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Effects of irrigation and grass on soil quality in kiwifruit orchard

WANG Xing', LU Jing’, FAN Huifang®, GAO Zhiyong’, GUO Xuxin’, ZHAO Ying’
(1. School of Agriculture, Ningxi University, Yinchuan, Ningxia 750021, China;
2. Department of Water Conservancy, Yangling Vocational & Technological College, Yangling, Shaanxi 712100, China;
3. State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China, Xi’ an University
of Technology, Xi’ an, Shaanxi 710048, China)

Abstract; In order to explore the effects of irrigation and grass on soil quality in kiwifruit orchard, surface irri-
gation + weed control (1), surface irrigation + natural grass (II), drip + weed control (III) , and drip irrigation +
natural grass (IV) treatments were set up in the kiwifruit orchard in Meixian county, Shaanxi Province from 2016
to 2017. The mechanical composition and physical and chemical properties of the soil in 0~50 ¢m soil layer in the
test site were statistically analyzed, and the soil quality of 4 treatments was evaluated with the soil quality index.
The results showed that compared with other treatments, treatment III reduced soil bulk density and sand grain mass
fraction of 0~30 cm soil layer by 0.02~0.24 g - cm™ and 0.36% ~5.25%, respectively, and also increased soil
porosity, field capacity, clay grain mass fraction, and soil particle-size distributions by 0.17% ~7.17%, 0.59% ~
2.53%, 0.99% ~7.15% , and 0.01~0.13, respectively; There was no difference in available phosphorus and alkali
hydrolysable nitrogen in 0~ 30 soil layer between treatment IV and treatments I and 11, but it was significantly high-
er than that of treatment 111 10.75~109.55 mg - kg™' and 20.74~78.91 mg + kg™'( P<0.05). The available potassi-
um, available phosphorus, and alkali hydrolysable nitrogen in 0~50 cm soil layer of treatment IV reached the rich,
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medium, and medium levels of fertilization for kiwifruit. Compared with other treatments, treatment IV increased soil

clay mass fraction by 1.21% ~2.66% and particle-size distributions, and decreased soil powder mass fraction by
0.81%~1.41% (P<0.05). In addition, the soil quality index of treatment TV was the largest value of 0.619. Therefore,

drip irrigation + natural grass (IV) was an effective measure for sustainable utilization of land in kiwifruit orchard.

Keywords: kiwifruit orchard ; irrigation; grass; soil quality
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Table 1  Evaluation index of membership function

=>X=b)

P84T Index a, a, b, b, X,

TIEAE/ (g em™)
Soil bulk density
R R T A S
Particle-size distributions
HHUE/ (g kg!)

Organic matter

0.7 1.8 09 1.1
0 3 2.28 2.84

41.5
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Table 2 Analysis of variance of soil physical properties by different treatments

TR/ (g em™) FH [l 37K 2/ % T HEFLBE /%

+Z/em . . : . .

o Soil bulk density Feld capacity Soil porosity

Soil depth

I ] v I I I v I I 1 v

0~10 1.58a 1.56ab 1.45b 1.47ab 24.38ab  23.57b¢  24.97a  22.93¢ 39.50a  40.55a  44.28a  44.1la
10~20 1.64a 1.49ab 1.40c 1.52be 24.10b  23.52bc¢  25.66a  23.13c 38.56b  44.51a  45.63a  42.90a
20~30 1.60a 1.46bc 1.40¢ 1.53ab 22.86a  21.6la  23.85a  23.00a 40.46c  44.88ab  46.03a  41.88hc
30~40 1.65a 1.44b 1.51b 1.51b 21.31c  22.46b  23.88a  23.54a 38.25b  45.45a  42.23ab  42.08ab
40~50 1.49a 1.44a 1.49a 1.54a 21.94b  24.20a  24.20a  21.68b 44.44ab  45.36a  44.08ab  41.35b
0~50 1.58a 1.47he 1.44c 1.52ab 22.92be  23.21be  24.54a  22.90c 40.69b  44.59a  44.78a  42.42ab

T T OIDCIEIV 2 590 DAyt T+ Rt TR B + ) SR 2 T T + BT T + 1R R B, R ()5 [T AR )N E TR 3R A TR )2 1SD

K 25 Sk B 9. 27K K- (P<0.05) , Rl

Note: I ,II,1I, and IV represent surface irrigation + weed control, surface irrigation + natural grass, drip irrigation + weed control, and drip irri-

gation + natural grass, respectively; Different lowercase letters with same line indicate that the LSD test reaches a significant level in the same soil layer

(P<0.05), the same below.

R3 ARTEHNFEREIBRIBELFTEZST

Table 3 Analysis of variance of particle-size distributions and volume fraction of soil particles in different treatments

+2/cm b BT i 738 % WYRLIT 3 85 % A T 5 73 8L % IS
Soil Clay particle mass fraction Silt mass fraction Sand mass fraction Particle-size distribution
depth I I 11} v | I 1 v I I I v | I 11| v
0~10 28.45d 29.37¢ 32.82a 31.83b 60.94ab 60.51b 61.82a 61.90a 10.61a 10.12a 5.36b 6.27b 2.22d 2.24c¢ 2.30a 2.28b
10~20 29.67¢ 32.41b 33.74ab 33.0la 63.4la 60.99b 62.12ab 61.76ab 6.92a 6.60a 4.14b 5.23b 2.23b 2.29a 2.31a 2.30a
20~30 29.38¢  29.84c 36.53ca 32.10b 63.93a  63.70a 59.64b 62.71a  6.70a 6.47a 4.83b 5.19b 2.23¢ 2.24c 2.36a 2.28b
30~40 31.63a 30.90a 27.17b 32.86a 64.23b  63.73b  67.88b 62.24a  4.14a 5.37a 4.95a 4.90a 2.27a 2.26a 2.17b 2.29a
40~50 31.82ab 29.21b 30.26ab 34.17a 63.79a 64.73a 64.44a 61.25a  4.39b 5.06a 5.29ab 4.58b 2.28a 2.22a 2.24a 2.32a
0~50 30.22b  30.40b 31.67ab 32.88a 63.18a 62.79a 63.39a 61.98a  6.61ab 6.82a 4.94c 5.14bc 2.25b 2.25b 2.27abh 2.30a
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6) . PRI, Ve85 T8 450 A HLIT RN 4 3 25 3 6k
Bk el A [ Ab B SR AT B R B0, o
A A PUTR L HE 2 F AR 43 1) 0.281,0.364 Fil
0.355,

ANTRI b B - 8 I HCEE AN TR) 2 O 25 50 i
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JZH R RO W 25 5 AR FETE 10~30 45
12 g R R A A = T AR B (P<0.05) , J2
H A ALY 1.06 ~ 1.22 £ ;7E 0~ 10 cm F130~50 cm
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Table 4  Analysis of variance of soil chemical properties by different treatments

+JZ/em FHHLE/ (g« kg™) HR/ (mg - kg™) R/ (mg - kg™) WA/ (mg - kg™')

Soil Organic matter Available potassium Available phosphorus Alkali hydrolysable nitrogen
depth I I I v I I v I I} 1 v I I I v
0~10 244la 21.23ab  16.71c  20.04bc  577.69a 293.24b 107.62d 183.65¢ 114.78a 128.83a 10.52b 120.07a 102.28a 118.42a 49.02b 120.50a
10~20 3856c 44.5lab  45.63a 42.90bc  371.33a  20291c 102.34d 27531b  37.8la 40.21a 10.62b 48.40a 59.15b 53.90b 48.47b 127.38a
20~30 14.63ab  12.25h  15.69ab  1645a  395.82a 204.63b 115.04d 145.56c  14.03b 30.07a 4.89¢ 15.64b 61.27a 48.31b 42.54b 63.28a
30~40 10.72¢  11.60bc  16.54a  13.09b  27948a 185.05b 110.92c 112.42¢ 13.00a 12.20a 8.27a 13.47a 33.53b 37.00b 47.02a 52.67a

40~50 11.56b  12.54b 15922  13.61b
0~50 1623a  14.7la  15.68a  15.99a

171.55a  163.73a  109.80b
3660.60a  222.98b  109.16d

119.62b  12.67a 1230a 9.77a 12.92a 37.66b 36.67b 51.02a 53.85a
163.82¢ 40.09ab 46.20a 9.35¢_43.66ab _60.51b 59.73b 48.81c 84.10a

x5 ITEREEFNERSEAFREENLXBFAE

Table 5 Principal component factor load and common factor variance of soil quality indicators

ES %

T WER AL BRI BPRLERT PRI P

HOUR A A B AFEE

L AE K B HEM WO BB 4R LIS
Principal component SBD FC sp CMF SMF SDF PSD OM APM AP AHN 1% VC/%
Ty
% EmY 0.190 0.232 -0.218 0.896 0.828 0.938 0.861 -0.243 -0.420 0.843 -0.171 4.443 38.376
Principal component 1
PN
. Eﬁgﬂfﬁiﬁ -0.102 -0.221 0.071 -0.062 -0.097 0.030  0.137 0.962 -0.861 -0.299 0.980 2.725  25.555
Principal component 2
=Ry
. -0.955  0.469 0.923 0.036 -0.234 -0.027 -0.034 0.021  0.028 -0.063 -0.011 1.912 18.606
Principal component 3
NLESE"

0.959  0.322 0.905 0.807  0.749

Common factor variance

0.881  0.761 0.984 0918 0.803 0.989

Note:SBD: soil bulk density; FC: filed capacity; SP: soil porosity; CMF: clay mass fraction; SMF'; silt mass fraction; SDF: sand mass fraction;

PSD: particle-size distribution; OM: organic matter; APM; available potassium; AP available phosphorus; AHN: alkali hydrolysable nitrogen; PV

proper value; VC: variance contribution; CVN: cumulative variance contribution.
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Table 6 Pearson correlation coefficients of key factors

Rl oy M s FIEE o Tokts
W ppm TP BB op e e mam wem TRSU BB DRBU
Factor SBD K B oM APM AP AHN TEC RO RO PSD
FC SP CMF SMF SDF
+ 5% H SBD 1.00 -0.24  -0.97**  0.16 0.34* 0.17 0.18 -0.15 -0.02 0.22 -0.11
M ARk FC -0.24 1.00  0.15 0.33*  0.08 0.06 0.08 -0.18 0.08 0.15 -0.09
FIEFLBE SpP -0.97**  0.15 1.00 -022 -0.34° -0.19 -0.2 0.12 0.07 -0.25 0.28
FHHLBT OM 0.16 0.33* -0.22 1.00 0.7%" 0.75** 0.73** -0.25 -0.3 0.71** -0.20
HAET APM 0.34* 0.08 -0.34" 0.70** 1.00 0.75**  0.63** -0.28 -0.24 0.69** -0.22
BT AP 0.17 0.06 -0.19 0.75** 0.75**  1.00 0.56** -0.22 -0.4**  0.68"* -0.15
TAF A AHN 0.18 0.08 -0.20 0.73** 0.63** 0.56** 1.00 -0.08 -0.38%  0.57** -0.03
KOBL R 240 CMF - -0.15 -0.18  0.12 -0.25 -0.28 -0.22 -0.08 1.00 —0.71%* -0.53"* 0.98**
BHRLR R SMF - -0.02 0.08  0.07 -0.30 -0.24 -0.40* -0.38* -0.71** 1.00 -0.22 -0.77* "
YKL 505k SDF 0.22 0.15 -0.25 0.71** 0.69**  0.68** 0.57** -0.53** -0.22 1.00 -0.76* *
S 4E%L PSD -0.11 -0.09  0.28 -0.20 -0.22 -0.15 -0.03 0.98** -0.77"* -0.76* * 1.00
B 0.58 .22 -0.55 3.41 3.11 3.01 3.06 -0.3 -1.89 2.26 -0.07

Correlation sum

o+ o= F 43 3IER7R P<0.01 Fl P<0.05,

Note: #* * and * represent significance at P<0.01 and P<0.05,

x7T ARMETERERBFESN
Table 7 Analysis of variance of soil quality index

with different treatments

Qb3 0~ 10~ 20~ 30~ 40~ 0~
Treatment 10 cm 20 ecm 30 em 40 em 50 em 50 em
1 0.602a 0.511c¢  0.508b 0.450b 0.541a  0.530b
I 0.587a 0.577ab 0.554b  0.450b 0.565a 0.576a
il| 0.606a 0.612ab 0.620a  0.562a 0.552a  0.598a
I\ 0.623a  0.571b  0.562b 0.572a 0.573a  0.619a
3 37 W

AR, T I ATV b FE7E SRR E 0 ~
50 em TEBA PSR 16.23 14.71 ,15.68 ¢ -
kg™ 1 15.99 g « kg™ 5 HALH 431 366.66 ,222.98
109.16 mg - kg™ ' 1 163.82 mg - kg™ ; WAL W4 1 Ky
40.09 .46.20 9.35 mg - kg™ 1 43.66 mg - kg™ ; it
R HH 60.51.,59.73 .48.81 mg - kg™ 1 84.10 mg
- kg, MR T G XA 3 SR VAN A
HECS X IR 4 RS FIEA TR A5 R T AT
Qb T AR R OB R A LT = B A
Hh Ak AL BILJST | RIS R i 2
Z 5 IV b S H SO Al e b A AL T, AL
k=, CA IR MRS A = 2 ) o Rk
SRR Ay 800 >0 A > A A > e i P ke L R 4
AR 1 e b et 4R TR 3 A ATl
HIEAEEAL, T R A R A, R R TS SR
AR H A R A S OR Y Ar I TR T Ak
PR 5 M ke ik ] 4 b ) RT Hp  T 5 0
ToEAk ot AT AT IV Ak B FH A MILAE BTG n £
e AU & 6, 1 3k B BRAp Bk el e AC A o, A
PUIEAT g+ 4881 >0.25 mm AKFaPEH Rk 5 & A
LT A fa S0 N 2 e LI it — 2 L il Ak

respectively.

HEAT SR R Rb e 2R C FOBERR LL 250 | SRR bk
bel 30 ) A B A A O L N e B R
FKFE , MALFRREAL % 0~ 30 em )2 38 S ME A
FEACHE (3 2) , AR i o BRI 4 TR 45,
B5 HA A PR LR AN B35, T L i A B 44
A B BRI AL R Z . A, IV AR BT A 5
WIRBUR R (2 7) , FIL, IV AL HE AT/ A e ik Fel 4
PR, 2E R UL A S B s, S 3 1SR 4y
e A EEE AR, SE B A A PR R R
38 A HUIERA

SRl A BLREAS A0 - R FRMIR (o R el -
AE TR, IR RS I, 2 IR Iy, e+
HEREAME AR R RS R A
A FUAR IR K AR AL, in AL B F AR AR 2 a i 0~ 20
em £ )2 FEGFUEFRICER TN R AR
T affi0~20cm BELZEFET TEF RS ED
R AR, 145 1 AAFH EE,0~50 em
% L2 AR T 7.82~284.45 mg - kg, +
HEATERLT 0.02~0.21 g » em™, T HEFLFREE 1S A
T 0.92% ~7.20% ;0 ~ 30 cm 4% + )2 AW S0 T
2.40~16.04 mg - kg™, H B FFK B> T 0.81% ~
1.25%, VS5 IALBEAA L, 0~ 50 cm 4%+ 2 A 1 12
ZEEE OCET | AR A R A N T 0.05 ~
0.13.1.50~172.97 .3.15~109.55 mg - kg™ ' F12.83 ~
78.91 mg - kg™, FHAIHEZK 12 A1 HEFL B 43 51 B AR
T0.85% ~2.52%H1 0.15% ~4.15% , 7=H 45 S JR
PRI e 5 A Bt [l VR R A 48 2R IV AR B+ 357
OYFESE 2 a FEUR I ERIG hna 2  t mT 2 a0 M L At
FEori i B, A ARG R BT (2 a) VAL B
RERZRZ IR 1R 0 (E6 eI R AR I PRk |+
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SERCEY) S PR R 1 AN, K (52 a) IV
ARPRAEA I A IR IRI AR RE I R S AR
PERF RV R 2 4R EE 7 DAL RDRA 5 i
TTERABISE,

4 zt B

1) T HE+BR AT () B H A AL BETE 0~ 30 em #%
- JZREAR T A AR A A, R T R
FLBREE R K i FR BT i 3 B0 35 TR 444
THUE+ HARAE R (V) AL BRAE 0~30 em 45 + )2 H30H%
TR 0 e TR HE R (1) 403 (P<0.05)

2)0~50 em 2N, MU THIEBE+BRE( 1) Fis
THIVEEE + 18R A5 5 (T ) Acb 8L 1 3 40506 00 38 200l 21
A IR AR AL E 2 T+ BRI A
1) TAURCET | RO | e RN LT Y e = T +
F AR AR (V) Ak B S S55 A0 R l fe 2 HP 5, EOi 2
&, AEVURELZ

3) LI B 4E 8 A LB A A FAE IR+
BT R LA A TR E N, T+ R (1) 3
WA TR E IR T HAD 3 FhabFE (P<0.05) , T HE+
HARAE R (IV) A B 3 R s S e R R

S & T k.
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