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Effect of controlling productivity on an apple orchard ecosystem
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Abstract: Apples are one of the main agricultural crops on China’ s Loess Plateau. Producers want to maximum
productivity ; however extremely high levels of production can influence the orchard ecosystem and affect apple tree growth,
yield quality and stability, and economic return. This is one of the most important problems in the orchard ecosystem. This
field study compared the effect of five levels of productivity on soil moisture, apple quality, apple yield, and economic
return from orchards in the Loess Plateau. Productivity in treatment ( I ) (CK) was 3.6 x 10° ind-hm *. Productivity in
the other four treatments was limited to the following levels: treatment ( [ ) = 3.15 x 10° ind-hm ~, treatment () =
2.7 x10° ind-hm ~*, treatment (IV) = 2.25 x10° ind-hm >, and treatment ( V) = 1.8 x10° ind-hm . The results
showed that the deep soil layer water use efficiency increased as productivity increased. However, deep soil layer water
storage capacity decreased and desiccation of deep soil layers increased as productivity increased. The use of control
methods to reduce productivity resulted in improvements in individual apple weight, firmness, and color. Based on external
quality, the percentage of excellent fruit was 13% ~24% higher in treatments with adjusted productivity levels compared to
the unadjusted control treatment. In conclusion, these results indicated that controlling productivity increased
sustainability, apple quality, economic return, and ecological benefit and reduced fluctuations in production. The optimum

production level for mature orchards in the Gully Region of the Loess Plateau was 2.25 x 10° ind+hm .
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HHERABRXESEE AR AR E TR ER MR R SRR A R R 4
ESE Lo SR T b A I ERESS TR, SRR B A SR = &, 8 i DX SR M A= 7 K /IVE B
B RWHUE T R R R E IR AF R, R E A S RE R SIS RZEE N, BRiMRZEENES
RARFG RS, X SR B A S R G A = SIS, e, TR SRR B A 7= AT AR, LR BRI R 7 L= 8 AT
R H .

S A = 7 W IRAE 5 AT AR A AR B A KR R SR A K EWAF B . AFRCRAAEAKIRE
BT AT A PR IR . AR A KRR IR M AR SRR R RN & B AR S A R AR SR R ; BB IA
ARG RIIER, B 1L AT IR /INE 38 5 R, AR A A B 5 R Se B R R s 0 7 Y e
Bz —",

A ST L P SR A A K& R AR = S KR SR A S RS, SRS R R S B s,
AR 8 SRR )38 B AR 7= 7, L A A 7R R B R AR I IR R R R AT, WL IURAR &R
it 5 2R Pl A AR PR ) R T Hp 82 R TR AR MR
1 #R5H®%

1.1 AKX 3R

R X T E BT KERE , M T8 LR R S A S YR AR X, F384K 1200m, J& B IR 47 18 18
KREGHEFERSEX . FHAR9. 1°C, TFEH 171d, Z4-F-HREKE 584mm, = 10°C{EZH IR 3029°C ,4£ H #f
BH$CH 2230h, H B3 51% , 4E48 55 S8 4837kJ - em 2, 34380 RSB R B 1, BRK B9 A8 IR B A KA
3m" K E(6,) N 21%

1.2 %k

TRIG R el AR 1266. 7m® , HEFE A E] D 1996 4F, T4k S AP W KARLL & +, #RATIE 2m x 3m, ZR P4 E 1], TG
BEAcME. RN E A BRS], AKfit, wW3Ah i, B — R, SRR KEERGTE R X SR BRI
1.3 \miit5hk

ARG T 2007 FA TG, R R AR T AR K 7 AT AR 7= R4, RN T (8= & v (BP LA,
AR B B R B M AT A RRE , BB S MEREBIKFE, 514 3.6 x10% ind-hm 2( 1) 3.15
x10° ind*hm (11 ) 2.7 x10% ind-hm (1) .2.25 x 10’ ind+hm *(IV) 1 1.8 x10° ind-hm >( V) ,He [ N
ANHEATHE T IR SR T WA = 1K R R B A B AR KSE AL 38, B A3 T A3 T (AR 3R IV F0
WIEV . SEEBENLHES, 2850 /N X AL & — 2, IR E B — % — R kT, PR R M B BT E R E N
Tkg, EERHITERET,

3K AT RE « IR R E T L BEA T 2/3 &b, RAEGR Bl 400cm, TR BURE , H 45 E L, £ 8
HEFRIMME . EFRAE, 5 20em RAE 1 IR, FAH/NX 3 MER  BOFHIE,

RS AR TAHA B[R] — T 16 B Rl — 7 8, Y GY-1 BU SRS B - B SR 50 26 fe i i, Fi WYT-4 BIF
FevEE T RS E TR Y & & R L Ak FIE & & . ZER SR, e A RIAKF# R
T bR R MR RS, ARSI ET HER 3 K,

M TR EGR G (2008 4F 11 H 4 B ) ZERHMAR R — 75 1] [7] — 7 B R4, B b BEFEHLEL 5 BR# L 100
RN FRE 3 IRER
1.4 FEabH

TR BIHE AR Dy =06, - p - b7, R, Dy g HIE KR (mm) L6, R HIRAFE KR, p N HIEE
A N HIEEE (mm)

{#i | Microsoft Office Excel 2007 #4347 54E A0 3R R AEH ;

{8 1 DPS v3. 01 E b R 17 B 2 5 2250 BT (ANOVA) & Duncan %2 5 HAL
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2 #ER5H5m
2.1 AR vRAESE M SR 14K 4

i B £E 7 77 (appropriate productivity ) RI87E A S RGIRFHE R, I REB KRB RAEL T WATIR T, 58
ArEf ] AL T AR A P R R L R R ) . HELRRTEASRERE ENGEAE T,

ABRGE N FEBRTRER T O A OK) B R ¥ 38R 7 (3K HRIRE | LR
4) VEMIR T ARG SR T R B ERE S o 78 R IR ERK, KR KR Y+ K 4
ME—*DFERTR , T X KK 2D, BB FE 2 1338 b 7K 0 B8 /D AR IR 25 Lo A i d /N e 2, 3K o B X Ak
BRGAE S RRHITERF .

fE—E BN, RIK G B4, BRI K &R R, 1R BT R S T R R R
B B Rk FEE TR, I MRS, FEK B AN, T Rk 4 U AR BN TE, 3 TRk B
—BWUR MBEAL , B B AE P TR SR ALV TR IR R R R, TR BE IR . FRLL, HIRIRET
PR, A iR — A ) A AR S AH B AR A A (R

AR TR 2 L R R AR K S S K R AR T R B K M water content of ol %)
15% (CBEKIZLER) I RV E KSR EKMNE, o 12 14 a6 s
AFITFOOTR A 7, BE R 3 R AR )Z .
HRAE R SE KA 5 (2008 4F 11 A 3 H) M5E #9513
IKAPIRGEE W (B 1), SR A 7= 7 #8] 1.8 x 10° ind
*hm 2 2.25 x10° ind*hm 2 2.7 x 10° ind*hm > 3. 15 x
10° ind-hm > 3.6 x 10° ind-hm > B}, + KR )21 I
F4 50 H B AE 140,140,140, 130cm F1 110em 4b, W]
UL, B R A= 1 S K, HIRIGR R EI A A E
&It

AR A= S K R K A IR R X 400 |
TARLEFIKEALPMFIHEE (B 1), AR,
REFRIVAIALEE V 3 AL HE K, 357K 20 5 38 0 /S U IR S A e A
JN T AREE I Fust FE B AN AL TR /K S, 488K 43 i BA—J8,  Fig. 1 The influence of controlling the productive level on soil
SRS, 3m T L2, HEEKEH B M A= moistre
AR R TR, B G FT LA S, B KA 3R i A 7
T, A FAB RGP RS DR R R A K . 2 TEREZSFEEMEY , WAR K ARR S
JTHR AT RIRRE, i R AR EARKT R, TERWEZ M 30K 0, BT E L0k B3R B ER/D,
THRACFEEE MR . 2 LIRR)ZKMET 12% B K 2 BUR SE R PUIRAE 7 , BT I B 25804 o

F1 FEEFHKELBEPKENTL
Table 1 The changes of the water storage capacity at different productive levels

(=3
(=}

| SR A
| Productivity (ind-hm™2)
—x— | 3.60x10°

| —— 3.15%10°
—a— [1[2.70x10°
| —=— v 225%10°
| —— V 1.80x10°
|
|

200 ¢

+ 2R ¥ Soil depth (cm)

W
(=3
(=}

— — BMREE R AR R
Max soil water in low
moisutre soil layer

F7K & Water storage capacity( mm)
+ 2 Depth(cem)

I I i1 v \

0 ~100 214.49 230. 66 216.19 225.40 226.70
100 ~200 179.59 186.73 193.13 188.20 193.44
200 ~300 148.21 150. 36 154.92 154.41 163.06
300 ~400 144.43 148.98 150. 46 156.53 166.74

0 ~400 686.72 716.73 714.70 724.55 749.94

SR 7 7 Productivity (ind+hm=2) [ ;3.6 x10%; 1[:3.15x10%; M:2.7 x10%; IV:2.25 x10%; V:1.8 x10°
FAE 4m HRNIOK B (R 1) B, R RR A= 075 B B s 13K R0, 4m JEE A +
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HK B R KRB IR R 13.57% ; 1R EKRIN VK EARE T # £ KUK 1 250mm, + ek, +
SN 7K (9 BEAK V1 B 7 SR IR , 1 SRR A A W 1 K S 24 AR MK SR K U™ o 4038 V R IV A b
HKPAE 2 ~3m JE N 13RIOK B9 & LR B AR, 4030 1T 4B 3 AR R 3 AN Ab K, 3 ~ 4m Vi 4 35
Tk g% R A, 5 2 ~ 3m Ju B N L RIEK B 5 75 P A K P [ Z R K AR E i i o X
SEMNRARCREA K, 02 1A L) PIAEBEKE  R A = 8K, B LAZE RS BT K B HUBK, & AR
TR REOK R, TR B
2.2 AR PR RS B R

SERPUBR R R B HAR . SRSEA TR B RSN AT R BT 8 B T M B R g
BEELTH T AR HARA SRR E MR (K 2) W UF ), BER R E R R, AR E R EK
FE AR RRE REIHEE K ORERRE ETHEH

R2 FAEAEFAKEREBRETEER
Table 2 The difference in fruit quality and yield based on different productivity

AR EHEE HRTE O PR

gt R EYsE Leaf fresh Individual AT LR Iﬁ]ﬁ Index of Excellent ;%FEE
Treatment . Level_z Soluble solid weight weight Soluble sugar Flrmne_s: color fruit Yleh_iz
(indbm ™) (o) (8) (8) ) Geem™) (g (o) ()

I 3.6 x10° 11.07a 43.38d 144.23¢C 10.02a 7.61d 84.30d 76.11c 51.92a

I 3.15 x10° 11.93a 57.73¢ 112.57dD 10. 86a 7.75¢d 87.60cd 86.93b 35.46b

I 2.7 x10° 12.57a 84.18b 160.53bB 11.50a 7.81c 90.20be 91.78a 43.34b

v 2.25 x10° 12.67a 88.81b 208. 82aA 11.72a 8.25b 93.50ab 93.38a 46.99a

Vv 1.8 x10° 11.90a 97.60a 208.33aA 11.14a 8.53a 95.60a 94.00a 37.50b

ARRNEFERFERETIE 5% BEKE; AFKEFHRRETREE 1% BFE/KF  Different lowercase letters mean the difference is significant at

the 5% level ; Different capital letters mean the difference is significant at the 1% level

RELAFE R S B RFMR L B EFRYR N —TEIR . @il 2 15, AL HKP- 2 8] 7] % P E
& BA — 2, BoRAHR N 14.45%  (HEA R E BEKF(P >0.05) .

M R E AP EERE R R RN BB AEFREDCE R, R R £
K, HUE R PP R A ORBL B R BAER 2 — o Rl HARAAE Y 52 B T R, 5 i g
WA &7k R e SR T B B 28I BORGE N T 3 R AR IR, BT LA B I 8 EE 0 R SRR A 3R
B AEIRARZ — o B T AT U0 B AR R BE SR RO, B B e B KPR A A T
Rl E . RERWE, B TELAERERNEFRTS RN ENERYRC &8, R E 2 m R
Bt T SO AR A [ SRR, W LU BRI ML, B RRAE SRR A R R R
TR SR e R R R DR ETHES (R 2) , EIHIERE N 24.86% ~55.55% . FTEMHTSZELL
BRW, A A E S X R E s E 22 R B (P <0.05) o HBLAT AT , 54T A2 7 J1 942 , AT A 2B SR R
INMEBLG AR RN E AT

PRFERIFMR LM EZE SR — RO I, PREMERBN TRERE EIEH(R2),
5% HEAR LG, BRI 11.23% ~44.78%

AT S BAA RO RINZERARE (R 2) o REEEME QIEBEA MR NG A EEE R
BRTREmSE N, RECEEAHN LV AEV S RHERZERBE (P<0.05); REEGHELLEN
FIALEEV ACPE I AAEEE IV Ab2E I AL BT % FEAAL 2R 1T 22 6] P 4 2 S A (.3 (P >0..05)

PRRZE PR SR MERFHERRETTIMARNERZRNRZ — @S ORI EER, R R
ERBHBAT EFH(FR2) o BAEFNKFESXHEAL, RFBRE T 13.16% ~23.68% . @ IT 205
ZEIEAH L ALV AV 5403 T3 #2261 22 57 B35 (P <0.05)

R R R IR, SR B BB E M H (R 2) o X EZR R R R E R,
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RSCHIRE T, SECE B R BN R SRR N SRS EURE I, AT R B R B
BEWN. MRLHREREFRILMRBNEERNRZ — REMRRERE PR AR AEH
STRAR. TTEMTEZEILBRY, X LIV 540 T BT b3 V 2 [ 2257 B3 (P <0.05)
2.3 AFEHRERRETAEE T

PR T7, BN T LA 4R S AT K UHR R R IR B AT RS R B o R, 7E PRI 2
WAESHEREREHR T , LIHEF B Wi A, BT £ AER B Z —. TR R 2B 2 i
PR A SRR R R R A RE T

R 3 BARAEF SRR R P RSB . BEATRR A 198, o TR 7= &, (R 4
WA UL 7= B IRAE , 5 RS A A B IS 2, RO AN IR il BRS8N AR 2208 10 %, BEE R
AR SR R BB, REAS B KR BE R AR R A 7 R 7 AR I 57 Bh BERL B AN 95 55 3 (3R 3) , AT (B 3%
WA A 7= AR 5 T RE A 12 3 4R R SR SE MO DR R DA R 2 B i i

x3 EFNBEREHEFEEST
Table 3 Economic benefit analysis of the productivity adjustment

JEASHT Cost analysis
i SV o 4Rk BRATL TR HTEBERL B
Treatment Yield Bag cost Labor cost Cost on adjustment M. P. Fee
(t) (Yuan-hm~2) (Yuan+hm~2) (Yuan-hm~2) (Yuan-hm~2)
1 51.92 16560 10800 0 27360
I 35.46 14490 9450 450 24390
I} 43.34 12420 8100 900 21420
v 46.99 10350 6750 1350 18450
\4 37.50 8280 5400 1800 15480
BAS5HT Profit analysis
i 4 e E
Tréda:t}lint g:(iii ‘zu)l . Sa.liﬁs %o%lﬁme N:E iqr%:i:ne Iir&ﬁfﬁe Inpji-)::pﬁlljttll?atio
(Yuan-hm~2) (Yuan+hm~2) of a hestare (% )
1 76.11 113879 86519 0 1:3
I 85.93 86616 62226 -28.08 1:2.5
I} 90.78 111215 89795 3.79 1:4
v 93.38 123659 105209 21.60 1:6
v 94.00 99285 83805 -3.14 1:5

L SRS E 2008 4E T M TS MR 2. 80 Jirkg ™ UCRHY 0.26 JC kg ™' 5 2. ZHMCA = BYEEA - 47 BOkE 2% 53 R M A 5 1
(3.6 x10% ind-hm =2 ) VEXF R AG 5, TEAEFRIEIN , S FRIBA ;4. BEA: P2l = A 7= Yekt 8 4 A 1. The fruit price calculated according to
market in 2008 ; Excellent fruit 2. 80 Yuan+-kg ™!, Secondary fruit 0. 26 Yuan+kg ' ;2. Net income = Sales volume-Means of production fee( M. P. Fee) ;
3. Increasing rate was the net income compared with the I (3.6 x 10° ind-hm ~2) ; Positive means increased, negative means decreased; 4. Input-Output

Ratio = Means of Production Fee:Net income

BEBURBEATHE = IR 3.6 x 10°4/hm* (1) Ky Hibrvfk, Ab3 I Huxd R ( 1 ) A 0P 238 22 3 4k
WA 24293 JE(3K 3) , 98z 28. 08% , /b B A AR BRIV LU Xof JR 4 0 BLSP- 247348 in Z2 B 4B M A 18690 T, 3 fin
21.60% i E R AR, BIRX R RIERAR, (H i T2 BEK, S0 AT AR &K, AT 2 B8l SO, X i
BRI A 7 0 HE 25 R G B RS i R B SR TR W B K 5 A0 3RV AR ey, (H i T B ™ B/, B, ZE A
FEfmm o AT BRI BT O B S A Z B, AL BRIV BB ™ ) Ee et 1:6, b2 1T A%
ATEH HeR 22N 1:2.5(5R 3) o

s E AT AT UG B 3 L AR XKOR AR S R G A EL R RS ARAREIT TRy =
-317.48%” + 29099x - 567212 ;R* = 0. 8437 "*

1 A KR SE SR B S A AR [EE 2 (8 2) B BRIV A B i o S5 B &R
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TKFRIBA T H B, f AR BRIV M 2 Tt B A

3 Wi R
EHOKARME LR R AERORE | oW

PRSI T B R KGR RS X .

T RGO A S R KM, Sk £ (| Ve ‘

R KR E BN AN, BT LEEY 3

AR SR TR SRRk, S oL e o " .

%+ A K B AT BB K T LR R H R RK B 1 45% ® B Yield (vh?)

ZIEE, B P K EAES:, B sh# % A
A8 B bR REK, 2 HRBUK RS, RELREZ
A A BERE TR , BURDRE SRR @I duetive levels
AR, KT NHERKER 45% Z2ZEE R 1.3.6 x 10%ind-hm~2; 1. 3. 15 x 10%ind - hm~2; I[. 2. 7 x 10°
Bt , LKA EEAR FONBRRK , B8 VEYEMER  ind-hm2;1V.2.25 x10%ind+hm 2 V. 1.8 x 10%ind - hm =2
WA BT ME 2% R R g EE . XRBTEL
TAERI M —F , SERA =1 B AR AR, MRS REL TR . FL MR R LN KR E
PERER , F R SRR R A A 7= AR A R A R SE AR B E KR B N HIRIRBEM LR . &R
F A TR ZVE E R R BRI INTY K. @ RERMIEEAKEX L5 T 2 MK 0 R AR, BT &
BT EMEYKE, NI —5nE 5 TR, S SRS 5 B, B B s , A S R

MR X S 4 R ) A AT Y, AT AR 7 0 R SR ST A B ) & B AR P S B R SN AE A TR
WA 3 (HRRAE B S SR SR R R R RSEAME S I, AT R R R S LR R . X ATRER B
F U TR AE K T B A 7= 1 R U RE B SR S AN R, SRS N S R IR R R B ar A s AR B AE K R
BRERKMGESWRAETE, AN ESRENHRERE FMUAE, RIEREEAFRLHEEHEEESE
UL T A VR RE R B AR A, XRBR B FFIRIE, B T R MR R E RN &, A AT RELR
ZEOMb B R AR 7 B S BB A/ ME B
4 £EiE

gl B r= s alia SR =, T T IR I S A PR s M AE R F A T, E R AR LR R = B8 E
S, 2GS , B EY = 7= To 15 Hl B A B AR XA A A4 IR I H AR B B, ok T
GV AFIES AR B3, R, X TRASRYE, & RE 857, A ) A 7= R 2t A e o DL SR 58 5t i
RO, W2 R AN RELG B R R . IR P BARE R A & A B AR E , IRK
HIBERESRIF IR R AT S o EMVEYI T T Z /K JIE Db EY RBER B AR E R 5= B L RERIEL
PR R R —E B, AU RER ™, R R A5 R SR EE R AR S R, ik, A
WFFE IR 51 38 3 B AR 7= ) R 38 S R SR A 7= 17K R B R M A 5 A0 AR , SE R AR R
AT RS SR A P RE ST AT RRSE R B o A SRR 2. 25 x 10°4/hm® A= 7= F7 7K B BEA = H L

B2 A I IR EK RS 5 SO B 2

Fig.2 The regression relationship between yield and net income on

B, &SRt LA AESREEMN,2. 25 x 10° 4~/hm® Jy 3 + 7 2% X e 5 101 51 Bl (038 B A= 7= )
KFo
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