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Table 1 Two-way ANOVA analysis for the effects of sod-culture and supplementary

irrigation treatments on the fruit yield and quality of olives

pis: ] kR T TR U BR VTR I A A A RO I i S 4 MEM TR E PRk

Treatment Moisture Oil content Mass fraction Mass fraction of Mass fraction of Fruit
reatmen in fresh fruit in dry fruit  of free fatty acid reducing sugar total polyphenols yield

H: B Sod-culture (S) 14. 561" " 1. 760 38.591 "~ 5.216" 13.565" % 16. 656 *

#E /K Supplementary irrigation(W) 0.713 11. 666" 1. 254 3.652 1. 986 24,938 %

SXW 7.457" 10. 898~ 21.267~ 3.058 23,244 16,342~

. i sz RRAR REER RBER RARHEIE

T Fruit transect Fruit longitudinal Single Fruit Fruit shape Flesh-stone
reatment . . . . ;

diameter diameter fruit mass volume index ratio

H: B Sod-culture (S) 34,7457 12,197~ 44.990* * 27.494% 6.895% % 7.113*~

W 7K Supplementary irrigation(W) 8.691" 0. 008 1.733 4,123~ 15.718" 1.623

SXW 6.022" * 9.887" " 3.259* 7.159* * 8.294" ~ 0.541

fb 70 [y R [ N % Bk (LA GAIZERA L ES

T Stone transect Stone longitudinal Stone Stone Stone shape Rate of
reatment . . . . .

diameter diameter mass volume index fruit pulp

H: B Sod-culture (S) 5.251* 4,164~ 6.025" % 5.553" 2.083 7.910* %

#E /K Supplementary irrigation(W) 0.987 2.258 1. 056 1.556 1.402 1.977

SXW 0. 286 1.022 0.494 0. 460 1. 446 0.466

T RPBUEN F R, » %R P<0.05.  » R P<0.01,
Note: Values are results of F test, * show P<C0. 05, ¥ * show P<C0.01.
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HMEERE = 3,04 %, BIAE F AR A B 500 T AN E X
PR T ST R R K

O #M# Supplementary irrigation

M A% # Non-supplementary irrigation a

7.6

7.2 |

6.8 L

6.4 |

BERFE B/ kg
Yield per plant

6.0 |

5.6 !

b

b

H
Clean tillage

HRAER

Naturally grown grass

B E B4 T
Intercropping hairy vetch

RIF/NG FHFIRAE P<<0.05 7 1% Different lowercase letters mean significant difference at P<Z0. 05

E 1

EESEKREHTHENAKSSE

Fig. 1 Yield per plant of olives under sod-culture and supplementary irrigation
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NGB

AT SR PR SR A B R R R R AE AR B
T AR A FERIE BE AT B AN 5 R A E 2 [a)
PRFH B E 2R . EARFNEZRMET il
AR AR R B AE T A AR RN

B AR R 3 22 5 AEAMEE S5 1 L TR AL 4R
A Qb P I RO R SR SR LR T
HRAL P 3075 Bk 40,6190, FEANANESME T A4
Qb P ) AR SR SR R S N R 25 R 0
BIVE B FATE R 5. 36 %0 H K A B Ab BRAS v
B 4. 9820 s fEAMIE S50 T o SR A= B A 3 il
MO 2R S R PR Rt 3 TS PR AL L B A
6.29%,
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Table 2 Effects of sod-culture and supplementary irrigation on the fruit morphology index of olives

[ 1E BT SR 5B
T A5 e ki Intercropping hairy vetch Naturally grown grass Clean tillage
Morpholo - L L . . 1
e AR Hh i Rrbite Hh A Khite
index <
Non-supplementary Supplementary Non-supplementary Supplementary Non-supplementary Supplementary
irrigation irrigation irrigation irrigation irrigation irrigation
o
?4+,mm . 13.753+£0.439 a 13.784740.442 a 12.711+£0.557 b 13.672+0. 446 a 12.4744+0.531 b 12.565+0.412 b
ruit transect diameter
WA/ mm R ) - .
. . . 15.543+0.631 a 15.55340.631 a 14.70340.677 be 15.58940.582 a 15.013+0.567 ab  14.15940.620 ¢
Fruit longitudinal diameter
L =
gi/kfﬁg,g 1.93240.221 a 1.98340.169 a 1.51040. 228 ¢ 1.731£0.177 b 1.43940.165 ¢ 1.36040.143 ¢
Single fruit mass
SR/ mm3 1543.923+ 1551.857+ 1249, 775+ 1529.100+ 1227. 844+ 1173.701+
Fruit volume 158.82 a 159.168 a 165.748 b 139.123 a 140.252 b 121.444 b
s e 38
%Jb?uﬁ . 1.13040.022 b 1.128+0.023 b 1.15740.031 b 1.1414+0.038 b 1.20440.033 a 1.1274+0.036 b
Fruit shape index
P E S g

. 4,.821+0.894 abc 4.92340.859 ab
Flesh-stone ratio

% R 2 /mm
Stone transect diameter

4%/ mm
Stone longitudinal diameter

6.73440.261 a 6.738%0.263 a

10.972+0.707 a  10.97240.71 a

% Jfi it /g Stone mass 0.334+0.046 a 0.33540.044 a

AR/ mm? Stone volume

I8 %L Stone shape index 0.615+0.021 ab 0.61540.021 ab

H W H/ % Rate of fruit pulp 82.474+2.830 ab 82.823+2.546 ab 82.216+2.814 ab  84.493+1.862 a

4.73740.903 abe

6.47=+0.251 ab

10.564+£0.391 ab  10.347£0.836 ab 10.612+£0. 415 ab

0.29140.024 ab

0.61340.014 b

5.547+£0.941 a 3.71240.694 ¢ 3.945+£0.622 be

6.313£0.336 b 6.53840.152 ab  6.42240.215 ab

9.896+0.195 b
0.281+0.043 b

0.30340.035 ab 0.27240.016 b

261.773436.099 a 262.104436.393 a 232.261424.979 ab 217.275437.468 b 237.721416.09 ab 213.774+£12.628 b

0.612£0.036 b 0.61740.024 ab 0.64940.030 a

78.344£3.713 ¢ 79.538%2.405 be

TE AT AR NG F R KRR TE P<0.05 25 8% . N,

Note: Different lowercase letters in the same rows mean significant difference at P<Z0. 05. The same below.
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AN S AN E) 25 S R AR R R b
2. 12 A5 AR B 5 F0 SR AR 2 F TR R
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72,090« 9K A RERLTE BE 5 83. 08005 7E #hHE A%
PER AR T F AR A R A Ak ] R 3 31
SIRTE S 2

ARG 2R S T R0 0 TR 5 AR AR AR R R
BEACIE T RN E 5 R R 1] 22 5 (3L A1 AR AR
FAF R ANE R AN 5 1. A8 5 VB AE R AN
BAKMIEAR 35. 8000, FEIMIME B T 44 T 2 5%
AN S AEASANIE ZRE T o 3 B Ak B A i RO 2R 52
P 5 i 17 PR ok o M 3 v T AR R R ME B
TR 3. 51 A B AR A L 1. 65 A s (AN %

PEF o R A A B S ST R R I A A AR
WESTHERYE FMEHLE, KAIEEE T
3. 314 BRI Bk 45. 5500,

TR S S5 22 W IO o A O A AR A R AL
P R IANE S RAME 22 5 B3, AR R 4%
PR R A A A E AR 20. 97 %, W5 Bk £ 1 T 4D
BAHMEAR 29. 717 £ MIE B H F 444 T WK
FH B EER AEARMESMET . B R 3
P18 ek ARJCRNE SR S L 22 1 O 3 B0 AR T T B
ANEZET o F AR A A A SR S B £ W R )
B F v T RAERE . LA R b B A
22 W3 JOT i 53 IR 1

T RORYS R S5 T o dk 43 B0 B AR AR R AR A
T ANE 2 RN L (R AE B R B
TR T B E R AEANESME T MEE
FF A SR AR T B A B R % T RO SR S A T
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Table 3 Effects of sod-culture and supplementary irrigation on the nutritional quality indicators of olives

EEEET 9k A B W
'%?%*Hbﬁzl Intercropping hairy vetch Naturally grown grass Clean tillage
Nutriti R L1 i N 1 i R L1 ks
tona bl Hhitl b itk b Hhitl
Non-supplementary Supplementary  Non-supplementary Supplementary Non-supplementary Supplementary
irrigation irrigation irrigation irrigation irrigation irrigation

FIKE/ %
Moisture in 69.284+1.14a 65.3794+1.15b 64.384+2.882 bc 63.441+1.399 be 61.20741.803 ¢ 64.104=41.289 be

fresh fruit

TR MR/ %
Oil content in
dry fruit

U 125 g JUy 1R o 1 43 8
CLLMBRIT) / %
Mass fraction of
free fatty acid

0 I o i/
(mge+g™

Mass fraction of
reducing sugar
2 W e o> H/
(mg-g™ ")

Mass fraction of
total polyphenols

53.72540.401 a 57.441%1.587a

0.446£0.054 ¢ 0.436+0.048 ¢

2.306+£0.344 b

2.49940.345 b

20.038£1.601 ¢ 20.164=£1.52 ¢

57.15941.459 a

0.75840.

2.531=0.

19. 44342, 227 ¢

54.5384+1.876 a 31.22044.534 b 66.205413.938 a

003 ¢ 1.879£0.365a 2.011£0.321a 1.291£0.046 b

444 b 3.64340.442 a 2.393+0.25 b 2.28940.31 b

24.601£0.356b 29.909%1.266 a 21.02241.229 be

2.5 AESEKGEHREMHREIRRESTEN
X PP S S T AR LY 7 AN AT
BLAT o B s R 4 T AT 3 A 3 A4 B R BTk
IR T 95, 710% . Hh O A $ i 3 4 1Y)
AECH 3 R HE R (D #E R E W, B g,
m=1,2,3,n=1,2,-,7, XX MK )it
AT b SF T B A L 3 2o X (4) 45 3 45 Ak B AR
B RLE A TREC(D . Wk 5 FrR. W6 L
B HRBUN KN A TR) A B4k B 3 ARORS & )
FIEVEBH T +4ME> AR AR B AME>REE
F T+ RN > [ 9K A AR > T B R

BN

AT B AR A D 745 20 FRE AR AR T3 S 4% 32 A
OrARar s LSS 1 M VR R A AR 230 LSS 2 A0
3 R G A AR AT T (P 2) T UL 45 78
A5 Al BEAONE 2R S A B AR B . DLER 1
HERE - B T AANIE L B IR AR RN R E AR AE A
AMEE AR PR R 5 25 2 M0 R R B T ANEE | )
VEBH T AHMEFIE A A A FEAL PR 5 56 3 &
53 LA SR A FERME AL BRI AR AR REOR ADE Ak B
Bk .

F4 HEERIREEERNIRS S0
Table 4 Principal components analysis of the evaluation indexes of olive fruit quality
fififi  Load
i BERS B2 ERR B ERH  FaxvitFox R
Index Tl}e f_lrst Thg Se_cond The thlrd Y, +Fis XY3 component
principal principal principal
C()mp()nent C()mp()nent C()m])()nent

R E Single fruit mass 0.702 0.359 0.575 3.949 2 0.195 7
WHZE  Rate of fruit pulp 0.653 0. 744 —0.014 3.857 0 0.1911
Kk #  Moisture in fresh fruit 0. 882 —0. 146 0. 260 3.396 3 0.168 3
&% Oil content in dry fruit 0.704 —0.025 —0.683 1.963 2 0.097 3
WE NG Wi MR it 4> %% Mass fraction of free fatty acid —0.897 0. 355 —0.151 —2.963 0 0.146 8
B JFOBE T L4280 Mass fraction of reducing sugar —0.097 0.976 —0.189 1.210 8 0. 060 0
LW FR 58 Mass fraction of total polyphenols —0.918 0.195 0.324 —2.843 2 0.140 9
FREM  Eigenvalue 3. 850 1.821 1. 029
FrETTk#E /%  Contribution rate 54.996 26.018 14. 696
St ZTE % /% Cumulative contribution rate 54.996 81.014 95.710
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Table 5 Membership function value and integrate evaluation values of the evaluation indexes of olive fruit quality
[ 1EEH T kA 5B
) Intercropping hairy vetch Naturally grown grass Clean tillage
L — — - - - -
Evaluation index KR #h i ASF Hh ANHhE A

Non-supplementary Supplementary Non-supplementary Supplementary Non-supplementary Supplementary

irrigation irrigation irrigation irrigation irrigation irrigation
PR Single fruit mass 0.919 1. 000 0.242 0.597 0.129 0. 000
HHFE  Rate of fruit pulp 0.672 0.728 0. 6300 1. 000 0. 000 0.194
FKE :
Moisture in fresh fruit 0. 000 0. 484 0. 607 0.723 1. 000 0.641
Aoy %2
ERlIES S
Oil content in dry fruit 0.643 0. 750 0.741 0.667 0. 000 1. 000
e 5 i 107 R 5 k73 B
Mass fraction of free 0. 994 1. 000 0.796 0.084 0. 000 0. 457
fatty acid
Mass fraction of 0.0130 0. 155 0.179 1. 000 0.077 0. 000
reducing sugar
JSEAL NN
Mass fraction of 0.057 0. 069 0. 000 0.493 1. 000 0.151
total polyphenols
Zi 453880 Composite index 0.589 0. 684 0. 484 0.663 0. 145 0.233
4  Ranking 3 1 4 2 6 5
3.0 2.0 1
A o B ;
20 | IV-NosS LS Ralcicae
| 10| @ CT-Nosl e
1.0 @ CT-No.SI ! - 0.5 NGG-Sl L]
! O b o o]
N 1 IV-SI 0 ;
S T g "*_0 S | IV-No.Sle
2 ' cTsi | ®
~1.0 st NGG-SI —1.0 VRS
o [NGGg -15 ¢
—2.0 - No.S| —2.0 H
—4 =2 0 2 T—4 —2 0 2
PC1 PC1

ALEE 1.2 ESr 4T

Scatter plot based on the first and second PCA;B. £ 1,3 F i 2> — 4k HE ¥

Scatter plot based on the

first and third PCA; CT-No. SI /R iE#H + A4 #  Clean tillage + Non-supplementary irrigation; CT-SI /575 8+ %M Clean tillage

+ Supplementary irrigation; 1V-No. SI /R [A|/E £ & 1 + A M E

AREERE T A

Intercropping hairy vetch + Non-supplementary irrigation; 1V-SI 3

Intercropping hairy vetch + Supplementary irrigation; NGG-No. SI /8 H &k 4k 3 + K%M # Naturally grown

grass + Non-supplementary irrigation; NGG-SI 78 H R4z 5+ #MEAL P Naturally grown grass + Supplementary irrigation

& 2

BRI MREMS ZHHF

Fig.2 Two-dimensional sorting diagram based common factor of olive fruit quality
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Effects of Sod-culture and Supplementary Irrigation on
Fruit Yield and Quality of Olives

JIAO Run’an'?,JIAO Jian®,LI Chaozhou'* and YAN Shipeng'**

(1. College of Life Science and Technology.Gansu Agricultural University, Lanzhou 730070,China;
2. Gansu Key Laboratory of Crop Genetics & Germplasm Enhancement ,Lanzhou 730070, China;

3. College of Forestry,Gansu Agricultural University, Lanzhou 730070, China)

Abstract In this study,six treatments were designed with three sod-culture levels (intercropping of
hairy vetch,naturally grown grass and clean tillage) and two irrigation levels (supplementary irriga-
tion and no supplementary irrigation) in the olive orchard in dry-hot valley of Bailongjiang River. The
effects of sod-culture and supplementary irrigation on the yield and fruit quality indexes were studied
in olive orchard,aims to provide some basis for revealing the mechanism of sod-culture on the yield in-
crease and quality improvement. The results showed that the interaction effects of sod-culture and sup-
plementary irrigation treatments on yield per plant, free fatty acid content, total polyphenol content
and fruit flesh growth were extremely significant,and the interaction effects on oil content of the fruit
and fruit mass were significant. Under the condition of no irrigation, the yield per plant were 8. 79%
higher in intercropping of hairy vetch than that of clean tillage,the diameter, vertical diameter and fruit
volume of olive fruits with intercropping hairy vetch were significantly higher than those of naturally
grown grass,in addition, the sod-culture increased the oil content of the fruit,compared with the clean
tillage. Under the condition of supplementary irrigation,the intercropping of hairy vetch and naturally
grown grass improved the yield per plant by 10. 56% and 5. 79%, respectively, compared with the
clean tillage; naturally grown grass treatment could significantly increase the fruit diameter, vertical
diameter, fruit volume and fruit mass,compared with the intercropping of hairy vetch,the treatment of
naturally grown grass improved the contents of free fatty acids, total polyphenols,and reducing sugar
significantly, the fruit diameter,length and volume of intercropping intercropping hairy vetch were sig-
nificantly higher than those of clean tillage. Under both the conditions of no irrigation and supplemen-
tary irrigation,the fruit weight under the intercropped hairy vetch was significantly higher than the
treatments of naturally grown grass and clean tillage. According to the overall index of the fruit quali-
ty,olive fruit quality under different treaments order could be ordered by:intercropping hairy vetch +
supplementary irrigation > naturally grown grass + supplem-entary irrigation>intercropping hairy
vetch + non-supplementary irrigation>>naturally grown grass + non-supplementary irrigation™> clean
tillage + supplementary irrigation™> clean tillage + non-supplementary irrigation. In summary, under
the condition of supplementary irrigation, the intercropping of hairy vetch increased the olive fruit
quality.

Key words Olive; Sod-culture; Morphological index; Nutritional quality; Supplementary irrigation
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