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Effect of post-harvest foliar fertilizer sprays on the photosynthetic capaci-
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Abstract: [Objective] The study aimed to reduce the high branch drying rate and increase the continu-
ous fruiting capacity of Wen 185 walnuts (Juglans regia L.) in Xinjiang through foliar surface spray of
potassium dihydrogen phosphate (KH,PO,). [Methods] Based on field experiments and laboratory mea-
surements, four foliar application concentration gradients were set: water (CK), 0.8% KH,PO., 1.2%
KH,PO,, and 1.5% KH,PO.. The spray was carried out three times after harvest with 10 days interval.
The photosynthetic physiological parameters, leaf anatomical structure, and sugar metabolite content of
Wen 185 walnut leaves after harvest were determined. [Results] The spray of KH,PO, effectively in-
creased photosynthetic parameters, sugar content, and improved leaf structure of Wen 185 walnut, and
1.5% KH,PO, treatment had the most significant and optimal effect. On September 25, the 1.5%
KH,PO, treatment increased the net photosynthetic rate by 28.83% compared with the control. The
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trend of leaf stomatal conductance was basically consistent with that of net photosynthetic rate. At the
late stage of fertilizer spraying, the stomatal conductance of the 1.5% KH,PO, treatment group was
27.29% higher than that of the control. The transpiration rate of the 1.5% KH,PO. treatment increased
by 27.39% compared with the control. A total of 12 short-chain sugars were detected in walnut leaves,
dominated by sucrose. The levels of sucrose, glucose and fructose peaked after fertilizer spraying and
were significantly different from those of the other groups. The sucrose content in the leaves increased
by 10.61%, glucose content by 13.23% and fructose content by a significant 35.63% after fertilizer
spraying compared with the control. The increase of the total sugar content of 1.5% KH,PO, treatment
was the most significant (P<<0.05), with an increase of 13.50% compared with the control; the differ-
ence of the chlorophyll content of the 1.5% KH,PO, treatment group and the control at the late stage of
fertilizer spraying reached the maximum value. The spray of KH,PO, significantly affected the stomata
of Wen 185 walnut leaves. The effect of the 1.5% KH.PO. treatment was most significant. The stomatal
opening rate of the 1.5% KH,PO, treatment increased by 18.41% compared with the control, whereas
there was no significant difference between the stomatal opening rate of 0.8% and 1.2% treatment
groups and the control. The thickness of upper and lower epidermal cells under the three concentration
treatments was lower than that of the control during the fertilizer spraying period. After fertilizer spray-
ing, the thickness of upper and lower epidermal cells decreased in all treatment groups, except for the
1.5% KH:PO, treatment, which showed an increase in the thickness of upper and lower epidermal cells.
The most significant increase in the thickness of fenestrated tissue was observed in the 1.5% KH.PO,
treatment during the fertilizer spraying period. The fenestrated tissue thickness increased in 1.2%
KH,PO, and 1.5% KH,PO, treatments after fertilizer spraying, with 1.5% KH,PO, treatment showing
the most significant effect, increasing by 22.98% compared with the control. The fenestrated sea ratio
(the ratio of fenestrated tissue thickness to spongy tissue thickness) of the 1.5% KH,PO, treatment dur-
ing the fertilizer spraying period was significantly different from that of the control, whereas none of
the other treatment groups were significantly different from that of the control. After fertilizer spraying,
the fenestrated sea ratio of 1.5% KH,PO, treatment showed an increasing trend. The leaf thickness was
significantly increased in 1.5% KH,PO. treatments during the fertilizer spraying period, with the most
significant effect in 1.5% KH,PO, treatments, increasing by 20.73% compared with that of the control.
The leaf pulp cell density showed significant enhancement in 1.5% KH,PO, treatment both at mid- and
post-fertilization sprays, with an increase of 13.08% compared with that of the control. Significant cor-
relations exist among various physiological indicators in walnut leaves following KH,PO, treatment.
The net photosynthetic rate (P£,) and chlorophyll content showed consistent correlation patterns with oth-
er indicators. Specifically, they exhibited extremely significant positive correlations with total sugar con-
tent, transpiration rate (7;), and stomatal conductance (G.), while displaying an extremely significant
negative correlation with intercellular CO, concentration (C;). Additionally, the palisade- spongy ratio
was extremely significantly and positively correlated with palisade tissue thickness. The moisture con-
tent of the 1.5% KH,PO. treatment group was 31.35%, which was 31.92% lower than that of the control
group (CK) (P<<0.05). The germination rate of walnut buds treated with 1.5% KH,PO, reached the max-
imum value of 72.95%, the 0.8% and 1.2% KH,PO, treatments were basically similar, being 72.22%
and 69.08%, respectively. The shoot drying rate of the 1.5% KH,PO, treatment was 37.37%, which was
significantly lower than that of the control group (CK) by 31.92% (P<<0.05). [Conclusion] Spraying
KH,PO, 1-2 weeks after harvest had a significant promoting effect on photosynthetic and physiological

indexes of Wen 185 walnut leaves, which could enhance the resistance of walnut trees to winter cold.
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Difterent small letters indicate significant differences among treatments (P<<0.05). The same below.
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Fig. 1 Photosynthetic parameters of leaves treated with different concentrations of KH,PO,
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A. Clustered heat map before fertilizer spraying (B1010 is the treatment, CK 1010 is the control); B. Clustered heat map during the fertilizer spraying

period (B1011 is the treatment, CK 1015 is the control); C. Clustered heat map after fertilizer spraying (B1013 is the treatment, Y1016 is the control).
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Fig.2 Clustered heat map of leaf sugar metabolism content
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Fig. 3 Changes in sugar fractions of leaves treated with 1.5% KH,PO,
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1.5% 49.50+3.72 ¢ 39.00+0.74 ¢ 78.79+6.10 ¢ 266.72£2.56 a  10.72+0.66 ab  3.93+0.47 a
WAL S CK 56.00+£1.52 b 35.00+2.31 be 62.50+4.46 ¢ 215.09+£3.02d  13.50+0.90 a 4.00+0.34 a
fAeﬁ?lrization 0.8% 54.50£1.85 ¢ 38.00+£1.35a 69.72+4.84 b 218.85£1.53 ¢ 10.65+0.40 b 3.73+0.34 a
1.2% 61.50£2.34 a 34.00+2.40 ¢ 55.28+4.43 d 225.61£1.51b  10.39+1.72 b 2.98+0.66 ab
1.5% 47.00£2.16 d 36.00£1.03 b 76.60+4.14 a 256.33£2.31a  12.18+1.35ab  3.36+0.32a

VE : FAIASFNG FRER R A ) 22 7 55 35 (P<<0.05) . RAl.

Note: The different small letters in the same column indicate significant difference at 0.05 level. The same below.

3R 69.72%76.60% . 45 R EK B KH.POREMRAL KT CK, MM AL 51 0.8% Ab BRI T 3R & JE AR T
SALTIRE, 1.5% B ER G U R i i CK.o o, 1.5%A0 3R AL 2 25 S mi A2 2 24 5
232 MR T ARS8 e, JEL B S CKAHELEE N T 22.98% , 1.2%4b 3
F3) Bon, B KHLPO, T35 5200 1R 18518k 18.92%. {HAVER A, 1.5%AFE B 248 w1 HihiE
AN . W IRHAS AN R AR REYS MM A SR B S 4R A R B R LR AED , HLwE AR

Jiti A 34 it A
After fertilization

Fertilization period

it A i
Before fertilization

&6 AERE KH,PO,LIERM F RS54+

Fig. 6 Anatomical structure of leaves treated with different concentrations of KH,PO,
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Table 3 Leaf Anatomical Structure Parameters
: X FREAMRIERE FREMREE AR HREL R I A 240 ff 5
i ] Jopi . . : ! . !
Time Treatment Upper epidermal Lower epidermal  Palisade tissue Palisade-spongy ~ Leaf thickness/  Mesophyll cell
cell thickness/um  cell thickness/um  thickness/um tissue ratio pum density/(cells-mm™)
% A i CK 16.49+1.05 ab 10.14+0.87 ¢ 110.88+3.10 a 1.17£0.16 a 205.48£1.39b 2702.26+88.96 a
Before ) g0y 14.7240.75 b 11.14+0.37 be 105.10£1.87¢  1.10£0.11a 192.53+0.74d  2383.28+75.93 b
fertilization
1.2% 15.80+0.84 b 16.15+0.60 a 101.90+1.19d 0.98+0.04 a 208.57+2.66 a 1971.10£78.15 ¢
1.5% 17.87+£0.46 a 12.33+0.57 b 108.33+3.13 b 1.17+0.23 a 199.81+2.91 ¢ 1971.51+£62.94 ¢
5 HEL A CK 12.82£1.15b 10.41£2.16 a 92.66+3.67d  0.98+0.10 ¢ 189.03+2.94d  2983.37+63.60 c
E:Ifit:)l(‘fa“"“ 0.8% 14.9140.43 a 11.01£0.57 a 104.8242.27¢  1.03+0.09 ¢ 202.024335b 3 125.81453.02a
1.2% 13.81+£0.92 ab 11.04+£0.93 a 108.83+1.89 b 1.22+0.02 b 201.84+3.86 ¢ 2728.15+£76.82 d
1.5% 14.00+0.57 ab 11.92+1.32 a 120.83£2.91 a 1.50+£0.40 a 228.21+2.44 a 3102.54+53.26 b
UilE CK 14.01£0.96 b 9.8140.60 be 97.10+£1.55 ¢ 0.95+0.13 ¢ 184.11+2.89 ¢ 2616.48+77.56 ¢
Aﬁ?li . 0.8% 15.00+1.34 ab 9.60+0.64 ¢ 81.00+1.96 d 0.92+0.16 d 172.9242.87 d 2 804.65+£99.94 b
fertilization
1.2% 16.60+0.68 a 11.61+0.75 ab 115.52+3.12b 1.22+0.30 b 202.41+2.02 b 2422.46+78.28 d
1.5% 16.81+1.82 a 11.81£1.91 a 119.41+2.99 a 1.44+0.43 a 228.21+6.44 a 2 958.84+89.94 a
JEFFBER, R e e o & R g5k . it 185 1% Bk v 25 AR BB AR AIAFAE W35 Rk . it E

J B LTI 1.5% A0 BAE WL 5 CKOR LS i 1
20.73%. M AR B FE A I S, 0.8% A1 1.5% b B

LENI S

SE RS SIS 2 S R
BES R ABER LR EEREF IR, 5

TEMGE AEHH 7 51 b CK A2 51 1 4.77%H1 3.99% , Wi e f5
A3 AN T 7.19%K11 13.08% , 1M 1.2% A0 B R SR A
F . IRESE EYEST 1.5% KH,PO, AL T X - fifd 5 45
A E S S ATE
2.4 FEXMSH

FH IS #2453 (] D R B, KHLPO, AL 2 S5 IR

] COME R R E MR, RILFEEGERE
B R AR IE A O M L 5 A 2 4R R AR
FEIEA G MIE] COKE S5 3 & i R R &
Fo . X4t 5L 8] KH.PO, AL 3 i #h i < ALAT
NOCERERE MR SR, BRI T A
AR RE

A 0.820 -0.015 -0.007 0.940 0.028 0.800 —0.720 -0.002 ~0.140 0.920 H0
B -0.068 —0.160 0.800 —0.150 0.990 -0.540 -0.120 ~0.150 0.860 08
C 0.490 -0.120 0.810 —0.078 0.140 ~0.510 —0.200 ~0.120 06
D - 0.039 0.880 -0.190 -0.120 0.480 0.150 —0.009 - 04
E - -0.014 0.760 -0.860 0.100 —0.070 0.970 - 02
F -- -0.180 -0.010 0.082 0.010 -0.078 - 0.0
G - -0.490 -0.130 -0.180 0.840 - 02
H - - -0.170 0.095 ~0.850 04
I 0.360 0.041 06
J -0.066 08
K H .

-1.0

) [N R SRS S AR

AP EE R B, R HE R C MHEELL D, A R E SRS B F MR A LURE G S AL S HL IR CO, WK 1 4R R ;1. S
LB K SRR S . * 78 P<0.05 /KFEREE ** & P<0.01 KPERNEE.

A. Photosynthetic rate; B. Transpiration rate; C. Fenestrated to sea ratio; D. Leaf thickness; E. Total sugars content; F. Fenestrated tissue thickness;

G. Stomatal conductance; H. Intercellular CO, concentration; I. Spongy tissue thickness; J. Stomatal density; K. Chlorophyll content. *. Significant

difference at the level of P<< 0.05; **. Extremely significant difference at the level of P<<0.01.
E7 RIUEFREIIER M

Fig. 7 Relevance of the indicators
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Y oF Z 0 T R R AR 5 2 A A [P R BER 3%
2 FIBTR 252 15 B T IR OB An . J8 I LU
B R R I, KHLPOAM L 5 CK TR E Z 7+ . 1.5%
KH,PO, 4b B 8 % 28 1k 21| g K1H (72.95%) : 0.8% 5
1.2% KH.PO. &b 3 1 8 28 2 B AR 2 0x , 70 7l N
72.22% + 69.08% . 1.5% KH,PO, 4t ¥ 4iff T+ |5 tL Ay
37.37%, % CK 2 E B 31.92%(P<0.05) (K 4)

F4 A[FE KHPOAEEFRFEERNR
Table 4 Branches surveyed in the following year with
different KH,PO,treatments

sz BT RSk 2 %

Treatment Shoot drying rate/% Shoot germination rate/%
CK 49.31+2.35a 65.16x1.34 a

0.8% 43.16+1.83 ab 72224243 a

1.2% 41.5242.17 ab 69.08+2.62 a

1.5% 37.37+1.57b 72.95+1.06 a

3%

3.1 R EREAE &R E B E

1 5 AT iR 185 BBk R S5 AR BRAR A RRAE , 45 &
AN ORI 50 SR>, B 1 T i i KHLPO, ¥ #%
R E] . SRS 1~2 (9 H 5—20 HD , i 185 #% bk
P AT OR B s e A T 1 R B R A R B
13.86 umol-m™-s" £ 10.38 umol-m™-s™s M4EE
EEAT YN, H3.07mg g FF4%2.88mg g,
U I I JIE AT S 3 A R A B AR AR 1) R BRI R, X 59
PRI M B 4 e A i MR A R — B, — ek
U, SRS 1~2 J8 5 5058 el DX P 4 RF 7E 15~25 °C 2
V) 5 35 A2 P T PR MAC ) e 3 i P58 25K ™7 Tk N 10 H
Ja SRR PRI, B RO 22 IR, SRR N R AR A 5l
A NARIR I, 5 BRI R N, 223
TRUUE 9 H 4 HD VRBHRIRAT (9 H 25 B #4753
R it A B, TR LR TR S R 4R A SR RO
B R )72, E RO R I 8 A SR S
R UM N PR it AR e o SRAEAZ AR SRS A iR 47
THIE AR, A2 75 BE BE 2 M DR e A e 7, AR R 2
H—BIE
3.2 MEBXHEAIHA D

SESRUE R AT AR AL B , B8 L
v A BERE AU B I 4 AR I R 1 i Ak W 1 3
PRI A T 2 R B, T T i KHLPO. 2 35 {2

HERZ AR P Hp T A L SRR R R A A B, X S T
BT 98 A S S A KR B R R — B, X
IR0 AR B8 1 W A 2 e 3k 470 0 1) A A% R AR 02 4
IF) SR S50 A 08 2 1 R R 5, R 3R 7 R 0 5 1)
B BLSFEREDS, MR NIBE W0, fe
8 A58 47 A AV B8 52 S50 00 055 v A R 4 B 1 A o
PR, ORFFIEH DhRe, FE P00y T R FE BRI, B
(1R BN B R 0 78 AS R 3R 35 92> B o 9
FE, PR EA LR & R S5 T 1) 6 A, 38 i L &
e J10Y 5 30 SR DE T AR 0 B S R 12
e 3 BRGSO , dE i s RS &

3.3 MEESFLEHFEHERN ST

KH,PO. A 3 &5 Bl 4 T, 3= 23 3k S FL AN A i
JERE I PR, FoAZ O F & DS A SRR 75 4y, 12
s HE W 6 A A B R0 L 3 Pt 1 B0 3 O T 45
B EFE R, BARKHPOKL I B E M3 1TSS
JERITF ik 2R, {5 & A B 2H 1) S AL AR S B
A o 3K 5 K iR S O KRR P T P e A L S PRI PT 9
S5 — 50, R RO R AL B R B s AR A
RAMEY R B B B R, 76 1 5 AR BR S N IR KR
W ARG SE o (EAFVE R A2 , KHLPO, AT BRI 5 i fi
YRR SR S fLIEE. M ARRE, —
J3 T, {2 30 R A AR AT R 43 IR RE 0 T HR S
FLIF P B R0 T 5 — 7 T, 78 A2 1A Bl 8 4L 1
A3 R LR T R I, AR FLE R B e T 4
FFEEAHMITE . HF R & B KHPO, N 2
SEE R, 5l RRALIRE SRR . (HIXE T AEA
HRPES 7 Y0 , ) AR AR AR B 1 B R
3.4 T KH,PO, R B RR 1%

Wk SR IS B R EON 37 4 Bl Ok R .
KH.PO.F A i 5 b 440 A, 368 3o o} i g it AR
UKD 78 B R 40 R R T SALIT A ARG S TR
I8 AN A AE A R 32 22 Bl R 3R I S T
TP BRI R 7, £E 15~25 °CiR B Bl , S AL
ANE RS b SN NIEY (S - SUR TP S
FLIE PTG 51 AL AR . DR, A Bk RS JS W5 it KHLPO,
FRTBSS TR) 3 52 4 4 BB I o B BOIRAS T RE AR G
B SR IS I R B R, A5 L — A AR AT A
SR B G R BRI, T AE % B Ak B HE R
R KH.PO, F /0N R 26 i VR B R B (H B it
/€ ENESUENBVEZ LRS- AP S IPOE TN S
TR, AR TR AR R R, SR
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il 2 2= AL TS %
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gt

KM W8 i KHLPO A i 185 B2 Bk I 1) O &

ey S AR B R b A B 2 W VR AT, BEAE — € N [a]
WHAERFC G VR 9 B, (2t 5 TR & i, SR THE R
Ptk

22 Ek References:

(1]

(2]

(3]

[4]

(3]

BRI 5, Bt | T ERAL Rl B A R SRS BE FE[J/OL). A
FE[H AR 5 2025 : 1-11(2024-04-17). https://doi.org/10.19902/j.cnki.
zgyz.1003-7969.240162.

ZHAO Xianghao, YANG Jingchun. Research on the develop-
ment strategy of Xinjiang walnut industry cluster[J/OL]. China
Oils and Fats,2025: 1-11(2024-04-17). https://doi.org/10.19902/
j-cnki.zgyz.1003-7969.240162.

ZRIEH M FTES , B AT A0 I, 15 20, 02, 2k VD M
B, X, TRRERE, SEA ORI, S0k . B sRAZ kL A R
BEFE[I]. B R, 2014, 51(5): 973-980.

LI Zhongxin, YANG Liling, Basti - Abulizi, YAN Shengkun,
LIU Kui, ZHU Zhanjiang, YANG Zhonggqiang, LIU Jia, SHEN
Xiaohe, MAI Hemujiang, MA Wengiang. The development of
walnut mechanization of production equipment in Xinjiang[J].
Xinjiang Agricultural Sciences,2014,51(5):973-980.

WANG L, YANG Y M, ZHANG S Y,CHE Z J, YUAN W J,
YU D Y. GWAS reveals two novel loci for photosynthesis-relat-
ed traits in soybean[J]. Molecular Genetics and Genomics,
2020,295(3):705-716.

WS 2R R SRR SR R TT L B0 AT R AR5 R
JE i P T AT L Ak 7 e B it S5 B SR [, o [ 3 5
K, 2022(6):108-114.

ZENG Chengcheng, SU Tianming, SU Lirong, QIN Fang, HE
Tieguang, YU Yuefeng, LI Qin. Effects of reducing chemical
fertilizer combined with foliar fertilization on the yield and qual-
ity of Carya cathayensis[J]. Soil and Fertilizer Sciences in Chi-
na,2022(6):108-114.

ROQUE J, CARVALHO A, RODRIGUES M A, CORREIA C
M, LIMA-BRITO J. Assessing the effect of plant biostimulants
and nutrient-rich foliar sprays on walnut nucleolar activity and

protein content (Juglans regia L.)[J]. Horticulturae, 2024, 10(4):

(6]

(71

(8]

]

[10]

[11]

[12]

[13]

314.

LIU J P, DENG Q J, SHANG Y J, YAO X W, WANG H K,
TANG Y J, PENG F R, TAN P P. Effects of zinc application on
the growth and photosynthetic characteristics of pecan at the
seedling stage[J]. Plant Biology,2021,23(6):1149-1156.
LIUJP,CHEN W J, WANG H K,PENG F R,CHEN M Y, LIU
S, CHU G L. Effects of NPK fertilization on photosynthetic
characteristics and nutrients of pecan at the seedling stage[J].
Journal of Soil Science and Plant Nutrition, 2021, 21(3): 2425-
2435.

A, B4, R, A TR RN B2 R AR R
Wit B S5 B e A R AR T[], A R, 2022, 31(7): 172-
184.

DONG Mengyu, WANG Jinxin, WU Meng, ZHOU Ziyao,
CHENG Shun, LI Yanhui. Leaf structure and photosynthetic
characteristics of two species of Hesperis[J]. Acta Prataculturae
Sinica,2022,31(7):172-184.

FEAEERT WA, A, 2R SRR IR . BRI AR A R AR A
HR A G TR G A BB A I RED]. R SR, 2024, 41
(2):294-313.

TANG lJiali, JI Xinying, ZHENG Xu, LI Ao, ZHANG Junpei.
Dynamic responses of physiology , biochemistry and structure of
vegetative organs of Juglans nigra to salt stress[J]. Journal of
Fruit Science,2024,41(2):294-313.

AR R G, VR, oo BB, S T I A0t 78
B AR ARG IR T, EREE,2022,35(1): 60-64.
ZHAO Yinping, ZHAO Zengshou, SUN Liping, GAO Minli,
SHI Liang. Effects of foliar fertilizer on yield, quality and eco-
nomic benefit of greenhouse tomato[J]. China Cucurbits and
Vegetables,2022,35(1):60-64.

BLE R, RIER, IR0 AR 2R e, R, R
AR T B AR T KO B RS IR R ], B AR,
2025,46(3):384-397.

HONG Ziqiang, ZHANG Zhengzhen, SU Ming, ZHOU Tian, LI
Fanguo, TAN Xiaomin, WU Hongliang, KANG Jianhong. Ef-
fect of potassium fertilizer application on photosynthetic effect
of spring maize[J]. Chinese Journal of Agrometeorology,2025,
46(3):384-397.

WANG J, LU Y H, ZHANG X M, HU W J, LIN L J, DENG Q
X, XIA H, LIANG D, LV X L. Effects of potassium-contain-
ing fertilizers on sugar and organic acid metabolism in grape
fruits[J]. International Journal of Molecular Sciences, 2024, 25
(5):2828.

R, BRI RSEE, BREG, EH . HHIBE KHPO.
X R AN JR A S AR H AR B, o R AE A,
2013,29(25): 112-119.

WU Cuiyun, LI Tianhong, XU Chongzhi, WANG Zhenlei, WANG
Heli. Effects of foliage applications of KH,PO. on diurnal varia-
tion of photosynthetic characteristics of young jujube trees in

close planting orchard[J]. Chinese Agricultural Science Bulletin,



108 xrOW

4

e 43 %

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

2013,29(25):112-119.
T RANEAT S W R 25 A . 50 B L AR A PR e A T e
LR A SR i B e o 3 BE ARSI S 0], Ze ARl K2 24T
2023,50(5):798-801.
FENG Ying, ZHAO Yuezhu, QI Jing, KE Hao, GU Xungang.
Studies of nitrogen, phosphorus and potassium optimum mix-
ture ratios on distributional effects in Carya illinoinensis fruits
and leaves[J]. Journal of Anhui Agricultural University,2023,50
(5):798-801.
MR8, 25 [0 SR 4, R 07, KR 2 X 2 RABUR
BRI SRR RR[T]. B 2K ,2019(9): 18-19.
CHEN Gonggqin, LI Tongmao, ZHANG Shujun, LI Ruifang,
CAI Yuzhi, LIU Xiangzhi. Cultivation technology of early matu-
rity pear Cuiyu and Cuiguan for early yield and labor-saving[J].
Fruit Growers” Friend,2019(9): 18-19.
BEEAE BT R O EOR R EEOR D] RS R S
5 5,2015(11):7-8.
LIAO Xiaojun. Cultivation technology for high yield of Shache
Badam in Xinjiang[J]. Fruit tree practical technology and infor-
mation,2015(11):7-8.
AT BT, 5092, S I L B2 BRI A AL TR SRR 5]
R WO R D). o R AR, 2015(3):61-63.
FENG Junren, QIAN Wanjian, GUO Ai, SUN Jinming. Introduc-
tion performance and efficient cultivation technology of pearl
oil apricot in Zhangye , Gansu[J]. China Fruits,2015(3):61-63.
BRARER T ARE . B GRS BOGRROR [T]. R A,
2023(7):29-31.
WEI Xinrong, HE Hui, XU Chunhong. The key technology of
grape autumn management[J]. Fruit Growers” Friend, 2023(7):
29-31.
E, sk R E I INER] T K SR 2 XU T
AN [ P T P T i = 2 00 A AR SRSt BT R S [, o B ISR
2024,37(12):126-132.
WANG Chao,ZHANG Zongyi, ZHAO Baolong, SUN Junli, Nu-
erlan - Tolihanayi, LIU Xinyu. Effects of different foliar fertiliz-
ers on the growth and fruit quality of greenhouse tomato[J]. Chi-
na Cucurbits and Vegetables,2024,37(12):126-132.
WREENL, WRIGE S, 52K, MR . R A OBE X A% bk el 1 438 4K
PR T A 7 B R R A D). B AL R, 2025, 53
(2):73-82.
CHEN Xinyue, YAO Xiaoqin, WANG Baoqing, CHEN Hong.
Soil physical and chemical properties of walnut orchards in
gravel Gobi area and its effects on walnut yield and quality[J].
Guizhou Agricultural Sciences,2025,53(2):73-82.
SIS AT, A7 50, RO, SN, JERL, TR, §H e, IETIN
48, S . BB S R A A S B IX /N 22 A1 T oK ) 5% A 4
7 A2 R 2 R [J/OL). 112 3] 5 2025 1-16(2025-05-13).
https:/link.cnki.net/urlid/11.1809.S.20250512.1719.013.
YAN Zhelin, REN Qiang, FAN Zhilong, YIN Wen, SUN Yali,
FAN Hong, HE Wei, HU Falong, YAN Lijuan, CHAI Qiang.

(22]

(23]

[24]

[25]

[26]

[27]

(28]

Postponed N application optimizes interspecific interactions and
enhances N use efficiency in wheat-maize intercropping systems
in an oasis irrigation region[J/OL]. Acta Agronomica Sinica,
2025: 1- 16(2025- 05- 13). https:/link.cnki.net/urlid/11.1809.
S.20250512.1719.013.

BT N VAN R e S N U IR S /S R Y REA )
T[], PHALR MR R 2240 CE ARBHERRD 2006, 34(11): 65-
67.

LI Dexiao, HOU Wanwei, YUN Haiyan. Fast-soaking methods
of chlorophyll from maize leaf[J]. Journal of Northwest Sci-
Tech University of Agriculture and Forestry (Natural Science
Edition),2006,34(11):65-67.

TR, Ay O EVAN B E S A, R MR A
N B 0T < A I8 19 2 o R B PR R I [ ] R A B A
2024,60(4):635-642.

MA Shaojun, YU Feifei, GE Zhihuan, JIA Li, DONG Yanxiang,
WANG Mingxia. The effect of foliar spraying of iron chlorine e6
on the quality and yield of Zingiber officinale ‘Tongling White
Ginger’[J]. Plant Physiology Journal,2024,60(4): 635-642.

TR MR, P RUE XS [ 5RIE S . 14 4 2 R AR5
BRI Py i G5 A RHE S R SRS TN [I/OL]. B R ALk 2
%, 2025: 1- 11(2025- 02- 11). https:/kns.cnki.net/kcms/detail/
51.1213.8.20250211.1500.018.html.

LEI Yue, LIN Ya, GAO Aiping, LIU Fanzhi, LIU Qingguo,
ZHANG Zhengxue. Leaf anatomical structure characteristics
and drought resistance comprehensive evaluation of 14 mango
germplasm resources[J]. Southwest China Journal of Agricultur-
al Sciences, 2025: 1-11(2025-02- 11). https://kns.cnki.net/kcms/
detail/51.1213.S.20250211.1500.018.html.

Erpe, BN AR B R WS, B R, R A, AR
e FA L TH AR SR B A I L AL
SRS HIR 1R []. VL5 40k 4%, 2023, 39(2) : 498-503.
WANG Zhonghua, LI Xiaogang, YANG Qingsong, LI Hui,
KAN Jialiang, WANG Jinxing, WANG Hong, LIN Jing,
SHENG Baolong, CHANG Youhong. Effects of foliar applica-
tion of alginate oligosaccharides phosphorus and potassium fertil-
izers on leaf and fruit characters of early-maturing sand pears[J].
Jiangsu Journal of Agricultural Sciences,2023,39(2):498-503.
SO0 s e R M el e Yo T 7 it o % RUNE R P 2 1 R R
WFFE[D]. K¥b R LMK 52, 2022.

HU Wenfeng. Effects of controlled release nitrogen fertilizer on
grape yield, quality and nitrogen use efficiency[D]. Changsha:
Hunan Agricultural University,2022.

KT SRz . BT ILE AR ZL R[], =B, 2003(6):27.
ZHANG lJingfang, ZHANG Zhenyun. Technical points of foliar
spraying[J]. Anhui Agriculture,2003(6):27.

AP | SRR 5 A 3 R AR FE[D]. B - bR
REHERA,2010.

MA Yanping. Studies on post-harvest physiology and irradiation
effect of fresh walnut[D]. Yangling: Northwest A & F Universi-



51

PRIRES, S5 RS T EAE XTI Bk 5 B8 T R 109

[29]

[30]

[31]

(321

[33]

[34]

ty,2010.

ICHSAN C N, ANDANI R, BASYAH B, ZAKARIA S, EFEN-
DI E. The relationship between relative water content of leaves,
soluble sugars, accumulation of dry matter, and yield compo-
nents of rice (Oryza sativa L.) under water-stress condition dur-
ing the generative stage[J]. International Journal on Advanced
Science, Engineering and Information Technology, 2022, 12(3):
899.

JIANG P P, MEINZER F C,FU X L,KOU L, DAI X Q, WANG
H M. Trade-offs between xylem water and carbohydrate storage
among 24 coexisting subtropical understory shrub species span-
ning a spectrum of isohydry[J]. Tree Physiology, 2021, 41(3):
403-415.

BenE, £50, BURG:, £, B AL, JE R AL, A5, 3%
SRR, E2EEE, TR . AR T X 5 B Bk RS
JORFIE R P XA 490 52 T PR D4R [J/OL). SRR 248, 20252 1-
14. (2025- 03- 24). https://link.cnki.net/doi/10.13925/;.cnki.
gsxb.20240605.

YANG Xingwang, WANG Zhigiang, DUAN Chenlei, WANG
Yingying, XUE Guihong, PANG Lingzhi, SHI Meng, JI Xiao-
hao, ZHANG Deyan, WANG Xiaodi, WANG Haibo. Prelimi-
nary study on the effects of two foliar fertilizers spraying on
fruit quality and volatile flavor compounds of Jinhuang Jin
peach[J/OL]. Journal of Fruit Science, 2025: 1- 14. (2025- 03-
24). https://link.cnki.net/doi/10.13925/j.cnki.gsxb.20240605.
PN, 23 5T, RO . IR AR R R RSB KRR
AR R I, FEALAR 24, 2011,20(12):98-102.

SUN Panpan, LI Jiangui, WANG Na. Effect of foliar fertilizers
and GA; on sugar accumulation in fruit of Junzao jujube during
its growth and development[J]. Acta Agriculturae Boreali-Occi-
dentalis Sinica,2011,20(12):98-102.

Mt ok b, sk Rl SRS opE iz f AUl 5 R 2
VAT [I]. MRS 5T A5 23], 2004, 30(1) : 1-10.
CHEN Junwei, ZHANG Shanglong, ZHANG Liangcheng. Sug-
ar transport, metabolism, accumulation and their regulation in
fruits[J]. Acta Photophysiologica Sinica,2004,30(1):1-10.
P2 R RN, B, XU, B E , M, R, TN
oh R A R R W 20 AR R B 1 Y
ROSHE L], I S R 2019(2): 133-138.

XIE Jinlan, LI Changning, LI Yijie, LIANG Qiang, LIU Xiaoyan,
LUO Ting, LIN Li, LIANG Tian, HE Weizhong, TAN Hongwei.

Effects of potassium fertilizer application amount on sugarcane

[33]

[36]

[37]

[38]

[39]

yield, sugar accumulation and stress resistance[J]. Soil and Fer-
tilizer Sciences in China,2019(2): 133-138.

KITERE, B, TRAEER, BRI, SHIRE, TIRF WAL
PLh T8 71 RPUHELR AT )], R 2491, 2020,37(3):339-
349.

LIU Jingze, CAO Ning, ZHANG Yanxia, CHEN Zumin, SHI
Xiaomin, WANG Zhenping. Comprehensive evaluation on resis-
tance of different grape rootstocks to vine dehydration and
drought stress during overwintering[J]. Journal of Fruit Science,
2020,37(3):339-349.

TR, P, TR, - AR ARAE N, M0, AR, £ R,
WER . TR B o AN 7] KRR i A oK £ 1 5 (RS B R
BE[T]. AR B R 224 4], 2019, 38(7) : 1450-1458.

ZHANG Xin, HU Shaowu, ZHANG Yanliu, NIU Xichao, SHAO
Zaisheng, YANG Yang, TONG Kaicheng, WANG Yunxia, YANG
Lianxin. Effect of foliar zinc application on zinc nutrient levels
of different rice cultivars[J]. Journal of Agro- Environment Sci-
ence,2019,38(7):1450-1458.

A AR A RARR, SRR BAS R TTIG, BT AR AR
s K AR AR KIS [J/OL). 422554k, 2025 1-
14(2025-05-19). DOI:10.20103/i.5txb.202501210178.

LI Jun, XU Jinyu, SHI Songlin, WANG Pai, DENG Jie, CHEN
Wanpeng, YANG Yu. The impact of climate change on the radi-
al growth of the endangered plant Picea smithiana[J/OL]. Acta
Ecologica Sinica, 2025: 1- 14(2025- 05- 19). DOI: 10.20103/i.
stxb.202501210178.

B R, R WERE, EIRME, SR, TR T R
R AR 6-BA XTI AR B P B U R
PadbAL 24 ,2017,26(1):38-47.

LU Xiaofei, WANG Hongfu, XING Jingyi, WANG Zhenhua,
ZHANG Huiqi, WANG Yanwen. Effect of foliar application of
urea and potassium dihydrogen phosphate and 6-BA on photo-
synthetic characteristics and yield of foxtail millet[J]. Acta Agri-
culturae Boreali-occidentalis Sinica,2017,26(1):38-47.

BRTT WM, SRILAE, TR, sk 5, R, ML R . BERE
0T e Tt 07/ 22 B9 R ORISR L SR S 4887 (0 S R 0], 32 A
W24 ,2022,42(2):211-219.

HUANG Yufang, ZHANG Hui, ZHANG Lihua, ZHANG Hong-
yan, ZHANG Wenwen, ZHAO Yanan, YE Youliang. Effects of
phosphorus (P) fertilizer rates on wheat P uptake and soil P bal-
ance in high-P soil[J]. Journal of Triticeae Crops, 2022, 42(2):
211-219.



