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Effects of fertilizer reduction on Chinese cabbage yield and soil nitrogen surplus

CHENG Juan', FU Li', ZHAI Zhongwei', XIAO Nengwu®,YANG Liu?, LIU Fuyuan®, DU Huiying"", DU Lianzhu', ZHANG Keqiang'

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Shiyan Academy of
Agricultural Science, Shiyan 442000, China; 3. Institute of Animal Husbandry and Veterinary Medicine, Xinjiang Academy of Agricultural
Sciences, Shihezi 832000, China)

Abstract: To promote the green development of the Danjiangkou water conservation area, improve nitrogen use efficiency, and control
agricultural non—point pollution, the effects of fertilizer reduction on Chinese cabbage yield, soil inorganic nitrogen, and nitrogen balance
were studied using a field plot experiment. The results showed that the effect of 20% fertilizer reduction on Chinese cabbage yield was not
significant, and there were no significant differences between treatments with pig farm slurry replacing chemical fertilizer and chemical
fertilizer reduction at the same N application rate. The accumulation of soil nitrate N increased over the season and was significantly higher
than the accumulation of soil ammonia N. Compared with that of conventional fertilization, the N surplus in the chemical fertilizer reduction
treatment decreased by 23.38%, whereas that in the pig farm slurry treatment decreased by 29.249%~30.65%. In addition, N surplus was
positively correlated with soil organic matter and nitrate N accumulation. In conclusion, chemical fertilizer reduction combined with pig
farm slurry is an effective measure for reducing N surplus and increasing N use efficiency while ensuring Chinese cabbage yield.

Keywords : chemical fertilizer reduction; pig farm slurry; Chinese cabbage; yield; N surplus
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Figure 1 Soil total nitrogen of different treatments

F1 WIRREME TEABERYBZFEMREF AENZM

Table 1 Chinese cabbage yield and nitrogen use efficiency of different treatments

4k 4t [13E7~ 1 Yield/(kg-hm™) R SR TR
Treatment %5—2E First season 5 . 7E Second season &5 7% Third season &5 PUFE Fourth season N use efficiency/% N contribution rate/%
CK 23 622.90+2 050.11c 20 875.90+1 190.83b 16 606.90+465.40c 20 189.46+745.86¢ — —
CON 62 512.30+3 228.14b 71 446.75+2 296.87a 47 478.75+2 040.99ab 66 516.96+1 193.64b 16.01+0.98b 66.82+1.21bc
RCF 59 378.65+3 056.47b 63 759.25+2 006.36a 44 097.30+1 396.03b 65 803.08+1 011.03b 19.09+2.42b 64.69x1.21c
RFS23 73 280.07+2 604.68a 73 991.50+5 303.24a 50 395.3+2 402.56a 78 452.90+3 081.86a 26.87+1.60a 70.06+1.48a
RFS100 72 636.40+2 583.00a 71 305.70+5 959.82a 49 252.35+£555.36a 71 280.40+3 185.65b 25.11+2.24a 68.89+1.30ab

VE  [F) 40 FpOAS ] 5 B 30 b L R) 22 5 12 25 (P<0.05) o

Note: Different letters in the same column indicate significant differences among treatments (P<0.05).
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Figure 2 Inorganic nitrogen accumulation of soil of different treatments
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Figure 3 Soil pH of different treatments

1% WHART]



PRI 6 ORI T 38K B (R R 800 PSR T 5 L AR 2555

DL SRR I R R A R A
TR 26 A\ Tk 3 o A ) SR ARARY . A R
P P13 F A & e CK .CON F1 RCF AR 7
f a3 SR b —3% , CON FIRCF A | 25 AN B 35,
EE4 2 T KA s A AL H R 1 S, A
P e RN (H 2 S T AL L
RBARDIIEER B EES B R AR D

[
=)}
1

T CK AR, &t AR AL B RCF AR PR K B4 %
X F CON Ab 3, A [F] it 20 £ 79 3 S ab B, RCF Ab 3
RER A w B E 5 TG AR 2 A 2R
(RFS23 A1 RFS100) , FLAE Uit 2 /K 21X A 2 A b B
BREFARE . SR, PIEARARES
AP S MRS A B R B EIEAX
(r=0.64,r=0.68,/K5).

E\D a b a i a
. : a a T
& ablabab ai_-?-_al ia_‘?’_l II
= 12 T T = T
il b b b
41 2 b
3
2: s
T3
e E
g
4t
3
;% 0
2z = 0 2z = 0 o 2z = o O 2 Z = o o
o o o o o o o o o o o o
R TS=Lg TSELg 8=z 7
= ~ &= ~ &= ~ = ~
25— 1 First season 25 1 Second season 2 —%E Third season 2B PURE Fourth season
B4 FRLETEFIREE
Figure 4 Soil organic matter content of different treatments
R2 TEAEMRERRFD FE(kg-hm™)
Table 2 N balance in soil—crop system in Chinese cabbage(kg-hm™)
RZEIE N budget CK CON RCF RFS23 RFS100
ZHA N input FEHEA Fertilizer N 0 351 281 216 0
28K Pig farm slurry N 0 0 0 65 281
TEBE Trrigation N 17.06 17.06 17.06 17.06 17.06
ST Total input 17.06 368.06 298.06 298.06 298.06
FUH 1 N output FEBIML Crop uptake N 23.53¢ 79.72b 77.14b 98.11a 94.03a
REBA N surplus -6.47d 288.34a 220.92h 199.95¢ 204.03¢

T« (A5 AN TR] B s AR PR 22 5305 W 25 7KK (P<0.05) o

Note : Different letters in the same line indicate significant differences among treatments ( P<0.05).

A P Soil organic matter/(g-kg™)

S0 Yo 100 200 300 400
A ZEBAN surplus/(kg-hm™)

60
s0F o

o)
40t

|
é r i & Nitrate nitrogen/(kg+hm™)

0 100 200 300 400
RAZEBAN surplus/(kg-hm™)

5 IRFRERSIERIRSE HEERMEBNXE

Figure 5 Relationship between N surplus and soil organic matter content, nitrate nitrogen accumulation

WWW.Qes.019.CN




m@g 2556

3 e

3.1 WAERGEXT B3R ==/

HR A5 8 278 SCEEPIIF R Ge it , 3% 1) 38 it i = i
FHANE R R0 1945, 32 2 5 g 5 2N it P
SRR B 2.7 £ BSSIR AL IE SR L B, KA
3 - 3R ZR 0 UK 2 UL Ak I it 4R 1 14 o i
FHO, il A R R AR A, i A 2%
INBE = A5 Y o R — YO I PN i v it 2R B R v 1
ST AR R A 3 R ) 1 3 N AR R AT RE 2 R
fIKP224 JENSEN 252120 #5617 0 il 46 H L B IR H 2
Wk 2D 50% F1 245 A 1Y - f S EL R E R B2
R R 3 7 R, A N B T s X ik 2Rt A 159% i
PR T I, BB R A e AR T AR
FIFHA, WA BFTEdE H, K 30% AL IE A
KAe & P /N i A 2R RS, /)
e RPN G FEARR a. ARWF T A R R,
FERE WG 20% 25040 T, 113%™ it 50 G B B 2
2% S s AF [t A0 (281 kg-hm ™) 418 T, A0 IE ai it 2t
KA AR 23% F1 100% , 4 i 1 32135 77 5 A0 e &b
PR 18 AR 135, IR AT DA i 1 285 it 2 )
FIFRE S WA TR, oKk s A MU &
R T, 2 K AR AR A it FH A T L i AR
M A
3.2 BRI HERT TR A R AR N

it A 38 ) R A RS AL B A A AL SRV E
WSO PR 9 S 2T A8 3 P A A L i T (R A
P A (R R 2 3 3O 3 rp i Rk A b
KB BIRZE 4, 1 KR E B IR LR K
B TR kA SR A0 R i, A e U D/ A S
RBRBUE HE A GEES, - WSS %
B, S A A R AE 11 3R AR K I Bl LA
FREEAR T NS A B R D T A E M PRk
RS , ASIF 5T o, A 398 v i A5 2R S8 o Bl b 4
B Z MBI, 55 DU RE USSR S | Rt T Ak 3
B AR G A S T RFS23 b - A
AR TR DUE B 3 & T T 3 78 ; RFS100 40 FR 25 —
HHIEMSAZHERE S T2, 58 ER
AW . BASSO ST KB, K m a2 5]
AN AU R HE MR IR EE T YRR . 2
KPS — o B A ST A LIRS AT b
AR R AR B A R A S AR T A AR B
Bl R A, ZEK P E S R R A K R

1% WHART]

RAGRBRZZ2R-BFEFRESHEET] LEPNE L0

) T AR O - S AR AR ZE AR T i, ik - 1R 4
(i e AL RIS, /D 57 0 LR A R Ak L itk
Mg e T R 3EFR 0 ML 28 K, K3 it FH % 7 3%
IKEARACRE XS RS A S i T — 25
3.3 WIEREX TIER B RN

WA H T IE-VEY) R R R TR L, 7] Ry 4
S A RO BIE IR . ZHU 2035 R R B
A R AR R AN J R M AR AR
FAEY WM R 20% S AR R 17% 0, 2%
AT AR TS . BATZEA g, AERE A 4% A B
i, AR PR A B ERIN, AR KR A SNt
BIHEMR R, B EYRIR AR SRR R
W52 FICHL R BB 22K, 1k 1 e 2 o 22 4
FOIEARSE o 7 RUAESS G BF 5 G B k2 Ak A it P
i, AR IR AR 18%~48% . ABEFEH it AE
b PR B AR R B /MK R R IR - CON>RCEF>
RFS100>RFS23, LAt 20% 4514 T , RCF A BRE
vt JIE b 2 R 25 4 WA 23.38% , Ak B i it 28 K 4L
b PR B Ay B R R AR b PR R AR T 29.24%~
30.65%. J 3K o BTG PEA ALY T AT AR E - 4
X B B B W [ 2, )B4 B O VE T
it A S 5 5 2K UK 23 e AL LA A A% B AE 1
Herp 0 3P e A S B, BIER S
SEBRAAE Y HG 7 P A R R e E R,
R AT R R B BB 0 (4 55 47, 1k
NE I it S 8 25 AKX AT AR - i R A it AR
REDUR EHARFAE,

4 ZEig

(1) 4 FE B 11 =2 A f 72 vh A IS B0t 209% 1
ST R AL H UM R S AR . A [T R 209 254
T, 2 KA 23% TR 100% 40 3 4 7 1157
Py g B L EAL B 118 5 A 113 6% . AL ARyt
FEK B AT DL 1 30 B it A R RE T, AR Al
it 20% K 28 K B AT 23% TR 1009% Ab B A
I 2638 I 2 v T AR IE e FH A 3L, AR E sl it 20% &
FER R 23% b PR R DTk 0 5 v T A I it
I Ab B

()4 AR FAE L FE P, 0~20 em £ 3 pH {H A
T 7.32~8.07; B3 M T HEEAPLER FE. A
FPRE ZE R ARSI, 0~40 em IR A A 2 AR 24
A, BRI AE R B4y 288.34 kg - hm™, Ak B Vs it Kz
Vol it 26 AR AR A BT DA S AR R B AT



PRI 6 ORI T 38K B (R R 800 PSR T 5 L AR 2557

(3) L5 7% LI 11 3™ | IO HL R A/ A
AREFHEAR , PR AT RUAE DUt A AE 8 25 15 T 2647
FEARRA, THE— A4 it 11 3 ) R b
TR B AR AR RIS T

Sk

(1] R G iTJ . [H % B B [DB/OL].[2021-9-14]. hitps://data. stats.
gov. en/easyquery. htm?en=C01  National Bureau of Statistics. Nation-
al database[DB/OL].[2021-9-14]. https://data. stats. gov. cn/easyque-
ry. htm?en=C01

(2] 200k, 155, ki . F B BObtim 3 | U IR £ Al & R i
BUIR Bt #4()). i EI#E3E, 2019(11):6-9.  LIT L. XU Y, ZHANG ]
X. China’s facility vegetable, melon and edible fungus industry devel-
opment status and trends[J]. China Vegetables, 2019(11) :6-9.

[3] W413C, Ak, HHAE. & . FRIRBE SN 1 St T %
FEL)). M IR S IE AR, 2017, 23(6) : 14801493, HUANG S
W, TANG J W, LI C H, et al. Reducing potential of chemical fertilizers
and scientific fertilization countermeasure in vegetable production in
China[J]. Journal of Plant Nutrition and Fertilizer, 2017 (6) : 1480 —
1493.

[4] XU . Pk U 10" Aol i 575 B B VA N b PR B iR, 2021~
04-16(003). LIU H B. Talking about the prevention and control of
agricultural non—point source pollution in the "14th Five—Year Plan"
[N]. China Environment Newspaper, 2021-04-16(003).

[5] LIU X, ZHANG Y, HAN W, et al. Enhanced nitrogen deposition over
China[J]. Nature, 2013, 494(7438) : 459-462.

[6] 222, sl e, A7 1Ak, 45 . ANTR] RUNE FH o %o S8t 78 4 7 kil S5
RS A R R B SE A [T, Al FREE R 223, 2010, 29(12)
2338-2345. JIANG H M, ZHANG ] F, YANG J C, et al. Effects of
different treatments of nitrogen fertilizer on yield, quality of tomato and
soil NO3=N accumulation in vegetable—greenhousell]. Journal of Agro—
Environment Science, 2010, 29(12) :2338-2345.

(7] B, eI, PO, S5 AN R 2 X I B8 AR B A S ik
BT ()] 1€, 2011, 43(3) :542-547. LUK P, XIE Y F,
MIN J, et al. Effects of different nitrogen application on root morpholo-
gy, yield and quality of lettuce in greenhouse[J]. Soil, 2011, 43(3) :
542-547.

[8] KPRk, FEARAS, 22, 55 . ABNEWUXT H i 2 AR A A AL
AR B 1 BRI ). R SR S IR LS, 2020, 26(7) 21295
1302. ZHANG H Z, TANG J W, YUAN S, et al. Effect of fertilizer re-
duction on nitrogen utilization efficiency and fate during overwinter
long—season tomato production in greenhouse[]]. Journal of Plant Nu-
trition and Fertilizers, 2020, 26(7) : 1295-1302.

[9] 44, B, RO, 45 . K RUT ool it b s 3 b - S 4
KA R )], R 8 IR 5 R 241, 2016, 22(4) £ 949-957.
LIY K, WUXP, WU Q F, et al. Effects of irrigation and nitrogen appli-
cation on ammonia volatilization loss from vegetable fields under green-
house cultivation[J]. Journal of Plant Nutrition and Fertilizers, 2016, 22
(4):949-957.

[10] EL RS, sl . 365 FME 2000 S U AR AR ([T, L 32441, 2021, 58

(1):1-13. JU X T, ZHANG C. The principles and indicators of ra-
tional N fertilization[J]. Acta Pedologica Sinica, 2021, 58(1) : 1-13.

[11] OENEMA O, KROS H, DE VRIES W et al. Approaches and uncer-
tainties in nutrient budgets : Implications for nutrient management and
environmental policies[J]. European Journal of Agronomy, 2003, 20(1/
2):3-16.

[12] MARJOLEINE C H, DIRK J D B. Perspectives and limitations of the
dutch minerals accounting system (MINAS) [J]. European Journal of
Agronomy, 2003, 20(1/2) :25-31.

[13] OENEMA A, VAN LIERE L, SCHOUMANS O, et al. Effects of lower-
ing nitrogen and phosphorus surpluses in agriculture on the quality of
groundwater and surface water in the Netherlands[J]. European Jour-
nal of Agronomy, 2005, 304:289-301.

[14] CHEN X P, CUI Z L, FAN M S, et al. Producing more grain with low-
er environmental costs[J]. Research Gate, 2014, 514(7523) : 486—4809.

[15] XU IC, k&, wtth sy, 5 IR /N -E EKRAEEIA R +
BER R B AEAR R R B G PP —— LN T R )], Ak B
BRI, 2019, 38(6) : 1321-1329. LIU H Y, ZHANG A P,
YANG S Q, et al. Construction and evaluation of a soil nitrogen sur-
plus index system for the wheat maize rotation system in Shandong
Province, China: A case study of Dezhou City[J]. Journal of Agro—En-
vironment Science, 2019, 38(6) : 1321-1329.

[16] LIANG K M, ZHOU X H, HUANG N R, et al. Nitrogen losses and
greenhouse gas emissions under different N and water management in
a subtropical double—season rice cropping system[J]. Science of the To-
tal Environment, 2017, 607 :46-57.

[17] ZHANG C, JU X T, POWLSON D, et al. Nitrogen surplus bench-
marks for controlling N pollution in the main cropping systems of Chi-
na[J]. Environmental Science & Technology, 2019, 53 (12) : 6678—
6687.

[18] L B L3 Ak p (M), =R . Jbat . v (=l A, 2000.
BAO S D. Soil agrochemical analysis[M]. 3rd Edition. Beijing: China
Agriculture Press, 2000.

[19] 2=t €, TR, H AER, &5 . PR N K RO 7K DX R e s e
Ml T T YRR AE[T]. ARk BB A A2 A2 4, 2019, 38(12) : 2816
2825. GONG S F, DING W H, XIAO N W, et al. Characteristics of
agricultural non—point source pollution in typical watershed of core
waler source area of Danjiangkou reservoirJ]. Journal of Agro—Envi-
ronment Science, 2019, 38(12) :2816-2825.

[20] X Z%, FubLE, A7, 55 . ZENEHG X KA i R SR AR
FZMA[J/OL). Mk 9% U5 55 25 5% 2% 41« doi: 10. 13254/j. jare. 2021.
0096. LIUT, WANG H Y, YANG B, et al. Effect of additional appli-
cations of manure on rice crop yield and nitrogen use efficiency|J].
Journal of Agricultural Resources and Environment, doi: 10. 13254/ j.
jare. 2021. 0096.

[21] Bo%ak, 2535 i, TR, 45 . THAE T I 11 3857 B L IO 1) 52 ) B G
FREERON[)). b A 22 5E 4, 2010, 26(6) :168-172. WEIZ Q, LI
J J, ZHANG ], et al. Study on the effect of biogas fertilizer on the Chi-
nese cabbage yield, quality and environment[J]. Chinese Agricultural
Science Bulletin, 2010, 26(6) : 168-172.

[22] BV, FHLF-, KT, & SRR S AT Gk AE

WWW.Qes.019.CN




m@g 2558

HEBFTEL] REPDE SR S ALRL AR, 2010, 16(5) - 1282-1287. LUO
T, WANG H P, ZHANG Q, et al. A study on nitrate content of spinach
conforms to the nitrogen fertilizer consumption in safe production[J].
Journal of Plant Nutrition and Fertilizer, 2010, 16(5) : 1282-1287.

[23] X —FL, 2L, sleHi Ty, A5 . A TR) U FH X 1 307 e R BT Y
S ()] AL 5 B 2, 2021 (10) 1 35-40.  LIU Y F, WANG H,
ZHANG R F, et al. Effects of different nitrogen fertilizer Application
rates on the yield and quality of Chinese cabbagelJ|. Northern Horti-
culture, 2021(10) :35-40.

[24] W RZEE . RUAE YA Te) T E6E R 3877 B S e 0], B AT S
2016(4) :43-44. ZENG C X. Effects of different amount nitrogen
fertilizer on the yield of Chinese cabbage[]]. Tillage and Cultivation,
2016(4) :43-44.

[25] JENSEN M H, MALTER A J. Protected agriculture: A global review
[M]. Washington D.C.: World Bank Publications, 1995:253.

[26] EHER, KR, FTLL, & UL RO & /N A 77 ik |
B B WS AL ] AW SRS R B2 4], 2018, 35(5) 1 467
475. WANG G L, ZHANG J H, WANG S H, et al. Effects of chemi-
cal fertilizer nitrogen substitution by biogas slurry on yield, quality
and growth characteristics of winter wheat[J]. Journal of Agricultural
Resources and Environment, 2018, 35(5) :467-475.

[27] PMEFZE, PSR, BT, 45 FE A2 AE AR IR R SRR K HE B )™ ek V2
5 22 AN AL SR HE B SR )], 3, 2015, 47(3) £ 503-508.
SUN H J, MIN J, SHI W M, et al. Effects of fertilizer irrigation on
yield, ammonia volatilization and nitrous oxide wheat rotation system
[J]. Soil, 2015, 47(3) : 503-508.

(28] i, FVERF-, XAl S5 . VEVRUTE T EH AR Akt P B HL A B 20O,
WFILI]. AL IR I BE2 4R, 2017, 36(8) : 1566-1572. YANG R,
SUN Q P, ZHAO H Y, et al. Precision application of biogas slurry and
its environmental effects in paddy fields[J]. Journal of Agro—Environ-
ment Science, 2017, 36(8) : 1566-1572.

[29] GUO LY, WU G L, L1 Y, et al. Effects of cattle manure compost com-
bined with chemical fertilizer on topsoil organic matter, bulk density
and earthworm activity in a wheat—maize rotation system in eastern
China[J]. Soil & Tillage Research, 2016, 156:140-147.

[30] WRSEB e ZE00S AL A A A A AR SR AR D L S A AUk B )
). £EHEE, 2016, 15(3) :630-632.  CHEN B M. Effect of N sup-
ply on plant growth, nitrate accumulation and soil nitrate residuel[J].
Ecological Environment, 2016, 15(3):630-632.

(31 XUJHE, W, 422, 45 . R it AR B FO A 4y 77 ik A
ARSI IR SRR )] E S AR, 2016(4) 18, LIU Z
H, BO L J, LI Y, et al. Summary of nitrogen reduction application
technology and its impact on crop yield and ecological environment
[1]. Soil and Fertilizer Sciences in China, 2016(4) :1-8.

[32] Eeme R, LU, AL IR, 45 . SeUNE FH i X e i T % 7 i 7 ik

1% WHART]

RWABERZZR - ZERESRELT LEPNE NN

W7 B S 2 A R AR S A [J]. Al FREE RS 24, 2013, 32
(11):2246-2250. BIX Q, SHAN N, DU L F, et al. Effects of nitro-

gen rates on tomato yield and quality and soil nitrate accumulation un-
der drip irrigation in solar greenhouse[]]. Journal of Agro— Environ-
ment Science, 2013, 32(11) :2246-2250.

[33] HHFR, 2R4R 5=, AR, 45 . K i HE Xof i 236 FH 2B = a0k VA AR 11
ML E AR A AR, 2019, 35(21):50-55. TIAN Y, LIZ Y,
XU X, et al. The effects of reducing irrigation and chemical fertilizers
on nitrogen leaching in open—air black soil vegetable field[J]. Chinese
Agricultural Science Bulletin, 2019, 35(21) :50-55.

[34] BASSO B, Ritchie J T. Impact of compost, manure and inorganic fer-
tilizer on nitrate leaching and yield for a 6-year maize—alfalfa rotation
in Michigan[J]. Agriculture Ecosystems and Environment, 2005, 108:
329-341.

[351 UM, TEATAS, M, 4 . VRIS AL M C 45 ik it e Ml 28 st
FERL ST IA[T). S S R, 2018(3) 1 108-115. XIE H
Y, DONG R J, WU S B, et al. Effect of biogas slurry combined with
chemical fertilizer on the yield and quality of tomato growth in green-
housel[]]. Chinese Soil and Fertilizer,2018(3) :108-115.

[36] ZHU X Q, FU W H, KONG X ], et al. Nitrate accumulation in the soil
profile is the main fate of surplus nitrogen after land—use change from
cereal cultivation to apple orchards on the Loess Plateau[]]. Agricul-
ture, Ecosystems & Environment, 2021, 319:107574.

[371 BAI X L, GAO J J, WANG S C, et al. Excessive nutrient balance sur-
pluses in newly built solar greenhouses over five years leads to high
nutrient accumulations in soil[J]. Agriculture, Ecosystems and Environ-
ment, 2020, 288:1-10.

[38] TR, SR, AR, S ALNEE A AU AR L R
MBS K LR R R[], PRI, 2019, 40
(5):1008-1014. NING J F, ATSY, LI M J, et al. Effects of chemi-
cal fertilizer reduction and organic substitution on vegetable growth
and soil nitrogen balance in red soil[J]. Chinese Journal of Tropical
Crops, 2019, 40(5) : 1008-1014.

[39] THOMPSON R B, PAIN B F, REES Y J. Ammonia volatilization from
cattle slurry following surface application to grassland[J]. Plant and
Soil, 2010, 125(1) : 119-128.

[40] BRAE, SRAE 1L, PNEREL . I 3t DX A T 438 v e 25 ORI 25
i a8 78 5 (1] SR EEFRF, 2016, 27(6) 1 1217-1222. CHEN X M,
WU H S, SUN J H. Time-spatial variability of ammonium and nitrate
in farmland soil of Taithu Lake region|]J]. Environmental Science, 2006,
27(6):1217-1222.

[41] RIE R, SUkiZ . (RFETR R A2 A A NEAHRIEL) . R SR 5T
FHAEAR, 2013, 19(2):259-273. ZHU Z L, JIN J Y. Fertilizer use
and food security in Chinal[J]. Journal of Plant Nutrition and Fertiliz-
er, 2013, 19(2):259-273.



