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Effects of pruning on canopy microenvironment, branch composition
and nut quality in Xinjiang walnut
HAN Liqun, ZHAO Yu, ZHAO Guoging, ZHANG Hui, MA Kai"

(Fruit and Vegetable Institute, Xinjiang Academy of Agricultural Sciences/Xinjiang Fruit Science Observation and Experiment Station,

Ministry of Agriculture and Rural Affairs, Urumgqi 830091, Xinjiang, China)

Abstract: [Objective] Pruning is a crucial aspect in fruit cultivation management. The suitable pruning
can enhance ventilation and light penetration within the canopy, improve photosynthetic capacity and
light energy utilization efficiency, thereby establishing a better balance between vegetative and repro-
ductive growth, and ultimately increasing the fruit quality. For the tall arboreal trees like walnut, adopt-
ing efficient and simple pruning method can significantly reduce production costs and enhance econom-
ic benefits. The aim of this study was to examine the effects of different pruning models on canopy mi-
croenvironment, branch composition and nut quality in walnut, and investigate the suitable and efficient
pruning model for Xinjiang walnut trees. [Methods] The 15-year-old Xinfeng trees, primary walnut cul-
tivar in Xinjiang, were taken as the experimental materials. Three models including mechanical prun-
ing, mechanical and manual-assisted pruning, and manual pruning were adopted, with unpruned trees as
the control. Parameters such as canopy temperature, relative humidity, light intensity, photosynthetic ca-
pacity, photosynthetically active radiation and chlorophyll content (SPAD) were measured. The number
of mixed buds, fruit settings, newly developed bearing branches and mixed buds were quantified. The
contents of endogenous hormones in the mixed buds were determined by the enzyme-linked immuno-

sorbent assay (ELISA). The plant yield, nut count, nut weight, and rates of empty and shriveled nuts
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were recorded during the fruit harvest period. Additionally, the kernel quality parameters including
crude fat, crude protein and soluble sugar contents were tested. The parameter indicators were analyzed
through clustering and correlation methods. The quantitatively comprehensive method was adopted to
evaluate the different pruning models based on the AHP-CRITIC combination weight methods and the
TOPSIS model. [Results] After pruning, the height and crown width of walnut trees were reduced, and
ventilation and light penetration were improved. The relative humidity of canopy decreased, while light
intensity, photosynthetic capacity, and the SPAD values of leaves increased, and the net photosynthetic
rate and photosynthetically active radiation were significantly enhanced, which collectively enhanced
the microenvironment. Photosynthesis is the foundation of walnut growth. Through pruning, light could
be utilized more efficiently, which influenced the growth and development of leaves and branches, and
ultimately shaped the formation of fruit quality. The results showed the net photosynthetic rate within
the canopy exhibited an increasing gradient from the inner canopy to the outer, the mechanical and man-
ual-assisted pruning was higher across all canopy zones compared to other pruning methods. The annu-
al bearing branches and flower buds are critical for the formation of yield and quality. Pruning opti-
mized light utilization and influenced the growth of annual bearing branches. The total number of
mixed buds and female flowers in the selected annual bearing branches did not differ significantly
among the pruning models. However, the number of fruit set, and newly formed bearing branches and
mixed buds increased significantly. Specifically, the mechanical and manual-assisted pruning produced
the highest number of new annual branches, and the manual pruning generated the most mixed buds.
Additionally, the pruning promoted the accumulations of growth-promoting hormones, such as GA; and
IAA, with the highest levels observed in mixed buds under the mechanical and manual-assisted pruning
and manual pruning, respectively. Conversely, the growth- inhibiting hormone ABA decreased, and
showed significant reductions in apical buds under manual pruning condition and lateral buds under me-
chanical and manual-assisted pruning conditions. Yield and nut quality are the most critical indicators
for evaluating the rationality of pruning models in the fruit tree. The pruning can also establish physio-
logical balance between vegetative growth and reproductive capacity, helping to maintain tree structure
and improve nut quality. This study revealed that while pruning reduced the yield per plant, it signifi-
cantly increased the nut weight and reduced the rates of empty and shriveled nuts with the lowest 4.3%
in mechanical and manual-assisted pruning. Furthermore, pruning enhanced kernel quality, with signifi-
cant increase in crude fat, crude protein, and soluble sugar contents from 17.9% to 42.7%. Among the
three pruning models, the mechanical and manual-assisted pruning led to substantial improvements in
nut quality, and the yield per plant could recover rapidly. Cluster analysis of the measured parameters re-
vealed distinct groupings based on the different pruning methods. Negative indicators such as ABA,
yield per plant, nut numbers and the rates of empty and shriveled nuts were clustered, while other pa-
rameters formed another. Correlation analysis further indicated that microenvironmental indicators were
positively correlated with the numbers of annual fruiting branches, mixed buds, and nut quality traits.
Pruning reduced the number of branches, leading to a temporary decline in yield per plant. However,
yield could quickly recover through the changes of canopy microenvironment conditions. Based on the
comprehensive evaluation, mechanical and manual- assisted pruning emerged as the optimal pruning
model. [Conclusion] Pruning significantly enhanced the canopy microenvironment, facilitated the re-
construction of annual bearing branches, and improved the nut quality of walnut. The integration of
pruning machinery with simplified manual agronomic practices for mature walnut trees in Xinjiang rep-
resents an economically viable and highly efficient pruning model.
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Fig.1 Four pruning models of walnut trees
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Table 1 The parameters of walnut after pruning in different models

Btk W T Ha

Je i CR PG 1B

EEEE ERE (>S5 EA) WA H B (3~5 44D

Pruning  Plant Tree Pole Basal Crown width (east- Canopy Number of main Number of lateral
model number height/m height/m diameter/cm  west x north-south)/m  height/m  branches (=5 years old) branches (3-5 years old)
UP 1 10.5 1.21 21.02 7.2x7.4 9.29 7 17

2 9.5 1.18 20.38 7.0x7.2 8.32 6 13

3 10.0 1.11 22.62 6.6x7.2 8.89 8 15
MP 1 54 1.22 20.00 5.3%6.2 4.18 5 10

2 5.5 1.18 20.70 5.1x5.8 4.32 4 8

3 53 1.17 20.25 5.2x5.8 4.13 4 8
MP+MaP 1 54 1.12 20.38 5.0x6.0 4.18 6 11

2 54 1.15 21.34 5.2x6.0 4.32 5 8

3 5.5 1.02 20.45 4.8x5.8 413 5 10
MaP 1 5.5 1.20 19.85 5.7%x6.2 4.28 6 10

2 5.5 1.23 20.70 5.5%6.5 425 5 9

3 5.3 1.12 20.22 5.5%6.7 4.48 5 8

& %HE 5 (photosynthetically active radiation,
PAR) SR LM LLAMES K
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M8 CO, MR JE C (intercelluar CO, concentration) fl17%
[ % T, (transpiration) 5565 240, ESLNE 3 d.

I F SPAD {H : i Fl SPAD-502 Plus 5 A# #1H
SRR RN, 78 T IE 6 & S FEA Bl
JE M 2R AR5 &, B SPAD i
132 1A EMMNE  1VFEBIORE F St
AR AT (3 H 21—25 HD , B4 2 IX B ALIE UK
[ 10~30 om A=K RAF 9 1AEA 25 A % 54N, R A
HJ7i2:, et iisk R GRE FHE, LG
METEH, SRV ST AL B2 RIR IS T R B 8k
FOB RS RB B RIR S .

TR N IR & EE ARG R
F A TE 10 H 10 HD SR 2 14 45 LA
TR R TGZE R 1~3 AN 28 3 N R G 7 5 15 H
T URPR A 417 [l S 56 =, FH T 7 5% 2 (gibberellin 3,
GA,) £ K % (ndole-3-acetic acid, IAA) . LK Z (ze-
atin, ZT) 1 i 7% B2 (abscisic acid, ABA) W YRR &
FGE o 8 b R IR AR MR A B A ) A AR
&, 2 BRI & U A5, S FH B IBG 6 928 W B 5 v
(ELISA)TMSE A IRH = & & .

133 EHZERBEREZANE  FRLHRIY,
TSR AL RAZ AR 1) P A7 SR Si2 L Gt SAbk ™ B S R S
it TEANE 504 E HL 100 AR, IR OBk
ol T A TR A A R B AR A ) ) 7 9 B
R E R e EA R R AR R RN e HE
TR, KHIUREZEN M E A A&, R A B L
I AT A PR i, S RN RS A AR
PR J) R AT I E , 7 2 R S i .
1.4 HIELIE

K 1 Excel 2021 F1 SPSS 26.0 #At: % $ 448 34T
BB ) J7 72 43 W oA B R 2R 5 2 i DA BN B
7 R 35 (P<<0.05) , K A Excel 2021 # OriginPro
2024 BAFE . 2 B 5 B AE P U732, 185 Rstu-
dio (R version 4.4.1) ¥ A, 5K | AHP 2 R 70 #1 12
SE S VP PR AR I ML , 15 200 A il FE bR CRRUpR
B AR R ABA S B VB BT A A
IE e (B fum Fa bR AN BT Fe bR #4713 — 1k i
B, R I 1~9 B BV AR A VAR HE b R R
o M P L EERR R, A IR . R A CRITIC %
T 8 & PR FR AR I BB, 43 38 32 000 2 30 20
HAE . )52 B OCEk R, R A TOPSIS
P ARG B AT 225 VR, 15 H S BT AR X
IR B HET -

2 ERE55W

2.1 AEHEBEN AT RHA IR E RS20
21.1 NAEEBEARAMINEEG IR R R



1762 3 L)

A
==

{: F424

(2R WY, e J2= b AR DX R L 28 v 1 T A X3
TIVRE MK T R8I 3. 3 Fi& BY J5 =0 A 22 5 W A
k7 TR IR B A s TR BT, HE R B2, A
TAB BT f ey, P2 0 32.5 °C A2 BT Ja ik J2 T 6
DI PR A N B2 SR T RAZ BT, MU+ N T4 Bl 2

—o— "2 Upperlevel —-— TJZ Lower level

A - -o- = |2 Upperlevel = =2 - TJZ Lower level
35 ¢ 1 70
/g_(a(\t;
c
L a 4
. 30 ,C,/—vg——gg/"’ 60
E i
2 I
s 5 251 &___ _ ab c , 1%
& il o« m
g O - =
e a b T--- < --=--9
20 b ab | 4
15 - - - - 30
UP MP MP+MaP MaP

&850 Pruning model

Relative humidity/%

BRI TABBY 38 5 R B8 2 55 B 3%, ML+ A T 4H
BhAG BT A G FE B %, P 2 9 42.8% . T JF H 484k
bhAsE, B BT J5 ek 2 T 35 DX S L £ 13:00 PSS B 7
B, FEITAa T ARAE BT, ¥ 1E 15:00 7o A5 12k 3]k
{8 5 T4 B J5 AH X 1 H AR, FEAR IR TR 2

—o—yUPp ——MP —o— MP+MaP —o—MaP

-=0-=UP =-t-=MP - -0~ = MP+MaP - = - MaP
35 9 70
30 160 &
O 2
5 2
E o g
M s 25 1 50 % =
= 5 o
o = .2
5 &
[}
oot 14 &
15 30

09:00 11:00 13:00 15:00 17:00 19:00 21:00
%] O’ clock

SCERAR UL LR, R R FRAR R . AR/NG FREZROR ZE R R (P<0.05). .

The solid line represents temperature data, the dashed line represents relative humidity data. Different small letters represent significant difference

(P<<0.05). The same below.

E2 TREHEATERREENESR

Fig. 2 Differences in temperature, humidity of canopy with different pruning models
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Fig. 3 Differences in light intensity of canopy with different pruning models
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Table 2 Spectrogram distribution of canopy with different pruning models (10000 Bit)

BB ek )= X 4

Pruning model Canopy area

ISty )

Total radiation
(310-1130 nm)

JeE A RBEES

Photosynthetically active
radiation (380-710 nm)

JRAR/
Near infrared
(710-760 nm)

PIRAR/

Far infrared
(760-1130 nm)

UP Zone 1 56.83+5.29 g 9.68+0.96 g
Zone 2 61.69+5.53 fg 10.57+0.95 fg
Zone 3 68.36+4.17 efg 11.76+0.76 efg
MP Zone 1 70.77+3.57 efg 12.87+0.68 def
Zone 2 75.50+5.65 def 13.55+1.01 de
Zone 3 81.78+4.66 cde 14.44+0.84 cd
MP+MaP Zone 1 90.24+1.10 bed 16.44+0.12 be
Zone 2 102.28+4.61 ab 17.78+0.87 ab
Zone 3 114.36+8.64 a 19.20+1.26 a
MaP Zone 2 95.27+2.23 be 17.06+0.32 ab
Zone 2 103.27+2.84 ab 18.43+0.39 ab
Zone 3 117.64+6.35 a 19.64+1.39 a

30.22+2.77 ¢
32.49+2.62 ¢
35.53+2.13 de
40.24+2.05 cd
41.76+2.88 be
43.77+2.55 be
49.69+0.24 ab
51.63+2.22 a
56.40+4.41 a
51.04+0.49 ab
54.57+0.97 a
56.16+1.92 a

16.03£1.61 g
17.70+1.97 fg
20.10+1.61 efg
16.8140.91 fg
19.2942.15 fg
22.64+0.74 ef
23.19+0.82 def
31.81+1.84 be
37.1544.58 ab
26.24+1.78 cde
29.2542.21 cd
40.63+3.70 a
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Fig. 4 Differences in photosynthetic parameters and SPAD value of leaves with different pruning models
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Table 3 Differences of annual branches growth and flowering with different pruning models
BRI e J= 7 A1 5SS TRE L METEEL AR BB WR A
Pruning model Canopy distribution ~ Total buds Mixed buds Female flowers  Fruit settings New branches New mixed buds
(0] Zone 1 81 29 33 16 15 74
Zone 2 79 29 33 19 18 85
Zone 3 87 30 37 20 22 95
41T Total 247 ab 87 a 103 a 56b 56 ¢ 252 ¢
MP Zone 1 79 31 31 25 20 107
Zone 2 82 29 33 25 22 116
Zone 3 98 30 37 28 28 126
A1t Total 259a 89 a 101 a 78 a 71b 349 b
MP+MaP Zone 1 84 32 36 28 26 99
Zone 2 84 34 31 26 29 128
Zone 3 80 34 33 25 28 135
Al Total 247 ab 100 a 100 a 78 a 84 a 361 b
MaP Zone 1 86 27 33 25 23 127
Zone 2 74 31 29 23 24 123
Zone 3 84 31 35 28 27 132
4t Total 2441 89 a 98 a 77 a 74 b 382a

FD e, 291 171.81 ng-g' #11276.88 ng- g
TZE I TAA P X & 8o N TAS BB g ey, O 26
(¥ TAA S35 & ik N TR iz sy i v
23579 54.63 ng- g M151.26 ng- g, ¥ 5 HoAl A& B A
Az 3. T2 A 2F ) ZR 3 & B EHL
W+ N T4 B 2 BB 2 d v, 9 40.01 ng - g A
46.67 ng- g, Forh M ZF p i) i 5 Al S B A 2

TR VAL R TR 2 h ABA & &3
NARAEB e, N TR AR,

2.3 ARHEFHRX B~ EFR LR ERAIF M
231 ME®RFZENHR WE6TIR BEENY
S FR) - 88 B 7 R 2 R SR B8 8 35 BRI AL
i+ N A BB BT T B B 9 825, 20 3l D R AB BT 1Y
53.7%MM41.6%. BB1JE 15 24, RIZBIZBM K



5 8 1 BEALTE, S A8 BB B AZ Ak el 2 SO B B A T R R R SR D5 R S 1765
OUP OMP ©MP+MaP EMaP
A 1500 B
a a a
L 4 ab
~ 1200 ¢ ab b b b = b b b b
Tlm — _—— _‘cn 45 L L &_'I'_
& 2 90 ¢ # K <
ol ME 30 b
RE 600 | # 2
=3 8
< < I
S 300 | < B
0 0
T 2 Terminal bud 2§ Lateral bud Tj % Terminal bud M %f Lateral bud
VRE 2% Mixed bud types VR 22 Mixed bud types
C 60 D 800 r
a
a —~ - a a a a
- = preley
BT a a b = 600 f b . b
bl —— b —~ o0
oh ] c _© w =
®E 50t %5 400 |
X2 = £
M2 =8
- = <
=3 - o I
2 15 2200
N
0 0 .

Ti%f Terminal bud M 2§ Lateral bud
VR A 2F A Mixed bud types

5 FEHEHIHERT

T %f Terminal bud Ml %F Lateral bud
VA 725 Mixed bud types

REFHHESENER

Fig. 5 Differences in the contents of hormones of mixed buds with different pruning models
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Fig. 6 Differences in per plant yield and nut number with different pruning models
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Fig. 8 Cluster analysis of parameter indicators with different pruning models
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Fig. 9 Correlation analysis between canopy microenvironment with annual branch reconstruction, yield and quality of nut

with different pruning models
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Table 4 Comparison of labor costs with different pruning models
Bt (34 (ELpies AT L) BN A TN T A
Pjunin model Workload Pruning efficiency/ Labor amount/ Wages/ Total labor cost/ten Cost savings/
& per 666.7 m’ (666.7 m’-day'-person”) person (Yuan-day" - person”) thousand yuan (yuan-666.7 m”)
MU AZ 85 100 50 2 400 0.08 92
Mechanical pruning
WU+ N LAt 5By 100 50+10 2+10 400+100 0.18 82
Mechanical and manual
assisted pruning
NTAEEY 100 1 100 100 1.00 /

Manual pruning
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x5 TRETRANSHIETNETHESER

Table 5 Weight calculation result of indexs with different pruning models

izt FUALEA HMALEAS HARE
Index Subjective weighting values  Objective weight values Combined weight values
JGHRFE Light intensity (LI) 0.022 1 0.029 2 0.008 9
1648 2 Net photosynthetic rate (P,) 0.018 0 0.028 5 0.007 1
K fLF % Stomatal conductance (G,) 0.025 1 0.0376 0.013 0
S FE Y] Total radiation (TR) 0.022 1 0.054 1 0.016 5
Y& ZE ST Photosynthetically active radiation (PAR) 0.025 1 0.030 6 0.010 6
AN 2% 254 & Chlorophyll content (SPAD) 0.022 1 0.028 9 0.008 8
iR 1 AEAE R New annual branch (Nbr) 0.0211 0.030 4 0.008 9
B IRAZE New mixed buds (Nbu) 0.026 7 0.069 4 0.0256
Jr# 2 Gibberellin 3 (GA:) 0.0337 0.0342 0.0159
4K % Ndole-3-acetic acid (IAA) 0.042 5 0.060 5 0.0355
FKEK Zeatin (ZR) 0.029 4 0.036 6 0.0149
Jii 7% & Abscisic acid (ABA) 0.0147 0.057 1 0.0116
Pk & Single plant yield (SPY) 0.0194 0.043 4 0.0116
PR Nut number (NN) 0.017 1 0.0321 0.007 6
LR B Nut weight (NW) 0.047 7 0.040 5 0.026 6
7% 72984~ Empty and shrinkage rates (ESR) 0.004 5 0.0359 0.002 3
FARI Crude fat (CF) 0.0379 0.030 1 0.0157
H1E A Crude protein (CP) 0.042 7 0.026 6 0.0157
Al EHE Soluble sugar (SS) 0.066 8 0.060 5 0.055 8
BB A Cost 0.065 9 0.128 9 0.117 1
18I 3% Efficiency 0.3952 0.104 6 0.570 3

FA&8Y Unpruned

PLIRAZ BY Mechanical pruning

A L1258 Manual pruning

ML+ A 142 BY Mechanical and manual pruning

0.240 3

0.346 1

0.407 0

0.0

0.1 0.2 0.3

254 P43 Comprehensive score

10 REMEHEXNEESTN

Fig. 10 Comprehensive evaluation of different pruning models
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