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Abstract: [Objective]lGrape is one of the largest fruit trees in facility cultivation, which develops fast
in China. The planting area of facility agriculture is increasing in Tibet. However, the relatively closed
micro-ecological environment and the concept held by farmers that high yield depends on high input of
fertilizer have created many problems in facility cultivation of grape and the problems are becoming
more severe with years. Investigation of soil acidification, salinization and nutrients characteristic in
grape greenhouses in different areas of Tibet provides guidance for reasonable fertilization and sustain-
able utilization of soil. [Methods1The pH, electrical conductivity (EC) and nutrients in greenhouse vine-
yard soils in different regions were studied using the outdoor bare land soil as the controls. Lhasa's soils
were sampled from the greenhouses planted with grape for 4 (LS4) and 14 years (LS14) and from bare
land (LSB). Nyingchi’s soils were sampled from the greenhouses planted with grape for 9 years (LZ9)

and from bare land (LZB). Shannan’s soils were sampled from the greenhouses planted with grape for
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3 years (SN3) and from bare land (SNB). [ResultsJ(1) The 0-60 cm soils of the outdoor bare land in all
the areas were neutral to alkaline (pH between 7.0 and 8.0), while pH values in the 0-60 cm soil in
LS14, LS4 and LZ9 were below 7.0. The pH values of the surface (0-20 cm) soils of LS14 and LZ9
were 4.48 and 4.58, respectively, which were 40.44% and 41.21% lower (p < 0.05) than that of LSB and
LZB, respectively. In addition, pH values of the 0-40 cm soil in LS14, LS4 and LZ9 ranged from 4.87
to 5.18, which were significantly lower (p < 0.05) than that of the bare soil at 20-40 cm. In general,
there were serious soil acidification problems in the grape greenhouse soils in Lhasa and Nyingchi, and
the Shannan is facing severe acidification risk. Excessive urea and diammonium phosphate input was
the main cause for soils acidification. (2) The EC of the soil (0-60 cm) in the grape greenhouses was sig-
nificantly higher (p < 0.05) than that of the bare soils and showed a decreasing trend with soil depth.
The soil EC in LS14 was 0.75-2.48 mS - cm’', which was significantly higher than in LSB by 15-31
times (p < 0.05). The EC in the surface soil of LS4 was 0.48 mS - cm’', which was significantly higher
than that of the LSB (p < 0.05). The soil EC of LZ9 and SN3 was less than 0.5 mS-cm™ but still signifi-
cantly higher than that of LZB and SNB. SN3, LZ9 and LS4 were mildly salinized and LS14 had high
salinity. Large amount of potassium fertilizer and sheep manure application might have directly resulted
in the salinization in LS14 soil. The combination of large amounts of urea and sheep manure might have
exacerbated salinization. (3) The soil organic carbon, total nitrogen and total phosphorus in Lhasa in-
creased with the increase in planting years, and the organic carbon content in LS14 was 50.10 g - kg'',
which was 2.4 times higher than that in LSB (p < 0.05). Total nitrogen in LS14 was 3.0 times higher
than in LSB (p < 0.05), and total phosphorus was 3.4 times higher (p < 0.05). Soil organic carbon con-
tent and total nitrogen content in LZ9 were not significantly different from those in LZB (p > 0.05),
while total phosphorus and total potassium content were significantly higher than in LZB (p < 0.05).
The organic carbon content in SN3 was 3.1 times higher than that in the control and was as high as
67.32 g-kg' (p < 0.05). The contents of soil organic carbon, total nitrogen and total phosphorus in SN3
soil were significantly higher than those in SNB (p < 0.05), but there was no significant difference in to-
tal potassium content between SN3 and SNB. (4) The available soil nutrients in different areas showed
different characteristics. The available nitrogen, phosphorus, and potassium contents of the greenhouse
soils were significantly higher than those of the bare land (p < 0.05), with the exception that the avail-
able nitrogen content in LS4 was significantly lower than in LSB (p < 0.05). The available nitrogen,
phosphorus and potassium in L.S14 reached the highest level among all the treatments and were 1.26,
13.16, and 11.71 times higher than in LSB, respectively. [Conclusion] (1) The soils in the grape green-
houses in Tibet are threatened by acidification and salinization. The pH in the greenhouse soils ranges
from 4.49 to 6.71. Soils in LS14, LZ9 and LS4 are acidic, while that in SN3 is neutral. The main reason
is the excessive use of urea and diammonium phosphate. (2) SN3, LZ9 and LS4 have low salinity lev-
els, which may cause slight obstacle to crop growth, while LS14 is highly salinized and ad adverse to
crop growth. The excessive use of potassium fertilizer and large amount sheep manure input might be
one of the main factors to cause soil salinization in LS14. (3) The nutrient contents of the soils in the
grape greenhouses have far exceeded the high level of the quick-acting nutrients. Excessive inputs of
fertilizers have undoubtedly reduced the efficiency of nutrient utilization and increased production
costs. Therefore, establishing reasonable and efficient fertilization methods based on the current status
of the soil is extremely urgent.
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Table 1 Soil sample sites, climatic conditions and soil properties

EIi o (AL
i ) FEdy WAL Tl =
STREHL 2R s t@i‘fi Mean i ) R FhkL #ﬁw kL Ji) .
. . . Altitude/ . Clay/ Silt/ Sand/ pH  Organic
Site Longitude Latitude temperature/ Texture Type Parent material
m . % % % matter/
C B
(g kgh
g E 90°56.79' N 29°26.05' 3 608  9.053 MRS BRSO AT 647 3038 63.15 7.87 14.82
Lhasa Sandy loam  Mountain shrubby Light crystalline
steppe soil rocks
M2 E90°26.45 N29°24.73' 2950  7.691 WAL Bt B TIRE 1529 24.58 60.18 7.62 30.23
Nyingchi Sandy Meadow soil Clastic
clay loam sedimentary rock
i) E 91°02.18" N 29°24.73' 3489  9.355 Wbt WenhEFEEE AKRBEUIEE 1275 52.88 3436 8.03 16.51
Shannan Silty loam Subalpine Calcareous
meadow soil sedimentary rock
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Note: The soil textures are classified according international system. The annual temperature refers to the mean annual temperature during the

planting years.
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Table 2 Fertilization methods and the amount of nutrient inputs of chemical fertilizers used in grape greenhouses in Tibet
FhHE N&E  PoE K
FE AT kT ML FR Annual /&3 W N P K
Sites Fertilizer type Fertilizer name amount/ Times Depth/cm content/  content/ content/
(kg-hm™) (kg-hm?) (kg-hm?) (kg hm?)
oA EAE JR% Urea 250 3 0~20 115 0 0
Lhasa  Chemical R 250 5 0~20 45 50.21 0
fertilizer Diammonium phosphate
A A 2500 5 0~20 300 6549  871.28
High-potassium
compound fertilizer
&l Sum 460 11570 871.28
AHIE ARG 62 500 1 10~30 -
Organic fertilizer Unfermented sheep manure
> eae TR — i 5600 1 0~20 1008 1124.73 0
Nyingchi Chemical Diammonium phosphate
fertilizer
#it Sum 1008 1124.73 0
AHUE REEHE. 7500 1 10~30 -
Organic fertilizer ~ Fermented soybean
i e JRF Urea 150 3 0~20 69 0 0
Shannan Chemical fertilizer ﬁﬁ;ﬁ%ﬂ]gé\ﬁﬁ 450 5 0~20 67.5 2947 56.01
NPK compound fertilizer
MRS 375 5 0~20 48.75 2783 46.68
Potassium sulfate
compound fertilizer
A7 Sum 185.25 57.3 102.69
HHLAE SZFF Pt Fermented rapeseed 1 500 1 10~30 -
Organic fertilizer i SR 3 60 000 1 10~30 _

Fermented pig manure

VE R NP AT K 0 AR AR AR R R AN N

Note: N, P and K refer to the amount of nitrogen, phosphate and potassium in chemical fertilizers.
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Fig. 1 Soil pH in grapes greenhouses in different area of Tibet
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Fig. 2 Soil EC in grape greenhouses in different areas of Tibet
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Table 3 Soil nutrients in greenhouse vineyards in different area of Tibet
RICSYIR) o(Z%) o (& w (A5 g o R o GEZE
] Lo . ; A o GERED . .
X Wikl Soil organic Total nitrogen  Total Total . . Available Available
. . Available nitrogen .
Area Site  carbon content / phosphorus potassium content /(mg-kg") phosphorus potassium/
content/(g-kg") (g-kg") content /(g-kg") content /(g-kg") £ ) content /(mg-kg') (mg kg
A LS14 50.1044.65b  25.57+091c  3.70+0.14 ¢ 18.09+0.47 a 204.95+17.82 ¢ 375.50+28.25 ¢ 1226.53492.39 ¢
Lhasa LS4  18.68+0.42a 8.40+0.08b  1.05+0.04 b 17.67+0.51 a 68.016.50 a 124.92+10.89 b 429.70£16.84 b
LSB 14.82+1.56a 6.36+0.19 a 0.85+0.01 a 18.08+0.31 a 90.52+4.52 b 26.50+1.75a 96.50+0.90 a
Wz LZ9 29.31+2.84a 14.13£0.52a  3.1740.22b 14.93+1.12 b 103.65+0.81 b 298.75+3.00 b 332.60+45.75 b
Nyingehi 175 302312052  14.63:044a  1.52£0.05a 13.60+0.95 a 68.47+1.62 a 57.4247.01 a 178.10+3.50 a
g SN3  67.3242.36b  32.41+1.32b  2.86+0.07b 14.58+0.06 a 208.71+£28.15b 344.00+23.75 b 265.27+12.46 b
Shannan  gNB  16.51+1.34a 5.72¢031a  0.69+£0.04 a 15.59+0.15b 38.46+4.30 a 13.75¢1.32 a 104.40+7.67 a
W AP FNG FREROR 22 5 3 (p < 0.05) . R,

Note: Different small letters in the same column refer to significant difference at p < 0.05. The same below.
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Table 4 Main effects of cumulative amount of fertilizer on the soil pH, EC and nutrients
- AL NEZ PNE e
g3 Organic fertilizer Chemical fertilizer N Chemical fertilizer P Chemical fertilizer K
Variables
F P F P F P F P
pH_20 235.77 K 235.77 Hx 235.77 wox 3.55 *
pH_40 136.28 ok 136.28 ** 136.28 ** 5.23 *
pH_60 21.84 oK 21.84 o 21.84 o 10.24 oK
EC_20 8263.05 K 8263.05 Hx 8263.05 o 738.86 o
EC_40 1027.16 ** 1027.16 ** 1027.16 ** 894.14 **
EC_60 1124.13 ok 1124.13 o 1124.13 o 1212.96 ok
SOC 50.08 K 50.08 Hx 50.08 Hox 51.61 K
TN 44.27 *k 44.27 ** 44.27 ** 43.26 **
TP 81.34 ok 81.34 o 81.34 o 7.89 *
TK 3.50 * 3.50 * 3.50 * 4.52 *
AN 48.84 ** 48.84 ** 48.84 ** 44.35 **
AP 289.42 ok 289.42 wox 289.42 o 9.68 *
AK 323.23 ** 323.23 Hk 323.23 HE 116.96 *x

T < RSB RO R S A AR PR 2 B

pH_20, pH_40 1 pH_60 4371418 0~20 cm,20~40 cm Fil 40~60 cm 3% pH. EC_20,

EC 40 1 EC 60 2 Hl48# 0~20 cm,20~40 cm 1 40~60 cm +3% EC. F=MS/Ms., MS A Ms. 73 5 9P ZFBEHLIR 2 1P B 7 fl. * p <

0.05; ** p<0.001. T,

Note: The cumulative amount of fertilizer is the annual amount of fertilizer multiplied by the cultivation year. pH 20, pH_40 and pH_60 are the pH
of 0-20 ¢cm, 20-40 cm and 40-60 cm layer soil, respectively. EC 20, EC_40 and EC 60 are the EC of 0-20 cm,20-40 cm and 40-60 cm layer soil, re-

spectively. * p <0.05; ** p <0.001. F=MS/Ms., MS is the mean square of factor, and MS. is the mean square of random error. The same below.

£5 ERZFMAENLTIE pH.EC BUHEXXR

Table 5 Correlations between soil pH, EC and the cumulative amount of fertilizer

A5 Variables pH_20 pH_40 pH_60 EC 20 EC 40 EC 60
5 HUAE Organic Fertilizer -0.649%* -0.698** -0.677%* 0.986** 0.988** 0.979%*
ALNE%L Chemical fertilizer N -0.906%* -0.863** -0.660%* 0.519%* 0.480%* 0.479%*
T AER Chemical fertilizer P -0.668** -0.589%* -0.352 0.027 -0.015 -0.016
AL HEER Chemical fertilizer K -0.599%*%* -0.659%* -0.691%* 0.985%* 0.983** 0.986**
Fo6 ERNZFMAENZERTIEFRIPEXLXR
Table 6 Correlations between the nutrients of surface soil and the cumulative amount of fertilizer

A EERIRS g A il T T T

. Soil organic Total Total Total Available Available Available
Variables . . . .

carbon nitrogen phosphorus potassium nitrogen phosphorus potassium

HHLE Organic Fertilizer 0.490* 0.536%* 0.653** 0.494* 0.674%** 0.668** 0.981%**
ALNEZL Chemical fertilizer N 0.183 0.231 0.754** 0.109 0.327 0.680** 0.585%*
1k AEf% Chemical fertilizer P -0.007 0.019 0.523* -0.182 0.042 0.440% 0.106
AL HEA Chemical fertilizer K 0.332 0.382 0.538%* 0.561** 0.537* 0.530* 0.974%*

% 42 pH N 4.49~6.71, HHH LS14, LS4 F1LZ9 &
J& TR ME 138, SN3 J& Tt - 458, h4b, TR ik
R AR RE, BRI R SRR AR &
RS . RSO AL R 51 2 6T Witk 35 B
438 pH A 1 25 BB —#, HAS 1T AE P s
DX R RIE 9 &5 SRR AL, G0 A R AN SR I 36 B 5
SRR 12 4 55 32 10 WOkt 1 3% pH )8R 1 6.79 PRI

F5.720 T AR T VEAS R, 6 A Hh X it A
TIERRACSE R AT BEH A — 2. MR AR ERt
32 pH 540 AR SRR N\ 48 5 3 Uk O, o AU
RN ES T3 pH 1 UM AR A=y . LS14 0
LS4EHELURE (250 kg hm DAL 44250 kg: hm™)
(1) 7% = 1) 388 4 A\ AL IR AU 2 I8 460 kg - hm™?, 171 LZ9
B DA IR — % (5 600 kg - hm™) T 2043 4F [ - 3380 A



964 x i) ¥k 35%
1.0 AP TP
soc ©
o0 AN
cip ™ CFN  Yea
o (0]

0.5 1 A
. EC_40
g EC 2 %OP
g EC 60 ©
o
£ 00 CF K
@)
g pH_60
e a
=] o OTK

0.5 PH_40_.pr

(o]
-1.0 1
I I I I
1.0 0.5 0.0 0.5 1.0

2011 Component 1

CF_N,CF_P il CF_K 437l @& DM AETE S5 N I 20 B AN A RFLE, OF AR RN E .

CF N, CF_P and CF K are the cumulative amount of nitrogen, phosphorus and potassium in the form of chemical fertilizer, OF is the cumulative

amount of organic fertilizer.

B3 RBEFoihms
Fig. 3 Component plot

R FIE 1008 kg-hm?, JREFMBER 8 hE LR
B EFLINH, R HEN 35, NH, B4k 4 1458 o
H #4055 — J7 T i TR S R PR T =
KT WES T8, 8 7 ERFA A HL A T4 0 40 A 1
AT R (1 pH I8, B Z0K 4336 HY A AR -1 541 pH
TREML R, KR R R AR R T A
LS14.LS4 f1 179 + M4k i F B A . SN3 [A) £
TR s - R e PRI, K i 0 A R R P 6 I 0 K 17
RN S EC R EBAER R KN S0
SRR BH B 1 K R Bk B R g, DA R B
PH B 727, L3RR ALY, (HAEEE R AN R
AHERBAES L pH L 2 B E it x. —
kUt , AAUIE S A LR B8 B3R H AT AL (1)
W B R0 5 AT AL B 25— 822 s A T A 47 o R T3k
EXT - R B AT R AR 2 A . BB I TR B
KEAPUIER B IR SR L% pH F
RS, B SURE A 35 AR B , (E BT B A L AE Bk
£ N 31.5~199.5 cmol - kg™, 1My FR A4 5 A ™ B 1) i 15
T it 76 2] 38 Pt FH P A A SR B . AL
A WAL 15 2 3 BN 7o 5 A 4 1t T 38 R f b ik
ARPE—BWE . BTS2 IR AL ) B A it 2
A Bt AR, JE L SR ER R AR, MARAR 4]
WrER LY 3k .

Ve % it ] 4 R I SR b . AR B
Him R )E I EC . 80.27~2.48 mS-em™, K I H B
2R E MR A% . SN3.LZ9 f1 LS4 J& T
hEEE L HEW K &7 AR R RS, T LS14 )8
T EER, S EWAEK A EE, ]RAE
R R, X B A L,
i SO T R DL A R 7 a Fl 12 a ) 18
B RERRE, AR E RN, EHAEEE
AR . Sebr b, H AT A Rk s 3
I U AE B 5T ik 1) R, 3 28 SC SO T A SRR W 4
] = S IX R it 3 v TR SR AR R AR K EC IR FYA
(0.6 mS-cm™) H 3 5 A FE 28.1%, BTl
EHEKFG1ImS- em) M5 9.5%. HETAA
Vit - 39 3R B R DR 2 — 2 Bl P S R L AR
o, S EUER 4 B BE A 3K 43 (0 PR 2 R 1 A
REKEFEE. FHEZ T2 RER K EE
BTE L 3Erp 3 m T LR IR, 51k 13 pH
18 FEA, BT 3R 7 T Fe Mn Fl Al &5 0 & (A 11
BN Y RO B, B B R R,
S P 7 4 U K= R TR =IRATA B2 S K i e we= AT
VR AR TE R R R R, R AR v T
S 1 400 B P 3 1 5 438 R e B I A S R
s ARseh MR T S E T g SRR H



5 8 1

E W, A G A IR AL L BRI A IR R 965

HLAEFALAE L H2 # A R E S EC 235 IEAH
5, X B (A LR R Ak AR e N AT R A i v
VAL it ) TR R B R . W LS 14 R4
it ) e B A A I 2 500 kg - hm?, R 236 6.25 ¢
hm?. HrifE3E Ca Mg =5, HATRES A
KEIE TR IE B T, M LS14 3 (B VEF 45 th 2 12
T kA B T R TS, a3 A o e 48 L AR
e AN, A RIF 7R B R 3 B S A U i
EWREE IS, BERIN 7 K \Na"\CI& &, 1M
it R 2= 2 A RIFEESE N 7 K™ Na™Ca’ \Mg™" .
NO* I & &M, [Hik, LS14 K& 1 IR & MAH HLAE A
Jita 2 i I A R R . H AT
% KM% Ltk RIKIB S AL s AT e 2
It 38 25 R FH SR WSS 4B SRR R Al 1 4y #hm AL
W o SE A AT AT 5 2 W FH i A A R 7 T T A
o L EE IR S IR, sk £ HI R 2, BRI
REHSEEY. 1 H AR B A 3 it
HH EEIE 5 TR AT SR AR R R O SRR AT
MU G 20 , B A - 338 pHL, 389 in - 358 i 7% 14 AN 43
AW 2 REE 3 5 - g

V3 1A it A A LR I TR i N .
TE Hh XA 25 e 55 BURK, e BN IR Bl R A &R K IR
A NFE 220t 4385 & DL A BE Y. AR
Wt LA TR IR 2 7 (A2 B E R
MR TR S AR T 120 mg - kg IE R T
150 mg - kg, S R = T 250 mg - kg B 3B AL
AT AL R B A% KR 0 R A A R [
F T AR S 7 B 1 3l 20 R B 58.0 mg kg
e T ME A Be A AR = Y = 50, 78 e e
%) 4 IR 4y O BRI HH T R A A o AR Y K
L 0 LS14GERL % :204.95 mg - kg 3 : 375.5
mg - kg, HALH : 1 226.53 mg-kg") , LZ9 CGH R -
298.75 mg - kg'; 34T 332.60 mg - kgD , SN3GE L
%.:208.71 mg-kg'; M : 344.00 mg - kg™, HEALH :
265.27 mg-kg) o AELEHP I BN T B SRR TR 9
FIR R G A 7 AR R A B R [R5
TR AL, BB I BB R R 2 —, thANE S e it
Tk 2 S HE TR 75 43 bR 2R 38 T R A S T S5 4 il ™
JBEE

&35, R G R A ) bt IX 52t ] 267 - 493K,
A T AL, Yok AE RERT N ST B v A AR R R
o 5ot 7 AL it 2 7 Ml P i R A R 3R T

PRSI -4 035
4 B

P s 5 DX A it ] ) - 5 857 T I 7R PR R AL
EFL TR IS EB . LS14.1LS4 F1LZ9 i
i FH PR 2R R e T B R AL ) R R
DAl SN3 il K 8 K 2 A R A 3 B0 338 R IR
iy . LS14 K& i F A0 IR A =F 36 2 v B2 #6 15%
o) E B E R KRR E S IS 2
FULHITEER R . Heahd & I AERH I8 5 35075 i
WA 4 3R 4 (NGPLKO i T8 2R 7 e, i
FSC R B AN AR 2 RS

2E @k References:

(17 SHEF, WhTHT, At g, % e, AT . 0 47 et R B A R i

AR IR L S AR B AR AR [T, SR 2441, 2015,32(2) - 225-
231.
MA Yanchun, YAO Yuxin, DU Yuanpeng, ZANG Xinglong,
ZHAI Heng. Changes of soil physical and chemical properties
in greenhouse of different grapevine planting years [J]. Journal
of Fruit Science,2015,32(2): 225-231.

(21 xR G FEEL RTE . PR E LR

M L A5 PR AR R G R [T, R HEIE AR, 2017,48(2) - 420-
426.
LIU Yan, ZHOU Jianbin, LIU Zhanjun, LI Huixia, CHEN Zhu-
jun. Relationships between content and ratio of soil nutrient and
cultivating years in solar greenhouse [J]. Chinese Journal of Soil
Science,2017,48(2) : 420-426.

[3] GUOIJH,LIUXJ, ZHANG Y, SHEN J L, HAN W X, ZHANG
W F, CHRISTIE P, GOULDING K W T, VITOUSEK P M,
ZHANG F S. Significant acidification in major Chinese crop-
lands[J]. Science, 2010, 327(5968) : 1008-1010.

[4] W AR MK BRI e R A BT G 1
BT TEHE V] T IR AR R, 2011,39(4) : 449-452.
CHANG Tingting, ZHANG Jie, WU Pengfei, WU Gang. The re-
search progress of prevention measures in secondary saliniza-
tion of the greenhouse soil [J]. Jiangsu Agricultural Sciences,
2011,39(4): 449-452.

[5] BRIEF:, A SR . AN F R A B et b 3 5 oy Ao R
HIRALAFAELT]. K ORFFEESR, 2011,25(4) « 125-130.

XUE Yanfeng, SHI Zhiqi. Characteristics of soil nutrient and
heavy metal content with the different years of cultivation [J].
Journal of Soil and Water Conservation,2011,25(4):125-130.

[6] A, QR E, G, ST LKA A R AR B
TR EEL[T]. AR, 2010,30(7) 1 1853-1859.
ZENG Xibai, BAI Lingyu, SU Shiming, LI Lianfang. Acidifica-

tion and salinization in greenhouse soil of different cultivating



966

® MW

2

i 355

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

years from Shouguang City, Shandong[J]. Acta Ecologica Sinica
2010,30(7):1853-1859.

SRS M, X555, RE 2R 07 » SRR . R AR BT
B P 5 L3RG PR VR KBRS P S AT, A E R
HEkL 4R, 2012, 18(2) : 459-466.

ZHOU Deping, CHU Changbin, LIU Fangfang, FAN Jiequn,
JIANG Zhenfang, WU Shuhang. Effect of asparagu’s cultiva-
tion years on physio-chemical properties, microbial community
and enzyme activities in greenhouse soil [J]. Plant Nutrition and
Fertilizer Science,2012,18(2): 459-466.

RIRA B TR ik, M, 22 5 it £ BROX 5% [ X
Al A4 el X i 2 5 B AR 5 2 (7. A6 U5 B, 2016
(21): 183-187.

ZHU Rongjie, ZHAO Guanfei, YANG Bin, WANG Shibin, LI
Baohai. Effect of continuous cultivating in plastic greenhouse
on soil physicochemical properties in the Lhasa national park of
agricultural science and technology[J]. Northern Horticulture
2016(21): 183-187.

il b B R IRRA T CGEZRO M. B3 - o ol A
1999: 34-108.

BAO Shidan. Soil and agricultural chemistry analysis (the third
edition)[M]. Beijing: China Agricultural Press, 1999: 34-108.
WS, ERF, e4kis , k. RIE E 25X H RS (R
T AR R[], A8 37 5 IR 44, 2011, 17(4) : 906-
918.

HUANG Shaowen, WANG Yujun, JIN Jiyun, TANG Jiwei. Sta-
tus of salinity, PH and nutrients in soils in main vegetable pro-
duction regions in China [J]. Plant Nutrition and Fertilizer Sci-
ence,2011,17(4): 906-918.

TRES, B R bt XS R IR ARHERT AL [)]. %
Bk R, 2005,33(12) : 2279-2280.

YU Qunying, LI Xiaoliang. Soil acidification characteristics in
protected cultivation in north anhui province [J]. Journal of An-
hui Agricultural Sciences,2005,33(12): 2279-2280.

AT, SRR | VO ) IR A A L R LB S B A
FAR[I]. &M BB ,2015,47(6) : 1-5.

ZHAI Heng, MA Yanchun. The mechanism and control technolo-
gy of soil acidification and salinization of the grapes facility [J].
Deciduous Fruits,2015,47 (6): 1-5.

TUMMON 1 S, ALI A, PEPPING M E, RADWANSKA E,
BINOR Z, DMOWSKI W P. Bone mineral density in women
with endometriosis before and during ovarian suppression with
gonadotropin-releasing hormone agonists or danazol [J]. Fertili-
ty & Sterility, 1988,49(5): 792.

EALTE, PR, R SRPRL, AU AT WU M B R 3
I T IRERAL IO HLAR (9], AR08 77 5 AL RL 4R 2012, 18 (5):
1153-1160.

MENG Honggqi, LU Jialong, XU Minggang, CAIl Zejiang,
WANG Boren. The alkalinity of organic fertilizer and its reduc-

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

tion mechanism for soil acidification[J]. Plant Nutrition and Fer-
tilizer Science;2012, 18(5): 1153-1160.
FlRte, B, o, B, IEIRKHA , 25V . AN IR I AL B Bk
PV EHERR AL S [T]. 13,2016, 48(2) : 349-354.
WANG Yuanhua, DUAN Zengqiang, TANG Ying, XUE He,
YAN Qiuyan, LI Xun. Effects of different fertilizations on acidi-
fication of a greenhouse alkaline soil [J]. Soils, 2016, 48 (2) :
349-354.
TR IS, ek, ORI | Bt AR L R S R (M. B
A A DAV AL, 2008.
ZHANG Naiming, CHANG Xiaobing, QIN Taifeng. Soil proper-
ties and improvement of greenhouse soil [M]. Beijing: Chemical
Industry Press,2008.
X . BRI & R 3 R B R 4 #[0]. L AR R
2012,44(7): 69-72.
LIU Lei. Causes analysis of soil salinization in vegetable green-
house [J]. Shandong Agricultural Sciences,2012,44(7): 69-72.
KGR , 2R 9L 5T, ARG IE, SR . A LIRS PR 2 Ot % Bt 1
Weth o & B 5 MR B IR [T]. AR BT EL 224, 2009,
28(2): 292-298.
LIU Yuanyuan, LI Tingxuan, YU Haiying, ZHANG Xizhou. Ef-
fect of interaction between manure and inorganic fertilizers on
salt content and ion composition in greenhouse soil[J]. Journal
of Agro-environment Science,2009,28(2): 292-298.
FH/INBH, 2R AR 10, T2 A, 48 DURT , S8 M A, XA L SR 3
SR AR A HLAE XS 3SR 43 AR ) A R S P I R
F[T]. +2358,2014,46(3) : 481-488.
TIAN Xiaoming, LI Junhua, WANG Cheng, CHU Guixin, WEI
Changzhou, ZHENG Qian, DENG Shiwei. Effects of continu-
ous application of bio-organic fertilizer for three years on soil
nutrients, Microbial Biomass and Enzyme Activity [J]. Soils,
2014,46(3): 481-488.
SHUEGR, W ARTT %, W SN E RIS , i 52, SREGDE L Y
0 e i ] I = SRk g e B R AE B 0], T AR AR
4R, 2013, 21(11): 1340-1349.
MA Lina, WANG Ximing, DAI Wan’ an, PAN Jianling, CHEN
Xiaopeng, SHANG Zhanhuan, GUO Ruiying. Comparative anal-
ysis of carbon and nitrogen mineralization in soils under alpine
meadow, farmland and greenhouse conditions in Tibet [J]. Chi-
nese Journal of Eco-Agriculture, 2013,21(11): 1340-1349.
YAN Z J, LIU P P, LI Y H, MA L, ASHOK A, DOU Z X,
CHEN Q,ZHANG F S. Phosphorus in China’s intensive vegeta-
ble production systems: overfertilization, soil enrichment, and
environmental implications [J]. Journal of Environmental Quali-
ty,2013,42(4): 982-989.
JIN Z W,CHEN X M, CHEN C,TAO P C,HAN Z Q,ZHANG
X L. Biochar impact on nitrate leaching in upland red soil, Chi-

na [J]. Environmental Earth Sciences, 2016, 75(14): 1109.



