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Effects of biochar on wheat yield under different water and nitrogen conditions

LI Shuai-lin, SHANG-GUAN Zhou-ping
( State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau , Institute of Soil and Water Conservation ,
Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Abstract: Studying how biochar affects wheat yield under different fertilizers, soil water conditions and explore the
inner mechanism to providing a scientific support for the efficient use of agriculture organic wastes. A three factors inter-
action (biochar, nitrogen and soil water) pot experiment was conducted. Biochar addition rates were 0, 1%, 2%, 4%
and 6% (mass ratio) , nitrogen fertilizer application rates were 0, 0.2 g+kg™" and 0.4 g-kg™'(NO, N1 and N2), soil
water content were 80% and 50% field water capacity (began with wheat jointing stage) . Wheat flag leaf photosynthetic
parameters and SPAD value were measured at jointing stage and heading stage, wheat grain yield and main agronomic
traits were recorded at maturity. The results showed that: (1) With compared to no biochar treatments, 1% and 2%
biochar application rates increased wheat yield by 6.62% and 11.01% (on average) respectively. 4% and 6% biochar
application rate decreased wheat yield by 6.88% and 10.1% (on average) respectively, at the same time, it also de-
creased thousand kernel weight, kernels per spike and plant height; (2) Under the normal water conditions, there were
synergistic effects in 1% or 2% biochar addition rates with N1 and N2 treatments, but 4% and 6% biochar addition rate
treatments showed negative effects; (3) Under the condition of drought stress, there were synergistic effects in 1% or
2% biochar addition rates with N1 treatment only, N2 production improved potential were inhibited by all biochar pro-
cess; (4) Under the NO conditions, compared with no biochar treatment, biochar increased wheat flag leaf photosynthetic

rate and final yield; (5) Under the N1 and drought stress condition, biochar improved wheat flag leaf photosynthetic rate
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more obvious than under N1 and normal water condition. Consequently, the effects of biochar on wheat flag leaf photo-

synthetic parameters and final yield affected by biochar addition rates, nitrogen level and soil water content, and there

were complex interactions. The potential of crop productivity increased by biochar, fertilizers and their coordination was

limited by drought stress. In terms of increasing wheat yield, adding biochar to barren soil was good, moreover, 48 t*

hm~2(2% ) biochar addition rate was recommended to improve the quality of fine texture and medium fertility soils.

Keywords: biochar; nitrogen; water; yield; photosynthesis; wheat
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Table 1 ~ Chemical and physical properties of soil and biochar used in experiment

e R N MR
N )58 BR AR TSR S eciﬁi[i]j‘face
i H Item pH Bulk density Total C Total N Nitrate Ammonium P
-3 -1 -1 _1 _1 area
/(g*em™?) /(g kg™") /(g kg™") /(mg-kg™") /(mg-kg™") 2, -1
/(m*eg™ 1)
+ 4 Soil 7.33 1.20 14.99 0.71 18.20 15.90
AW Biochar 10.43 0.45 723.80 11.93 0.52 1.86 1.67
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N2), A4l N 320508 0.0.2 g kg 'A10.4 g kg™
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Note: The BO, Bl, B2, B4 and B6 mean that biochar addition rate of 0, 1%, 2%, 4% and 6% (mass ratio) , respectively. NO, N1 and N2 mean that

adding N to soil with the dosage of 0, 0.2 g-kg™ " and 0.4 g-kg™", respectively. W80 and W50 refer to control soil water content is 80% and 50% of field ca-

pacity (wheat jointing stage to mature stage) , respectively. Different lower-case letters in the same column mean significant difference at 0.035 level among treat-

ments. The same below.
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Fig.1 Effects of biochar on wheat yield under different soil water and nitrogen conditions
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Fig.2 Effects of soil water content on wheat yield
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Table 2 The wheat agronomic traits of each treatment

AR ‘ Qb B W80 W50
Agronomic Tres
traits reatments BO Bl B2 B4 B6 BO Bl B2 B4 B6
o NO 10.25 10.25 10.50 10.25 9.75 10.50 10.00 10.25 10.00 10.25
Spike N1 28.50 34.50 31.00 27.50 26.25 28.25 29.00 28.25 25.75 22.75
number N2 32.25 39.50 36.00 31.75 29.50 27.00 23.00 29.50 30.50 27.00
BRI NO 21.17 23.33 23.58 21.08 20.58 18.83 21.42 20.75 19.58 24.42°
Kemels per NI 47.50 4.75 44.25 44.50 42.08 45.67 40.92 38.42°  36.08° %  40.83
spike N2 47.67 43.50 41.67 46.58 41.42 42.25 44.33 4.9 45.33 42.25
NO 41.02 43.02 2.9 43.73 41.62 42.40 40.66 44.27 41.47 41.33
ﬂgﬁ/g NI 43.86 42.33 41.44 40.27"  38.27°"  42.26 46.37°  45.05 41.84 0.4
N2 50.94 44.33 37.79" " 44.43 39.53* % 45.48 45.96 45.91 42.37 43.07
B om NO 5.83 6.54" 6.49 6.04 6.00 5.73 6.14 6.03 5.94 6.18
Ear NI 7.67 7.97 7.75 7.85 7.37 7.87 7.67 7.87 7.50 7.45
length N2 7.74 7.76 7.63 8.26" 7.90 7.64 7.84 7.73 8.03 7.47
- NO 66.38 69.24 71.32°  67.20 64.61 60.60 65.37 65.62 64.78 64.64
KR /em
Plant NI 70.01 70.13 73.58 73.28 73.61 72.70 68.40 68.35 67.18  71.13
height N2 71.91 71.86 66.98 68.26 71.05 71.24 65.33" "  68.83 66.47°  68.23

TE: B0, B1, B2, B4 Fil B6 /345 76 L3 e BT 1 B it 4380 0,1% ,2% ,4% Fl 6 % AR INA= 447 . NO, N1 Fl N2 2351 H5 #  0,0.2 g- kg™ 'F10.4

g kg™ BRIEG AN NI ZUR o W80 I WSO 43 S8 7E/INZ 45 1 0 28 nft 00 4 1) L 098 5 /K Ak Dy T ] 45K B ) 80% T 50% 0 % 7,

FE R SR AN AAE T BN AE 1 ¢ A TS RS I A ) e A B2 [0 22 5 AE 5% 1% K B35 o
Note: B0, Bl, B2, B4 and B6 mean that biochar addition rate is 0, 1%, 2%, 4% and 6% (mass ratio) respectively. NO, N1 and N2 mean that adding

N to soil with the dosage of 0, 0.2 g-kg™'

(wheat jointing stage to mature stage) , respectively. “ * 7 and “ % % ”

and 0.4 g-kg™", respectively. W80 and W50 refer to control soil water content is 80% and 50% of field capacity

indicating that the differences between the value of biochar treatment and no biochar treat-

ment (under the same condition of water and nitrogen fertilizer) in 5% , 1% significant level, respectively.
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ST, B2 Fi1 B4 g 25 ek /RO B, 9D B )ik
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1 it T
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PR, b B1 AT B4 bR & B KT BO, 435k
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