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Abstract: In the present study, the effects of intercropping grasses on the physiology and morphology of olive roots were
examined under different water conditions to provide scientific and feasible guidance for optimizing the grass pattern and
strengthening the ecological management of olive orchards. The experiment used the 2-year-old Olea europaea variety
"Arbequina" as the test material and divided the material into three groups, including planted Paspalum notatum and
Trifolium repens and no grass treatment as the control. Different amounts of irrigation were used each time, including 300,

350, 400, 450, and 500 mL. After sampling, the physiological and morphological indexes of olive roots were measured. The
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results demonstrated that 1) intercropping with grass improved the root vigor, the active absorbing surface area, the ratio of

the active absorbing surface area to the total absorbing surface area of the olive roots, and intercropping grasses reduced the

superoxide anion production rate and malondialdehyde (MDA) content of olive root, increased the activities of superoxide

dismutase (SOD), peroxidase (POD) and catalase (CAT), and the content of proline, soluble protein, and soluble sugar in the

olive root, thus enhancing the root osmotic adjustment function; 2) intercropping grasses significantly improved the total root

length, surface area, root volume, and root tip number of the olive roots, and the root average diameter indicated an

increasing tendency when the two species of grasses were intercropped. Intercropping grasses could also increase root dry

weight, shoot dry weight, and root-to-shoot ratio. Based on a comparison of these treatments, intercropping P. notatum with

450 mL of irrigation each time demonstrated the best growth and development of the olive roots.

Keywords: olive; water conditions; intercropping grass; root morphology; root physiology
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Table 1 Effects of different grasses on water content and root vigor of olive root under different water conditions

ARG

ALY HEKE AL KE Root S TET AR TR AR TR AR
Grass Irrigation/ Root water oor/Tue-(h-a) ! Total absorbing Active absorbing SR TR
type mL content/%  &°F [ng (h-g) surface area(At)/m2 surface area (Aa)/m2 A, L A%
]
300 66.521 +£0.051c 34.405 +1.083a 0.762 + 0.002ab 0.385+0.003a 50.52
HHE 350 69.871 + 1.252bc 34.313 + 1.854a 0.765 +0.001a 0.387 +0.007a 50.59
Paspalum 400 73.604 +4.695b 34.052 +2.454a 0.755 + 0.003b 0.379 £ 0.007a 50.20
notatum 450 79.372 +0.698a 34.016 +0.024a 0.748 + 0.002¢ 0.375 £ 0.002a 50.13
500 80.353 £ 0.454a 33.461 + 1.034b 0.755 +0.002b 0.375+0.001a 49.67
300 71.274 +1.328a 25.606 +0.135¢ 0.762 +0.010a 0.383+0.016a 50.26
350 71.942 £ 0.966a 32.275+0.912a 0.763 + 0.004a 0.381 = 0.002a 49.93
=0
) E‘lﬁ u 400 73.564 +2.055a 29.445 +2.269b 0.771+0.011a 0.379 + 0.006a 49.15
Trifolium repens
450 73.801 +£2.139a 28.493 +0.318b 0.768 = 0.010a 0.377 £ 0.006a 49.09
500 73.869 + 1.482a 28.376 + 0.224b 0.757+0.001a 0.376 = 0.004a 49.67
300 72.179+0.219b 37.371+1.112a 0.745 + 0.006a 0.366 = 0.002a 49.13
. 350 82.678 £ 0.085a 23.446 + 0.256b 0.746 + 0.002a 0.362£0.001b 48.53
N%Q 400 82.941+1.458a 12.602 +1.741c¢ 0.753 + 0.002a 0.361 +£0.001c¢ 47.94
0 grass
£ 450 83.006 + 0.608a 10.045 +0.711¢ 0.747 £0.001a 0.359 +0.003d 48.06
500 83.623 £3.673a 10.396 £0.273¢ 0.745 £ 0.002a 0.358 £0.001d 48.05

[RIFIA NG B 2R R T AR RS AL AR K 70 B0 P ) 22 57 35 (P < 0.05); K2+ £ 3[A.

Different lowercase letters within the same column indicate significant differences between the different water gradients for the same grass type at the

0.05 level; this is applicable for Table 2 and Table 3 as well.
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Figure 1 Effects of different grasses on superoxide anion
production rate and MDA content in olive root system under
different water conditions
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Figure 3 Effects of different grasses on the content of osmosis
regulating substances in the olive root system
under varying water conditions
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Table 2 Effects of different grasses on the olive root morphology under varying water conditions

GRS HEKE R IR TR FRARAA S EAR R
Grass type Irrigation/mL Total root length/cm Surface area/cm’  Volume/cm® Average diameter/mm Root tip number
300 535.6+15.2d 548.5+357¢ 13.9+0.9d 2.11+0.56a 384.5+33.2¢
N 350 829.8 + 64.7¢ 645.5+36.6b 21.6+3.7c 2.09 +£0.22a 594.5+19.1b
F B 400 1231.3+66.9a 810.7+72.3a 29.1+1.2a 1.88+0.11b 781.5+30.4a
Paspalum notatum
450 1016.9+10.1b 725.7+20.0a 27.2+1.2ab 1.63 +£0.02¢ 766.5+29.8a
500 948.2 +28.2b 721.6+66.3a  26.1 +1.4b 1.74 + 0.09bc 705.5+48.8a
300 528.6 £23.1d 3104+19.9¢c 124+0.2¢ 1.94+0.19a 249.1 + 14.1c
- 350 713.1 £ 46.3¢ 620.1 £32.9b 19.9+1.9b 1.89 +0.02a 575.5+30.6b
A=t 400 1006.2+51.1a 7259+24.1a 274+32a 1.88+0.01a 685.2+299a
Trifolium repens
450 903.2 + 48.5ab 682.9+229a 24.6+22a 1.53 £ 0.05b 656.1+19.9a
500 825.4+31.4b 601.1 £31.4b  23.9+1.0ab 1.57 £ 0.02b 623.5+34.9a
300 787.4 £33.5a 719.0+74.0a 23.6+1.3a 1.45+0.01b 666.5+12.0a
o 350 720.5+57.8a 699.4+659a 23.1+1.9a 1.47 +0.01ab 654.0 = 49.5a
N% 400 586.3 £ 60.9b 6548+ 67.7a 18.1+2.2b 1.58 +0.18a 504.1 £17.1b
0 grass
£ 450 547.9 +29.6d 4862+ 13.0b 173+ 1.1b 1.59 £0.15a 346.5 + 34.6¢
500 4749 £35.4d 4244 +17.9c¢ 15.6 £ 1.3¢ 1.55+0.10a 345.0 +28.3¢
26 ARIKSEFEHTEEINMMBRAREIE  WMFE G S5, [ = HRJC 5 L0 F H BN AR &t
apA10) 53 BIAE 400, 400 A1 300 mL ¥#E K B 41 &, H

EEEFEAE=

H-1E B AR R

BE 0 1 kA

WA T A EE T 5|, Jf B 7E 400 mL ¥ /K

BAH BONE, BEE KRR N,

[A] 11 430 5 Ak

R AR T A b Y R e KR R B
o T B AL BE A AR A EE NI B R Y B E K

Bk BRI EAE E SN A = R A
MR EE AR T
£ 400 mL K BN, BB 4 B AR T E AR

EIE(ENE == =

H4b R 2 9 B B 39.1%

1 29.8%, Hi_F T E 4r A E 11.1% F1 8.06%, #

EIINFF SRR, DL 300 mL K B E (R 3). T Al 25.2% 1 20.1%. Al AN, AR O AL
£3 FEKS M TS mEHRRENEOEM
Table 3 Effects of different grasses on the olive root biomass under varying water conditions
AEEZRA Grass type  #E/K T Irrigation/mL #{-T-EE Root dry weight/g #b_ 3T 5 Shoot dry weight/g #R &t Root to shoot ratio
300 3.827 £ 0.004c 12.021 £0.071c 0.318 £ 0.002d
350 4.255+0.143b 12.572 £ 0.114b 0.338+0.011b
HE %L Paspalum notatum 400 4.792+0.153a 13.173 £0.036a 0.363 +0.005a
450 4.373 + 0.266ab 12.824 £ 0.207b 0.341 £ 0.007b
500 4.109 +0.073b 12.625 +0.077b 0.325+0.001c¢
300 3.569 +0.129¢ 11.733 £0.061d 0.304 £ 0.017¢
350 3.997+£0.031b 12.015 £ 0.099¢ 0.332 £+ 0.002b
H =M Trifolium repens 400 4473 +0.148a 12.821+0.112a 0.349£0.012a
450 4.273+0.135a 12.465+0.195b 0.343 £ 0.014a
500 4.076 £0.011b 12.018 £0.078¢ 0.339 +0.001ab
300 3.915+0.008a 12.573 £ 0.148a 0.311 £ 0.004a
350 3.842 +0.104a 12.369 + 0.014b 0.310 + 0.004a
JEHE No grass 400 3.447 + 0.235b 11.865 £ 0.507bc 0.291 + 0.067ab
450 3.115+0.109b 11.173 £ 0.226¢ 0.278 +£0.017b
500 2.712 £ 0.146¢ 10.924 +£0.103¢ 0.248 +0.003¢c
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REFTAB AL RAL, HETLE, [E/EHRE
BRI T MR R O, P4 E R MDA & &
(Bl 1), 7E 450 mL ¥ K &= &/, [AAE H 5 5 A
= AR B R AR RO, 72 AR I R T 4y ) PR AR
T 54.7% 1 48.9%, MDA & & I 5 43 Hl BEAK T
52.7% H1 47.2%. [AI/EA B 84K b 3w 1 i AORS AR
% SOD. POD #1 CAT i 14 (& 2), B & #EKEM
B, 3 BT A ARG E PR R I PR AR S T
#, 1F 450 mL K & VG MR AK, OE AN E R
76 350 mL #E K I i . ATANAE L E AT, +
N K TE AR B K Bt A B A, 4k S K

BN RE TR, SIERRAHERR, &
M4 AR REA S, MEEE EREAE =
e 05 IR 2 R ) K 4y, 2R g B E AR
FoKMERE, ARG MK 5 2 6 R R & ) AR
P, HrplafEE =R R oy R

T W) A AE T 52 BOK 387 100 53 1 B IR 7K 40 e
P 9 AT E B AR 8RR TE AL ECE LA R Sk $E v 4
WK EE, FRACBES, 525 20 MW K B PR K Rg
J1, MNTIE LK 5 3l TR 5 1 sh ee 5 4 10 mF o
LKW, 4718 B AR A R 3 e & (Vids
vinifera) R A EERERM AT IEHEEO S 2. AR
FUEE R AT E, AR R R AR b 2 3 0 1 o A
WERMAR. lEtEE g MerEtEE s 2 (& 3),
X 59 % 4 Y W g g AR . I K
S0, TA) AR AP A P v RO 4 AR R BT
W o FE S BEAR, T 0 A B B PR AR S T R
H, KR AT R 2 K 23 6 i B AR
RIER T /KB, REFHBENTRAE R
L, T TA) A Ak 35 BB et BN AR R 2 TR A AE K 43
A, WE A LRI RK Sy, BERT RR
PRFFAIRXS AT . 7F 450 mL #E/KER, [A/EH 25
AEERIAR R R . IR AR AT R A =
BEE ST T 21.6% 21.4% Al 2.82%. i (1)
Kvh, MEEEEAE = A AREAR RS
WMHMBRRZER TR E, EmMGER RS
FEWHT AL, AU TR AERSRKSSETIE
WAEKKE, HE/ER SRS R
32 TRIKSEZFHETEENHEBERAEKE
LAl

R FONE 4 vh K 43 B AR A e B O UK, 4t
K RAEZAR, HYUBRRSAERS L-fg—
AU, X B R R L 1 3R 4 A
KAy BB 3P0, o g R g A e et ) 2 gt
Hh R BR8] /E 3 = (Trifolium repens) G5 5
1T XMW (Camellia sinensis) 535 B 4R R4
WE. BRK. BHAR. AR FHER. B
. RSB R, A
PR R K, R K. T Zamora 45!
X2 I L ¥ Bk (Carya illinoinensis)/f 4% (Gossypium
hirsutum) 56 RS FE RN, HLR 855 1 58 5+
FEMAERRKE XA R E LW, MAESEKRE
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Ko ARtARSGREMEAMPL, BHAETSEMNGD =
I EE A B T B R OB R SR R AR
AR TR AT AR SR B ) RO BN B R, B A EK 210
I 5 B SE HE K S vk, B KB AE 400 mL
FEK R, T G B A B % T AS 4B AR BE R K &
() B I U/ o FEEUIR I EK =R, (A AL BRI
MO L RS 4 v AR R S A K 4y, I ORE
WMARKSTH, FHERESERYMELT LEL
M, MAEBEKERSEELT, TEAAHS IR
R DR R AT BE A T KB R AR, TS BUR &
WA R E T, MAEME R A SO
LB A, RERREK. EEEKEN
B0, A B A = I RO AR ST 2 AR
Bk, MATH/YmEK, AHTRERAS LE
P2 T AR, BR A8 IR TR VR 2 B 3K o A 3R
4. RFRLER S Zamora P ARE, T RE S H
TERMLEZRLE T ZE S RS FHAL, 646
T EARTHAE, i TR RN EKKE .

R 5k B2 HE AR R T S b 0 A,
BRE S R A AR I AR, B AA IR B O
T HAR R 5 B3 R K AR R s Aw A
AEREW, WETEEMA = EBA LR E
TR AR T E . BT EMMR S, BE
EREKE MG, [AEA R AL B S e An 2 B
e Tt Ja BRI AR AL S A, T TG B A B U RE 2R PR AR
F) 1 77 &AL T AE 400 mL #E /K B R RO B iR, W
TRt b T AR e EE 2ol TG A BE G OK
7 39.1%- 11.1% F125.2%.

g b, TAEBCEL R T I AONS 4 AR RE
77, W FRIE BR W T R DA R v R IR WAL T AR A TR
WO AR B AR s B A B RS 7l OB & -0, 4R
HAE ., MDA &, & 1 U A0S T2 % A
TR G Es A T E R R R RK, R

N MR e . MR E . Hb b E A
MRt . "W, AR B BRI T O 4 T AR
AMEKKE, HAE 450 mL H#EKE R BUR KA.
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