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LR A IR R B A (1), 20144F
SR (FRE) B (HLR=E. K
HEMRS ] A ) M64.98 x 10*hm®, (544 3
1 FR%35.45%, Hb, HOGIRZ25.06 x 10* hm?,
KHEA20.94 x 10 hm*, /N EEI18.98 x 10* hm?,
HEDT . IR RN YT A 1 S i AR AR, A R
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Table 1 Area of greenhouse vegetable land in the 17 cities of Shandong Province relative to type of greenhouse ( x 10*hm?)

R M AUE KE MG Y BT BE G AR O U MM W M W At

Jinan Qingdao Zibo Zaozhuang Dongying Yantai Weifang Jining Taian Weihai RizhaoLaiwu Linyi DezhouLiaochengBinzhou Heze Sum

ot
5 1.555 0.491 1.805 0.256 0.533
e

Kk
*HH(Z)
U

B 1.127 1.333 0.162 1.976 0.134
4iFY 3.274 2621 2.331  2.969

1.065 4.701 0.374 0.589 0.201 0.389 0.0383.318 2.931 5.290 0.546 0.974 25.06

0.592 0.796 0.363 0.737 0.262 2.245 3.621 1.6410.562 0.201 0.315 0.0151.984 1.953 3.118  0.572 1.959 20.94

1.492 1.908 0.891 0.556 0.213 0.389 0.0393.759 1.511  1.117  0.377 2.000 18.98

0.929 4.802 10.23 2.907 1.707 0.615 1.094 0.0929.061 6.395 9.525  1.495 4.933 64.98

(DSunlight greenhouse, @Large arched hut, @Medium and small arched shed, @Sum
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Table 2 Proportions and areas of facilitated vegetable lands under secondary salinization relative to type of greenhouse

rf/ LR
HotiR= FHLH At
Medium and small arched
R Sunlight greenhouse Large arched hut hed Sum
she
¥ Degree of
salinity e KA it TR i [IEA =4 (g3
Rate Area Rate Area Rate Area Rate Area
(%) ( x10*hm*) (%) ( x10*hm*) (%) ( x10*hm*) (%) ( x10*m*)
E[cEAN Y A 53.19 13.33 61.90 12.96 67.83 12.87 60.27 39.16
EeRr b L® 32.44 8.129 27.88 5.838 24 .44 4.639 28.64 18.61
TR ALY 9.81 2.458 8.59 1.799 6.23 1.182 8.37 5.439
ELE S A 4.03 1.01 0.93 0.195 1.50 0.285 2.29 1.49
49 0.53 0.133 0.70 0.147 0 0 0.43 0.28
At 100 25.06 100 20.94 100 18.98 100 64.98

(DNon-salinization, @Slightly salinized, ®Moderately salinized, @Severely salinized, ®Saline soils, ©®Sum
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Fig. 1 Composition of salt ions in the soils under greenhouse in

Shandong Province
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Fig. 2 Secondary salinization of the soils under sunlight greenhouse in the 17 cities in Shandong Province
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Fig. 3 Secondary salinization of the soils under large arched hut in the 17 cities in Shandong Province
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Fig. 4 Secondary salinization of the soils under middle and small arched shed in the 17 cities in Shandong Province
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— SRR WSO FH ) Ak R LRI 3o A a3 W H643.8. 529.7. 683.7 kg hm™>; /LM i
ToAHER, O R R T R FHAENE . #EE . SItEAt, 435°4564.2. 386.8.,
PO SE LA . W . BIOEME R RS 524.3 kg hm . SCHk [23-24 ] W, ILAE M T
L3, LBEFHE LIRSS A1 624 kg hm™, Jit A% 855 14 A HE4E it FH 4 756 000 ~ 9 000 kg hm™, 5
Hr, AR (N) o 8IE (P,05) . #IE BEAH L, 201 44F A0 A0 A7t FH 5 £ BH o B AR .
(K,0) 43391°4559.5, 465.2, 599.3 kg hm™”, 3 A AN R Bt S A TR R I AL R S

#3 TRXBRERMER. #. HETHERE

Table 3 Mean annual application rate of nitrogen, phosphorus and potassium in facilitated vegetable land relative to type of greenhouse

(kg hm™)
TRt A St A
N P,0s K,0

Types of greenhouse Sum
HtRaE"Y (n=1489) 643.8 £ 376.3 529.7 = 652.9 683.7 = 829.8 1857+1733

FHEHNZ (n=861) 625.8 +323.3 499.5 +352.1 616.1 +600.4 1741 =1 049
FUNHERR®  (2=401) 564.2 £ 282.3 386.8 £ 227.1 524.3 £269.2 1475716

P (n=2751) 559.5 + 349.9 465.2 +529.1 599.3 + 708.2 1624 %1 440

(DSunlight greenhouse, @Large arched hut, @Medium and small arched shed, @Average

A W PR R (R4) KRB, ICHE  TESEBRAE RS2 A RN R, AR e e ARG
M ATEEER PN —E R R B ES, B KA.

NETt P i SR A A AR R AR G R BRALAER 3.2 MEFERIRMES R E BRI
HE S e e, A R R AL DU T REREAR, 4R Fh T 5 it St S ST DM 300 A A2 W T M
TS T fRem . REEIAI RN R, EOIE . BRIE B AR Z RACEH R R 2y 5k BT R R B AR R
ANHA it FH 1 2 D AR Eh Al R, R A o R, BRI S AR RARE K, ik
U OUAAE, RERBSEE LR Ch/ME A BB BRI

k) o MBE R, DO AR AR Ry WA AR R (3R5) WAL, K
BRI IE RN — A E R 0, SRR AR PR B, FRAEBRAEO ~ 15 afy

F4 TRNEHELDR ., FTRABFHEERBR. . HEUERE
Table 4 Mean annual application rate of nitrogen, phosphorus and potassium in facilitated vegetable land relative to type of greenhouse

and degree of salinization (kg hm™)

AL R N P,Os K,0 ST £ Sum
Degree of  H 7'6‘/& R FP/J\T Hot jt?ﬂ FI“/J\K H 7'6 — rﬁ/li H 7‘615'1 j(i‘fé FP/J\F
salinity = /A 12~ S 12| R i He® e e HEAR?
JEEhifk®  529.2  526.0  556.2 4329 4292 431.8  599.3 5414  506.6 1561 2550 1495
B EALY 5723 4747 5414 477.6  360.4  425.1 641.6  507.7 4457 1692 1343 1412
hEEERBLY 5744 471.0 5097 599.5 371.9 310.3  718.0 478.2 416.5 1892 1321 1236

FREHEAD 6127 8505  953.3 529.1  527.2  530.0 5556.7 763.2 709.2 1698 2141 2193
H1® 895.7  630.0 - 903.2  532.5 - 873.2  622.5 - 2672 1785 -

(DSunlight greenhouse, @Large arched hut, ®Medium and small arched shed, @Non-salinization, ®Slightly salinized,
(©Moderately salinized, @Severely salinized, @Saline soils
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Table 5 Distribution of facilitated vegetable lands relative to type of greenhouse and cropping history in Shandong Province ( % )

(el
0<Y<5 5<Y<10 10<Y<15 15<Y=<20 Y >20
Types of greenhouse
H iRz 41.22 31.05 17.18 9.51 1.03
K HER 41.02 31.72 17.47 8.80 0.99
/N 34.54 32.99 14.95 12.89 4.64

(DSunlight greenhouse, @Large arched hut, @Medium and small arched shed

PR AR BT R A A B 80% ~ 90% . FE
HGERE R, PR AR K 25 a, Hi,
FRAE AR < 5 af 82 5507 b7 H b 2 W A s A 1)
41.22%, FPREAERRS ~ 10 afg A 547 131.05%,
FIAEAERR > 10 af 82 5507 27.72% 5 £ RHLHAE
e, FREARRR K 30 a, Hi, <5 anyiEdr A
A7 5 RHE I A S 041.02%, FhAEAEBRS ~ 10 a
M A 31.72%, FIAEAERR > 10 afif 8 £ 55
BLdi27.26% 5 (e /NS A: =, AR AR IR i
HJ32 a, Hob, <5 af iR S AL TN R A
MAI34.54% , FHAEAERRS ~ 10 afy 2 gi o o5
32.99%, FHAEAERR > 10 a4 5075 32.48%

IR, N [ 15 it 28 76 4 3 3k ot Ak - 2 A isf
[ #AT e dr (R6) R, = Fhisgi 28 B A bE
AERR S A AR SR S A R

*6 TRENRMEER LIE

fEHGIRE T, PR, Fhii bR B
w, AR H AR — 9 a, KT R ik
(44831017 a, FTRES HHEMML T K- LR
Ky KL, FEAERREAK, TR,
A ARAERR K, 820 a, dEIREBILFIEE R
TBAEBR 54, }98.65 afi8.67 a; H/NEEMH, il
ERRE Y, A H9.32 a, i 910.89 a, £
BRI R B AR T, R R
e HOGIR = Bl H A R, B Tb AR
JEARTE A SRR B I, TR S R A
FA PR R E M. Ao R, BaE
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AHEME R L HSHE, EREME, L5
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R AT SR W S Ml B kA A B AT

R T IE R )

Table 6 Mean number of years of cropping under greenhouse relative to grade of secondary salinization and type of greenhouse

R HoLi 2 R /NHER
Degree of salinity Sunlight greenhouse Large arched hut Medium and small arched shed
Aeshwiie” 6.94 8.65 9.79
R A 9.01 8.67 10.89
R AL 10.17 11.52 9.32
R 11.29 16.5 10.50
#HE® 9 20 —

e TR SR R A SR BUE AR A R, AR, AR RRME AR L BT RN Wk B SRR AR
Wik EE L X F A St 1 Note: As original salinization has a great impact on number of the years before secondary salinization occurred,

in order to reflect the trend objectively, this table does not have Dongying, Jining, Dezhou, Liaocheng, Binzhou and Heze covered in

statistics. MNon—salinization, @Slightly salinized, @ Moderately salinized, @Severely salinized, (Saline soils

RN L TEA RS, AE290 ~ 8 alif BERE
AP BR800, 94 7 5 B0 R 9
T 28 ~ 15 alil, 7 B AL A7 B A T A
R

33 LUAERERBLIER S BEFERETEN
ESEN
FPE— 05T, A Canoco 4.5%K 4 X} 5 it
S b A 1 R o B AT S AL R A AT, DL
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A HLAENote: Years stands for cropping history, N for nitrogen
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for organic manure
KI5 R4 Bt e b - SR 7 15 A SR X 17 3 B
Fig. 5 Canonical correspondence analysis of salt ions in the soils

under greenhouse in Shandong Province
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Secondary Salinization of Greenhouse Vegetable Soils and Its Affecting Factors
in Shandong Province, China

LI Tao YU Lei" WU Yue WAN Guanghua LI Jianwei
( Soil and Fertilizer Station of Shandong Province, Jinan 250100, China )

Abstract [ Objective]) Facilitated vegetable cultivation is a general term, encompassing glass
greenhouse, sunlight greenhouse and plastic greenhouse, and characterized by high yield and high economic
efficiency. However, as facilitated vegetable cultivation is going on in a confined space where temperature,
humidity, ventilation and water/fertilizer management, all are different from those in the open field, high
fertilizer input, consecutive years of cultivation and improper management make the soils therein liable to
have secondary salinization. Shandong Province is an important base of facilitated vegetable production,
enjoying great advantages, in China. By studying the soils under greenhouse in Shandong Province and
analyze distribution, degree and major causes of secondary salinization in the soils is expected to be able
to provide certain data, support and reference for management of secondary salinization in the soils under
greenhouse all over the country. [Method) From May to June 2014, soil samples were collected from
facilitated vegetable fields in 17 cities of Shandong Province for analysis of total salt and salt content,
while a survey was conducted on the farmers. For soil sampling, sampling points were laid out, one every
133 ~ 333 hm?, and samples collected evenly from the 0 ~ 20 cm soil layer of each sampling point. Soil
samples from 8 ~ 10 points were blended into one sample. Total soluble salt was determined with the mass
method, using water bath, electric ovens, dryer, and 1000ml porcelain evaporating dish; CO? and HCO,~
was with the double indicator neutralization method; Cl™ was with the silver nitrate titration method; SOj
was with the Barium Sulfate Turbidimetry; Ca®" and Mg®" was with the EDTA complexometric titration; and
Na* and K* was with the flame photometry. For the survey, a questionnaire titled as “Questionnaire on Basic
Situation of Facilitated Vegetable Cultivation” was distributed for farmers to fill out. It contained the following

items: planting type, cropping system, position in land relief, parent soil, soil type, soil texture,
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irrigation water source, irrigation mode, tillage pattern, restraining factors, etc. The criteria for grading
sulfate-type salinized fluvo-aquic soils for the Second National Soil Survey was cited as reference, that is,
soils 2 ~ 4 g kg™' in total water-soluble salt are sorted as slightly salinized soil, soils 4 ~6 g kg™' as moderately
salinized soil, soils 6 ~10 g kg™' as severely salinized soil, and soils > 10g kg™! as saline soil. [Result]
Secondary salinization of greenhouse vegetable soils in Shandong was investigated and analyzed. In 2014,
the greenhouse vegetable (including melons ) land totaled 64.98 x 10* hm” in area, accounting for 35.45%
of the total vegetable land of the province. Of the greenhouse vegetable land in Shandong, 25.06 x 10* hm®
was under sunlight greenhouses; 20.94 x 10* hm? under large arched plastic huts; and 18.98 x 10* hm* under
medium and small arched plastic sheds. The salt ions in the greenhouse vegetable soils, consisted mainly
of SOf‘—dominated anions and Ca*-dominated cations About 39.73% of the greenhouse vegetable soils in the
province suffered salinization varying in degree, and among them, 0.43% was slightly salinized, 2.29%
moderately salinized, 8.37% severely salinized and 28.64% saline soils. In terms of salinization degree, the
three types of greenhouses displayed an order of, sunlight greenhouse > large arched hut > small arched shed.
In the 17 cities investigated of Shandong Province, Liaocheng, Laiwu, and Dongying was relatively high in
secondary salinization degree. The province applied 1 624 kg hm™> (on nutrient element basis ) of chemical
fertilizers on average, consisting of 559.5 kg hm™ N, 465.2 kg hm™ P,O; and 599.3 kg hm™ K,O. Analysis
shows that among the factors affecting secondary salinization, high chemical fertilizer input ranked first,
although in the actual production practice affected by a huge variety of factors, no apparent linear relationship
was observed, Instead, accumulation of soluble salts was found closely related to cropping history. Canonical
correspondence analysis shows that both input of fertilizers and cropping history would affect salinization
degree, though varying in impact. Input of NPK fertilizers was the major factor affecting contents of K,
Na* and Mg” in the soi, while cropping history was the one affecting contents of Ca”", Mg and SO%,
rather than contents of K*, Na", HCO, and CIl". Content of Mg®" was significantly affected by both factors.
[ Conclusion) About 39.73% of the facilitated vegetable land in Shandong Province exhibits a varying degree
of secondary salinization. High input of chemical fertilizers is an important cause of the increase in soluble
salt, and cropping history is another. It is, therefore, recommended that management of the cultivation
under greenhouse should be intensified case-specifically in response to differences in type of greenhouse input
of fertilizers and cropping history so as to mitigate the risk or reduce the degree of secondary salinization.
Key words Greenhouse vegetable soil; Secondary salinization; Canonical correspondence analysis;

Fertilization rate; Cropping history; Shandong Province
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