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20.87% . BEMMEEKE HELAPH IR, BEERBRELEIBENTH L, BAELERERLEEELEN
22 000 ~ 33 000 kg-hm ™28 £ 5 & 7,

KR BEE; LA FEEE  MEEKZAFHI

hESYFES: S152.7; S152.8; S661.1 MHEFRERG: A

Effects of wheat straw-mulching on soil moisture and soil temperature
and tree growth in apple orchard

YIN Xiao-ning, MA Ming, LIU Xin-lu, DONG Tie, NIU Jun-qiang,
SUN Wen-tai, ZHANG Kun
(Institute of Fruit and Floriculture Research , Gansu Academy of Agricultural Science, Lanzhou, Gansu 730070, China)

Abstract: The wheat straw mulching with different amounts (22 000 kg- hm~2(T1), 33 000 kg* hm~2(T2) and 44
000 kg'hm_z(T?))) and clean tillage(CK) were used in orchards to study its influence on the soil moisture in 0 ~ 100
cm soil depth, the soil temperature in 5 ~ 25 cm soil depth, tree growth and fruit quality during the whole growth period
of 19 — year — old Nagafu No.2 tree. Results showed that from April to July the average soil moisture in the depth of 0 ~
100 cm of corresponding three treatments increased with the increase of wheat straw amounts; the average moisture con-
tents of T2 and T3 were significantly ( P < 0.01) higher than that of CK in same period, increased by 8.98% ~
27.09% , and the soil moisture contents in 0 ~ 20 ¢cm and 20 ~ 40 cm two soil layers of three wheat straw mulching treat-
ments were also significantly ( P <0.01) higher than that of CK in the same soil layer, increased by 9.36% ~73.77% .
From April to August the soil temperature in 5 ~ 25 c¢m soil depth in three wheat straw mulching treatments was lower than
that in CK, significantly (P<0.01) from April to June, decreased by 2.11°C ~ 8.02°C. But it was higher than that in
CK from September to November. Daily amplitude in 5 ~20 cm soil depth in wheat straw mulching treatments was very
significantly (P <0.01) lower than that in CK, decreased by 0.39°C ~ 3.63°C. The single fruit weight and yield of T2

were all the highest in four treatments, the yields of three wheat straw mulching treatments were significantly ( P < 0.01)
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higher than CK, increased by 10.70% ~ 20.83% . Water use efficiency of fresh yield of wheat straw mulching treat-

ments was significantly (P <0.01) higher than CK, increased by 9.87% ~ 20.87% . Wheat straw mulching treatments

had little effect on tree growth and shoot ratio. In view of comprehensive effects and input and output ratio, it was suit-

able for apple orchard to apply wheat straw mulching with 22 000 ~ 33 000 kg*hm ™ in this area.

Keywords: wheat straw mulching amount; soil moisture; soil temperature; tree growth; input and output ratio
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Table 1  Rainfall in different sampling points during growth stages
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Fig.1 Dynamic changes of average soil moisture in 0 ~ 100 cm

soil layer of different treatments at growth stages
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Note: Standard deviation is marked in figure. The same below.
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Fig.2  Dynamic changes of soil moisture of O ~ 100 cm soil depth of different treatments at growth stages

HE 2 50, TS E S5 AL HE 0 ~ 100 em (8] 5 >+
JEI K S AR 2 TR B 38 2 BRI (B 4
W40), CK EEFE AN E— 2 EKERTF T —2,
BAEE PRS0 5 A iR 7 T ARE MiR)Z
) 7K e A e 1 v ] 2 HRAIG, CK 48K 5o A %2

AT R TR 2 RS IR . X 4526 B B BEAS ] 380K
JEFEKRE N, 3 A A2 4 A d) T3 19 60 ~ 100
em VR T3 4 HIEE 5 A A T3 #Y 40 ~ 100 cm
TREE 3 T2 1Y 60 ~ 100 em 3 FE +3EF1 T1 ) 60 ~
80 cm t )= /KW WIS &, AT REA H LI +)2



514 TR T A5 < A [ o 3 SR el S K IR AR SR R A A R A R ) 45
IKIT RN o 0.71°C, ¥ LLATR TR By IR 22 Ko A, 9—11

2.2 ARASERMEKETIERE

2.2.1 5~25em&RALEIYEREK HAES3
HI,4—8 A 5~25 em 5 HHEREE &AL HE Y H 1Y
TESEAS DA KB/ IR EE 2 A B TH(CK LA 6 A 311
R s & R BEFHIRIUF 3218 T3 8¢ T2 > T1 > CK, B
A A A FHiE (6 H A FHiE 4% CK K 0. 16C ~
1.23°CHM) B CK 0.16°C ~ 5.10C, 3% S 5 1% 1R
SRRV E 8 A A FEIVR A& AL H
KRR RME (CK 5 em F1 10 em IREETE 6 J1 ik
B KA (HAS TR T3 < T2 < T1 < CK, HLBEH
T HER% [FIGRE [] H Y3 22 BRI R 46 /N 4—6
Ay 3 P o 2 B 5 A+ 3 () H 23R
(7.34°C ~ 17.87°C) #%¢ CK(13.72°C ~ 21.23°C) )
(P <0.01) FEAL, AR JEFETE 2. 11°C ~ 8.02C
Z I ;7—8 AMKH 0.62°C ~ 1.88°C, ) I4 5 8w b
FRE H ¥ 228 0.01°C ~ 1.85°C K% 0.03°C ~

A6y 5 A 3R 45 AL FR K H Y952 A G, B %
REPRFEMEES CK A 0.01°C ~ 1. 83°C, &M@ JIf ¢ B A
A T3<T2< Tl < CKo AL 20 em Fl 25 em FA™
UREE BRI AL 22 4 J5 , BRI 11 40 > 9 A >
10 A6y, Heds CK SR EBLL 9 A hEk. 54~
RBE Y H YRR 564 AE R T2 > T3 > T1 > CK, 5 1%
AP A X R 0.02°C ~ 1.61°C, B 55 4b F4 6] 4H 22
0.03°C ~0.88°C, H.347% Sy Fiti H 17 #0008 5 1 ik 22
B K, T2 W HES T 13 2H 9 EHA4
AL P DR TR AL 2 2 T I T ) ARG IR S8BT S RN
AR 5 AR 7 S5 A0 PR A IR AR IR AE 11.48°C ~
13.50°C Z Jf], CK 7E 13.16°C ~ 15.27°C Z |a] , ¥ it +
VR R AR 0N HL A — TR B AR I B Ay
T3<T2< Tl < CKo 5~25 em 330V 249 1 5 7215 4k 40
5 S REEAR R

—a—T2 ——T3

—>—CK —A—TI1
o ® 10 cm
0323 30523
~ ~ «©
=517 2517
E\EQ' EEQ.
#®5 1 =5n
Sl MAEENED Az
4 5 6 7 8 9 10 11
H 4 Month
o o 25cm
p§23 20 cm 9523
517 B 517
I’Z\EQ' DEQ'
=50 ER
Sl A HE 5
4 5 6 7 8 9 10 11 i

H 4 Month

FaeN

—_ N
= W

&g T
Soil temperature

5

4 5 6 7 8 9 10 11

4 B I C
Soil temperature

H £ Month

—_ = N
N o= N W

4 5 6 7 8 9 10 11

H 4 Month

B3 5~25emEZFTFEREARLGEABERKPAISET

Fig.3 Dynamic changes of daily average temperature of 5 ~ 25 c¢m soil depths of different treatments at growth stages

15cm

4 5 6 7 8 9 10 11
H £ Month

5~25cm

PN

4 5 6 7 8 9 10 11
H 43 Month

A3 AT 4 A2 8 H Ay 4 FhAbH H iRy
il - J2 R B S IR, T 25 g e /)N, 7 i Ak R
ZTE0.02°C ~ 1.69°CZ[0],CK7E 0.12°C ~2.94°CZ
], O—11 Ay 4 Fab R4 AR )2 R [ A9 H
Pt Ze s B0 1 A, B BE 0 B 138 W aok 1 )
TR P g il 2 T i, Tk 2 o B g O, A Ak
FEFE 0.01°C ~ 1.39°CZ[E],CK 7£ 0.00°C ~ 0.74°CZ
[
222 5~25em&RALEREBR TR HE 4
I, 4—6 AUy 4 FhALFE 5 ~ 25 em 5 4>+ 2 TR B i
T H ARS8 B G I e 4—8 1 4% 78 16 42
AEFR 5 ASTREE MR H 2808 (0. 18C ~ 3.65°C) HEA R
BE(P<0.01)/MT CK(0.43%C ~ 11.65%C);9—11
HAOYER 25 em Hb, K 15 Z BALPE 5~ 20 em 4 >+
SRR H AR IE (0. 18°C ~ 1.50°C) A/ 3L A 1y i 3%

(P <0.01)/MF CK(0.39°C ~3.63°C) ., 785 AbFE]
SATIZRER HARMRGRAZRARE (P <0.05),
4 Fofr b R IA) Bt - 2 R BE RGN H AR R R A
2.3 FAREAEHMEERKE

%2 F i ORRAGH AR KRR AR
L 22 0 /N, 2 T A B3 (P <0.05), Hrf
BIRE R HELRE 1 A) 5k 3 P 7 75 22 A B Y I 5
B EENI <5 em M5 ~ 15 em B 58 A 7E
69.8% ~ 72.5% Z. 14}, CK K 74.6% ; F 1 74 55 27 &
AbFE > 15 em BRAL LIS = T CK,
2.4 FAELEMNREIER. FERIFRLEME

TR P8R

MR 3,3 Bl oG 7 R AL R SRR R AR
F(P<0.0)ET CK, T2 & (P <0.05) T TI,
B CK AT M EE 4  f fRR FE 25 (P < 0.05)



46

TR XAV BT

o535 &

B E (P <0.01) 5T 3 Fhs o 22 AL B R

181

—_ — —
[SS] £ [}
T T T
P
* 1

(=}
T
1

by VL AR i/ °C
The soil temperature amplitude

BELEARI o R BOMIBE J3E 25 Ak L 22 18] 22 51 /)

¢ 5cm
H10cm
Al5cm
X 20 cm
O25cm

(38} E=N N oo

T3 |ormie—
o —

Tl |OwHE— ¢—

O—x—>p+— = i
T3 |o-me+—
T1 |[OsHH— +—
CK O ——t—+—
T3 omm—o—i

H 1 Month

B4 AELERFERKEAS~25 om TEEREMEATIE

Fig.4 The temperature daily amplitude of 5 ~ 25 cm soil depths of different treatments at growth stages
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Table 2 Growth amount and shoots composition of plants of different treatments
2 e 12 L ) e et s e et L o4 =
LAGIS L QLS R BBk . AR FEZE L Different branches ratio/ %
g hEL] Shoot Shoot Number Length of Total quantity
Treatment length thickness of internodes of branches
Jem /mm internodes Jem /(branches*hm~2) <5 cm 5~15 em 15~30 em >30 cm
Tl 29.3+3.2a 4.8+0.4a 12+0.8a 2.4x0.la 965378 +£235587a 51.8+6.0a 20.7+2.3a 15.7+4.0a 11.8+4.9a
T2 30+4.1a 4.7+£0.4a 11.8+1.1a 2.5+0.2a 975436 +£145183a 50.1+4.3a 19.7+6.2a 18.6+6.0a 11.6+5.7a
T3 29.5+4.2a 5+0.1a 12.2+0.7a 2.4+0.3a 932574 £ 154745.1a 53.8+9.1a 16.7+2.5a 20.3+6.8a 9.2+5.4a
CK 29+3.1a 4.6+£0.4a 11.4+0.6a 2.5+0.1a 962177 £475951a 54.1+6.5a 20.5+6.3a 19.8+1.4a 5.6+4.4a

T R PRI AP « ARif2E, RFUA RN KRS PR R R 28 53 1K B35 (P < 0.05) AR 2.3 (P < 0.01) /K, T I

Note: The date was average + standard deviation in table. Different small and capital letters in the same column meant significant difference at P < 0.05 and

P <0.01 levels respectively. The same below.
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Table 3 Fruit quality of different treatments

fb3m R ESIZEE % B B E AR B R [ix3:3 HER LL
Treatment Single fruit Fruit-type Peeled fruit firmness Soluble solids Acidity Sugar-acid
reatmen weight/g index /(kg*em™?) content/ % /% ratio
Tl 187.8 +7.4bA 0.889 +0.035aA 8.9+0.21aA 13.67 + 0.39bAB 0.438 +0.032bB 31.48+1.87aA
T2 205.0+ 8.5aA 0.888 +0.010aA 8.49+0.21aA 12.97 +0.42bB 0.424 +0.026bB 30.97 + 1.41aAB
T3 194.3+11.2abA  0.899 £ 0.007aA 8.56 +0.37aA 13.27 +0.57bB 0.467+0.113bAB  31.76 +2.16aA
CK 169.7 +10.8cB 0.905 +0.014aA 8.91 £ 0.26aA 14.52 +0.64aA 0.588 +0.088aA 26.47 +3.94bB

T 4 501, A B 2 2 0 SOR S AR [ Ak Y
FEAK AR . 3 P 35 27 BOAL B RE B 25 (P <
0.01)fm T CK, T2 X (P <0.05) % T T, ™
KA R HRCR T3 Fl T2 9 B (P <0.01) & T
CK,T1 B3 (P <0.05) % T CK, T2 X B (P <
0.01) T T, T/ &Ko R LL T2 Sy,

HRAK YK K T3.T1 Al CKo

MF 5 F 1,3 B BT 55 1 hn 2R fel 22 A 2 AR
11 005.5 ~ 22 011.0 JG - hm™2, {Hyg /b T 8 55 i A
13 500 JG+hm ™2, B A T1 # CK K 2 496 T +hm 2,
T2 A1 T3 4351 3 008.3 JG-hm™2F1 8 511 JG-hm™?;
FEERM S CK B 3 312.1.6 446.7 kg* hm™2 Al
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4488.2 kg - hm™2, W %5 43 %I 3 n 19 210. 18,
37 390.86 JC-hm~2F1 26 031.56 JC-hm ™2, MIZA 5
W s b T1 A1 T2 23051k 3.55 13,53, 1 T3 F1 CK £
H3.07, NETEMAELIE, MIE L T/EE. K

RN AR T 44 5.8 JC kg™, AN 0.50
JC-kg ™ L HEEL SR AR AT 100 g6 K, BAEE
135 A1 - hm ™ % Hog 2 AT SR AL RHE A RAE RS
AR

x4 AELEHFTEKDF ABRE

Table 4 Water use efficiency of different treatments

i“‘ T e ey o = Vs L
sj‘t ,1%%7 K HL/mm L0 v O Freik oy
il vter sorage Pkl B i AACE Freik AACE
yhEL) et e Water Fresh Water use Dry Water use
Treatment WK SR consumption yield efficiency of yield efficiency
B‘;f(’““' bud Harvest /mm /(kghm™2) fresh yield /(kg-hm2) of dry yield
enlargement /(kg'mm’l'hmJ) /(kg'mm’l'hm’z)
T1 216.5 273.6 £7.19aA  292.2+7.19aA  34260.6 + 1340.00bA  117.25+4.59bBC  4967.8 +194.30aA  17.00 = 0.67aA
T2 216.5 275.9+£9.08aA 289.9+9.08aA  37395.2 +1553.34aA  128.99 £ 5.36aA 5186.7 £215.45aA  17.89 +0.74aA
T3 216.5 274.1£12.13aA 291.7 +12.13aA 35436.7 £ 2047.64abA  121.48 £ 7.02abAB  5021.4 +290.15aA  17.21 £0.99aA
CK 216.5 275.8 £ 1.53aA  290.0+1.53aA  30948.5+1967.19¢B  106.72 £ 6.78cC 4821.8 £306.49aA  16.63 £ 1.06aA
x5 AELEHBBANTHELER
Table 5 Comparison of input and earnings of different treatments
W35/ (55 hm-2) ®A/(GT-hm™?)
e e O toput/(yuan- b ~2) BHA/GEn ) /A
Yield - e e Gross input Gross earnings
Treatment earnings FHE 38 e g o .
/(kg*hm~2) L . . HEH /(yuan*hm™2) /gross input
/(yuan+hm~2) Cost of Cost 'for Other cost
straw weeding
T1 34260.6 198711.5 11005.5 0.0 45000.0 56006 3.55
T2 37395.2 216892.2 16508.3 0.0 45000.0 61508 3.53
T3 35436.7 205532.7 22011.0 0.0 45000.0 67011 3.07
CK 30948.5 179501.3 0.0 13500.0 45000.0 58500 3.07

3 ghgSie

AR FAET 2N 4—7 A, 1 mEL)Z
PR - S5 34 B K B A i 22 R B I A O, 3 A
A RPN E S (XD & 2. 23% ~
27.09% , A] {7 5 b B 1Y 1 88 2 5 K B AR AR
16.22% ~21.00% Z [A) , FHXF 7K f 8 %) 55.02% ~
71.23% FEARLEN AR R B B4 KM 60% ~ 80%
JE 1O A B TS [ A B A VR 5 TS T Y
T T TS KB LR TR AT, Y =R A 2
DAAME: 3K o 258, F A SR BUE T 30K 1%
Spl13-47-0] - Sk En R R R R R 2R R S R
2R EEBR 05 135 KA AL S, B
TRYHIGHE A KRR K IRAL T R, il 58 5 K &
AR HOR 5 2R PR - R R sz IR Y
BHEepi, LI R s 240, Bl T LTk, &K
RIS . 5 F R AT A 8 R 52 T A, BL I
B A BRE KD BB 55 BRI T i 0 b 3R JC A
R - JETCRE K 5 B 3 AR SE R R TRE K

ST BN T 5 SIS SRR A A K K O BT 20
FRRZENE R IR T R K R B TR A
P, AT B = T KA R ACR . X SRk 52 f 2 B
32U R R E -k o R R A T e — 2, th 5 ik
HEBE A B S A ]

TR A RS TS 2 B AR E—+
JEECF — L2 E KR e, N R LUK )Z TR
FOK BT IRZ N EEFHE, H 4—7 A6y 3 Fh 55
AL IE O ~ 40 em (B £ J2 19 & K R IR B
(P <0.01) x5 B, R B 2 55 27 w0 ) T4k
EM K& B S, B 5 33 000 kg hm 2 Al
44 000 kg hm 2[4 FR 40 ~ 100 em [8] 4% 4 J2 (& 7K
BN T O IR i, Hoh i o + 2 4—5 A ]
AEIRA 100 em LATT 3K 53 10 ERHb A, W AER SC
1A BB 2 U B R K R AME R TS
FELN o 78 G BRI A B 28 HFE /K 227E 0 ~ 60 cm
(i) , 7717 7 i e e /D A A B 2 A5 S 60 ~ 100 em +
2% )2 S KT R G 2R T R AT B T
H: 80 ~ 100 em 1 JZ &K EAE T WIRF 2L AR, B
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o535 &

R R T % B 43 A oA o SR T 7 B A E 33 000
kg-hm ™2} UL FIEARRR 4 T B4 5 RSB 1k
R, RFE LZEEFEAKCH J 5 T 22 000 kg hm ™2 & A
S A BHIBTIX R R |, BRARIRZE 1B A, SR b 2= DL B4
KB R ZERFEK I LALTE B FE R RENT
PR A B K2 2 1 2
B, 5B EAER A KA, BB 7522 B2 (M BEL IR T i
FTERIZAME TZEBHEK, 15382 TR &K &
GRZALF A i RS, R 2 1 & K = BRAIK, K4 |
o XIHEH O AN A B N WA RS . 3—4
JWKH > 22 K b A R I 6 Ay REs T
BT MR T X —IK oy 2K R iUk . AN R (O
HE) 30 22 [y o i 20 ik 8 0 R 1 7% % K
PR R 2 AR TR TR )2 e K AR X %
a5 TR E RS RRUE S KRR AT R T
B S] T EEAEM, WA R SRR ORI
FERAEN,

AMFFE Rl B R (4—8 H ) B 75 2% Hi Rk
FAAR 5 ~ 25 em T3EIRE 0.62°C ~ 8.02°C , AR L
Wi 7 e 398 I 3 O (HBE T O RS A T S . 4
AW 5 ~25 em W MR BRI R A K TR
7CHO I A AN SR 5~ 10 d 4545 A
I TEHLIR (7.34°C ~ 14.49°C) K T30 AR & fe il
AR T T B 15°CHe), T R B 35 (13, 72°C ~
16.67°C)FEARTE T RLA o B & F IR
I A7 ) TR0 TR AR 2R 9 A K R A R n] BB —
FEFIRESEAE FH , AEXH R AR TE 3 AR R P AR AN R R
5 RCHT I BT 78 A6 FE Hi Je OB A AR w8, BT R
FEA3 A b — A T AR R I R R R 5 i
Je RSN K 55185 A Hb i (15.58°C ~ 19.98°C)
IR 1R 1) 5 7K R T BTAR A R e A AR A (R B v
W, AR HE T RS kB A A K,
(O—11 Afy) 8 6 2 5 A G AR T Gy s A 8 5
0.02°C ~ 1.61°C) , U ifih 4 I 7 50 S 184 Jonn vy 34 K, o
Bl RS BT X . 9 ) rp N ) B AN B o 1
MRS T RaE R RAK TR, E 11 7 LA E S
MR FFERIR R AEK N RRE A SR 5~ 10 d
Fidi o B A2 B RK R AR IR AR, P RE R AR R A 4K
HE0 7 43 W WSCRT AR A TET G, A TR AR R B AR
PR A B R R ] R R A
PR 2a 5 RTRITR E b I H AR i B A A 300 b 30 A i 3
AN TN, DO TR B A A AR T
PRAL 13 - 417190 S e g Ptk oK FH R 1
SR Bl T b TR R AR, W] A R S A
TR AR S R AR . 9 A 2T+

SRR AL TR TR B BE T, Z2 158 5 LU S g
WA 0y 2, T 0 i - 498 b T e A e 3L o
55 DR ek S Oy IR 3= DRI A e A
Ab P A AR A A R UR B MR 22 SN 2%
X — AR R RE A A TFBAR A & 210

ARG 3 FpBE a6 22 RN PRI T KT A A B
P (P <0.01) & TX R, EE S L1EE
Rl B P 7K R A5 1A R T AR R TR ) AR i 4R
peyl10:20-290 = e R BE T KON IR (R 3 22 F
Sy fROE R A ML RIS102000 R Ak 5%
G 8:10:13.26.300) gl s R 03U R A R B A
T AR L T B AR i Y A g T
PR B R 2 0 R BRI R O A AME 4%
A A F P S 4R B S Dk
ARG S e 2SI e R T R,
WAL 15 em AP B e (LR (P < 0.05)
T FEZ T 10 em AEH) X AT RE S BT o6 fE X 1 R
BEvs AR AR A 5. i AR RS AN R’
K 43 R AOPR DA B AR K 4y 2
I DHRAF AR R A K A RE T e R 4.
W ARG T FEEERYTEAESZEE (P <
0.05)E THHEZE 15 eom A0F b THEE S L
B AR 337 1 T A 25 S SR SRR A B g 2
A TGN, 5 S A AR g A KRR
B R Gt S B (S el 1 1) S & 1 P <
2R R (E o 7 o o R S ] A [ R Ay e
B R ES 2 AR S IR A AR S .
FXT SR SR B IR A K A R R S iR R
[ 123034 Al e i TR I R SR . AR
FZIT 20 A A 1 B 0 RS KR, B b R, 25
BER BRI Sy KoK 3 T FE B R A K
T A 38 TR A A ™ A W S 52

M, TR T ROE 22 000 kg hm ™2 13
I m PR SR BEEAE RN 2.23% ~ 12.02% , F
FAE R I ORI 2 (EAT T R L AR e
10.70% , $%& A 7= Hi B8 &, o 3.55; B 6 i 33 000
kg hm ™2 R 3 M B K B0 B, RIS OK RS
8.98% ~20.83% , ;=i tH 20.83% , A, AT
R 3.53; B S 44 000 kg hm 2 (1) 35 K i A
L 10.79% ~ 27.09% B = AR H 13.50%,
AT AR, N 3.07, L8 A4 845, K
PP A R REAE 22 000 ~ 33 000 kg hm > (35 /R Y
10 ~ 15 cm) WHGE FL. %5 08 3 27 8 56 FH R R 5%
PIER , I AR T o SR el s A A 50 4 7 5 56 O TIP3 6
5T, LIRS TR 25 FA: 55435
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