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Abstract: [ Objectives ] Planting grass in an orchard is one of the models of partially replacing chemical
fertilizers with an organic fertilizer in apple production areas. Due to low and uneven inter-season variation in
precipitation in the Loess Plateau, planting grass may increase water uptake and deteriorate soil water storage.
Therefore, we tested rapes with different water consumption patterns capable of serving as orchard grass.

[ Methods ] The experiment was conducted in 2018 and 2019 in Yan’an City, Shaanxi Province. Three
intercropped rape varieties; namely, napus rape Shaanyou 2013 (A-G), spring cabbage type rape Haoyou 21 (A-
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H), strong winter cabbage type rape Yanyou 2 (A-Y), and clean soil surface control (CK), were used as
treatments. Soil moisture, rape growth index and apple fruit quality were measured. [ Results ] The growth index
of rape was (P < 0.05) different among different rape types in two years. The leaf and branch biomass per area
were as follows: cabbage type rape (A-G) > strong winter cabbage type rape (A-Y) > spring cabbage type rape
(A-H). The soil moisture variation within the apple-growing period was similar in the four treatments, and the
most significant variation was observed in the 0—20 cm soil layer. Compared with CK, the soil water content of
A-G, A-H, and A-Y in 0-20 cm soil layer decreased by 19.2%, 3.3%, and 8.5%, respectively. In the 20-100 cm
soil layer, the soil moisture content increased by —4.9%, 12.1%, and 6.4%. The coefficient of variation of
average soil water content in the 20—-100 cm soil layer was higher in A-G and smaller in A-H. The three
intercropping treatments improved the fruit taste. However, the most significant effect was observed in A-H,
where the contents of soluble solids, soluble sugar and V. in the apple of intercropping spring rape was higher
than other treatments, improving by 1 and 1.57 percent point, and 47.58%. [ Conclusions ] Intercropping of
cabbage type rape, strong winter cabbage type rape, and spring cabbage type rape are all efficient in increasing
soil water storage in 20—100 cm soil depth, thereby decreasing the consumption of soil water during apple
dormancy. Consequently, the treatments stimulate the growth and development of apple trees and improve the
fruit quality. Spring cabbage type rape performed better than the other two types, and thus, it is recommended
for intercropping with dry apple orchards on the Loess Plateau.

Key words: dryland apple orchard; intercropping rape; soil moisture; apple fruit quality
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®1 AEXRBEWEHIERRR
Table 1 Growth status of different intercropped rape types

e m ] 2 FHKSE wEFE ERTE HEA) i Biomass (g/m?)
Sear Treatment Stem length  Rootstock diameter Taproot length Aboveground dry weight Main root dry weight s |- MR
(cm) (mm) (cm/plant) (® (€9) Shoot Root
2018 A-H 107.50 £ 10.22 a 593+£181c 1097+ 1.86 ¢ 6.12+3.19 ab 045+0.35b 1642+96¢ 79.6+£9.7c
A-G 50.10+3.89 b 7.68+1.84b 1522+233b 8.58+4.0la 1.45+0.72a 3339+301a 250.9+32.8b
A-Y 4545+6.99b 1124+ 146a 1897+243a 4.83+1.56b 1.67+0.70 a 2480+240b 567.4+829a
2019 A-H 123.80 £ 8.58 a 6.39+0.62¢c 14.68 £ 1.04b 7.07 £ 1.58 ab 0.57+0.19b 1940+ 180c 96.6+6.3c¢c
A-G 57.60+7.50 b 8.07+1.20b 17.62+1.98b 924+245a 1.65+043 a 3594+ 156a 299.5+358b
A-Y 50.00 +4.85b 1260+ 129a 2090+342a 5.87+1.84b 1.93+042a 2883+ 197b 622.2+446a

i (Note) : A-H—HMEEZEMIMZE Spring cabbage type rape; A-G—H RIS Cabbage type rape; A-Y—i A1 (32 A 32
Strong winter cabbage type rape. [F1F U 5 A 7] 78RR [F]—4F A [ b $R] 22 5 i 2 (P < 0.05) Values followed by different letters in the
same column indicate significant difference among treatments in the same year (P < 0.05).
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Fig. 5 Changes in relative difference to soil water (RDSW) at various positions of the three types of rape intercropping

[ (Note) : A-H—FM:HZEAIMZK Spring cabbage type rape; A-G—TH # Ijili5% Cabbage type rape; A-Y—5l4HE SR AIMSE Strong

winter cabbage type rape. K" 1, 2, 3, 4 05MREBEE M 30, 60, 100, 200 cm AbHI{ & Figures 1, 2, 3, and 4 represent the four water

monitoring positions in 30, 60, 100, and 200 cm away from the fruit tree.]

R 2 TEABHFTEELIERMIT A REFMHHEL FRA

Table 2 Leaf quality and shoot development of fruit tree leaves under different types of rape intercropping

) E R 100-leaves thickness nH4¢2 SPAD A New shoot length
hﬁjim S (mm) I (%) S THL (%) S (cm) I (%)
Measured Improved ratio Measured Improved ratio Measured Improved ratio
CK 23.23+035¢ 4579+ 0.84 ¢ 35.08+0.39¢
A-H 2520+040a 8.48 52.73+0.39a 15.16 39.15+0.37 a 11.60
A-G 24.23+0.60b 4.30 51.13+0.60 b 11.66 38.13+0.21b 8.69
A-Y 2533+046a 9.04 51.77 £ 0.90 ab 13.06 39.71+021a 13.20

¥ (Note) : CK—##f No crop growing control; A-H—#M: 125313 Spring cabbage type rape; A-G—H #iliHH3% Cabbage type rape; A-
Y—SRA M ISR TIH3E Strong winter cabbage type rape. [RIFIEE 5 AN W] SE B3R A 3 E] 25 55 1. 3 (P < 0.05) Values followed by different small
letters in the same column indicate significant difference among treatments (P < 0.05).
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Table 3 Effects of different rape intercropping on apple growth and quality
EEREY) (%) T ER (%) AR (%) Ve
Kb Soluble solid Titratable acid Soluble sugar (mg/100 g)
Treatment S &7t S T+ S &7t S (mg/100g)  HRTFELH (%)
Measured Increase Measured Increase Measured Increase Measured Increase

CK 15.27b 042a 10.80 b 393 ¢
A-H 1627 a 1.00 0.36b —0.06 1237 a 1.57 5.80a 47.58
A-G 15.60 b 0.33 0.39 ab —0.03 11.83 ab 1.03 5.23 ab 33.08
A-Y 1547 b 0.20 0.39 ab —0.03 11.53 ab 0.73 483b 22.90

¥ (Note) : CK—##f No crop growing control; A-H—#M: 125313 Spring cabbage type rape; A-G—H #1313 Cabbage type rape; A-
Y &M 2R AL 3E Strong winter cabbage type rape. [RIFEE G A A FhE RN ACBRIA] 22 53 B 2 (P < 0.05) Values followed by different small
letters in the same column indicate significant difference among treatments (P < 0.05).

I TR R R e e R K B R R AR kA
WA, HokERGE FHOK IR ERE S . AT
e, FPEESERIMEE (A-H) AIE T3 R R 17 a
REMS AR AT R B K A A& 2, X 20—100
em )2 HHOK S HTHACR B B, A CK 8 m T
12.1%, HUUZIR A F SR BIISE (A-Y) A CK 1
T 6.4%, IMiH AWK (A-G) HHH CK BEALT
4.9%, 1H 3 FhEXTFA71E] 0—20 cm )2+ 458K 5
PIRBNIHFE, THFERE DL A-H AP/ . A-G Ab
PRI, 3 X A 22 Sy L E P AT RE 2 3 AR
i FPREEEAS ], H A R P A R T R
R (&, B HHK G riEFER R K. FEASE
RIS Z BT LA R 08 A2 #E A 7[RI B 1 87K 23 i AR E
P25 20—100 cm +)Z HEEKE, BRTYRMAEE
ANAR, EBERONAT IR B LS 3K AR #
W, ABHEEN, AR TR BRI AT,
DA GRSV T A R — . 3 AR EAL BRAEARK
MR- K R /N T CK, AR EE 1 2R el
AT HHOK R ERCR

RPE AR R G ST A A — R A, BT
W R A FERN S BT 5 R R 9 K B R R P AR
3, OREA FI i e s N K o SE A E T, X —RiT
PEAEACTE IR & A M DX RST , L (A el [X A5,
SRIAT, FEAKBEUEAT BRI 2 i S X, /Ko 54T
SERZ M SR AR R ) — A R R, S, N
0 396 A3 305 14 A R [RDR A BOSR R AR R &
ABEES, WK TEFIG . 7RI A
Bk, b A R R e T A S SR R RE K
HE, £ BE LREINT 23K w4 m &L
R, AH 3 AT R R A W 2 R A ) i e B
WA 225 . FISEBINER (A-H F1 A-Y) K53 56 4+ B

G R RA X REN S A0S (BERB 100 cm),
M H TSR (A-G) FES M B e IR R A%
Pk, DLBERE T 30 A1 200 em 3841 FH 5 M i
2, HeeS R EWET K, Sudmeyer 55271 Rao 452!
WF 5N N AR ZR T S DX 7 A [ 58 4 1) 2 22 it
W, fEARMG T, 3 MR MIR RS . TEARD
KA a B — 2225, SESERMRAE
B DXHUARTR, HOK o5 460 8 FSE FHREEA R, A
F, H WA S R AR K i, SR X s K 4y
A 7 1032 A% DA TR SRR (37 A = A S VR

FESR AR B SR = B I R, SRS 178 i Jo A R ik
ZEEZ T, REE TGO A
o SUEHARLE, A7 ]I I X AR i A
ARA BEEm, AN (A-H L A-Y) XFR
B E R SR ER S R B R THE Y
T H RS (A-G). 74h, WF5E & BAT A )1 ik
PAATE Y SN R ¢TI/ IR AT 3
Ve &, Ml ER G B —E MEEN . X
F RN EEAMSE (A-H M A-Y) A B TE s
KAS, BT TIHRZ LK, ARFKIERE,
M SE T i R AR AE R R F , T A
T [0 P A b St - 39 A 7 A 42 FH1E S B e
FBAF P A R 55 0T 28 TR S e B v e R
AR SRR T R Sy, R A e T 4
HISCE ST, dEmiEE T RB A, 8T T A
BT, UEAh, BRSO Xun 2500, & B e A=
T SRR AL A R, AR T T
R BERIBRR IR RE ST, R3O A . BRI R
TN, B A S

4 ZhE
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A7 ) TR AP 1 S 2Rl S Ak AR aF 1 47 (] - 43¢
AR E, X 20—100 cm +)2 HIES K EA A B
MEETHER, BOIEHHEIRPE S T 12.1%. [FIHA 200
% 7 SERA R I+ etk B 4, Hok 38 Ak
Rtz /N A A 3

A7 100 ) A7 7 P 10 78 9l 5 Ak B o 7 SR 2R 512 ot
M HETHVE FH B B T IE HEAL 3 . AT RIS AP
ST S AL SR H W5 B S A 3, TR R R
ISR TR AT Y . A TERER Ve SR
ORI T IAAL I, 53 5B HEAL B 5 1.00 4>
EAr . 157 A S 47.58%, [RIMEFRE 3
THSE AL G SR A K R B TR B s T E
Ab SERTTAIAE H 4 7R S A 2
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