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Soil fertility characteristics and strategy of fertilization for the typical grape—growing district in northern
Jiangsu Province: a case study of Guannan County

MA Xiaochi"*?, HEI Ruonan"? YAO Yi"?, HAN Feng"’, YANG Guiting"?*, GUO Dejie"*, TANG Maofeng*, LUO Jia"?, MA Yan"*

(1. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Key
Laboratory of Saline—Alkali Soil Improvement and Utilization ( Coastal Saline—Alkali Lands), Ministry of Agriculture and Rural Affairs,
Nanjing 210014, China; 3.College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China;
4.Guannan Guangsheng Agricultural Technology Co., Ltd., Guannan 222500, China)

Abstract: Understanding the characteristics of soil fertility in the typical grape—growing district is a prerequisite for developing efficient
soil and fertilization management strategies. The soil fertility characteristics in non—fertilization and fertilization areas of 55 protected
vineyards in Guannan County northern Jiangsu Province were analyzed and comprehensively evaluated by using the fuzzy comprehensive
evaluation method, which combined principal component analysis with membership function approach. Results revealed that the integrated
soil fertility was at a good level; the soil organic matter and total nitrogen content had the highest evaluation weight with values of 18.98%

and 18.02%, respectively among soil nutrient variables, which were key factors that influenced the soil fertility. However, 14.55% and
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10.91% of the soil sampled in the fertilization area had decreased soil organic matter and total nitrogen content, respectively, compared

with the non—fertilization area. Alkaline soil pH restricted soil fertility level in the fertilization area. The background value of soil available

P content was generally low, with a mean value of 19.51 mg-kg™'; however, the content of available K, exchangeable Ca*, and exchangeable

Mg™ in soils were at high levels with values of 364.55, 12 346.52 mg - kg™, and 816.66 mg - kg™, respectively. In the fertilization area,

available P content was at a high level with a mean value of 69.87 mg-kg™'; however, available P content which was equal to or below the

medium level was found in 20.00% of the soil samples. In conclusion, the soil pH and input of P, K, Ca, and Mg fertilizers need to be

finely—tuned in protected vineyards in northern Jiangsu Province. Meanwhile, increases in the use and amount of organic fertilizer would be

an efficient way to enhance the soil fertility.

Keywords : northern Jiangsu Province; protected vineyard; soil nutrient; comprehensive evaluation; management measure
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Table 1 Proportion distribution of vineyard age

5125 e el JIT i LAl i 2 e el 7 ST o E Al
Vineyard age/a  Percentage/% || Vineyard agela  Percentage/%

1 55 9 55

2 10.9 10 73

3 20.0 11 3.6

4 12.7 12 0

5 3.6 13 3.6

6 55 14 0

7 73 15 1.8

8 12.7
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Table 2 Criteria for classification of soil nutrient abundance in vineyards

504645 Nutrient parameter HE A Very low {f Low H 45 Medium #5 Rich 5 Very rich
B/ (g kg™) 0~10.00 >10.00~15.00 >15.00~20.00 >20.00~25.00 >25.00
25/ (g-kg™") 0~0.50 >0.50~0.80 >0.80~1.00 >1.00~1.50 >1.50
R (mg-kg™) 0~15.00 >15.00~25.00 >25.00~45.00 >45.00~70.00 >70.00
A/ (mg-kg™) 0~60.00 >60.00~120.00 >120.00~240.00 >240.00~400.00 >400.00
AR/ (mg-kg™) 0~200.00 >200.00~400.00  >400.00~1 200.00 >1200.00~3 600.00 >3 600.00
HNEEE/ (mg-kg™) 0~60.00 >60.00~120.00 >120.00~250.00 >250.00~750.00 >750.00
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Table 3 Types of membership function, threshold values and weight of soil fertility index

3 ! A ) A5 JF [Sya = i
sk HOR B PRI FH X1 FR X2 LT R X3 IR 1 R x4 W&
Membership . .. Lower bound of Upper bound of .
Parameter . Lower limit Upper limit . . Weight/%
function optimal value optimal value
HHLF/ (g kg™) Sl 10 25 18.98
2R (g kg!) STy 0.5 1.5 18.02
R (mg-kg™") SH 15 70 7.94
HRH/ (mg-kg™") SHl 60 400 11.93
SEAP R/ (mg kg SHI 200 3600 14.63
et/ (mg-kg ") SHI 60 750 15.73
pH 2k 5.5 8.5 6.5 7.5 12.77
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Table 4 Soil pH values and distribution frequency in non—fertilization and fertilization areas

S3ATHEE Frequency/%

RAFEIX AR CPEE REE ERRE
Sampling area Range Mean SD CVI% R R P R Acidic  H#: Neutral B Alkaline  SRFEM: Strong
Strong acidic <5.5  [5.5,6.5) [6.5,7.5) [7.5,8.5) alkaline >8.5
et e X 7.42~8.66 8.29 0.29 3.44 0 0 3.03 78.79 18.18
it A X 7.42~8.47 8.08 0.24 2.99 0 0 1.82 98.18 0

SR TF 2 25.96 g- kg, ik B Ko SR, 76 4
2453 el it A DX SR 4 %) - S i b A LB o R AR AE A
}9.47 g-kg™, B S R KN 38.77% ,25.93% H 4 % el
AP A T o 4 AKCE [RIH A 3.70% 1) 4% bl
AP & AT LT AKE
2.1.3 HHELR

- 9 v ) 4 R i R 3 R R Y R i o AT
RS R E RS E B2 —. MRS AT
DL H Rt I DX 4 398 4 0 B P (oM 1.30 ¢
kg™, Hrp 18.18% 1y 4 38 4 A & & 7 h &8 L LA K
e, AR AR 15 g - kg LB A A 4 B A
15.15% . 5 %5 75 el I it A DX 3s A Ee it I X 3R, - 438
R R 0.51 g- kg, 254k 3E BN 0.66~
3.47 g- kg, 7B 5 R BN 30.88% , BEARTE 55 5 K - LU
b H A 66.67% W # 4G FEA RS EAELS g
ke A (F6),

2.1.4 HHEH S

7 el R it IR DX S - A A Y Al
19.51 mg-kg', 255 R HON 64.71% , F5hR78 S PE 45,
Hr A 81.82% A 1 584 350l it b TR ACE FAR A
KV (R5) o it I DX 3 4 A R0 - 35 5 i 69.87
mg - kg™, AR IE X 2 55 50.36 mg- kg™, B S R ECN
46.08% , F8 A8 Sk Hh 48, b TFIRAKSE FAR AR 7K - 1
35 5 D = 7.27% (K 6) .
2.1.5 e

7 el A1 it A DX R A g S Ak A Y N
70.00~795.00 mg- kg™, -3 5 4 364.55 mg - kg™, ib
T KT, o A 18.18% 14 - 18 3k 508 2 k4 F
HR SRR K-, R R B AR Sl s R0 1 A T4
AR (2 5) o it AR DX 3k - 458 3k 24 B 5 1 3 [l
255.00~1 680.00 mg-kg™, F- &4 906.98 mg- kg™
53 S DX sl E i S J 8 7 el - 39 sk 3

x5 AFEEEEXBLEFRSIERED TR

Table 5 Soil nutrient content and distribution frequency in non—fertilization area

FEor bR Y FEME R BRRH S AR Frequency/%
Nutrient parameter Range Mean SD CVI% WAl Very low & Low  H1%% Medium #:75 Rich {5 Very rich
YT/ (g-kg") 0.06~26.85 17.01 6.53 38.37 15.62 15.62 25.00 34.38 9.38
A/ (g-kg™") 0.23~2.75 1.30 0.44 34.15 3.03 9.09 6.06 66.67 15.15
HRHE (mg-kg™) 5.74~60.45 19.51 12.63 64.71 42.43 39.39 12.12 6.06 0
B/ (mg-kg™) 70.00~795.00 364.55 149.06 40.89 0 9.09 9.09 42.43 39.39
LN/ (mg-kg!)  6453.56~16329.52  12346.52 2536.68  20.55 0 0 0 0 100.00
AR (mg-kg™) 306.31~1253.90 816.66 240.95 29.50 0 0 0 45.45 54.55
*6 BAHEMERIETEFRSTEERE SR
Table 6 Soil nutrient content and distribution frequency in fertilization area
FrorEbR A FEE R BERRE I3 AAE Frequency/%e
Nutrient parameter Range Mean SD CVI% WAl Very low  flLow  H14% Medium % Rich [ Very rich
HHLFE/ (g-kg™") 9.47~57.99 25.96 10.07 38.77 1.85 1.85 25.93 25.93 44.44
/(g kg™) 0.66~3.47 1.81 0.56 30.88 0 1.85 0 31.48 66.67
B (mg-kg™) 10.00~145.50 69.87 32.20 46.08 5.45 1.82 12.73 34.55 45.45
T/ (mg-kg™) 255.00~1 680.00 906.98  356.89 39.35 0 0 0 9.09 90.91
SRS (mg-kg") 7 110.57~17 873.03 12754.89 2327.99 1825 0 0 0 0 100.00
AHNEEE/ (mg-kg™) 270.23~1 653.66 937.57  290.07 30.94 0 0 0 26.92 73.08

— 786 — http://www.aed.org.cn
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5 26 D] 1 e A X 3 A0 it AL [ 3k - 39 2 B
L FE SR (RS R 6) . R X858
Pk BE  HYE BN 306.31~1 253.90 mg - kg™, SE I
} 816.66 mg - kg™, 78 5 RECH 29.50% , % S A JE
S5 o i IE XS AE 4 PR BE % R Dl 270.23~1 653.66
mg « kg, V- Ky 937.57 mg - ke, AE TR EN
30.94% , 25 SR A
2.2 TIERR A fEtRIE R E S T

- HENE 5 B 18] 4 A D& 3 Ao R O 1R O BB
FAE L5 AN 7 T 8 FIroR o 7 it AE 1 it A 1X 35,
H, AT HIL A U 3 AN R 2 B A A A

BEIEMEFRR(P<0.01), HPAIRS A MIE
AH S B, e At I X AR 5C R ECH 0.718, Jit IE X
HHAH O R B0R 0.893 . A5 MR A HLTTS 3L
B 2 8] A PR R 22, M O 2R PR A i IE X 4351 A
0.489 #10.536, 7EHE IE X 73512 0.518 #10.507., 51t
IR, 3G Al 5 R A ML s et B AS 3
PR AT 5 28 e P A A I it FES DX e FES [ 24 266 B+
FAE A S, M5 ZR B39 R 0.529 F110.561,0.435 F11
0.285.0.686 F10.517, 1A R AE M NE X Hh R0
RTRSEER o2 AN DR E AN IS i EE & S S|
0411 F10.441, IR ST 25, D&
PR 5 A A A ) B IE A e AU R
Jita HE DX 3 B
2.3 EmitXEEE T EENENIERNREE

- AR 472 5 S {3 ot R A R R S
(1) o BT AT LA 78725 el A it AE X3, + 3
A 5SS SR/ B AR 0.20, pHAE IR
2 IE R 0.29, x4 Bl it NE DX, 448 pH A
SR REUE SN, I R 047, I 58
o0 P A R A A S i R R S A A 7 el A vt A A
Jit S DX S8 28 A, P B R T 0.80, 3 i HE AR

R 7 #EERIRERE E IR XS TR A iEtR A S T (R/REBEXRE)

Table 7 Correlation analysis of soil fertility index in non—fertilization area of vineyards , Guannan County ( Pearson correlation coeffcient )

EfEL Y AL LA GRS AL SEARMEES SRR
Index Organic matter Total N Available P Available K Exchangeable Ca Exchangeable Mg
pH{H -0.289 -0.147 0.018 0.179 0.082 0.076
AL 0.718%* 0.248 0.536%* 0.364* 0.435%
2R 0.266 0.489% 0.523%% 0.333
Ak 0.529%* 0.122 -0.067
AR 0.414% 0.401%
A 0.6867*

1 R  5 ZoR P<0.05 #1 P<0.01, R,

Note:* and ** represent statistical differences at P<0.05 and P<0.01, respectively. The same below.

R 8 T ERHEEE E MR XI5 T IR S5 AR R T (R /REE X RED

Table 8 Correlation analysis of soil fertility index in fertilization area of vineyards , Guannan County(Pearson correlation coeffcient )

Eiztan AL EeA R G ez A
Index Organic matter Total N Available P Available K Exchangeable Ca Exchangeable Mg
pH1H -0.122 -0.172 -0.174 -0.127 0.178 0.130
AL 0.893%* 0.4117%% 0.5077* 0.201 0.285%
£ 0.44 1% 0.518% 0.225 0.261
AR 0.5617%* -0.124 -0.154
HALH 0.259 0.228
S 0.5175*
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F T S B SRR 3 7K S 1 5 6 B R AU AL 1) i 2
PEAHATR], PR AR e L T A T A [R) A A R 4
BREMEN T IR LE S R e s, R 3T, -
HENE ) 255 P 25 H8 AR BCEE A I R AT AL BT > 4 2>
A e A > A8 e 5 > p H A > 3l S50 > A7 Rl . Herp
A ML S 4R & a e R ) B E P e An ik &
UK, 5351 18.98% Fi1 18.02% .

X 2 el A DX 3, 3255 N8 S 8 AR EE
FEI7E 0.31~0.90 22 [8] , {7 15.62% 1) +3ELE 4 I8 S 4b

AR AE X I, lﬁofwﬁ

0.8~

C.HEW 1~5a  HHUR

TR, 59.38% 1 L 3FEAE J) R AT, E J) K- 45
K UAF B 52 & HE 25.00% , FErPIE 7 K SE 85 2% 9 L
51 6.25% (% 9) .

7 253 e i A DX 35K 1 398 AR 7 K S g Al it A IX 38 AT
i E AT, B LR A R ) FE PR EYE AL T 0.58~0.99
Za), - HEZE AR 1 K COF R A B - HE Lk
79.24% , N 7 7K A6 H A 9 3 A s 2 1.89%
T TF S LUT B JIKF(£9) .

Xof 4] 26 el el e 6 A 73 O3 J G Bt I IX - S 2R
B T3 F8 %5022 55 B R, 1~5 a bl i 4 25 el 1 3 255 8
R AE 5 A 78.57% . S ICHIEL, T4 R 6~10 a
{14 4] 46 el 6 W] S5 2 1 LU 91w B, 2R 75.00% , 1H. +
BN 7 7K -0 T R 47 5 0 e A e 7 L R e R
25.00%. FE#TE 10 a L& 044 25 Fel + AR 1 #4 4k F
PLaEKF(£10) .

Bt JIE X 3 ﬁm)ﬁ

- ~
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Figure 1 Radar graphs for membership grade of soil fertility index

®9 HEEERERNERER LIRS SRNERER S ERTHLILE]

Table 9 Soil /FI index and distribution frequency in non—fertilization and fertilization areas

IR G NE S FE TR 1F1 HAEGA Frequency/%

Sl e Ji S i % Poor 55 9% Fair F14E Medium K1 Good . Excellent
Range Mean SD (IFI<0.2)  (0.2<IFI<0.4)  (0.4<IFI<0.6) (0.6<IFI<0.8) (IFI>0.8)
Rt e X 0.31~0.90 0.68 0.15 0 6.25 18.75 59.38 15.62
Jite M X 0.58~0.99 0.86 0.09 0 0 1.89 18.87 79.24
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Table 10 Soil /FI index and distribution frequency in vineyards at different ages

R THELE SN T HEARMA TFI HAFH ) Frequency/%
Lo — i | e v ST :
Vineyard age/a Y EEME baifEE 7% Poor $9% Fair 14§ Medium R Good It Excellent
Range Mean SD (IF1<0.2) (0.2<1F1<0.4) (0.4<IFI<0.6) (0.6<IFI<0.8) (IF1>0.8)
1~5 0.58~0.96 0.86 0.09 0 0 3.57 17.86 78.57
6~10 0.60~0.99 0.84 0.09 0 0 0 25.00 75.00
>10 0.82~0.94 0.88 0.04 0 0 0 0 100.00

3 iFig
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