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Effects of biochar and reduced nitrogen application on photosynthetic
characteristics of sugar beet under saline-alkali stress

LIU Xinyu, WU Peiran, LI Caifeng, WANG Yubo,
ZHANG Shuyou,CHEN Jingting

(College of Agriculture , Northeast Agriculture University s Harbin, Heilongjiang 150000, China)

Abstract: [Objective) This study investigated the effects of biochar and reduced nitrogen application
on photosynthetic characteristics of sugar beet under saline-alkali stress to provide basis for saline-alkali re-
sistant cultivation and physiological research of sugar beet. [Method)] A total of seven treatments were set
up in the bucket planting experiment, among which three were normal fertilization treatments of normal
chernozem soil (CK),saline-alkali stress treatment (ALK) and 3% biochar normal fertilization under sa-
line-alkali stress (N180). In addition, under saline-alkali stress the 3% biochar and reduced nitrogen appli-
cation with fertilizer rates of 162,144,126 and 108 kg/hm® were applied to treatments N162,N144,N126
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and N108,respectively. Samples were taken at the beginning of the six-leaf period,and every twenty days
for a total of five times in the growth period. Then, the effects of biochar and nitrogen fertilizer application
on chlorophyll content, RuBP carboxylase activity, net photosynthetic rate, stomatal conductance, chloro-
phyll fluorescence parameters and dry matter of sugar beet under saline-alkali stress were analyzed. [Re-
sult] Saline-alkali stress significantly reduced photosynthesis and dry matter accumulation of sugar beet.
The effect of saline-alkali stress on sugar beet was alleviated significantly by applying 3% biochar. Com-
pared with the treatment of ALK,the chlorophyll content in N162 treatment increased by 36. 9% ,and the
RuBP carboxylase activity in N180 treatment increased by 16. 6%. The net photosynthetic rate, stomatal
conductance,PS|] maximum light energy conversion efficiency (F,/F.),PS]Il actual light energy conver-
sion efficiency (Y (Il )),PS]l relative electron transfer rate (ETR), photochemical quenching coefficient
(qL) and dry weight of leaves reached the maximum values under N180 treatment and decreased gradually
with the decrease of nitrogen fertilizer application rate under five saline-alkali stress treatments. There was
no significant difference in RuBP carboxylase activity, net photosynthetic rate, F,/F,, and Y(][ ) between
treatments N162 and N180. [Conclusion] Combined with experimental results and production cost,the ap-
plication of 3% biochar and 162 kg/hm’ nitrogen fertilizer under saline-alkali stress could improve effec-
tively the photosynthesis of sugar beet.
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Table 1 Effects of biochar and reduced nitrogen application on chlorophyll content of
sugar beet under saline-alkali stress mg/g
Trfaijfent 06-22 07-11 08-05 08-25 09-15
CK 1.3640.05 a 1.494+0.09 a 1.5240.04 a 1.06+0.04 a 1.0140.01 a
ALK 0.72740.02 d 0.80+0.03d 0.944+0.01d 0.76+0.04 bc 0.647+0.01 be
N180 0.96+0.02 b 1.18+0.03 b 1.2240.00 b 0.86+0.00 b 0.71£0.03 b
N162 0.90+0.03 be 1.2740.00 b 1.21£0.02 b 0.84+0.01 be 0.70+0.02 b
N144 0.91-+0.02 be 1.1940.01 b 1.1840.02 b 0.82+0.01 be 0.6740.03 b
N126 0.81£0.01 ¢ 1.0040.01 ¢ 1.0940.03 ¢ 0.77+0.04 be 0. 637£0.04 be
N108 0.77%£0.01 cd 0.80+0.01d 0.9240.00 d 0.747+0.03 ¢ 0.6340.02 ¢
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Note: Different lowercase letters indicate significant difference at the 5% level. The same below.

F18x,m.766 H 22 H,N180,N162,N144 #Fl

N126 4b PEH 2 20 38 & B 0 2505 T ALK AR B, 35



%13

XHESF o 5 < R 08U 38 T it AR ¢ R /D UE P A X I SO A R 1 5 111

Y b Bl 60 S G o £ 0 e g Sl B TR S A - R
S, 7 A 11 H,N180.N162,N144 1l N126 4k
FE g R % R ALK 4 #5505l 4 s T
31.9%,36.9%,32. 4 % 1 19. 8% , & 4% &b B IH- 4 £
A ALK 2B IR R R, 57 7 11 HAH
b N162 F1 N144 fhHEREm e R S mE 8 H 5 H
WEAT T R oAb AL 3 AT & BT, 7 8 H 25
H . ALK Kb PRS2 R 28R % 5 5 B CK A0 HoAth
b B 2% ORI (45 b BT SR g 3K I B
BRFE. £9 H 15 B, &4 BFE et 4 R & i1k
B AL
2.2 EREEARE T 0 Ak FROR > FAR A E X #

¥ RuBP 8B E MR

H 2 2 AT, CK A #EET 3¢ RuBP R 1kl 1% 1 £F

24 HURE B4 4 ALK b P8 1. 8% (06-22),
6.7% (07-11), 24. 6% (08-05), 24. 7% (08-25) F
19. 7% (09-15) , 136 B £R B Jblr 381 2% B AR 5% RuBP &
TEBEREE. 6 H 22 B ALK ZEFRFSE M RuBP &
s S b e w25, 8 15 H,.##h
BRI 380 2% 2 il 80 B 1) [ TG R 32 RuBP AR Ak il 0
PR W G, o N180 F1 N162 4b FE ¥y 5 T
ALK AbHE, 7 N108 b3 i K T ALK 43, 7F 8
J 25 B, ALK &b #EET S RuBP ¥R 16 B 06 M W %
T HAbab s, 78 9 A 15 H,CK, ALK, N180,
N162,N144 N126 kb #HHI 3 ) RuBP &1k B 1% 4 3
=T 8 25 H,Hd N180.N162.N144 \N126 &b ¥
RS2 1) RuBP 2 4k B 3% o 43 30 80 ALK &b 3 &
16.6%.11.9%.6. 3% A1 3.2%.

® 2 EEAE TN E YRR D BE A E X E# K RuBP R U EEFEH I 0

Table 2 Effects of biochar and reduced nitrogen application on RuBP carboxylase activity in
sugar beet under saline-alkali stress U
'l‘rﬁtlmment 06-22 07-11 08-05 08-25 09-15
CK 28.97+0.21 a 30.16+0.01 a 35.3840.13 a 34.01£0.15 a 37.1240.04 a
ALK 28.4340.13 ab 28.144+0.30 ¢ 26.6740.24 cd 25.61+0.16 g 29.7940. 14 ¢
N180 29.0640.15 a 29.9440.03 ab 29.0640.40 b 33.00+0.26 b 36.2140.30 a
N162 28.9240.28 a 30.0140.12 ab 27.7640.55 be 32.46+0.02 ¢ 33.574+0.25b
N144 28.61£0. 44 ab 29.4340.03 b 25.71£0.66 d 30.7240.30 d 31.764£0.02 b
N126 28.2540.27 ab 28.497+0.04 ¢ 25.6740.73 d 30.1740.06 e 30.9940.16 ¢
N108 27.9840.03 b 28.204+0.37 ¢ 23.3640.75 e 27.60+0.14 f 26.4340.30 d
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Table 3 Effects of biochar and reduced nitrogen application on net photosynthetic rate of

sugar beet leaves under saline-alkali stress

pmol/(m* + )

Tréi}fem 06-22 07-11 08-05 08-25 09-15
CK 23.71+0.12 a 32.03+0.08 a 22.03+0.16 a 14.6340.04 a 13.5340.20 a
ALK 15.9040.07 d 26.15+0.41 d 12.7540.03 e 7.624+0.13 d 7.09+0.05 cd
N180 22.38+0.12 b 28.68+0.03 b 21.584+0. 25 ab 11.2140.04 b 9.71+£0.18 b
N162 22.21+0.22 b 28.31+0. 14 be 21.13+0.19 b 10.8940.10 b 9.46+0.26 b
N144 18.2340.07 ¢ 27.95+0.17 ¢ 18.6140.15 ¢ 8.81+0.10 ¢ 7.47+0.23 ¢
N126 15.73+0.25d 26.31+0.17 d 15.56+0.10 d 7.90+0.05 d 6.84+0.08 d
N108 14.35+0.10 e 23.0440.23 e 12.8540.04 e 7.06£0.20 e 6.7040.04 d
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Table 4 Effects of biochar and reduced nitrogen application on stomatal conductance of sugar

beet leaves under saline-alkali stress

mmol/(m? « s)

_~ k7 06-22 07-11 08-05 08-25 09-15
Treatment
CK 297.12+3.02 a 381.53+1.81 a 308.41+1.45 a 126.0740.62 a 132.774+1.89 a
ALK 212.44+0.44 d 301.554+9.02 d 184.0841. 26 de 86.79+2.10 ¢ 74.8940.69 e
N180 294.68+3.79 a 338.154+1.55 b 303.62+3.09 a 119.444+5.48 a 107.70+1.73 b
N162 245.77+1.10 b 326.4340.92 ¢ 245.32+3.33 b 106.5140.22 b 97.64+2.24 ¢
N144 240.48=+6.57 be 324.414+1.53 ¢ 228.40+1.65 ¢ 98.81%3.89 b 84.8443.29 d
N126 234.35+4,40 ¢ 322.6640.69 ¢ 187.9343.28 d 88.1240.50 ¢ 79.23740.62 e
N108 185.5640.69 e 311.1442.29 d 178.92+1.22 e 77.76+1.36 d 73.91+0.64 e
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Table 5 Effects of biochar and reduced nitrogen application on F,/F,, of sugar beet under saline-alkali stress
Trfft%ent 06-22 07-11 08-05 08-25 09-15
CK 0.80840.002 a 0.80940.003 a 0.80540.003 a 0.79640.002 a 0.80140.003 a
ALK 0.77140.002 ¢ 0.77540.003 ¢ 0.77640.002 ¢ 0.77840.002 d 0.77540.012 d
N180 0.80040. 004 a 0.80140.003 ab 0.79540.002 b 0.78940.003 b 0.79740.003 a
N162 0.79140.003 b 0.80040. 001 ab 0.79440.001 b 0. 78740.002 be 0.79740.003 a
N144 0.78740.003 b 0.79040.003 b 0.79040. 002 be 0.78540.001 be 0.78840.002 b
N126 0.77940. 004 be 0.78740.002 b 0.78640.002 ¢ 0.78340.001 ¢ 0.785=+0. 001 be
N108 0.77140.001 ¢ 0.77740.002 ¢ 0.77840.002 d 0.77940.005 d 0.783740.002 ¢
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Different lowercase letters indicate significant differences at the 0. 05 level between treatments. The same below
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Effects of biochar and reduced nitrogen application on Y([l ) of sugar beet under saline-alkali stress
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Table 6

beet leaves under saline-alkali stress

Effects of biochar and reduced nitrogen application on ETR of sugar

pmol/(m* + s)

Trfffim 06-22 07-11 08-05 08-25 09-15
CK 55.47+0.03 b 57.5740.52 b 57.4340.20 a 55.70+0.12 b 54.43+0.29 ab
ALK 53.1740. 49 de 57.0740. 32 be 54.17+0.32 ¢ 54,3040, 38 od 52.7741. 00 be
N180 56. 800, 06 59.1740.17 a 56.40+0.09 b 56.63-0.23 a 54.9740.35 a
N162 54.9040. 12 be 58.5740.39 a 56.1340.15 b 55.5040.20 b 54,4340, 25 ab
N144 53.80+0. 38 ¢ 57.4740.49 b 55.50+0.15 b 54.6340.40 ¢ 53.0040. 35 be
N126 52.8740. 66 de 57.2740. 26 be 55.40+0. 26 b 54.4340.29 ¢ 52.60+0.17 ¢
N108 52.3740.49 e 56. 6040, 44 ¢ 53. 9040, 38 ¢ 53.9040.17 d 52.4740.13 ¢
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Table 7 Effects of biochar and nitrogen application on gL of sugar beet under saline-alkali stress

Trfjfent 06-22 07-11 08-05 08-25 09-15
CK 0.78140.021 a 0.768+0.002 a 0.66840.010 a 0.654+0.002 a 0.61840.001 a
ALK 0.66740.006 e 0.656£0.008 ¢ 0.63440.004 b 0.588£0.010 ¢ 0.52940.004 ¢
N180 0.74540.003 b 0.766£0.029 a 0.67140.002 a 0.640£0.003 a 0.60240.003 a
N162 0.72240.003 be 0.73740.001 ab 0.66640.006 a 0.621+0.003 b 0.57340.006 b
N144 0.70840.014 cd 0.715+0.002 b 0.65740.004 ab 0.602+0.004 ¢ 0.55740.006 b
N126 0.68240. 005 de 0.700£0.006 b 0.64040.003 b 0.568£0.008 d 0.53240.005 ¢
N108 0.65340.002 e 0.69920.008 b 0.58940.016 ¢ 0.541£0.003 ¢ 0.488=40.015 d

2.4.5 NPQ M SHLLFE M, LT WIS,
25 A PR SR 1) NPQ ¥ 52 58w/ 5 3 K 1 ka3, 3
i ol 360 S 3 1 0 TSR 0 NPQ. it fin A= 9 7% i
K& NPQ, CK 4b ¥ 5 N180 4b ¥, N180 4b ¥ 5
N162 4bHAH L, §F 32 NPQ 78 4 BOFE B 1] 34 06 1 2%
Z5. 7T H 11 H, B CK &b 3 4h H fibh &b 2 (1)

NPQ 35 | f Al (B o ALK F1 N126 4b B 52
() NPQ & 2 5 T oAb b 3, B J5 ST 46 3% 5 7 v 5
8 H 25 H.,ALK,N144 N126 F1 N108 &b H Ff 3 fr)
NPQ i3 @ F CK.N180 Al N162 &b ¥i; % 9 J 15
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Table 8 Effects of biochar and nitrogen application on NPQ of sugar beet under saline-alkali stress

Ab 3

Treatment 06-22 07-11 08-05 08-25 09-15
CK 0.28320.006 ¢ 0.192+0.002 d 0.16820.004 ¢ 0.272%0.002 b 0.314%£0.017 ¢
ALK 0.34420.008 b 0.2392£0.004 a 0.288%x0.032 a 0.3560.019 a 0.37420.005 b
N180 0.27340.003 ¢ 0.184+0.002 d 0.208=40.001 be 0.2564+0.001 b 0.35240.008 be
N162 0.286+0.002 ¢ 0.191+0.003 d 0.2444+0.005 ab 0.276+0.003 b 0.374£0.032 b
N144 0.33120.004 b 0.210£0.004 ¢ 0.26420.004 a 0.342%0.023 a 0.436£0.017 a
N126 0.35840.002 a 0.237%+0.002 a 0.28740.001 a 0.35740.009 a 0.44440.007 a
N108 0.36340.001 a 0.223+0.002 b 0.290+0.018 a 0.36040.004 a 0.458+0.017 a
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Fig. 2 Effects of biochar and reduced nitrogen application on the dry weight of

sugar beet leaves under saline-alkali stress
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Fig.3 Effects of biochar and reduced nitrogen application on root dry weight of

sugar beet under saline-alkali stress
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Table 9 Correlation of dry weight and photosynthesis-related indices in leaves

B g Es R RuBP % 9T A % )
. MEEER KD RERIEE BEARE -
orophy uBP carboxylase Net photosynthetic YCID ql .
Index - Leaf dry weight
content activity rate
WG
Ciiffpii content 1 0.886" * 0.875" " 0.887** 0.734%* 0.802**
RuBDP f fL il 15 1 1 0,714 0.732%* 0.616" " 0.836"*
RuBP carboxylase activity . : : :
IR 1 0.838" * 0.807** 0.848" *
Net photosy-nthetic rate ’ ’ ’
YCI) 1 0.663" " 0.690" *
ql 1 0.770* %
oA .

Leaf dry weight

T3 il x 43 30 7R T4 i 8] 1935 AH 5C (P<C0. 05) FIAR 2 3 #H 56 (P<C0. 01)

Note: * and * % represent significant correlation (P<C0. 05) and extremely significant correlation (P<Z0. 01) ,respectively.
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