OPS/images/fpls.2024.1470409/fpls-15-1470409-g002.jpg
1000
O 2018-2019

A 2021-2022
O 2022-2023

— —y=638.99%exp(-x/91.15)+147.67 R>=0.816
0O — —y=633.95%exp(-x/227.78)+120.30 R?*=0.833
— —y=1437.47%exp(-x/133.87)+138.25 R*=0.842

800

three years data regresion analysis
y=691.07*exp(-x/176.53)+133.18 R’=0.745

r(sm?)

400

200

0 200 400 600 800 1000





OPS/images/fpls.2024.1470409/fpls-15-1470409-g003.jpg
6 (cm®-cm™)

2018-2019

313 353 28 68 108 148

2019-2020

313 353 28 68 108 148

2020-2021

314 354 28 68
DOY

108 148

313 353 28 68

2021-2022

108 148

313 353 28 68 108 148

Tand P (mm)





OPS/images/fpls.2024.1470409/fpls-15-1470409-g004.jpg


OPS/images/fpls.2024.1470409/crossmark.jpg
©

2

i

|





OPS/images/fpls.2024.1470409/fpls-15-1470409-g001.jpg
2018-2019
2019-2020
2020-2021
2021-2022
2022-2023

80 90 100 110 120 130 140 150 160 80 90 100 110 120 130 140 150 160
DOY DOY





OPS/images/cover.jpg
& frontiers | Research Topics

Enhancing agricultural
water management:
techniques for improving
crop water efficiency and
sustainability






OPS/images/fpls.2024.1467931/M3.jpg





OPS/images/fpls.2024.1467931/M2.jpg





OPS/images/fpls.2024.1467931/M10.jpg





OPS/images/fpls.2024.1467931/M1.jpg





OPS/images/fpls.2024.1467931/fpls-15-1467931-g008.jpg
(a)

1.5
1.0

0.5

RDA2: 8.35%

-1.0

Permutation test : P=0.001

-1.0 -0.5 0.0 0.5 1.0 1.5
RDA1: 83.40%

Treament

*CK
e L
« M
e H

(b)

Mantel's p
— <001

= 0.01-0.05
Mantel's r

- 02-04

—_— =04

Pearson’s r

l 05

NO;





OPS/images/fpls.2024.1467931/fpls-15-1467931-g007.jpg
Nitrate nitrogen (mg-kg™")

Nitrate nitrogen (mg-kg™")

Nitrate nitrogen (mg-kg™")

0 2 4 6 8 10 12 0 3 6 9 12 15 18 21 24 0 2 4 6 8 10 12 14
2022 (b) 2022 (¢c)
20 20
£ a £ a
L2 L2
< £
5 5
< ]
1% 7]
ek ek
L [
M M
ENH L]
Germination Seeding Sprouting
Nitrate nitrogen (mg-kg™) Nitrate nitrogen (mg-kg™") Nitrate nitrogen (mg-kg™")
0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
2022(Q) 2022 (d) . N ot n N 2022 () N N L N N L
=] ua 9
k) £
=) a
g B ¢ 5
: 60 g
=" =
- s soi, =) © =
cK
T = ==y
100 100 i M M
a EaH EH
Flowering Maturity
Nitrate nitrogen (mg-kg™") Nitrate nitrogen (mg-kg™") Nitrate nitrogen (mg-kg™)
0 2 4 6 8§ 10 12 14 0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8§ 10 12 14
- 2023 (b) . :
[ a a
a
5 5
= =]
2 o
3 3
Z z
%) 7]
(e S ek
= = =
M
L ERH a [ Ll
Germination Seeding Sprouting
Nitrate nitrogen (mg-kg™") Nitrate nitrogen (mg-kg™) Nitrate nitrogen (mg-kg™)
0 2. 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12

Flowering






OPS/images/fpls.2024.1467931/fpls-15-1467931-g006.jpg
Soil AK (mg-kg™) Soil AK (mg-kg™) Soil AK (mg-kg™)

0 20 40 60 80 100 120 140 160 0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180
2022 (a) P e A S— 2022 (b) 2 x E 2022 (c) . h — H
20 20
E E a
240 =40
& g
= 60 < 60
3 ‘3
A g 2 30
CK|
=
100 100 [==)i
Germination Seeding Sprouting
Soil AK (mg-kg™) Soil AK (mg'kg™) Soil AK (mg-kg")
g 0 1B 0 o6 . 0 50 & N I i i a o 30 60 90 120 is0 180 2i0 240
Fb T 2022 (f) e o s b
20 20 20
] £ a o
3) o c 2
= 40 = 40 ‘E 40
o =% a g_
3] [ ¢
= 60 = 60 =
= = ’ 60
(=3 o e
o) 12!
W - s k| O 80
be =
100 100 b, — 100
Flowering Maturity
Soil AK (mg-kg™") Soil AK (mg-kg™) Soil AK (mg-kg™)
0 30 60 90 120 150 180 0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210
2023 (a) 5 2023 (b) . 2023 (¢) h
a a a
§ b E §
", | ¢ £
& b 5 g
=3 a = =
2 5 (5] 5]
“ 80 % 2 50 @ 80
© B = =
b
M M EM
o—, B . B . B
Germination Seeding Sprouting
Soil AK (mg-kg™) Soil AK (mg-kg™) Soil AK (mg-kg™)
0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 0 30 60 9 120 150 180 210
2023 (d) s 2023 (e) 2023 ()
20

Soil depth/cm
=

Flowering Maturity





OPS/images/fpls.2024.1467931/fpls-15-1467931-g005.jpg
Soil AP (mg-kg™")
10 15 20 25 30 35 40

Soil AP (mg-kg™")

Germination

Soil AP (mg-kg™")
40 60 80

Flowering

Soil AP (mg-kg™")
0 5 10

15 20 25 30 35 40 45

Seeding

Soil AP (mg-kg™")
10 20 30 40 50 60 70

Soil AP (mg-kg™)

10 20 30 40 50 60 70 80

Germination

Soil AP (mg-kg™")
2023(")0 10 20 30 40 50 60 70

Seeding

Soil AP (mg-kg™)
10 20 30 40

50

Soil depth/cm

2023 () —

Q
TR

Flowering

2023 ()
20

Growth period

Soil AP (mg-kg™")

10 20 30 40 50 60 70 80

10

Sprouting

Soil AP (mg-kg™)

20 30 40 50

60

Sprouting

Soil AP (mg-kg™)

20 30 40 50






OPS/images/fpls.2024.1467931/fpls-15-1467931-g004.jpg
SOC (%) SOC (%) SOC (%)
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
2022 (a) 2022 (b) P 'c‘ 2022 () AR N T
@ 2°§& U
a a
£ g £
R3] 40 3 40 . 5 40
S L=} a "g
o o a
% 60 % 60 . % 60
= = ¢ =
a ek
o B —
— N ,
Germination Seeding Sprouting
SOC (%) SOC (%) SOC (%)
01 2 3 45 6 7 8 9 0 1 2 3 4 5 6 7 8
2022(d) — L 2022(e) 2022(f)
20 b 20 G
£ 8 3
S 40 b = 40 S SE
- a =] )
g : - 2
= . % E
a ek
100 =N 100 M
b a B a
Flowering Maturity
SOC (%) SOC (%) SOC (%)
0 1 2 3 4 5 6 1 0 1 2 3 4 5 6 01 2 3 4 56 7 8 9
2023 (a) Y - 2023 (b) s == 2023 () = " -
p=————" e - a
a a
g £ £
g b a = a 5
o (=% ISy
§ o folmm—— . | Eo
3 : 3 3
B, mo| O Ve, oo 99 -
=M b =t =t
looia L looia ERH 100 B H
Germination Seeding Sprouting
SOC (%) SOC (%) SOC (%)
1 23456 7 8 910 01 23 456 78 910 01 2 3 45 6 7 8 9
2023 (d) ¢ A NP 2023 (e) 54 N N 2023 () N N — L . "
2 G

§
2
<
53
o
3
=1
2 a ek
L
100 M
— ™ B

=———— s
a

Flowering

Growth period
w
~

L]

<






OPS/images/fpls.2024.1467931/fpls-15-1467931-g003.jpg
—
S

Soil bulk density (g-cm™)
[=) =)
S ]

1.54

._
Ll

__Soil bulk density (g-cm™)

(a) b
a (,'f,“1.6J
c 5
< &1 5]
z
w
5
5084
=
2
= 0.4
)
wn
0.04
L M H Ck
Treatment Treatment
© )
2-0.789 “-?'5" R?=0.935
® P<0.01 o ° P<0.001
=0 8- _
._ 21.44 —
= Z =
° = = NS
L: =
= N =2
e =134 ~_.
® B ) 2 )
[ ] ',—'o_ o
wn
1

4500 5000 5500 6000 6500 7000
Organic fertilizer amount (kg-ha™)

2022

4500 5000 5500 6000 6500 7000

Organic fertilizer amount (kg-ha™)
2023





OPS/images/fpls.2024.1467931/fpls-15-1467931-g002.jpg
o
9
-’
S oo 2 O
S O O O O O
O N T 0 AN -
[WU0/BaIE JeoT]
~
2
N’
(=3 (=3 (=3 [=3 (=3 (=]
(=) (=2 (=4 (=3 (=]
w <t o N —t
WO/ YIMOIT QUIA
F )
=
S’
0 gl o [=)} O o

WL/ISIOWRIP WS

M

SP

SE

SP

SE

Sp

SE

Growth period

Growth period

Growth period

2022

[=3 (=3 S

[=)

N
S o o S o
S S S S
T & a -

NEO\NU‘E Jea]

—

o

N

S © © o o

S

<+

o (9] —
WO/YIMOIT dUIA

SP

SE

SP

SE

SP

SE

N

—

WIT/IQ)OWEIP WS

<] <t

16} (d)

Growth period

Growth period

Growth period

2023





OPS/images/fpls.2024.1467931/fpls-15-1467931-g001.jpg
40°0'0"N

30°0'0"N

95°0'0"E

I:] Province boundary

Elevation (m)

gy High : 5755

e—
Low : 589

95°0'0"E

100°0'0"E 105°0'0"E

0 170 340 680
I — K

100"6'0"5 105°0'0"E





OPS/images/fpls.2024.1467931/crossmark.jpg
©

2

i

|





OPS/images/fpls.2024.1467931/table5.jpg
Single melon : -1, Water use efficiency Fertilizer
Year Treatment g Yield (kg-ha = 2 i s
weight (kg) SeilEr) (kg-hatmm™) partial productivity
7 0.82¢ 24914.16c 51.51b 5.54b
M 1.60a 30726.13a 62.94a 5.39¢
2022
l4la 26044.72b 54.01b 377d
CK 1.08b 24119.46d 52.51b 17.87a
i 1.01be 26705.73b 65.51b 5.93b
M 1.42a 31126.22a 75.48a 552b
2023
1.21ab 26794.72b 65.65b 3.88¢
CK 0.89¢ 25258.67b 64.59b 1871a
B 0.92b 25809.94b 57.91b 5.74b
M 151a 30926.18a 68.21a 5.46b
Average
131a 26419.72b 59.34b 3.83¢
CK 099 24689.06¢ 58.06b 18.292

Different lowercase letters indicate significant differences between treatments at the P <0.05 level.
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Vimax (Mm/ To Ty T. AT

Year Indicator Treatment Logistic equation R? =
9 4 cm/em*d? @ () @ (@

L Y=14.125/[1+42.392-¢01%9] 0.995%* 0.374 8238 4202 | 20.677 24879 = 0328
Stem M y=14.876/[1+2.338-¢*1139] 0.990* 0.419 7545 -4.154 | 19.244 23398 0368
enete/ i H y=15387/(1+2.164-e17Y] 0.995* 0.452 6576 | -4.640 | 17.792 | 22432 @ 0395
CK y=14.453/[1+2.498-¢*12)] 0.981% 0.432 7649 3357 | 18.655 22012 0380
L Y=353.141/[1439.116:e1219] | 0.994** 10.677 30317 | 19.428  41.206 21779 | 9.365
M ¥=392.539/[1+27.561-e"10] | 0.986* 10.789 30166 18.187 | 42.144 23958 3818

2022 Vine length/cm
y=433.295/(1425.211-e"1Y] | 0.988** 11.442 30.553  18.085  43.020 24935  10.059
CK y=358.972/[1+33.351.e011] | 0995+ 10.372 30346 18951 41741 | 22791 9.119
L »=331.802/[1+10.49*11] | 0.970** 9.711 26369 13593 | 39.145 25552 7.260
M =404.149/[1+13.245-e1 2] | 0.993% 15.056 25482 14.667 36296 21.628 = 9.980

Leaf area/cm’
H y=437.081/(1+11.156-e>17Y] | 0.996** 15.294 25810  13.951  37.669 23718  10.126
CK y=382.526/[1+11.185¢ %] = 0.990* 11.882 28407 15643 41170 25527 8.156
L y=13.173/[1+45.755-¢"01520] 0.986** 0.500 11525 | 2.852 | 20.198 | 17.346 0438
Stasn M y=14231/[143.934-¢*1289] 0.994%% 0.456 10681 0411 20950 = 20539 0.400
digineter/mm H y=14.678/(1+3.612:c129] | 0,990 0.455 10349 -0264 | 20963 21228 0399
CK y=13.696/[1+5.506-¢" 17 0.994** 0.504 11586 2.641 20531  17.890 = 0.442
L Y=324.74/[1451.694-¢0113) 0.979** 9.167 34939 | 23277 46602 23326 = 8.038
M ¥=368.04/[1+75.661¢" 1] | 0978 10.676 37286 25936 | 48.636 22700 = 9.361

2023 Vine length/cm
H ¥=382.096/(1+51.991-e"011 0.986** 10.463 36073 | 24.049  48.097 24047 = 9.174
CK y=324.887/[1+235.976"°1**] | 0.950* 11.330 39.169 | 29.728 | 48.611 18.882 = 9.934
L Y=286.99/[1+7.392-¢0104) 0.996*% 7.494 19152 6543 | 31760 25217 | 6571
M Y=313.046/[1+7.043.eC0104 0.997* 8.147 18751 6.100  31.402 25302  7.143

Leaf area/cm”
y=321417/(147.16: 117V 0.995%% 9.303 17.002 = 5.628 | 28.377 @ 22749 8.157
CK y=304.236/[1+7.098-e 103 0.997 8.203 18171 = 5960 | 30.382 | 24422 7192
L y=13.644/[1+43.555-¢ 126 0.991 0.431 10040 -0.384 20467 20851 = 0377
Stem M y=14.556/[1+2.991.e*129] 0.993* 0.435 9.160  -1.849 | 20.161 = 22010 0383
diameted/mm H y=15.033/(142.752:¢%129)] 0.993* 0.450 8470  -2.548 | 19.480 22028 0395
CK y=14.083/[1+3.576.e011 0.989* 0.462 9720 -0.326 | 19.756 = 20082 = 0.409
L ¥=339.231/[1+40.862-e*1 140 0,99 9.681 32503 20.966 44.040 23074 8480
M Y=381.421/[1+36.447-¢179] | 0.983*% 10.185 33666 21336 45996 24660  8.940

Average | Vine length/cm
H y=408.563/(1+31.73¢1W] | 0.988* 10.636 33201  20.554 | 45.849 25295 | 9.320
CK y=345.623/[1+42.17-e01%0] | 0.982% 9.320 34690 22481  46.900 & 24.420 8.180
L =331.802/[1410.49e°%1010] | 0.983* 8.400 23212 10206 36218 | 26011 7.350
M y=404.149/[1+13.245-¢ 1 29] 1 0.996* 11.343 23013 11282 | 34743 23461  9.930

Leaf area/cm’
y=437.081/(1+11.156-¢""17Y]  0.996** 11.653 22618 10269  34.968 24699 = 10.240
CK y=382.526/[1+11.185.e°2%%] | 0.992** 9.508 24287 | 11.041 = 37.533 | 26493 8310

Vmax is the maximum of relative growth rate, Vmean is average growth rate, T, is the occurrence time of maximum relative growth rate, Ty is the start time of rapid growth, T; is the end time of
rapid growth, AT is rapid growth duration, T is the growth days. Different lowercase letters indicate significant differences between different processes(*, P < 0.05;%, P < 0.01).
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Growth period 2022 Year 2023 Year

Germination period 4.29-5.11 5.8-5.18
Seedling period 5.12-5.27 5.19-6.4
Vine growth period 5.28-6.20 6.5-6.20
Flowering period 6.21-7.12 6.21-7.13
Maturity period 7.13-8.11 7.14-8.14
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Base fertilizer dosage Additional fertilizer Top dressing Irrigation Irrigation quota

Treatment

(kg-ha™) amount (kg-ha™) times times (m>ha™)

L Solid 3900 Liquid 300 2 3 525
organic fertilizer organic fertilizer

M Solid | 1800 Liqud 150 2 3 525
organic fertilizer organic fertilizer

Solid Liquid

H s i 5700 4 i 600 2 3 525

organic fertilizer organic fertilizer
Diammonium 300
CK phosphate Urea 300 2 3 525

450
Urea
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Soil depth (cm)

Measuring item

40-60

bulk density (gcm™) 1.38 148 1.56 1.61 1.68

Field water retention (%) 21.73 22.15 2287 23.69 24.56
Organic matter (%) 0.8 0.68 0.57 0.34 0.38
Available phosphorus (mg-kg™") 72.06 745 2.98 4.58 344
Available potassium (mgkg) 180 170 190 120 110
Alkaline hydrolyzed nitrogen (mgkg ") 33 23 | 18.60 16.10 11.60
Total nitrogen (%) 0.063 0.061 0.054 0.023 0.045
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Morphological

characteristics

2020

2021

2022

2023

Root length (cm) 708.40 833.76 233.71 27271 212,52 251.81 141.68 165.86
Root surface area (cm?) 225.02 294.13* 344.62 448.45* 87.16 114.08* 66.91 85.10%
Root volume (cm?) 4.68 5.81 1031 13.16* 1.38 1.63 0.65 L
Root length (cm) 694.50 966.45* 236.13 315.20" 21631 277.41 143.80 194.96*
Root surface area (cm?) 223.55 318.04* 34449 490.52* 87.74 118.93* 63.22 85.11*
Root volume (cmj) 5.18 7.53%* 10.42 14.04* 1.30 1.52 0.42 0.67*
Root length (cm) 778.52 1,050.31* 256.90 379.05* 23375 320.34* 155.70 250.02%*
Root surface area (cm?) 253.65 406.47** 39547 610.17* 100.73 160.28** 7325 131.20"
Root volume (cm?) 4.92 6.56 10.64 I 14.28* 131 1.82* 1.09 124
Root length (cm) 806.85 1,239.31% 249.81 384.19** 231.09 320.91* 162.79 286.31*
Root surface area (cm?) 272.87 454.66%* 424.19 701.23** 108.04 164.99** 87.95 128.63*
Root volume (cm?) 4.70 6.12* 9.46 12.50* 1.40 1.80* 1.51 1.85%

*Indicates a significant difference between group comparisons (p < 0.05), **indicates a highly significant difference between group comparisons (p < 0.01).





OPS/images/fpls.2024.1464624/im5.jpg
P





OPS/images/fpls.2024.1464624/im6.jpg





OPS/images/back-cover.jpg
Frontiers in
Plant Science

Cultivates the science of plant biology andits
applications.

journal, which

ed plant scien
ing of plant biology for

y, functional ecosystems

and human health.

Discover the latest
Research Topics






OPS/images/fpls.2024.1464624/fpls-15-1464624-g007.jpg
Soil acrated porosity/%

1
%

o
b

B8

I

>

VE-V6

V6-VT VT-R2 R2-R5
a. Soil aeration porosity

Soil aerated porosity (%)

£

]

2

3

T O e R P ) T T e A A (B

b. Inter-annual changes

20

o ° =
= =)

Rate of increase (%)

[
3





OPS/images/fpls.2024.1464624/fpls-15-1464624-g008.jpg
—'N -
B 0 E
g 20 g
K] 10 &
2 k-]
E 0
5 |
2 -10
@
20
30

VE-V6{V6-VT{VT-R2| 6 VT-R: VE-V6{V6-VTVT-R2J VE-V6{V6-VT{VT-R2] E
e e ) R VE-ve[ve vifvi-Ra[R-Rs[VE-ve[ve vilvT-RaR2-RS|VE-Ve[ve Vi[vT-RaR2-RS[VE-Ve[ve VI[VT-Ra[R2-RS|

a. Soil bacterial biomass b. Inter-annual changes






OPS/images/fpls.2024.1464624/fpls-15-1464624-g003.jpg
(a) Schematic of buried soil respiration PVC ring (b) Soil respiration meter
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