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Effect of nitrogen rates on pear tree growth and fruit quality

under wheat straw mulching in dryland

LIU Xiao-yong', ZHANG Kun', LI Jian-ming®, ZHAO Ming-xin', LI Hong-xu', WANG Wei'
(1. Institute of Fruit and Floriculture of Gansu Academy of Agricultural Sciences , Lanzhou, Gansu 730070, China;
2. Jingning county Fruit Industry Bureau, Jingning, Gansu 743400, China)

Abstract: This study aims to determine the effect of nitrogen application under wheat straw mulching on pear growth

and fruit quality in dryland. From 2011 to 2012, the experiment was performed with four nitrogen treatments of different
levels, being 1 kg (T1), 0.5 kg (T2) and 0.25 kg (T3) and CK (without nitrogen input). Soil properties and leaf
chlorophyll contents, vegetative growth, fruit yield and quality traits were analyzed. The results showed that the different

N application reduced soil pH value significantly, improved soil calcium and zinc contents. N applications promoted leaf

growth. N fertilizer significantly promoted shoot growth, leaf area and leaf weight and chlorophyll contents, with fruit
yield of T1, T2, T3 being 25.4% , 17.0% , and 11.6% higher than that of CK, respectively. N fertilization decreased

fruit soluble sugar, organic acid contents significantly. By contrast, quality parameters such as the fruit hardness, soluble

solids, water contents were not significantly different anong treatments.

Keywords: wheat straw mulching; nitrogen supply; pear tree; nutrient content; growth index; fruit quality
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FAWRAL ( Pyrus bretschnei deri Rehd. ) €] A7 X, WEaE
BEFLRAT T BT X5 340 A KR B B2, DU
“hy 5 b A el 3R e 5O FH AR ) 288 e IX SR el - 3857 4
(EgdiE SEVEVITI T

LRk
1.1 HREXHER

RIS M AE B AR IR A R T B A R AR
E R B ARM R 22 N AR I ik I el . 1236
XA FERAER N X, 7 T 7R 48 105°37. 864" . JL 4
35°34. 124", e M HEEAR 1703 m, 45440 8.3°C , [
I 412.5 mm, HHENEA L pH 864, TIEAML
RS 6.95 grkg ™, 2% 0.61 g-kg™!, 42 0.66 g-
kg™, 4280 22.08 g kg™, Bl A 29.26 mg kg™,
RO 33.22 mg-kg ™!, HAHT 138.35 mg-kg T (R 1),

R E
Hi A o R, Bl R AL B ( Pyrus betulae-
folia Bge) W18 14 a A= FRAEARATEE 3 mx 4 mo 50
A 1 200 m*, o 42 el B 5L 600 m?, B HORLJE 15
em, KT 2011 4 5 H 25 HATE 2012 FHEFEE
AT,

I 4 AP, FE A F T it A [ o
RIE, FRBIFIE G — A« SR 7Rt AE Ty
2, BERRIZIR 20 em K2 50 em 2245 DU AR BT,
T AE J5 B 7 CHE K 29 5 ke, B I, B HTRUIE S IR
R(H M XML ER A RTAE A A A, & N 46%) .
T1: BRIEAEA 1 kg T2: #RIEAEA 0.5 ke; T3: PRzl
R0.25 kg; T4: CKOATE AN ) o 6 DOH i 1T 4
P30, BALPE 6 bR, FARREEA 6 I, TR

1.2

x1 AR TEEEER

Table 1 Soil physical and chemical properties for the experimental site

+2 o) X il AHLB EEp AL AR
Soil layer Total N Total P Total K Organic matter pH Available P Available K Available N

/cm /(g'kg_l) /(g'kg_l) /(g'kg_l) /(g‘kg_l) /(mg'kg'l) /(mg'kg'l) /(nlg'kg'l)
0~20 0.73 0.85 23.44 9.65 8.60 82.32 213.61 43.28
20 ~ 60 0.55 0.58 21.38 6.06 8.82 16.70 107.70 28.48
60 ~ 100 0.55 0.56 21.42 5.14 8.49 0.64 93.75 16.03

1.3 BAENEANE

5 -SRI 3743, WS i 4L 2R 854, TR A
PR A R A AR R A R
AL R AR A
1.3.1 X3EH WEHEAR 28 2. 4
BB R AR SO, SRR VR R LB
5 BEES T pH 55 15 MER. AR IR S = IE
PSR - el A2 B A 3k L I Ty vk
AP, R 24, P RGEELIR T &
B, SRS B —EH B DL L a3k 4, SR LN
AR — IO RE I s D R, A IO 5 A 2wl ik
MR A PR I — SR B BT LU (01 s SHAREY , LR I —
KIEICRED  SACRE Vil VR B KA TR IR
JCRETE s 85 BE RS, T 8 V5 s AR, R - H R
W spH, AR . FECXT TR BEALIRFRRE S S A, TR
SRS FEA AR 2%, FH A 54 0 ~ 20 em, 20 ~ 60
em 43 2 125 IR B 5 A Rl — )2 AR
A AT R T RE 1 ke, ARICTFREA B EH48 1,
FRIRPRE SRR M o 2012 A2 .
1.3.2 *tREHR MEMNRF 2R 28 2 8.
BB R VBE BE VIRAE 10 N FEAR . TAUREE R 5 L
AR, RS AE B PR E R & TR 100 H, K

TR R RS IR R I A IKO
(SRR AR JRPIR SEBG S AR I i 4
R PO LR s B, FRIA - PUH B L (i 41, R
T — JOEOGREL 4% VB R R VRE VI M D IR
W BB W, B R - ik, O 2012
A A
1.3.3 vtR %M THMEIRER B LR IE
R BT R R AR SRR A T, R
PRI E AP, PR S [ E SR G E
TPk K 508 AL B RG B B0 A RS AL
E et K 3B IR BRI YD R AR AT
FETEMAA o DR A L 2K B B R i 4
AR, it T B EH,
1.3.4 #HHAKE FTHHEEIEERKNET, 50
LB BITERERR ARSI IE F A K Z B A 60 4> (BERE
10 ), BTRS FE RS 38 45 RO, HELEE FH SF2000 =
PR TR R R (0 ~ 150 mm) &, 504 2011

AN 2012 %L
1.3.5 "% Z4% HMEBEEEEYAXEHS

R F 100 A, SR Y66 7 (Cary50 S840 0] L4y
FOEEETH)ME 4R K & . B 2011 4FF1 2012
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1.3.6 REF=Ffesmf TR 5 LER
6k 1.5 ~ 2 m g B2 R ATL 2 BOCR 52 50 NI AR 52
JoT, BE it A [ Ak 3L B e R SR, T P 2 LR
TSR RARR ™ 1, T AT PR [ L SR SR B K
Ay AT VR A DLER FNgE AR R C A AR AR
fabr. A CLEBE A PLIR 5 3R 26k 2k
AR FIFE 735 TR A s 5 SRR o SR S A A AT i
PEREITE P43 0 ES - 1000E 7 # - KF (1000 g x
0.1g) GY — 1 BURSEEBETHAT WYT B F-REAR
W2 o F A 2011 4FF1 2012 4R F- 35950
IRIGEE F Excel 2003 Al DPS 3.1 4831404 -

2 RS0
2.1 HEFATH

BELAET A1 A 304 it 80 2 0T LA S BRI
1 4% pH (A, Jti FIA Rl 2 A AR X R 2 (0~ 20 em) 1=
HEA MU & RN, T T IR )2 13 (20 ~ 60
em) B ML, (HL R 5 it 2 (9 0820, FRAIR T IR 2 38
AOUR G, WAXNEIRE T HESA SR,
XFPVE 2 BR Yt R A B — e R A AT+

SR A G AR i /D it 1 o IR 3 2 5 s X
TS RN (HH T RERIE A AL
WA s B A PR, R R R R R
i, (HIE IR AR (WK 2) .
EELEPAE I RS R R AR T AN
it SR R BE 2 e e S R A R e R
T RERIZAMAE S, MR T ERZEE PR

- IERZ A A, % A IS s e AN B
(W= 3),
2.2 MEES:

P FRL G AN [A] it U, R T A R SR
R, ARG R T AT R &,
AR B X R B E SR T R & e B i R i
ANE] BRTAE R 0.5 kg MR vl B A B S a0
1o T i i R A R = i R A S,
it R B VBRI B AN R (LR 4) .

2.3 MR%#

bR % L o N =W S O g A A
R . WA= LSRN 4R 22U I B R4 4
QR AN I D0 A A o B W e =X

x2 tEFHSSE ] (2012)

Table 2 The soil nutrient content |

fbsm TR AL 2R R gl TR 2R EER TR
Treatment Soil depth  Organic matter Total N Total P Total K Available N Available P Available K pH
reatmen
/cm /(g-kg™h) /(g-kg™h) /(g-kg™") /(g-kg™") /(mg-kg™")  /(mg-kg™!) /(mg-kg™")
- 0~20 8.98 1.04 0.79 20.85 88 29.21 276 8.25
20 ~ 60 9.79 1.02 0.60 20.85 328 2.11 188 8.22
™ 0~20 8.78 0.85 0.91 20.85 57 89.78 276 8.57
20 ~ 60 4.88 0.46 0.64 20.85 87 4.36 138 8.23
- 0~20 8.44 0.82 0.73 20.22 66 8.57 247 8.43
20 ~ 60 5.62 0.49 0.63 20.22 41 0.56 104 8.47
0~20 8.49 0.84 0.70 19.60 50 8.95 276 8.73
T4(CK)
20 ~ 60 6.21 0.54 0.64 19.60 46 3.33 109 8.92
*3 TEFHEE1(2012)
Table 3 The soil nutrient content [[ /(mg-kg~ )]
b5 R A ] ) y A ,
Treatment Soil depth/cm 5 Ca 7% Mg 5 Mn il Cu Bk Fe 5 Zn i B
0~20 150 15 5.35 0.71 4.46 1.18 0.73
T1
20 ~ 60 270 98 4.87 0.77 3.63 0.58 1.52
N 0~20 80 49 2.95 2.59 6.05 3.10 0.96
T
20 ~ 60 150 85 2.33 0.68 3.53 0.51 0.83
- 0~20 100 46 3.39 0.67 4.38 0.71 0.72
20 ~ 60 120 37 2.55 0.64 3.66 0.52 0.61
0~20 60 61 4.14 0.68 4.17 0.80 0.59
T4(CK)
20 ~ 60 55 46 7.31 0.74 4.56 0.32 0.68
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Table 4  Leaf nutrient content
Jbgm 2R i gl 5 B i 7 B i i
Treatments Total N Total P Total K Ca Mg Cu Fe Zn Mn B
/gkg™)  /lgkg™)  /gkg™)  /(gkg™)  /(grkeg™') /(mgrkg™') /(mgrkg™) /(mgkg™) /(mgrkg™) /(mg-kg™")
T1 25.3 1.70 10.90 18.44 7.41 11.30 336.76 16.25 173.64 21.65
T2 24.6 2.13 15.27 20.44 7.06 10.69 307.54 16.86 154.00 22.48
T3 24.6 1.82 11.62 20.11 7.03 11.63 294.90 16.84 162.81 19.63
T4(CK) 24.4 1.63 11.38 18.03 7.16 13.60 310.13 16.44 198.88 22.02

PSS AP0 AL, Ho Rk e A
RE B . 6 5 P R, T1 M MRS 2 40K 3 A s
B T T AR R T T2 T3 A T4(CK) ] 22 F A8
3, U B i I T AR R A R R K
AR HEERARE RN RE

KT 0.25 kg i, 4EAE 3R C & BEREA it %05 1938
MR TR 9) .

®o HHEKEMEME
Table 6 Shoot growth parameters and leaf weight

PR BRSHE MR EeEEE AR
= JiBL] Shoot Shoot Leaf Fresh Dry
5 e
&5 AELERM S5 /pm Treatment  length diameter area 100-leaf 100-leaf
Table 5 The leaf structures of different treatments /cm /mm /em? weight/g  weight/g
R4 A4 Tl 2152 6.36a  45.22a  110.28a  40.2la
4b 3 Palisade tissue Spongy lissue T2 19.9ab  5.89ab  41.36b  108.39a  40.05a
Treatment K JERE K T3 18.5h  5.79b  39.21bc  98.56h  37.63a
Length Thickness Length
T4(CK) 16.4c 5.61b 38.55¢ 96.27b 37.48a
T1 1007.214a 92.167a 1073.073a
T2 867.602 b 77.667h 1043.421a x7 Z‘Iﬁ,lﬂiiﬂ'l‘ﬁ%ﬁ%/(mg-kg'l)
3 874.764b 76.583b 1085.587a Table 7 Chlorophyll contents of different treatments
T4(CK) 920.616b 81.833b 1052.229a
X — s LIRSS LRSS ) JSUIRZES 3
RS R NG FRFR 27 B (P <0.05). T, Treatment Chlorophyll a Chlorophyll b Total chlorophyll
Note: Different small letters in the same column meant significant differ- T 3 21a 0.79a 3.98a
ence at 0.05 level. The same as below. ™ 2.91b 0.76ab 3 67h
2.4 FH§EKE T3 2.92h 0.73ab 3.65b
RO E TR T DL A AR R K O 21 070, T
i, SR BRI P R, L I SR BB 55 REMESE
g =
RS -, H | /I\E = N =2 M L2 B i ]
APE IR o 2R (T3) P2t 1B R B Table 8 Yields of different treatments
BT, AERT 5 AR R BE B I TR BRI R e A R P
ES VISR S S S T 9%
(Jb 6) o - L. Weight of Production
Treatment  Fruit number . lo fruit o Increased by
2 . 5 u_l_gi%g% smgle Irur per tree
e - L B Tl 385 188.4 72.5 25.4
B TR R T L B EFRERM AR a
\ - N S . T2 366 184.8 67.6 17.0
FILG 43R 5 it ELRE G 220 pO 1S, A HISOR 8
(.35 7) T3 349 184.7 64.5 11.6
o (e ° TA(CK) 32 179.4 57.8
Sher e
2.6 REFEMmMER
BEECR A [F) it 0 Ak B 24 e 4 e AR o 7 \ \
3 9 i

T1.T2, T3 &b 3 53 5] Lo % B8 42
17.0% .11.6% (W3 8) .
BRI it AN ) 2 ) R0 2 0 B AR S i B T i R
W1 . RS AR S PT  AA MLIR I S RGN
(i)t 0 e 22 ) 2 S AN S 5 T R SR B T sk e
Y1 oK R A B (H AL B R 22 N B 2 D i
WE A AT RELEA R C a3, Yk &

B E 25.4%

RE NG FA XS TR A K B2 S R
AR s B R B T, RUIE I 78 AL AL R A5
FPEARE, SRR 50 R A SR E DI, K
FE RO R A0S R R B s 7 e A4
REN1.70% ~2.75% 0, P 5 A& a R E
UIPSEUNE ¥ SURE i8S 4 {CEALE TSR E Al
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Table 8  Fruit quality of different treatments
Qb T/ (kg* em™2) AT E TR/ % Ve/(mg-kg™") AR (g0 kg™")  BHLER/ (g-kg™") IKGY/ %

Treatment Hardness TSS Vitamin C Soluble sugar Organic acid Water content

Tl 7.98a 10.26a 36.2b 65.3b 2.69b 87.0a

T2 7.73a 10.03a 38.4b 66.1b 2.94b 86.6a

T3 7.95a 10.92a 46.1a 65.1b 2.65b 86.8a

T4(CK) 7.64a 10.63a 43.8a 71.8a 3.33a 86.6a

PR KO IREE T80T A & i dR pn A2 4, Bl
it R RGN, RS K S B, R R
TP AT TR PRk B 4R =, SR AR T S R R
B AR R R IR IR ] i e AR T
SRS O R AL R R B, B2 R R 3 (ELR R R
R A IR S RO ) X RN
e R S A R B AN R RS
o ACEEHRFM, R AR R
TR, X5 R R g e — 8 (R s Al s
B A HLIR Ve %5 & AT, 11 52 1 1 25000 7 3
RIS 1 FR B B 2 4 0 SR PR AT R v
JIE AT, T3 55 S /K 40 R RT3 A TR A R 4 1 L X T RE S
IR SR B 25 S5 5 BT LA, 2B 7 b B A 4
fiti A HLIE PSR, A ER A FALIE A BB IR B IR 5L 4
JE A B A

BB L ] A 498 FHLAL P R A 5 e B 9 4R 8K
%o BERE/D T AKX R R Pk, BT &
SERTE N T A ORI WL A B
ARSCAE W R A B el 44 i R0 HE mT LA
A 358 pH (A, it A [ & R E AR )2 (0~ 20
em) A HLT & B WK, Mg & T2 L%
(20 ~ 60 em) A ML, He 5 X AT e 20 B 92 il 1 1
TR MR, TR I T RS FT R %, FFBlRE R
¥, 3 RS 5% 43 B A 38 20 N T+
BEA MRS Yl R R R RS A R R A,
)2 AP S B FEAG, 7T UL, 5 T 3 i
REXFEE L1 pH EHERHB R, XA F T2
2 B B DX SR el 1 ek R A R e 7
R, AR A R LA L 5 W AT A 5
A YR E VLIRS 5 ik — 20 e

TEAPR SRS DIESESAR S RNYA
B W IE ARG, R A ML ROR R — R B
BRI B, 8 R e 0% ek
FROFBIHE SR P REE H ERE T, i TR R
REA BRI USRI R, T 48 e A4 SUAS R W WS — 11 114 i
FRARES T, TE MoK SO A5 1 F L H3Erh RS R EE 2
RN S AIRCE S Y St G L PP U 4/ - i A

S0l WINE 2B NN c1 7S L1 BT DA o N SO & B 6 3
SRR, MRS O T K E K
[l R A R R E R . SRR LS R,
AESR i P PP 2 3R 5 BRI R R A K 5, AT
IR A SR R R AR 0.5
kg R EERL M 8 TR0 R A ROICSCR e, A
e BB SR SR OCER R, O TR A
e AR A, AT L, AS [ S8 B S FR U R R
Wt AT
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