55 37 B4 3 FEREMEXRLHFR Vol.37 No.3
2019 45 H Agricultural Research in the Arid Areas May 2019

X EHS :1000-7601(2019) 03-0200-08 doi : 10.7606/].issn.1000-7601.2019.03.26
AEHEATANETE L EERE 750
0 2R 5C am BT B9 %2 i

7OWL R O EAERC RER AR A ARE RS

(L H R KRR 22 B, Hol 22 73007052 H k& Aol BFERRFEBE , H b 22 M 730070)

W OE N THRAE AP BB ERXRAEAARAMRET AL EEE SO RAMRES AP W, E452 Fi%
BEH (CK) H=EXREM (YMG) EEH (HM) A 2 £ % (HMC) % #1E 7 2, 3l 2 £ B £+ & (0,20,40.,60
em) FIEIEE FAOURREE TER/IRHARAERDP DN ESTFN, FARTELEEEEX, £REV. 8 Ah
HMC AR+ ELEBE N EAWE N MBEEER, &£ 20 cm £ B, 4 5% CK.HM,YMG M 1% 7 5.93% .5.93% .
2.86%, Gt BEAL, YMG HM #n HMC ¥4 R ER H A L EM LB AR K NP URHES A AN 4 E, L+
HMC % R H I % A 20em 24, 5 CK 27425 7 12.35% .10.11% ,15.48% 23.11% 19.00% , F % + & &
FWEm ERE04EHNELA LA R THHSEY MK 0~20m A WA ERS, &L 20 em £ 24, HMC H3EHE K
K.N.P & E 45 % 122.24 mg - kg™ .32.67 g - kg™' .0.76 mg - kg™, 5 3T B Ak, YMG . HM #n HMC 34 6t F B £ & #
REEREA, EFHMC X Ve 48 EAMEGE TAUEEGE EREAR ARYR BRE 2 KE TLENY
MEFERT YMGA HM,HMC #) Ve 4 B EAM S E T HEMBELE ARER 4 KER YMC 2 A ¥ 7
10.18% ,25.23% .9.06% .6.04% 3.73% , % HM 2 5|3 m 7 1.28% .23.01% .1.07% .2.50% .1.71%, F R4 2 # 16
NG AT, BRI 3 A E RSB F 6.614.5.485.3.901 K& 4 # AR HH1EF X 100% 0 R4 5= 8 &, 4% BT
R, B R HEBHE T R BRI Kk 8 HMC HM \YMG %1 CK, L 2 & ¥ (HMC) 2 H A H H b H#E K K E
TEEENHAEER,

KR AE L EMET R BB PR R

hE 5 2S5 :5665.1 X ERHR RS : A

Effect of different tillage methods on soil temperature, nutrient,
and fruit quality in jujube orchard
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Abstract; The effects of different soil tillage methods on soil temperature, nutrient status, and fruit quality of
jujube orchard in the Yellow River Irrigation Area of central Gansu Province were studied. Four different soil tillage
methods including clean tillage (CK), corn straw mulching ( YMG) , black plastic film mulching (HM) , and
ryegrass mulching (HMC) were conducted. Soil temperature and nutrient status in different soil layers (0, 20, 40
cm, and 60 cm) and fruit quality were investigated. Through the principal component analysis, comprehensive e-
valuation of determined parameters was conducted to screen the best soil management model. The results showed
that; in August, the HMC had a significant effect on the decrease of soil temperature in different soil layers. Com-
pared with CK, HM, YMG, HMC in 20 ¢m depth of soil were decreased by 5.93%, 5.93% , and 2.86%, respec-
tively. Compared to CK, different mulching models significantly increased available K, N, P, nitrate N, and or-
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ganic matter contents in soil, in which HMC was the most effective model. Compared with CK, that in 20 em depth
of soil with HMC were increased by 12.35%, 10.11%, 15.48%, 23.11% , and 19.00% , respectively. With the in-
crease in soil depth, the contents of available nutrient firstly increased and then decreased, and the contents in 0~
20 cm were the highest. Under HMC treatment, the contents of available K, N, and P in 20 ¢m depth of soil were
122.24 mg - kg™, 32.67 g - kg™', and 0.76 mg - kg™', respectively. In comparison, YMG, HM, and HMC en-
hanced the fruit quality of jujube. The effects of HMC on vitamin C content, protein content, soluble sugar content,
fruit diameter, fruit longitudinal diameter, fruit weight, water content, and edible rate were significantly greater
than those of YMG, and HM. Compared with YMG the contents of vitamin C, protein, soluble sugar, fruit diame-
ter, and water content of HMC increased by 10.18%, 25.23%, 9.06%, 6.04% , and 3.73%, respectively, and
those with HM were increased by 1.28% .23.01% .1.07% .2.50% , and 1.71% , respectively. The principal compo-
nent analysis was used to analyze 16 parameters and extracted 3 principal components (6.614, 5.485, and 3.901) ,
which represented the 100% original data information of four different soil tillage methods. Comprehensive analysis
showed that effects of four tillage methods from high to low were HMC, HM, YMG, and CK, indicating that HMC

was the best pattern of soil management for jujube orchard in the Yellow River lirigation Area of central Gansu Province.

Keywords: jujube orchard; soil tillage methods; soil temperature; soil nutrient; fruit quality
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Table 1 Influence of different soil tillage methods on soil temperature in the different layers of jujube soil

AbHR s} 8] +JZ Soil layer/cm
Treatment Time 0 20 40 60

6 H June 30.60+2.86a 23.43+3.74a 22.57+3.44a 21.40+2.17a

CK 7 H July 26.57+3.85a 25.50+3.20a 24.33+2.03a 22.93+0.76a
8 H Aug. 26.10+1.60b 25.90+0.50a 24.70+0.10a 23.45+0.15bc
6 H June 28.17+5.87a 21.87+2.16a 21.53+1.88a 21.10+2.31a

YMG 7 H July 25.77+2.97a 27.80+4.00a 25.23+1.80a 22.77+1.47a
8 H Aug. 26.45+0.65h 24.45+0.65b 23.50+0.10b 22.90+0.60c
6 H June 31.13+£2.19a 24.33+2.57a 23.07+1.86a 21.77+1.70a

HM 7 7 July 27.30+3.10a 25.83+3.17a 23.87+1.72a 23.17+1.83a
8 H Aug. 28.75+0.15a 25.90+0.70a 25.55+0.25a 24.40+0.20a
6 H June 28.87+1.46a 25.40+1.82a 22.13+1.36a 20.53+1.42a

HMC 7 7 July 25.53+2.56a 25.17+2.70a 24.37+1.38a 23.20+1.04a
8 H Aug. 26.15+0.05b 25.15+0.65ab 24.70+1.00a 24.05+0.05ab

T : B RNG TR Al — A 3 [ — 22 JZ A [l A B 9 22 5 . 2 (P<0.05) .

Note : Different lowercase letters indicate significant difference at 0.05 level between the different treatments of the same soil layer in the same month.
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Table 2 Influence of soil tillage methods on the different soil layers nutrient status in jujube soil

e e AP & R K it BN i B P it A A
. The organic matter Available K content Available N content Available P content Nitrate N content
Soil layer/c¢m Treatment » o » o o
content/ (g * kg™") /(mg - kg™') /(g-kg™) /(mg - kg™') /(mg - L")
CK 49.31+2.08aA 110.87+1.47abAB 25.67+4.07aB 0.67+0.43bB 189.05+1.91abAB
0 YMG 55.56+1.05aA 117.49+3.12abAB 37.83+1.61aAB 0.72+0.33abA 200.97+3.08bA
HM 56.91+2.15aA 116.20+2.38bAB 33.50+5.20aAB 0.81+0.56bA 213.37+3.03abA
HMC 57.67+2.00aA 122.24+3.28abA 32.67+1.76aA 0.76+0.16bA 223.30+4.45bA
CK 51.20+2.58aAB 128.13+5.20aB 28.00+0.50aAB 0.84+0.08aAB 208.68+2.26aB
20 YMG 59.55+4.31aA 146.02+1.69aAB 38.83+0.87aA 0.95+0.37aA 247.73+3.18aAB
HM 60.74£3.79aA 140.11£5.06aA 35.17+5.01aA 1.14£0.38aA 232.47+3.12aAB
HMC 60.93+1.18aA 143.96+3.64aA 30.83x1.61aA 0.97+0.22aA 256.90+3.57aA
CK 48.36+3.21aAB 105.91+4.60abAB 21.00+3.50abA 0.63+0.07bA 184.32+2.28bB
0 YMG 51.39+3.46aA 109.27+3.71bAB 27.83+3.25bA 0.69+0.11abA 190.86+4.38bB
HM 55.50+3.84aA 112.81+4.01bA 23.50+3.91bA 0.76+0.29bA 196.41+3.20bB
HMC 56.39+2.15aA 113.31+£5.02bA 25.83+2.25abA 0.74+0.74bA 205.30+2.09bA
CK 8.91+2.27bA 36.75+£2.42bA 11.83+2.47bA 0.13+0.07cA 57.77£2.75¢A
60 YMG 9.36+2.58bA 38.64+4.94cA 11.93+4.25¢cA 0.15+0.43bA 60.96+1.50cA
HM 9.55+£1.96bA 38.66+0.91cA 12.03+2.08cA 0.14+0.40cA 62.67+1.52cA
HMC 8.93+2.51bA 39.89+1.37cA 12.01+3.61bA 0.16+0.15¢cA 61.67+2.96cA

T : [RIFAS [R5 R FR Ak BN Y 22 5 B35 (P<0.05) o T IR], [RIFAY /NG FRES R A5 A AR [R] — Ak AN [) b J2 9% B2 i) B S 35 1 s 5 7 hg 3k

IR AR A — )2 TR BEA R AL B ) S 35

Note : Different letter in same column mean significant differences at 0.05 level under different treaments. The same below. The lowercase letters indi-

cate the significance of the depth of the different soil layers to the same treatment; the capital letters indicate the significance of the different treatments to

the depth of the same soil.
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Table 3  Influence of different soil tillage methods

on the fruit inner quality

HET A A CIN s
w VedEt EE R mAR
Ve content Protein Soluble Titratable
Treatment 1 .
/(mg - 100g™')  content sugar acid
/(mg-g') content/% content/ %

CK 24.62+4.23¢  1.09+0.34a 13.16+£2.57b 0.58+0.13a
YMG 25.03+4.57b 1.11+£0.37a 13.02+2.59b 0.58+0.09a
HM 27.23+5.02a 1.13+0.35a 14.05+3.0la 0.61+0.15a
HMC 27.58+4.97a 1.39%£0.39a 14.20+3.03a 0.60+0.13a

2.5 ERSSH

6 N ERAT WA AR PRI ER A, 3R
BUREME R T 1 1 3 A E R, 4308 6.614,
5.485.3.901, Hij 3 A~ F B3 B B ST 2 1
100% , B 3 A o & SR 8, o8 =28 7F
BRI, o] 3 A 3 o i 45 A AR e H
VT AN [7] - 3B REAE Jr Aas E v
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A, F1,F2,F3 5358 — ~ 55 L AT,
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Table 4 Influence of different soil tillage methods on the fruit appearance quality

AR/ mm TR/ mm

Qb B ) . ) . HIEE /g B/ g FIK R/ % /%
Jujube fruit Jujube fruit . S . . .
Treatment . . . Single fruit weight  Single nuclear weight Water content Edible rate
diameter vertical diameter

CK 28.08+5.79a 43.69+6.03a 17.96+2.68a 0.56+0.13a 56.27+8.74a 96.95+11.26a
YMG 28.99+4.95h 43.20+6.34a 18.57+2.59a 0.61+0.15a 58.43+8.69a 96.91+£12.07a
HM 29.99+5.07ab 43.29+6.47a 18.70+2.46a 0.53+0.11a 59.59+7.79a 96.30+13.61a
HMC 30.74+5.83a 44.22+6.59a 20.56+2.61a 0.49+0.10a 60.61+8.05a 97.55+13.79a
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R 6 TR MTHER SRR 5 B o 45 FE
Table 6  Principal component analysis of the component load matrix after rotation
e 7w o T E
Index The first principal The second principal The third principal
component( PC1) component ( PC2) component ( PC3)
FHEEE Soil temperature 0.190 -0.379 0.905
I & & Organic matter content 0.398 0.898 -0.187
WAL K f 4 Available K content 0.193 0.824 -0.533
B N i Available N content 0.447 -0.858 0.253
AL P & ht Available P content 0.226 0.848 0.479
HZS A & & Nitrate nitrogen content 0.452 0.638 -0.623
Ve &1 Ve content 0.831 0.515 0.208
FEH MRS & Protein content 0.924 0.069 -0.375
AR A Soluble sugar content 0.882 0.349 0.318
RV E 2 5 it Titratable acid content 0.637 0.552 0.538
AR AR Jujube fruit diameter 0.701 -0.383 0.601
YR Jujube fruit vertical diameter 0.847 -0.472 -0.245
HLRH Single fruit weight 0.726 -0.660 -0.191
A% Single nuclear weight 0.960 -0.045 0.276
£ JK & Water content 0.499 -0.570 -0.653
1R Edible rate 0.538 -0.404 -0.740
FFAE(A Figen value 6.614 5.485 3.901
ﬁ%mﬁkﬁ/% . 41.336 34.280 24.383
Contribution rate of variance
B = = Y e
RIS % 41.336 75.617 100.000

Cumulative contribution rate of variance

®7 FRAERSATENAELEHHEARXZEFIEFNESITN

Table 7 Comprehensive evaluation of factor indexes under different soil tillage methods by principal component analysis

b3 EMSr 1145 Fgr 2 134> ESr 3 155 ZETIY HEFF
Treatment Main ingredient 1 score Main ingredient 2 score Main ingredient 3 score General score order
CK -0.42909 -1.37292 0.389691 -0.40418 4
YMG -0.99798 0.595393 -0.96526 0.03541 3
HM 0.04532 0.843661 1.22095 0.55177 2
HMC 1.381754 -0.06612 -0.64538 0.79233 1

AT AR E S A R SR e P RS
KI,6-8 A ,5 CK M, HM %, 1 YMG Al
HMC -+ KT CK, X 5k A5 W oe 45 51— 5,
E A7 45 P R & IR, YMG T HMC X AN [6]9 E
TR EA U] R R AR T, AT 22 i T 5 4
FEIL el b 2 VR A X RS E . 8 H A, HM AL R 4%
+Z A R R T A AR B ) K S
FIXI/INGG 5T B 25 AR D, b 7 55 + e R
B, Gk N R KRR K A i ad m Yl
AR KR 2R 0 T3 X ERAR R & B AF, 1
HMC F1 YMG Ab3F 4 8 AR XT3 A%, 7T e 2 i T3
965/ A BH Y XoF b T P L DR A R 1) VR 2 A%
A REREARK A 25 K, (Ml 3R T s 08, X
W A N BB+ e A A ST A SR — S, R
HMC F1 YMG FE R34 58 T 1 3815 B 10 A0 X R e
1M HM AR 4= SR AR X R PR fe 2%

AR RS R TR, A R b S A e A
TR R A ML M AR A A, RE o
FW A= RO AT 2 B 3 oG LSRN s R R
Oy, O R IR A (e e s B
ARFFEH , YMG HM F1 HMC ¥ fE 4 2l 5 A +

B R i, AR R R BT R MR R,
H HMC fEH %, X 52 EHS s g 51—
., Foh MR R I L HOK Rk R
Wi 25 b 323 Ak, HBE BT CO, B s A% | 1
T PEAS T, MU T 3 26 55 0 1) B v 1
AR, AR R B IR R )
BT LIS AE IR 7 AR, 7% 4 b B S5 s
SHECEHEIE S TR W YMG ()8 Ak R g A —
SERREE FARI HMC, LA YMG YR 37 40 & B Al
[ HMC 8%, Ao, S E im0 0~20 em £
JZ AR A & B AR T T 60 em )2
FO RT3 X T RE R R MAR R MR ZE £
BRI 4y, SR S BRI, B e A i 5T
3 I, 4% 78 T A % 0o B e ) s A R 0 TR A
BRI A 2 IR 2 R

SR A BT DL/ - R B AR R v
BT & 5, DA Bl 3 SR S i R AR R 9 & BN,
YMG . HM F1 HMC P HEAN [F) R B A0 £ i A S AR 5 iy
[, o HMC % Ve & B A& i T
it AR AURYE RRE SR E TR
S KT YMG I HM, — 5 T Al B2 0 2k
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Redma] T B R A R T AR AR K AR
TR FFAELE I 5 55— 1 n] g2 H o s vy
VEIX - HEAT LT Gk = | A B n] AT el 2R 855 45 31 ek
2, T SRS ) R A B e 7 X R I HMC 3%
FH A el 7 5

25 TR AR B AT e A AL 5T N A
IRyt D0 AR IR, AR R RS0, O SR
AEPR R 7R B Al 3 RO o BT AE AR W R
W SRR R ZE AR A B T Tz s Y
AIFFERE 16 MHEIREES N 3 A R+ TR
% 4 ORI 3555 1009% Y SR AR (5 B I
(B B, WS 2 AL FIZE G0 B 8, A e &
F AR R FEBHE T Ry HMC>HM >
YMG>CK, Pt , HMC 2 i X ol 1+ 157 55, 2
e AR P e A A el 7 X (AR

2 % X k.
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