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Effects of aged biochar on maize growth and yield
under water and salt stress

WANG Guolong™?, MA Yining"?, SONG Fanfan'?, ZHANG Haiyang'?,
WANG Sufen'?, TONG Ling"?
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Gansu Province,Wuwei 733009, China;
2. Center for Agricultural Water research in China, China Agricultural University, Beijing 100083, China)

Abstract Aimed at the key constraints on maize production in the Hexi Corridor region, low precipitation, high
evaporation, severe soil salinization, and acute water shortage, this study proposes a comprehensive soil
improvement technique combining biochar amendment with water-saving drip irrigation. The experiment was
designed with two biochar application rates (0 and 60 t/hm*), two irrigation water salinity levels (0. 71 and 4 g/L),
and two irrigation regimes (full irrigation and deficit irrigation), resulting in a total of eight treatments. The effects
of aged biochar on maize growth and yield under different water-salinity treatments were investigated by
measuring parameters including root density, root morphology, plant height, leaf area index, dry matter

accumulation, canopy light interception, yield, and yield components. The results indicated that: 1) Compared
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with no-biochar control, the application of aged biochar increased corn root parameters including total root length

density, surface area density, and volume density. During the grain filling stage, the above five parameters

increased by 9%-36%, 12%-29%, and 6%-29%, respectively; at the maturity stage, increases were 9%-15%,

1%-4%, and 1%-5%, respectively. 2) Compared with the no-biochar control, applying biochar under water

deficit conditions increased corn dry matter accumulation by 13% and canopy radiation interception by 5%-15%

at maturity stage. Aged biochar application further increased ear length by 1%-8% , hundred-kernel weight by

1%-5%, and plant yield by 1%-12%, averaging a 6% yield increase relative to the no-biochar control. In

conclusion, the aged biochar effectively promotes maize root growth under soil water-salt stress, mitigates

adverse crop impacts from water-salt stress, and consequently enhances maize yield.

Keywords aged biochar; brackish water irrigation; root morphology; canopy structure; corn yield
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Fig. 1 Daily-scale meteorological conditions at the experimental site during the 2024 trial period
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Tablel
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SEHAEKE

Irrigation water volume during different treatment growth periods for corn

#EJK i /mm  Irrigation amounts
) - SHEK H/mm
3R E AR/ (/1) T 1 KA L HE S BAM Toal irrigation
Treatment  Salt content (o seedling Jointing Flowering Filling Maturity AMOUNtS
period period period period period
WI1SO0FO0 0.71 40 140 100 138 72 490
WI1SOF1 0.71 40 140 100 138 72 490
WI1SI1FO 4.00 40 140 100 138 72 490
WISI1F1 4.00 40 140 100 138 72 490
W2S0FO0 0.71 40 70 50 79 36 275
W2S0F1 0.71 40 70 50 79 36 275
W2S1F0 4.00 40 70 50 79 36 275
W2S1F1 4.00 40 70 50 79 36 275

TE W1, S s W2, 5 BRAERE; SO, 3R 0K 5 ST, BUBUK s FO, RGN A= Wy ¢ F 1L A= . 1 & 1] .

Note: W1, fully irrigated; W2, deficit irrigation; SO, freshwater; S1
same applies to the table below.

, slightly saline water; FO, no biochar applied; F1, biochar applied. The
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T1, filling period; T2, Maturity period. W1, fully irrigated; W2, deficit irrigation; SO, freshwater; S1, slightly saline water; FO, no biochar

applied; F1, biochar applied. Vertical lines at each measurement point represent standard deviation (n=3), where n denotes the number of sample

replicates. Fig. 3, 5, and 6 follow the same convention.

B2 AELABEEXREZARAAPEZLIERZFIEREZE(D,) REREE (D) MERZEE (DY)
Fig. 2 Root layered length density (D, ), surface area density (D), and volume density (D) in different soil layers during

the filling and maturity period under varying treatments
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Fig.3 Total root length density (D), surface area density (D+s), and volume density (D) during the filling and maturity

period under different treatments
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Fig. 4 Proportion of root mass in each soil layer relative to total root mass during the grain filling stage ('T'1) and

maturity stage (T2) of corn under different treatments (B)
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Fig. 5 Root-shoot ratio during the filling period and maturity period of corn under different treatments
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Table 2 Corn growth parameters under different water-salt conditions and biochar addition treatments

Ak 1 B i /em RS TR R /g
Treatment Plant height Leaf area index Dry matter accumulation
W1SO0F0 300.714+2.99 a 5.454+0.21b 400. 24+35.48 ab
WISIFO 255.5746.24 ¢ 5.114-0.03 be 368.62+17.70 abc
W2SO0F0 233.37+3.77d 4.46+0.15d 301.71421. 44 abc
W2S1F0 226.40+6.72d 4.61+0.12d 325.47+11.27 ab
WI1S0F1 275.05+18.19 b 5.8640.18 a 422.68+29.3 a
WI1S1F1 275.224+3.76 b 5.244+0.23b 363.36431.72 abc
W2S0F1 235.83+13.01d 4.54+0.04 d 343.07+25. 36 abc
W2S1F1 208.14+6.75 € 4.80+0.29 cd 323.92+43.30 be

PR RNG F RN AN AL B P<<0. 05 K V257 W3 . TR,

Note: Different lowercase letters within the same column indicate significant differences at the P<<0. 05 level. The

same applies to the Table below.

R3 FAREKERFMEYRGEERESTBIKE

Table 3 Radiation interception rate with different water salinity and

biochar addition treatments %

i 4 15 1 i 2 3 5 ey
Treatment Jointing period Flowering period Filling period Maturity period
WI1SO0FO0 6841 a 88+4 ab 94+1a 9241 ab
WI1S1FO 6241 abc 80+1c 92+1 ab 9141 abc
W2S0FO0 55+3c¢ 78+t1c 90+3b 81+2d
W2S1F0 5844 ¢ 80+5¢ 9241 ab 86+2c¢
WISOF1 67+4 ab 89+1 ab 92+1 ab 94+1a
WI1S1F1 60+2 be 91+1a 95+1a 90+4 abc
W2S0F1 54+5 cd 8247 be 95+1a 8841 he
W2S1F1 48+4d 68+3d 9241 ab 8742 be
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Table 4 Yield and yield components under different water salts and biochar treatments

Ak K /mm TR /mm FERK /mm TR £
Treatment Ear length Ear diameter Length of tip Number of kernels per ear
WI1SOFO0 198.16+3.72 ab 48.02+0.41 a 6.164-0.91d 650.6347.86 a
WISIFO 196.33+3.88 ab 47.71=0.08 ab 8.634-0. 31 bc 624.832+11.72 a
W2SO0F0 178.73+£6.57d 46.199+0.78 cd 11.8+1.51 a 545.164+31.71b
W2S1F0 183.4345.84 od 44.91+1.294d 9.9641.17 ab 546.53+8.1b
WI1SOF1 199.83+3.11 ab 47.71=0. 36 ab 6.3640.98 cd 632.36+14.76 a
WI1S1F1 202.66+3.36 a 47.74=0.19 ab 8.864+1.5b 557.73+1.12 a
W2S0F1 194.1342. 82 abc 45.94+0.88 cd 10.51=+0.49 ab 565.51425.04 b
W2S1F1 190. 3642. 43 be 46.47+0.1 be 9.9641.08 ab 565.51414.14 b

it 7 TR /g bR it /g L B/ /) e B
Treatment Hundred-kernel weight Single plant yield Yield per unit area Harvest index
W1SO0FO0 29.0540.45 ab 182.13+5.78 b 15.18+0.48 b 0.540.02 ab
WIS1FO 28.67+0.91b 184.35+3.19 ab 15.36=+0. 26 ab 0.55+0.01 a
W2SO0F0 27.8740.27b 162.22+7.31 ¢ 13.51+0.61 ¢ 0.51+0.05 a
W2S1F0 26.35+0.51 ¢ 144.65+4.84 d 12.05+0.41d 0.424+0.01b
WISOF1 30.03+0.3 a 194.624+4.89 a 16.2140.41 a 0.51+0.02 a
WISIF1 29.1540.53 ab 187.61+2.05 ab 15.63%0. 17 ab 0.58+0.04 a
W2SO0F 1 28.24+0.67b 169.96=+6.01 ¢ 14.16+0.51 ¢ 0.55+0.06 a
W2S1F1 27.874+0.55b 163.19+6.88 ¢ 13.5940.57 ¢ 0.52+0.04 a

CR7/R/A0) T Y A SN E A FNL Y S
FE A LB AR R R i R
AW A AR N T 16~8% , HORLE M T
LA~50, Bk i T 100~12% , o3k 48 %o
INT 206 ~2404 , 2% AR bR AEAS [F] A B ) 22 57t 8 2%
7K 73 k30 X RE A REOHL RERE R TR E | BRLRR
B T AR RIS AR R A T SRR A R )
30 Y 35 AR T S 0 HE B AR TR TR R BR R
o TEZ NRTT 2= Hreb K xR 2 T AW e i
1 1 52 AR G 45 6 B ATtk 3 R

it 0 A ) e S 3 R v T o R Ak R B K
a3 R ECR 7= R K 4 R ROR (B 6) . I & 6
VE 9 U AE B 26 7 ) Btk s PR AR L oK 43 3
it A5 AU A A= 7™ 07 1 38 T B 5 3k 40 ik 38 X R 0 1 R
JIE g 2 7= 0 oA 7= A S R W 5 N N A ) e 1) FE 0 THE
TBE b 3 A 20 NE i 2B 7= 3 A AL T 3 4 VEE B A FR AT B
BHRE T 6.8%.

B R A8 bR Bk i B R R
FRM T T 4 UL 7, bR R S K
FLEECR B AR ARARBRK RABRFE



58 Okl Ko 2026 4F 55 31 %
6r 5 90
b ab _?_ a 80 a
St b
_ < u M 4 b Ky R b b . 22 F
2 4t % ¢ 60 d
2 3 ¢ d 2’ d 250
B2} § &30
A 1 20
10
Q Q Q \) A \ \ A 0 0 Q Q Q 0 1 )} 1 1
st psts st s instine ™ (150 ihsOks Eis0Rhs\EhsOhs Tt 1stis s As RsORs 1 hs s
AbHf Treament AbB Treament AbHf Treament
(a) IWUE (b) WUE (c) PFPy
6 ATEAMEEXRERKSEFR(IWUE) 8K F ARE(WUE) M AR LT (PFPy)
Fig. 6 Irrigation water use efficiency, crop water use efficiency, and nitrogen fertilizer productivity under different treatments
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Fig. 7 Correlation between root morphology of maize and plant yield and its constituent elements
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