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Effects of different fruit loads on fruit quality and yield of cylinder-

shaped pear trees in high-density orchards
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xu®

('Wuwei Academy of Forestry, Wuwei 733000, Gansu, China;, "Institute of Fruit and Floriculture Research, Gansu Academy of Agricultur-
al Sciences, Lanzhou 730070, Gansu, China)

Abstract: [Objective]Fruit load impacts quality and yield of fruit in apple, pear, and peach. According
to the structural characteristics of cylindrical pear trees in high density systems, we used ‘Zaosu’ (Py-
rus bretschneideri Rehd.) and ‘Huangguan’ (Pyrus bretschneideri Rehd.) for the study. The pear trees
were grown at the experimental center of Wuwei Forestry Research Institute. Understanding the effect
of fruit load on quality and yield is important for fruit thinning management of cylindrical pear trees in
high density systems.[Methods]Two pear varieties which were relatively consistent in height, diameter
and number of fruiting branches were selected. According to the number of fruiting branches, 4 fruit
load treatments were set. Each fruiting branch group was allowed to bear an average of 3, 6, 9, and 12
fruit (T1, T2, T3 and T4, respectively), equivalent to 78, 150, 216, and 295 fruit in ‘Zaosu’, and 62,
127, 194 and 264 fruit in ‘Huangguan’, respectively. The experiments used single plant plot with 3 bio-
logical replicates. Fruit thinning operation was carried out on May 30, 2017 and June 10, 2019. And the

3rd to 4th order fruit on inflorescence were selected. After thinning, 6 fruit with similar size were select-
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ed from each treatment and their vertical and horizontal diameters were measured every 7 days. Ripe
fruits were harvested to determine yield per plant, and unit area production was calculated according to
a density of 167 plants per mu. Fruit weight was measured with an electronic balance with an accuracy
of 0.1 g. The diameters of the main stem and fruiting branch were determined with a digital display cali-
per. The fruit longitudinal diameter was the length from the top to the bottom, and the fruit transverse di-
ameter was the largest width along the fruit equator. The hardness of fruit was measured using a GY-4
digital hardness tester. An Atago PAL-1 sugar analyzer was used to measure the soluble solid content.
Titratable acid was determined with titration method and soluble sugar content with anthrone sulfuric
acid method. The content of stone cells was determined by freezing method. [Results]Changes in fruit
vertical and horizontal diameters displayed a slow-fast-slow pattern. With the increase in fruit load, the
growth rate of fruit vertical and horizontal diameters decreased. Similarly, the single fruit weight ‘Zao-
su’ pear reduced with increase in fruit load. It was the highest in T1 and T2, which were 208.1 g and
199.5 g in 2017, 200.0 g and 179.8 g in 2019, respectively. Compared with the other treatments, single
fruit weight in the two treatments was significantly higher. In 2017, the single fruit weight of ‘Huang-
guan’ was 278.6 g and 270.6 g in T1 and T2, 318.5 g and 313.7 g in 2019, respectively, which were sig-
nificantly greater than in the other treatments. Hence, the two pear varieties had a similar change pat-
tern. Different fruit load had no significant influence on fruit shape index. Compared with other treat-
ments, soluble solid content in ‘Zaosu’ and ‘Huangguan’ pears was higher in T1 and T2. With the in-
crease in fruit load, soluble sugar content in both cultivars decreased. In ‘Zaosu’ pear, the titratable ac-
id content increased with fruit load. In ‘Huangguan’, it was the lowest in T1 and T2, and the highest in
T3. The ratio of sugar to acid also decreased with the increase in fruit load. There was no significant dif-
ference in the hardness of fruit among different fruit loads. In ‘Zaosu’, the stone cell content in T1
was16.7% and 28.5% lower than in T3 and T4, respectively, and that in T2 was 33.3% and 42.9% lower
than T3 and T4, respectively. In 2019 and 2017, the trend of the stone cell content was similar. Howev-
er, there was no significant difference between the two seasons. The proportion of fruit cores increased
with fruit load and was the smallest in T1 and T2. The yield of two pear varieties increased with fruit
load and was the lowest in T1 and the highest in T4. The yield of fruit in ‘Zaosu’ was 4 830.4 kg per
666.7 m* in 2017 and 4 837.9 kg per 666.7 m’ in 2019. In 2017 and 2019, fruit yield was 5 441.3 kg and
5 693.1 kg per 666.7 m’, respectively, in ‘Huangguan’.[Conclusion] The results showed that contents
of soluble solids and soluble sugars were highest in T2, in which the ratio of sugar to acid was suitable
and the proportion of fruit core was low. The yield was high with quality assurance in the treatment and
it had no influence on the return flower in next season.
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Table 1 Pear tree height, stem diameter, number, length and diameter of fruiting branch

P e 26 fﬁi%‘ Az $iﬂaéﬁ%ﬂzéﬂﬁ %iﬂiéﬁ%ff}zéﬂ_{tﬁyf %ﬁméﬁ%&éﬂﬁﬁé
Cultivar Treatment  Crop load ree SFem Number of frultmg Length of fmltlng Diameter 01.° fruiting
height/cm diameter/cm branch sections branch sections/cm  branch sections/cm

LI T1 78 429.3+4.0 a 6.53+0.06 a 26.0£0.6 a 197.30+6.57 a 1.75£0.03 a
Zaosu T2 150 421.6+73a  6.15+0.24a 25.0+0.6 189.67+4.06 a 1.8340.03 a

T3 216 425.0+7.6 a 6.88+0.40 a 24.0+1.2a 189.00+6.93 a 1.81£0.02 a

T4 295 432.3+10.1a  7.01+042 a 24.6+1.7 a 195.67+7.06 a 1.81£0.06 a
B Tl 62 341.6+6.9 a 5.98+0.12 a 20.7+1.2 a 176.67+3.38 a 1.58+0.02 a
Huangguan 1, 127 335.3+8.3a 5.8740.34 a 21.3%09 a 167.00+2.08 a 1.63£0.01 a

T3 194 340.6t15.5a  6.05+0.31a 21.6£03 a 174.67+3.53 a 1.62+£0.05 a

T4 264 340.3£17.3 a 6.22+0.33 a 22.0+0.6 a 168.00+£2.08 a 1.69+0.06 a

7] — B[R] b o e Ja AN R P R R 2R R 2 (p < 0.05). I,

Note: Different letters in same column and same cultivar indicate significantly different at p << 0.05. The same below.
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Table 2 Effects of fruit load on single fruit weight and shape inclex in densely
BRR) AbER B AL Pz Rtz eI
Year Cultivar Treatment  Single fruit mass/g Longitudinal diameter of fruit/mm  Fruit transverse diameter/mm Fruit shape index
2017 R Tl 208.1+10.02 a 79.05+1.40 a 71.83%1.65 a 1.10+0.02 a
Zaosu T2 199.5+8.01 a 78.36=1.70 a 69.33+1.03 a 1.13£0.02 a
T3 145.844.35 b 70.07+1.05 b 63.04£0.67 b 1.11£0.02 a
T4 130.946.56 b 68.02+1.51 b 60.11+1.10 b 1.13£0.01 a
Hje Tl 278.6+13.50 a 72.63+0.38 a 80.84+1.97 a 0.90+0.02 a
Huangguan 1 270.6+11.26 a 73.54+£1.42 a 78.92+1.03 a 0.93+0.01 a
T3 207.0+6.38 b 66.80£0.71 b 73.53+0.66 b 0.91+0.01 a
T4 172.246.69 ¢ 64.25+0.98 b 68.29+0.96 ¢ 0.94+0.01 a
2019 HER Tl 200.0+22.4 a 78.27+4.78 a 72.00+4.23 a 1.09+0.09 a
Zaosu T2 179.8+23.7 a 75.55+4.39 ab 68.25+2.30 ab 1.10+0.06 a
T3 147.5433.5b 71.26+7.89 b 63.92+4.68 be 1.1140.07 a
T4 115.4431.0 ¢ 63.18+6.74 ¢ 59.40+5.68 ¢ 1.06+0.07 a
Hl Tl 318.5+60.3 a 81.3244.72 a 83.62+4.99 a 0.97+0.03 a
Huangguan 1, 313.7438.7 a 79.1442.91 a 84.78+3.96 a 0.93£0.18 a
T3 225.5+59.0 b 72.3346.45 b 74.92+46.98 b 0.96+0.05 a
T4 207.3+47.1b 71.02+4.93 b 72.77£6.25 b 0.97+0.05 a
#3 TRBREXMNFHERERFE SRR S = FITEER b RIS
Table 3 Effects of fruit load on sugar- and -acid ratio in fruits from densely planted cylindrical pear garden
i 1A) v b7 wCAT PR ) wCrA MR 3 5 R B2 L
Year Cultivar Treatment Soluble solids/% Soluble sugar/% Titratable acid/% Sugar-acid ratio
2017 Hk Tl 11.46+0.17 b 8.77+0.07 a 0.314£0.02 ¢ 28.63+£3.02 a
Zaosu T2 11.96£0.24 a 8.51£0.19 a 0.30£0.02 ¢ 27.90+1.25 a
T3 10.91£0.07 ¢ 7.37+0.08 b 0.38+0.01 b 19.27+0.55 b
T4 10.7240.12 ¢ 6.92+0.46 b 0.44+0.02 a 16.07+0.89 b
B Tl 11.47£0.19 b 7.41+0.37 ab 0.20+0.01 b 37.08+0.79 a
Huangguan T2 12.65£0.19 a 7.85+0.18 a 0.21+0.02 b 38.59+2.92 a
T3 10.11+0.17 d 7.06+0.11 be 0.26+0.01 a 26.8240.54 b
T4 10.95+0.09 ¢ 6.57+0.08 ¢ 0.24+0.01 ab 27.06+0.64 b
2019 LK Tl 11.33£0.39 a 7.97+0.04 a 0.32+0.01 be 24.9+3.02 ab
Zaosu T2 11.4240.51 a 7.68£0.15 a 0.28+£0.02 ¢ 27.4£125a
T3 11.17+0.60 b 7.3240.13 b 0.35+0.02 ab 21.4+0.55b
T4 10.63£0.67 b 6.11£0.27 ¢ 0.39+0.02 a 15.6+0.89 ¢
Hoe Tl 11.88+0.63 a 7.69+0.22 a 0.17+0.02 b 452+0.79 a
Huangguan T2 11.71£0.52 a 7.75+0.37 a 0.16+0.01 b 484292 a
T3 11.16+0.73 b 6.86£0.21 b 0.21+0.02 a 32.640.54 b
T4 10.97+0.46 b 6.6240.1 b 0.20+0.01 a 33.140.64 b
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Table 4 Effects of fruit load on fruit firmness and stone cell

content in fruit of densely planted cylindrical pears

- e F{g&ﬁ;@fﬁ wCA 4D
Year Cultivar Treatment ruit firmness/  Stone cell content/

(kg-cm™) (g-100g")

2017 HLBk T1 7.53+0.35a 0.05+0.01 b

Zaosu T2 7.924020a  0.04+£0.00 b

T3 8.15£0.19a  0.06+0.01 ab

T4 7.91£020a  0.07+0.01 a

e Tl 6.6740.27a  0.12+0.02a

Huangguan 1 6.96+0.16a  0.1120.01 a

T3 6.69+0.12a  0.12+0.01a

T4 6.43+0.18a  0.14£0.01a

2019 LBk T1 6.84+0.43 a 0.05+0.01 a

Zaosu T2 6.95:027a  0.05:0.00 a

T3 7.22+048a  0.06£0.01a

T4 736£0.69a  0.06£0.01a

e Tl 6.18£0.40b  0.13+0.02a

Huangguan 1) 6.47+0.50ab  0.12+0.02a

T3 6.83:045a  0.13£0.01a

T4 6.50£0.42ab  0.14+£0.01a

x5 TRBREMEEREFEMRERROK/NEIFIE

Table 5 Effects of fruit load on core size of fruit from

densely planted cylindrical pear orchards

25 2R R I AR E AR A . A 4
FERE 20174 RER R AA A E R R
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FE T3 T4 1% 33.3%.42.9%. 2019 4F“ BLER A 40 &
AN 2017 T F, (HAS A A3 ) 22 S R IA
FIEEKF. ¥ E 20172019 FFE 4 4 & R
) B SR A B ) 22 AN 3
2.5 XFLROKNHIEND

CELIR R e RGO AR B B R E RN
ERNIF SRR N Bz ik S S SR DI PNES
5) < FLERT1 A T2 Ab B AL OB AR B R, R 22 A
B, Ta/N, BEMRT TIMT240F, 3556/ ¢ 5
Pk RS AR AL 5 R BRI A — B, TR T2 kb3 R
DR K, HE ZRARE, T45/N, BEKT TI
AbEE SO EE AR K/ NBE A B R B RS g Ok B
R T1 AN T2 B 2 BN, T1EE T3 T4 41K 8.0%~
8.7%10.0%~12.2% , T2 kb T3, T4 1% 7.5%~9.2% -
8.8%~13.4% ., < T e " T1 F0 LR /N, T4 Ab 3
71, T1EE T3 Al T4 41K 5.9%~7.5%11 6.7%~12.0%. %%
A B IR IA B T3 KPR, S0 L2 38 i, SR s m] £
HPEG.

W ubs R LB R0
Year  Cultivar Treatment Dla.lmeter of Fruit .
fruit core/mm core ratio/%
2017 HLER T1 28.27+0.47 a 39.48+0.95 b
Zaosu T2 27.0140.41ab  39.04+0.86 b
T3 26.80£0.26 b 42.63+0.55 a
T4 26.43+0.30 b 44.29+0.61 a
e Tl 31.39+0.69 a 37.97£1.00 b
Huangguan ) 30.67+0.66 ab  39.84+1.25 ab
T3 30.01£0.34ab  40.82+0.40 ab
T4 29.01+0.50 b 42.5340.72 a
2019 FLpE Tl 30.45+1.26 a 41.6£2.33 b
Zaosu T2 29.1340.93ab  42.1£1.67b
T3 29.1241.79ab  45.3+3.65a
T4 27394247 b 45.8+3.43 a
Wi Tl 32.53+1.59 a 37.242.13 b
Huangguan 31.2642.57ab  38.1+1.24 ab
T3 29.3743.48 b 39.4+3.23 a
T4 28.59+2.20 b 39.7+2.54 a

2.6 XMFLRFERIEN
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IS, T4 B i, T2 AN T3 JE b C AR T4 Ab 3 666.7 m?
77 & L T1L T2 T3 43 5l 51 47.0%~54.9%  14.3% ~

*6 TREREMFHEHESMIEERR~ENZI
Table 6 Effect of fruit load on pear yield in closely planted

cylindrical pear orchards

- =
W R A ijﬁi’fﬁ B a5 666.7 mre
Year  Cultivar Treatment Yield per 666.7 m’/kg
plant/kg
2017  Hfk Tl 19.2+0.7 d 3211.7+65.3 d
Zaosu T2 28.9+1.1¢ 4.830.4+132.1 ¢
T3 33.4+1.4b 5210.2£113.5b
T4 35.6x1.2a 5952.1485.6 a
e Tl 18.3+1.1d 3056.2452.1 d
Huangguan T2 325423 ¢ 544134359 ¢
T3 36.241.2b 6052.2+120.4 b
T4 42.8+1.5a 7157.7+98.8 a
2019 LR Tl 18.6£2.0 d 3106.2463.0 d
Zaosu T2 28.9+1.8 ¢ 4837.9+44.5¢
T3 32.842.04 b 5487.6+111.8 b
T4 35.042.88 a 5856.0+133.9a
e Tl 20.7+1.46 d 3470.0436.5 d
Huangguan T2 34.0£2.55 ¢ 5693.1£29.5 ¢
T3 44.8+2.12b 7 487.8+140.3 b
T4 48.7+1.09 a 8 137.4499.5 a




1534 3 gy

i #3745

4

17.4%7F1 6.3%~10.6% , ‘ B i " T4 4L HE 666.7 m*F™ &
EE T1.T2.T3 4 3 &1 57.4%~61.2%24.7%~30.0%F1
8.0%~12.6%.
2.7 XFEUR R TR RS20

X7 RYIBEAE R0 I0, B A0z #
Pl o FLIR AN B I — B R, AN [F] Ab 2
) 2 25, T1 A B e Fuim 2, o2& T2 f T3,
T4 PR RAK . MAEFPAL SR ZRE , C BLBR A et
FILH AR [F B R, T2 Ab R H i, HLvk g TR TS,
T4 5 AK. < FER T2 A FRAE AL 2R 73 7l L T1. T3 F
T4 55 19.1%16.5%F1 30.8% ,  # 7 T2 7 I Eb T1.
T3 A1 T4 15 23.3%+27.4%5130.9%. KA T1EHELE
b ACE B B % ABAE T AL SR AR T2 AhFRAK, T3
T4 A FRIE T BRI D , HAE 7 A 34 N, mf
Reox o 85 AR AL P R IR

R7 FREBRENEHEEERELE RN AL 1L A E I
Table 7 Effect of fruit load on flowering rate in cylinder-

shaped pear trees in high-density orchards

sl b3 AR TEJ?‘ ﬁé%}:
Cultivar Treatment Number of Fruit setting rate of
flower buds inflorescence/%

TR T1 317.2+6.8 a 59.842.9 b
Zaosu T2 224.5+7.9b 73.944.9 a

T3 159.0+5.6 ¢ 61.745.6 b

T4 127.5+5.1d 51.143.5¢
T Tl 288.6+8.3 a 63.5+4.7b
Huangguan 1, 209.8+6.9 b 82.8+2.7 a

T3 144.8+4.6 ¢ 60.143.9 b

T4 105.4+5.4 d 54.2+4.6 ¢

3% w

AT FER W, R A T AL ¢ R A SO
R R R , R RN, TN T2 Ab 22 58 L5
ERK. REHTARTERAFE B R EIT TR IE )4
R—F, (H RN R B B R S AR AR
B IR K 0 7 V2 AN SRR (R A I A TR A =
T B E R A A R AL, AT LA DL A 45 R AL
P v AR B v B AR R AL B R
IR WASHIE T AR AN R R 45 R A
AP B34 A 45 SR A ZH B © A SR e Bk B R & U
B TR ZE R IR . Ak, AT TR, A H
FE AL RTEAR BT & R, X 5 E PR
WRTN 7 S5 A < 22567 F“ s AL BRI g R —
BUAES U705 E E T A BRI A — 2, W)

Ao 5 PR R A G, e RS B R P AL A R, A
FLEL R LB T 3~ P AL R TH B T IX— &R 5
1) .

PEIR & R AR S H B N TE s FR bR . R
SRR AR R ER S TR RN E, RS
HHRSK/NRIEMR, X5ATRLER 5. &
WEFRFRET, < BRSPS P T S B LA
T1 AT T2 Kb B f 5, A v 14 0 25 52 B B SR B 1 38
T F#AR . TR T1 AN T2 KhFE < FLER A< 36 76k N 78 i
JR BT, B R EIA B T3, W BTG F . T E IR
TENENESS SRR, BB B E R
38 0 AT T R S B N L T B W S R
R R ER I e BT E TR X
R AEOTE R REL LI g RA I
XARe S MR RE R, TR REY e
AL AN RO ARL B Rl A TE] , AT E R A B S e
JERD B, A EAN R, v E R & B e AN
Fo AWFFCH, R ED 0 RS RS R
Wi, D]t B 1 B A R R T B 0 R R E R S 2t
WnrEH X T ERE DU PR R R
AU ) B AR AR, BTN SO R B, BLE R LA
20.0~60.0 K 22 A IR 3 12>, ¢ FLIR 0 ¢ 3 et
SR SRR LU b B AL 2 0 3G i FRAIC, © AR T1 8L T2
A FRKETR LUAEIE B, B AN R B R B AL PR IR L
BILEE VL A .

AT T 2 B B A R A T A el ¢ LR SR PR 4
o F i o A B R R I, B A A A
2 B IR B A 3 0 ) A ARAS [ A B TR) 2
FARBENRZ KT FHEEPX K E MR
KW, NRAM S ESTRR, SRRESE R —
o XATRE SRR AR B B DG, i AR
B, SRR AR AR S 50 d 7c Ak B g, 1 s
b 25 SR S A B R, ISR F R (B )
50 d Ae A AN R Ak B TE] SR SR /N AT e 22 S 0N BAE K
JE I, BRSO /N2 S iR I i, B IR D 1) B SR
K, A 40 A R AR R .

T B FETEN TE BB 3 b B A s i 4
PR, AR 4 a 20 A5 T BT 1 IR, 0 et 42 il 7
— SEO RN, HLS g SR 2 A R AR AR e AR A
B2 R A e SRR B R B EW R VA S . [
N, G R W B 3 a4 a fE A &5 Bk 20 52 92
A, NS a 2B S5 B T UR s T RS, 9% 3 A
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TE B A T2 s 5 A AR IR FFTE 4 a 24, B R
FAPRTE RS Foh, CFER R T1 A3 =
T, T3 R T4 b B B AR 7 5y, {H 5 50 0 0 ) =
SIS, AT VR T4 ATV PERE B R BRI, SRR
fi Pk S . T2 AL ERC FLER RT3 T AE AR AIE & R
B4 R F= 2 & o, 55 N 4 830.4~4 837.9 kg Al
5441.3~5693.1 kgo 740, MEEIL/NTD  fLiF &
K 3 RO A KBS IRV AR, 16T AR R EAIC L H
SERHE X R AR R TR . AR 3RS
I K, 25 B AE , T3 A T4 4b B A AE B 048 5 A4
R T, B AR INELE R .

4 4@

SR RS RN = B b, R B[] B A
FURR B R B DA T2 A BN R, SRR R, RSw]
TR AN AT IR R RSO RR L L, R
O EEBIMER S B HANTE 2 58 BAE , 78 DRAIE it 3R
RIRTHR T 7= e o
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