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Abstract: This study examined soil nutrient differences between clean-cultivated orchards and those with grass or
similar ground cover to identify the effect of orchard management regime on soil properties in arid regions of China.
We identified 45 pairs of orchards in 12 counties of the LLongdong area of Gansu Province for sampling. The two
orchards in each pair were near to each other and matched for age and type of fruit tree, but differed in that one was
clean-cultivated, while the other was managed with herbage ground cover. Systematic analysis was conducted on the
variations of soil organic matter (SOM), total nitrogen (TN), total carbon (TC), total phosphorus (TP), alkaline-
hydrolyzable nitrogen (AN), and pH in the soil surface. The impacts of climatic conditions, soil types, and grass
cultivation practices were deliberated upon. The results showed that: 1) In comparison to clean tillage, the soil
SOM, TN, TC, AN, and pH levels were increased by 26.7%, 7.1%, 10.4%, 18.2%, and 2.5%,
respectively, where herbage ground cover was present, while TP decreased by 8. 3%. The 45 pairs of orchards were
categorized for the same 6 parameters as increased, unchanged or decreased when herbage ground cover was present
and the resulting frequency ratios of percentage of the 45 paired sites increased: percentage of sites increased under
herbage cover SOM, TN, TC, AN, pH and TP levels were 44.4%, 35.6%, 53.3%, 37.8%, 73.3% and
26.7%, and decreased were 24.4%, 33.3%, 24.4%, 26.7%, 22.2%, and 51.1%, respectively. 2) Annual
rainfall showed a significant positive correlation with SOM, TC, AN, and pH (P<C0.05). At sites with annual
rainfall greater than 400 mm, both SOM and TC rates of change exceeded zero. However, annual air temperature
did not have a significant impact on TP and pH, but exhibited a positive correlation with SOM and AN (P<C0. 05).
3) A significant positive correlation was observed between the number of years since establishment of herbage cover
and the rates of change in TN, TP, AN, SOM, and TC (P<C0.05). There was a trend of a negative linear
association between pH and the number of years since herbage establishment, however, this trend did not achieve
statistical significance. The rates of change in SOM, TN, TC, AN, and TP all increased with time since

'. Furthermore,

establishment of orchard ground cover, with TP showing the highest growth rate at 8. 2 g+kg "*yr~
orchards with ground cover established for more than 4 years demonstrated higher levels of SOM and TN compared
to those clean-cultivated orchards. 4) The rate of change of TP under sown vegetation cover ( — 18.3% ) was
significantly more negative than that in natural grassland (4.9% ), while the opposite was true for pH, with sown
ground cover exhibiting a faster rate of pH increase than naturally occurring herbage. The rate of TC increase in dark
loessial soil was 25. 7% higher than that in yellow loam soil, while the rate of TP decrease was 27. 6% faster in dark
loessial than yellow loam soil (P<C0.05). These results offer a scientific foundation for optimizing and promoting
orchard grassing techniques in the Longdong area. They can also assist fruit growers in selecting appropriate grassing
methods and management practices based on local climate conditions and soil types, so as to improve orchard soil

fertility and promote the sustainable development of orchard ecosystem.

Key words: orchard grass; soil; nutrient content; l.ongdong region

Bt A A 7 B BE Al X DR B [ R B e A FUR RZE TR B B . AR B8 Bk A e
TT B LA B8R P M e D 458 [ T, 0 e 88 T R A 28 BRI i Al 1 EE A R VYL TR T R I
B AR ST R AR R R AR A A ARl i TR SR 3 o A SR A ] e A R O] 8 A O s I T, R AR
RE NS [ 1 ORNIE 25K DR L 30 T 2 HE 3% 43 08 B0 55 A W 1 e, O 55 DR Bl AR 25 A0 A BB A2 T R A2

B A AR I 25 AR AR © AR K W ST A B B0 UE , 2 A R M O | M S A W
VR MR R PR PR BT AR LA R SRR A K R R R S T A R AR TR A R L TR BT A
A SRR, R G HE L 4R 20 J@ 23t 617 Fpl IS A Hor, 76 0 52 DI 2o K 30 P ) 3, S Sl 4 6
0P R Y SRR 7R R

B oo

#i 5. ( Vicia sativa) B3 F (Vicia villosa) 3% 5.5 (Sophora alopecuroides) 54T



535 B 2 W Ol 2E 3] 2026 4F 85

BT R X SR Ay 52 Ty T, LU P BRVE A A R T R S M g ) R U A L P AR W BH T R Bk
(Juglans mandshurica) P A R 52 ( Glycine max) \BHE T 55 AP ERAC & B, 0~20 em 4 JZ 4 %0 R ACH &5 543 517
PIH TG 16. 7% M1 5. 3% s 254 BF AR B P 3% )11 10 hm” A9 3 51 (Malus pumila) B A 55 5% 30, RAS B G R 5L Fh 1y
fede s HIER T E, K ARAR MR A LIEAVE 2R/ 2 it T ERER, 5 SRR 6. 1%
9. 1% 114, 7% 5 Sk WA 5 H i 48 VG 0 DX B S0 B bl R A7 N TR A AR A B R 8, N TR R R T 3 3R 40 & i
TR T E AR AR R (1 = 0 B (Trifolium repens) W3 R et , HIEA PR 2R & 200 e A 2R A4 5
21, 2% FN10. 400 o PRk, SR Bl AR RO B X R o i R EA B T . R, B B AR AT O B — b AT,
P 70 B0 T DX A A1 AT 2 3 BIAS ] A A AR A B 1 S, X R B R T R IX R R B A A ), R
B A8 £k 7 ) R AR R B LA R FL AR TS AR 1) 3 IRAR 1T 8 7 1) £ 8 R S DA R R RS LA R iR S 2 N R
SEm T B A R AT E M . 5T AR AT 0 BT e — I X PR A 25 S T Al 7R R
B 22 RAE UL, ZR 5810 53 B R el AR e R X6 - 38 5 40 52 Wil 17 S5 B 15 0

Bl 74 b, DXz T (3 SR AR ol A DX, SR AR AR TR o R 2 R el A TET AR (331333, 3 hm®) 9 70. 0961 i X 38 i
R AR ARC S —E BN A IR 2 R T 50— b s 09 2 B8O, X DCBRUEE T A fe — i —
FLEAEALHI T B AL o P, S £ 2R Hh X B A AR PR 1240 5 (X)) ip i 45 4 R B R AR I 0 A 50, R SE
A3 M7 A R BE SR B 0~20 em 4 3E K )2 45 HLT (soil organic matter, SOM) |, 4> & (total nitrogen, TN) , 4> % ( total
carbon, TC) .4 # (total phosphorus, TP) i fi# & (alkaline-hydrolyzable nitrogen, AN) il pH B9 48 1k , IR 1+ B K |
AR A P DR R X SR el A R A N, DA AN T A BAR B AR RS RLRD b RS AL T ISR AR B S, B TR
R Bl AR B B A g 5 X el A SR 1) D T B A R Y o T T R R
1 MBE5FE
1.1 AREEIL

ABIESE R A T H N A B AR X FEACR AR Ul A T R R A TR ORI g EmM LR ALE H A
M 2T AR (D) B9 32 R R AR X, B A b X (] D b 45 347127 —36°057, R4 105709 —108°31", g 4K N
1135~1819 m( & 1) 2% X delJa T il iy KBl R e, 4 Gl O 7~12 °C AR K i 4 T 300~700 mm. #F5EIX
B A5 7 RS b O 254, BRI DL A L R RO
1.2 #FRF*

I T H R A SR Tl Bk R EL XA A TR AR B 5 sk B 45 41 AR RN Bk SR PR A et R EG R S (IR 1), B A R
FER At FE AT

R AE SR TE R AEAE Rk R AR T, 5 Y M AR AILER 1] S AR P 3R 4 V3, A5 A 2% B DR el A T AR MO 22 S K
Y AR S R R IX R P A R AR A AR R M HRL A A R S A BRSSO  R E  REAS ELIX 2~5 AR
S BR LR AR SRR 8 ke LA b, DA /D 2 [R) AR G X i 5% 45 R B T4

e 20 SR A 1 v A R T R R el A S TR R [ N R R T R R AR B R ARG R — B, T S AR L Ak,
TEANIC SR A5 SR AL B 5 AR AR PR AR B 2SR SRR R | 2SR RO AR R ORISR IX B AR R K R IR
FEAERERAR B o BRI R SR B 2R A AR REAE I AR R o A AR B AR 1 RTR .

T ERE R ARWESE T 2024 4F 6 7 T R H (A FEAS SR 2 7 SR A o AR v AR i SR el T AR B S IBORE R ER
i R AR/ B SR E (A 0. 67 hm? PA ), 1B 5~ 10 AN BORE A& i AR R G A 0. 67 hm) ISF, #2 AF 34 /im0, 33
hm’ 22 38 2 A SR A o BORE B 25 SR Bl M SRR R AT ) 4 DR 3R, 6 T — i 0 B2 A A R R e, A T L
o RS A R R A . R R B 5 em Y BN TE B OA 3 2B e OE T R R4 0~20 em B2
TREE I HEREAS B A BORE RN Y 3ERE O T2 IR A, F DU o i IS TR A B

FEAARAE TN 3BT B R IR UF 1 T IR ARG AT 0 % B AR i 48, ol Wl SE 30 = AT XUT R 5. M
Gy AT T I 4 - HEFR Ay R AR, (0 FH R RS R A B TR I E A LT (SOM) & i, B IR S8 AE TN 2 2 & (TN)



86 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 2

105°0'0" E 106°0'0" E 107°0'0" E 108°0'0" E
N : : : :
Z Z
Y I o e A U . Y s
= 1=
o) i o
A : A
. HERE
Zhenyuan county
Z Z
=3 . & )
=3 =
" o
n n
z. i z.
=3 A ' S
= =
% B s s X T
i Orchard planting
H area
| 25 l(I)O km A SRR
L1 [ : . ]
; ; ; Sampling point ;
105°0'0" E 106°0'0" E 107°0'0" E 108°0'0" E

E1 #REEMEBEERSH
Fig. 1 Study area and sampling sites
FET ARG AR AR M 1T I 55 I 3 GS(2022) 1873 S AR E L IR i 15 , i 1813 F o & 8. Based on the standard map service website GS(2022) 1873 of

the Ministry of Natural Resources, the boundary of the base map is not modified.

Rl HREANRERE EEZEERERSH

Table 1 Distribution of orchard types, grassing management, and grassing ages in the study

$8 45 Indicators 474 Categories
SR PR Orchard types SR M. pumila (88.9% ) MRk Cerasus pseudocerasus (6.7% ) AL Zanthoxylum bungeanum (4.4%)

R AR AE R Fruit tree growth ages  5~10 (42.2%) . 10~15 (37.8%) .15~20 (20. 0% )

HEEL A Grassing types 7} Fabaceae (15. 6% ) RAFL Graminae (8.9%) . |- {£F} Brassicales (6. 7% ) . H #A4: % Self-sown grass (68. 9% )
M BAEBR Grassing ages 2(6.7%).3(15.6%).4(6.7%).5(8.9%).6 (15.6%).7 (13.3%) .8 (13.3%).9 (8.9%)

TE SRR AR A AR BRAN AL B4R BR A3 v ) B 20 A (a) 7o 955 TP B AR R 45 40 L 2 BB BORE B e A
Note: The units in the groups for fruit tree growth ages and grassing ages are all “years(a)”. The data in parentheses represent the proportion of the

number of each group type to the total number of sample points.

Fh L LD A DN E A (TC) & &, B IR — i SRR M A5 DI E AWk (TP ) & & Bl fige 7 il vk D) 7 sl At 280 CAND 1A
Lo 3 I E + % pHL.
1.3 &EL®

3 30T A e 2R e R B 2R e B0 S R O RO AT SRR T 0 A, LA 28 2 K0 A AR AR R A ML
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# .o RH ArcMap 10. 8 47 #b 3 {5 B AL B, Excel 2024 147 454 &b # A1) 25 43 B , SPSS 26. 0 547 48 i1 50 #1 Fl 25
SPER S, Origin 2024 #E47 B 2 il A &8 S al A4k
2 HERESW
2.1 EEAESLFTOMBEREF I 1ib

Xt 45 41 + 38 35 43 Bl AT A MG T (R 2) VB85 R R IE AR R SOM it b 4.0~19. 4 g-kg
SEHIME M 12.0 g-kg L BRifEZE N 3.3, TN.TC. TP AN & & Ml pH 205 4 0. 6~3.3 g-kg '.15.9~34.0 g-kg ',
1.4~5.4 g-kg '.37.3~217.5mg-kg "M 7.6~8. 7, F¥ES M R 1.4 g-kg '.22.2 g kg '.2.4 g-kg '.89.1 mg-
kg 'M8. 1, /EF G+ SOM . TN . TC . TP AN & & Fl pH 4 5 4 5. 8~49. 1 g-kg '.0.8~3.9 g-kg '.17. 8~
49.5g kg '.1.5~4.6 g kg '.27.3~429.8 mg-kg 'H17.8~8. 7, F¥MEH>H M 15.2 g kg '\ 1.5gkg '.24.5 g
kg '.2.2 g kg '.105.3 mg-kg 'Ff18. 3.

MG S-W K30 45 5 pH A A IR 40 A1, B It R 6 R AR A8 56, JHG At % 43 98 B8 SR FH IBLZR BL 58 AR 75 5 Bk G
5o AR ERW AR RLECE HF R E 1+ SOM L TC Hl pH 43 51 1 3 38 26. 7% .10. 4% F12. 5% (P<<0.05) . TN,
AN G 3 80 7. 1% F118. 2% (P=>0.05), TP & &A% 8. 3% (P>0.05,%2) .

R2 ITEFSSENHRMSEITRIGEER

Table 2 Descriptive statistics of the indexes of soil nutrient contents and ¢-test result

1845 Indicators Fe/ME Minimum ¢ K8 Maximum {8 Average  #51fE2% Standard deviation  {f ¢ value
A HLBE a 4.0 19.4 12.0 3.3 — 2. 7xx
Organic matter (g‘kgﬂ) b 5.8 49.1 15.2 8.0
£ a 0.6 3.3 1.4 0.5 —0.5
Total nitrogen (g-kg ') b 0.8 3.9 1.5 0.6
R a 15.9 34.0 22.2 3.8 — 3. 0%*
Total carbon (g-kg ") b 17.8 49.5 24.5 5.7
X a 1.4 5.4 2.4 0.8 1.5
Total phosphorus (g-kg ") b 1.5 4.6 2.9 0.7
e 2R a 37.3 217.5 89.1 33.4 —1.1
Alkali—hydrolyzable nilrogen (mg~kg71) b 27.3 429.8 105. 3 69. 8
pH a 7.6 8.7 8.1 0.3 — 3. 8Kk

b 7.8 8.7 8.3 0.2

T o o IR P<C0. 05, P<<0. 01, P<<0. 001, a, b 70 AR i HF A AL #E
Note: *, #**  *** represent P<<0. 05, P<C0.01, P<C0.001, a, b represent clean tillage and grassing.

2.2 EEFRHSTNREARESLRT

XF A5 A S0 A S TR A AR A R AT R GE T 1 A5 R s (B 2) , A= R AP 42 8 SOM &% & i #F A el W]
WA RE S A 204, 5 44.4% . TN, TC . TP AN .pH % 51A 16 .24 .12 .17 .334, 43 5 15 1 35. 6% .53. 3% .
26.7% .37.8% M 73.3%.
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Fig. 3 Regression relationships between annual precipitation and rates of change in soil nutrients
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Fig. 4 Regression relationships between average annual air temperature and rates of change in soil nutrients
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Fig.5 Regression relationships between grassing ages and rates of change in soil nutrients
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