5 5435
WETHT 31.85%F 57.08%. [Hitt, KT T
X 58 it 0 S o AL I FH K B — AR AR A R G A 4
BORHERE Iy, (HART 2T
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