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Abstract: Reducing nitrogen (N) application is an effective strategy for enhancing N use efficiency and promoting the N-fixing
capacity of peanut root nodules. Given the considerable variation in nodulation traits among peanut cultivars, this study aimed to
compare N absorption and utilization between common nodulating variety (CNV) and non-nodulating variety (NNV). A two-year
field experiment was conducted across three locations in Shandong, China, to evaluate the responses of CNV and NNV to N fer-
tilizer application rates of 120, 60, and 0 kg hm 2, focusing on N accumulation, N use efficiency, yield, and quality. The results
showed that reduced N fertilization significantly decreased N content, N accumulation, yield, and kernel protein content in NNV.
Compared with the N120 treatment, the N60 treatment resulted in average reductions of 18.98% in whole-plant N accumulation,
17.30% in yield, and 10.69% in kernel protein content, while the NO treatment caused average reductions of 25.13%, 13.97%, and
11.40%, respectively. In contrast, CNV maintained relatively stable N accumulation, yield, and kernel protein content across all N
levels. Pearson correlation analysis revealed significant positive correlations between N accumulation in various plant organs and
both yield and kernel protein content in NNV, whereas no such correlations were observed in CNV. These findings demonstrate
that NNV is more sensitive to N fertilizer in terms of yield, quality, and N accumulation than CNV. Therefore, appropriately re-
ducing N fertilizer input in peanut cultivation may enhance the utilization of biological N fixation by root nodules, thereby im-

proving overall N use efficiency.
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Table 1 Basic physicochemical properties of soil at different experimental sites

AL B A A S HE RS
Al Hb s, e Alkali- Available Available Exchangeable
] pH Organic matter . . .

Years Sites @k 71) hydrolyzale nitrogen phosphorus potassium calcium
gkg N - - _

(mg kg") (mg kg (mg kg (cmol kg™")
2019 B3 Wangcheng 5.90 9.72 64.10 36.60 72.40 6.90
{T:35% Rencheng 6.70 14.60 85.56 40.50 98.20 10.40
#-3F Chiping 8.40 15.90 87.28 46.40 239.00 52.50
2020 B Wangcheng 6.70 10.40 82.20 20.00 114.00 12.20
{T3% Rencheng 6.80 15.60 95.60 37.30 124.00 13.80
#£5F Chiping 8.40 18.10 103.00 9.65 266.00 78.40

1.2 Rigit e Z5 5. 43 R R RS
AT 5T LA 38 25 988 A (common nodulating vari- 133 THREREEMNT AR B /)N DX B
g

ety, CNV)IEF 22 S HIALE & Fi(non-nodulating va-
riety, NNV) BL il ga b4 Bl 5 8 3 it &K F: 0 kg
hm 2 (N0), 60 kg hm > (N60)F1 120 kg hm* (N120).
24 3 RIS Ty SRR R — B PR A AR A -
/N - FORPAE =20 . Rl S b AR AR, B4R
RIS BE L AEFPRE EOR b . AL TH4E 4
H28HZESH S H¥EM,9 H 5 HE 15 HIGEk. Fr
A ACRE S F 36 0 — UM SL e, HEREALRE HE AL 355
BA 0~20 cm + )2 BRACHS, & 4b 3 17 i IE
(P,05) 90 kg hm > FI#AE(K,0) 120 kg hm 2, &, . W .
BRAEZ» BIE IR ZE(N = 46%). T HERRES (POs =
12%) FIFL IR EF(K,0 = 50%). R ERRIAEE,
ZE55 85 cm, 8 10 em, BRZEREFP 217, SR 16 om,
B2 R, ATIRANEEF /X AL 16.2 m?, BT
/NXTEFL 100 m?, FEALHEE A 3 WK

1.3 #EHERESNE

13.1 FEAFEFHRBEE W] /)N DX
5.4 m’ IRERMERE . BIBRRZE . BRI REIERE
Z, PR EA LM EM SRR, BRXT
JERRE, THRRA AT R . BEPLFRE 1 kg K
TR, TR BN S A K — S0
37U, Goit A SR B (T SR SRR B A
132 Hi&k FE/NXREPLEERL 20 AR
B, 5T S5 R S B e bR . e BE (GB 5009.6-
2016 1 fh 4 E AR HE R fb e IR T il ) iy
F I IO I AT BRI % 2 o SR H R L £ 3]
VTR AT R S i IR 2R R LS

3 BRACGRVERI PR R A FE it o B R bR 23 R5E
KA A CE+F R ) =8B . S8 B
105°C A% 30 min J5, SOCHLTEEEHR T, T4
¥ 2 mm G, SRABLCE AL NE &K S E 2R
SIS ] Wang ZEUOVHUER ik SE S5 P Oy B A
PRA R . AERFABCRRE R AE ™ T .
A R B (kg hm?) =HEkE T & (kg

hm2) x5 & k(g kg ™) /1000 (D
RE AR (kg kg') =FER T it (kg hm?) /4l
PRAZE BB (kg hm?) (2)
R A F1 (kg kg ') =35 (kg hm ?) /jtd
S (kg hm ?) )

1.4 HESH

ARG T 7 i R A B R 2R AR G E R o 2
AERHIRIRZE R, ik, AR BB EARFIHFRSE
FHOCHRFRI N 2019 AFIRAIRZ5 0 . SR SPSS 25.0 &
PR R (WA . i R ARy 225007, K
B HX L AR R L A AR R
FRZRIARCRRIFE M, R Duncan ¥£7E 0.05 5.3
IR XRIANRIAL B4 FeAmilE AT 22 H LA . FIIF Pearson
PR R FrER A R R 57 5 SOoFr i A
SRR ER . R Origin 2021 BAF2 il E %

2 HEREDHR

21 FERFEMEEER
24 3 AR E R, RN T | SR BN T
TORBORA D R (2019 ARAT I A S BR AR,



884 fE W 2

52 %

X BT T FRURR BROTC 0 355 ) o BN A SO A
) FAETE Z2 500 B0 07 R B b P 3R 5 e
AN (R 2) ANEEIESFTE N60 Fl NO ZbFE R (1)
X R R R EAT N120 AR BE R 0E S 5k
17.30%F1 13.97%, FABRIRE A E FEBO™ & T
R0y 2 R A, o AR s N6 O &b JH ) Bk SR 2K
A N120 TR#E 1.93%~18.81%, FH T % 7.43%; NO

b T A BARR SR BB N 120 FFE 3.31%~12.71%, ¥y
TR 9.12%. U FH A X AS S5 988 R ) SR SRR
T30 R B (2019 AF BRI BR Ah) 19 52 i 34 K 58 03
Ko BRI, U R B X 33 5 3 1 e T
FRC, TERTA S AR S AN (R 3) . iX KA
Gl ge b B4 7 e X RO 1 O ¢ 3 4 R
ol B Ay R

#2 TRSMHEFERZRAEX=EREMMERMZIMHNEE ST

Table 2 Significance analysis of yield and its components under different nitrogen application rates in various varieties

w6 s wm WERIREL AR TIRE
. Site Treatment Yleldﬁ2 Number of plar;ts pir unit area Pod number per plant Pod r.1umber per
(kg hm ) (x10" hm °) kilogram
2019 B4 Wangcheng \Y% *k ns *% *¥
N ns ns ns *
VxN ns ns ns *
{T:38 Rencheng \Y% * ns *% **
N ns ns ns ns
VXN ns ns ns ns
#E5F Chiping \Y ok ns * ok
N ns ns ns ns
VXN ns ns ns ns
2020 ¥ Wangcheng A% ok ns * ok
N ns ns ns ns
VXN ns ns ns ns
{E3% Rencheng v ns ns * ok
N ns ns ns ns
VXN ns ns ns ns
137 Chiping \Y ok ns o ok
N ns ns ns ns
VXN ns ns ns ns
P -2 v o ns o o
Average of all sites N s ns ns s
VxN * ns ns ns
Ve Rl N FNEHIAE ns: AbPRIA] 225 AR W2+ AbFRR) 22 53K 0.05 W KP o AR IR 225736 0.01 BE K.
V: variety; N: nitrogen application rate; ns: no significant difference; *: significant at P < 0.05; **: significant at P < 0.01.
*3 ZEASMTESMmER~EHHE RN
Table 3  Yield and yield components under different nitrogen application rates in various varieties
PR T AR AR S
Ehy Hb 45 i Fift UIET }i% Nu:b{:r?jpli?fper HRE THRRH
Year Site Variety N rates2 Yield i unit area Pod number per Pod r.1umber per
(kg hm ™) (kg hm ™) (x10* hm %) plant kilogram
2019 B CNV N120 5375.27+572.01 a 23.92+1.04 a 15.02+0.56 ¢ 503.84+42.45 ¢
Wangcheng N60 5090.53+862.64 ab 22.88+1.85 ab 15.69+0.81 ¢ 517.96+29.61 ¢
NO 5236.374+277.44 a 22.35+0.68 ab 15.33+1.29 ¢ 511.60+£35.79 ¢
NNV N120 4236.32+264.63 be 21.96+2.18 ab 24.1242.04 a 1204.23£20.03 b
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(8% 3)
o7 T R
A Hb g, fn A REAR Jt% Nu:b{:rTf*pl?:lfper B THARE
Year Site Variety N rates2 Yleld2 unit area Pod number per Pod r‘1umber per
(kg hm ) (kg hm ™) (x10* hm %) plant kilogram
2019 g NNV N60 3736.30£122.08 ¢ 20.20+0.59 b 21.33£1.75b 1274.86+46.58 b
Wangcheng NO 3514.06+63.65 ¢ 22.22+2.94 ab 21.04+2.07 b 1347.76+44.30 a
1238 CNV  NI20 5490.81+837.34 a 24.26+1.29 a 16.58+1.27 b 511.76+41.9 b
Rencheng N60 5861.37+824.47 a 25.30+1.48 a 16.20£1.72 b 496.15+73.09 b
NO 5975.83+980.74 a 24.57+0.33 a 16.481.12 b 497.64+19.84 b
NNV NI20 5067.55+300.47 ab 25.63+1.72 a 27.55+2.84 a 843.43+54.46 a
N60 3741.79+598.10 be 23.04+3.83 a 24.72+2.81 a 874.81+75.67 a
NO 3522.75+693.18 ¢ 23.56+4.73 a 24.03+2.76 a 889.15+7.40 a
T CNV  NI20 4261.39+548.37 a 20.51+0.94 a 20.85+6.17 be 664.69+88.60 b
Chiping N60 4039.06+501.78 a 19.84+2.54 a 22.38+2.61 abc 661.99+64.47 b
NO 4261.39+645.71 a 21.78+4.54 a 19.21+3.96 ¢ 629.53+£106.12 b
NNV NI20 1963.94+256.73 b 23.17+1.38 a 29.50+3.68 a 1667.06+113.61 a
N60 1914.54+226.41 b 22.16+2.32 a 29.33+3.09 a 1607.33+51.41 a
NO 1986.21+319.32 b 22.3442.33 a 28.1242.73 ab 1619.50+140.96 a
2020 B CNV  NI20 4666.90£635.70 a 21.18+2.05a 15.33£1.50 ab 620.56+9.30 b
Wangcheng N60 4346.62+486.07 a 20.50+1.95 a 14.00+0.83 b 685.89+11.04 b
NO 4052.49+804.15 a 19.7842.84 a 14.61£3.54 b 657.21£65.60 b
NNV NI20 2392.28+70.70 b 21.84+1.63 a 20.67+1.64 a 1116.12426.67 a
N60 1578.5149.02 ¢ 18.83+3.54 a 17.39+4.58 ab 1191.03+132.32 a
NO 2091.61+266.95 be 20.34+1.00 a 18.78+1.78 ab 1235.53+84.18 a
123 CNV  NI20 3797.78+131.22 a 21.0743.40 a 14.61+1.06 ¢ 623.46+82.18 b
Rencheng N60 4357.08+420.46 a 20.87+£2.99 a 14.44+1.11 ¢ 614.79+56.04 b
NO 4013.53+583.45 a 20.72+2.69 a 13.72£1.99 ¢ 621.53+77.86 b
NNV NI20 4125.52+306.33 a 21.07+3.99 a 23.39+1.58 a 916.32+56.00 a
N60 3888.36+327.02 a 21.07+2.07 a 22.00+1.32 ab 894.77+48.03 a
NO 3995.41+407.10 a 22.8042.62 a 20.67+0.87 b 914.46+74.92 a
P CNV  NI120 5683.62+786.88 a 25.29+2.19a 14.22+1.86 a 510.09+53.67 b
Chiping N60 6041.97+208.34 a 25.56+1.92 a 15.17+3.68 a 506.34+34.64 b
NO 5948.45+327.82 a 24.37+0.46 a 15.11+4.81 a 503.08+15.93 b
NNV NI20 3878.71£372.73 b 25.63+2.05 a 20.11£3.38 a 1131.99+73.77 a
N60 3056.47+214.06 ¢ 24.37+1.58 a 19.7242.56 a 1226.70+108.20 a
NO 3527.95+477.29 be 24.59+1.78 a 19.44+1.13 a 1165.42+139.87 a
T b a5 CNV  NI20 4858.71£914.09 a 22.7142.54 a 16.10£3.29 ¢ 572.40+83.79 b
FIME N60 5031.15+895.44 a 22.49+2.97 a 16314338 ¢ 580.52+89.45 b
Average of NO 4914.68+1027.33 a 22.26+2.75a 15.7543.18 570.10+86.74 b
all sites NNV NI20 3610.72+1139.38 b 23.2242.70 a 24.22+4.15 a 1146.52+277.80 a
N60 2985.99+982.36 ¢ 21.61£2.86 a 22.4244.61 b 1178.25+264.50 a
NO 3106.33+870.41 ¢ 22.6442.72 a 22.01+3.70 b 1195.30+270.42 a

CNV: 30 459 fhFf NNV: RE58 5Fh; NO: RJiti%(; N60: Jifi & i 60 kg hm™; N120: Jifi%&(#= 120 kg hm™; AR[EA/NG FHRE LR TER
— a0 b U RIAR (03 T A 3 2 TR] 7 25 5 3k 3K F-

CNV: common nodulating variety; NNV: non-nodulating variety; NO: no nitrogen applied; N60: nitrogen application of 60 kg hm™?; N120:
nitrogen application of 120 kg hm 2. Different lowercase letters indicate significant differences among treatments within the same experi-
mental site and year (P < 0.05).
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Fig.1 Quality of peanut kernel under different nitrogen application rates in various varieties

CNV: %50 250 Bl NNV: RZERTEFlG Ve Bl N ZUIE; NO: A% N60: i 60 kg hm?; N120: Jifi%( 120 kg hm™; fffLKH?
RERR AL BRI 22 535 B E KT ns: 2R R RE; *0 275K 0.05 E%WK:F * %ﬁﬁ 0.01 /K A~C: EBIR S 1 IG
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CNV: common nodulating variety; NNV: non-nodulating variety; V. variety; N: nitrogen; NO: no nitrogen applied; N60: nitrogen application
of 60 kg hm%; N120: nitrogen application of 120 kg hm2. Different lowercase letters on the bars indicate significant differences among
treatments (P < 0.05); ns: no significant difference; *: significant at P < 0.05; **: significant at P < 0.01; A—C: fat content, protein content
and soluble sugar content of kernel at Wangcheng site; D—F: fat content, protein content and soluble sugar content of kernel at Rencheng site;
G-I: fat content, protein content and soluble sugar content of kernel at Chiping site; J-L: average of fat content, protein content and soluble
sugar content of kernel at the three experimental sites.
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Fig. 2 N content of peanut plants under different nitrogen application rates in various varieties
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CNV: common nodulating variety; NNV: non-nodulating variety; V: variety; N: nitrogen application rate; NO: no nitrogen applied; N60:
nitrogen application of 60 kg hm™2; N120: nitrogen application of 120 kg hm%; ns: no significant difference; *: significant at P < 0.05; **:
significant at P < 0.01; Different lowercase letters on the boxes indicate significant differences among treatments (P < 0.05); A—C: nitrogen
content of shell, kernel and other parts of peanut plant at Wangcheng site; D—F: nitrogen content of shell, kernel and other parts of peanut
plant at Rencheng site; G-I: nitrogen content of shell, kernel and other parts of peanut plant at Chiping site; J-L: average nitrogen content of
peanut shells, kernels and other organs at the three test sites.
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Fig.3 N accumulation of peanut plant affected by N application rates in different varieties
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CNV: common nodulating variety; NNV: non-nodulating variety; V: variety; N: nitrogen; NO: no nitrogen applied; N60: nitrogen application
of 60 kg hm%; N120: nitrogen application of 120 kg hm?; Different lowercase letters on the bars indicate significant differences among
treatments (P < 0.05); A: nitrogen accumulation of different parts in peanut plant at Wangcheng site; B: nitrogen accumulation of different
parts in peanut plant at Rencheng site; C: nitrogen accumulation of different parts in peanut plant at Chiping site; D: average nitrogen accu-
mulation of different parts in peanut plant at the three experimental sites.
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Fig. 4 N efficiency of peanut affected by N application rates in different varieties
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CNV: common nodulating variety; NNV: non-nodulating variety; V: variety; N: nitrogen; NO: no nitrogen applied; N60: nitrogen application
of 60 kg hm?; N120: nitrogen application of 120 kg hm?; Different lowercase letters on the boxes indicate significant differences among
treatmentss (P < 0.05); ns: no significant difference; *: significant at P < 0.05; **: significant at P < 0.01; A-D: nitrogen use efficiency at
Wangcheng, Rencheng, Chiping and average nitrogen use efficiency at the three experimental sites; E-H: nitrogen partial fertilizer produc-
tivity at Wangcheng, Rencheng, Chiping and average nitrogen partial fertilizer productivity at the three experimental sites.
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Fig 5 Correlation analysis between pod yield and N accumulation of peanut plants
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A-D: correlations between nitrogen accumulation of shell, kernel, other parts, whole plant and pod yield in common variety at Wangcheng
site; E-H: correlations between nitrogen accumulation of shell, kernel, other parts, whole plant and pod yield in common variety at Rencheng
site; I-L: correlations between nitrogen accumulation of shell, kernel, other parts, whole plant and pod yield in common variety at Chiping
site; M—P: correlations between nitrogen accumulation of shell, kernel, other parts, whole plant and pod yield in non-nodulating variety at
Wangcheng site; Q-T: correlations between nitrogen accumulation of shell, kernel, other parts, whole plant and pod yield in non-nodulating
variety at Rencheng site; U-X: correlations between nitrogen accumulation of shell, kernel, other parts, whole plant and pod yield in
non-nodulating variety at Chiping site. ": correlation significant at P < 0.05; *": correlation significant at P < 0.01.
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Fig. 6 Correlation analysis between protein content and N accumulation of peanut plants
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A-D: correlations between nitrogen accumulation of shell, kernel, other parts and whole plant and kernel protein content in common variety
at Wangcheng site; E-H: correlations between nitrogen accumulation of shell, kernel, other parts and whole plant and kernel protein content
in common variety at Rencheng site; I-L: correlations between nitrogen accumulation of shell, kernel, other parts and whole plant and kernel
protein content in common variety at Chiping site; M—P: correlations between nitrogen accumulation of shell, kernel, other parts and whole
plant and kernel protein content in non-nodulating variety at Wangcheng site; Q—T: correlations between nitrogen accumulation of shell,
kernel, other parts and whole plant and kernel protein content in non-nodulating variety at Rencheng site; U-X: correlations between nitrogen
accumulation of shell, kernel, other parts and whole plant and kernel protein content in non-nodulating variety at Chiping site. “: correlation
significant at P < 0.05; *": correlation significant at P < 0.01.
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TN, SR AR A 5 ORGSR A AR I B S R AR
B A I O A7 AR 25 5, TE BB OL T, ARSI AL
AR B P B RUIE T s e T ARG
T 2 AL (SR AL T3 50 A5 A0 ) I B 1 B 8 X AN [

o

Jit
B’

Jit 28T B 1) i 07 AR Ak EE R (BT 1) BRI TR Ay S
AE, REMEMN AR TEARS K, 2T
BB TR, X R EAE LR A L T REXT 48R 1Y)
BT EAR W, AR KB, 7E 2 ECE
BT, A TR 45 988 Rt R 6 R I e ) U F )i
RECAR AL, B Bt 20 f ok D AR B AN (3, X5 Zhao
PSS R — B (AR, BRI ARG,
JRAAEA R B T B A | R R R R WSO U Y i)
L, FEATSRANAE - s bl 7E B0 o fURR (1B 1~R] 4),
X ] g 2 PR N BRI 0 RS R Ry R, A
HABOR A, AV & RRINE 1), 7K
PRAERE J1 22, A E M KKE, b BARE,
DRI, B A ROAE, A 05 o ol DA P 4 45125,
SECEMIA R EA RS MEA
MO RUIE By g o, AR . A 2T, AR SR A
TR RO L, B PR S RS, BAR
SR (1) DR /K CR AT B ) A s i 2 ik, AR e L3
Ui ARG, At . AR A RE A AU
e AR AT R A A AP R, X2 AR
U 1 A8 ARG S RE P Sk ) o 1 B O BORR, T
SO AN G AR AR I R R W S H B B A

AL AT O, M ET AR A P A A R i (112.50~
168.75 kg hm )T i 588 A AR SEBR R o ok
R/ R 2 R S5 i A = KO o AR AR
2 e Ao e it S50 S A TR DA B RURE T, AN
I R IRIR 2R, IR IREE A B KRR ). R, 7E
PREE = BRI T, e R A, KRR
JEE b 35 e MR R T RUTE 0, R R v Rk AR R A
RO REBRR GG RARGER, W
AR R AE A it AT I 53 114 FE 7 1)

4 #ig

500 2358 A6 A i R e AR [ RV A R
FER 5 B, 7E 0~120 kg hm 2 jifi 0530 Fl N,
BRI AR, = AR R A R AR B
BEH AR e, HARFHZCERERT; A
S R R 52 AR EAME AL IR A(60 kg hm %) A
JEAO kg hm ) FHEHERATESHRR ~EK
PR AT A B TR, X258 8 T AR
RAELE R AL R A7 0 TP I OCEE FE, R WD ST A ™
FF 3 B AR EUIE 4 (U0 60 kg hm 2 LAF), BEBE 384>
T AR [ RUTE T, FE R 7 R AR AN A [
AL Z R RCE, WML
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