+ & (Soils), 2020, 52(6): 1121-1130

DOI: 10.13758/j.cnki.tr.2020.06.004
WRRIE, 2R, 4%, 45, CO, MR LS B BRI /K 1 X0 B8 TR 3R A 1K B4 LU R AR 0 & Bk 32 IR . +38, 2020, 52(6): 1121-1130.

CO, KESRBBNMKFEMHTNRABAERERZHEAY RFH

EX:EAN

B NSk > *
A, & R, g, B’
(1 AR R RRE2ERE, T 2100235 2 H3E5 0l AT RREE & IR 1 50 5 0 SR U0 %= (b MRk e m 3 H3ERESE AT), RISt 210008)

B = AT REN, DETCHREAE, REEFRBEFERE, R TARA . BKPR& S FRA COp X #R
MR B S DL AR R AR K , 255 3R 0 s TR0, N E S EMULECH R MmN, Sk riEmbee
PEATAL N SRR HRSTA P BT &SI E, EHERBKTT, SRS P S8 E. K
S, CO W JE T = S B TUE RS R E T AL P ARG, BTARFRY Ca S itbl CO, VB M TR I B B KR AL, &R
AR = e 0 b S I 5 i, H CO, W S BT . B S ACT LLEGX = F Z MIFAAE T 22 BAE . A4
HEBEACOT () T R i B2 B = T 35N - Ca T B LA BCEETS Mg &, BMEAEH BN EAEM . #)UEAR A EAR
R CO, W (I I B R PSR R T, BRI AN RAR Fe 1 AR UK A4 s i3 5 imif il — &K o,
WS, BT RBEIR S LSRR SRR, BB R, KR CO, IEMFA SRR SF TR R AR, (Ao fiifg
JIEARBELEFRA. N P. Ca. Mg S50 FICE S EMEAL, Ml SEBE/K 70938 mT LGE 1 i I B K 516 ) 2 i 3 I
HRRX FFE W, IR T CO, WEF S R MW BonE & BN . ik, EXEERSE CO, MEE Y[R
B, VRS RS A A T e R AR

KB KR COKEE; FUKY; Bk o Bigerdhs; MAREK

RESHES: Q945.1; Q945.3; S627 XEkRERD: A

Effects of Atmospheric CO; Concentration, Nitrogen and Phosphorus Levels on Root Growth

and Mineral Nutrient Concentrations in Different Organs of Cucumber

CHEN YuJiao', LI Xun? TIAN XingJun'", DUAN ZengQiang>"

(1 School of Life Science, Nanjing University, Nanjing 210023, China; 2 State Key Laboratory of Soil and Sustainable
Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: The effects of different combinations of atmospheric CO, concentrations ([CO,]), nitrogen (N) and phosphorus (P)
levels on mineral nutrient concentrations and root growth of cucumber were studied by the nutrient solution culture method in the
open-top chambers. Three [CO,] levels (400 pmol/mol (CK, C1), 625 umol/mol (C2), 1 200 pmol/mol (C3)), three N levels (low
N (N1), medium N (N2), high N (N3)) and two P levels (low P (P1), medium P (P2)) were designed. The results showed that N
concentrations in all cucumber organs increased with the increase of N level, and N concentration in N3 treatment was
significantly higher than those in N1 and N2 treatments. The increase of P level also promoted N concentrations in cucumber. P
concentrations in all cucumber organs increased with P supply increasing. Under the condition of N deficiency (N1), P
concentrations in all cucumber organs increased. Elevated [CO,] reduced N and P concentrations in specific organs of cucumber.
Ca concentration in cucumber roots decreased significantly with the increase of [CO,], whereas higher N and P levels
significantly increased Ca concentration. There were apparent interactions between the [CO,] and P level, N level and P level, and
within these three factors on Ca concentration in cucumber roots. The rise of N and P levels also significantly increased Ca

concentration in cucumber leaves and Mg concentration in cucumber stems, and there was a significant interaction between N and

OFEEWH . FEKARPL2AEE T H (41877103 R Rt i ik S5 FBHEL L5 B 24(XDB15030300)% Bl -
* 3l HAE# (tianxj@nju.edu.cn;zqduan@issas.ac.cn)
EH R BRIEF(1994—), 2, TR M, BlEoeA, FEMNFEY)EFM LA S5, E-mail: chenyujiao2012@hotmail.com

http://soils.issas.ac.cn



1122 + e %52 4%

P levels. Total length and surface area of cucumber roots increased with the [CO,] increasing. Under the condition of P deficiency
(P1), total length and surface area of cucumber roots increased with the increase of N level, whereas a decrease in P level caused
the increase in total length and surface area of cucumber roots at the same N level and [CO,]. In general, the increase of [CO,] can
promote the growth of cucumber roots, but reduce the concentrations of mineral nutrient such as N, P, Ca and Mg in some organs
of cucumber. However, the increase of N and P levels can promote the absorption of mineral nutrients in roots by enhancing the
growth and vitality of cucumber, thereby can alleviate the risk of the decrease in mineral nutrient concentrations due to the
elevated [CO,]. The above results suggest that the applying suitable amount of mineral nutrients with matched proportion is quite
necessary while CO, fertilization is conducted to the greenhouse vegetables.

Key words: Atmospheric CO, concentration; Nitrogen supply level; Phosphorus supply level; Mineral element concentrations;
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Table 1 Concentrations of salt compounds in nutrient solution under different treatments

b3 Ca(NO;3),-4H,0 KNO; NH.NO; MgSO0,-7H,0 K2SO, Ca(H,P0,),-H,0 CaSO,
N1P1 1.50 - 0.25 2.00 3.00 0.05 1.50
N2P1 3.00 6.00 1.00 2.00 - 0.05 -
N3P1 6.00 6.00 1.50 2.00 - 0.05 -
N1P2 1.50 - 0.25 2.00 3.00 0.50 1.50
N2P2 3.00 6.00 1.00 2.00 - 0.50 -
N3P2 6.00 6.00 1.50 2.00 - 0.50 -

0 HOFRE A . BooE YR EYERE N1: 3.5 mmol/L, N2: 14 mmol/L, N3:21 mmol/L; PI: 0.1 mmol/L, P2: 1.0 mmol/L.
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Fig. 1 N concentrations in different cucumber organs under different CO, concentrations, N and P supply levels
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Table 2 Other mineral nutrient concentrations in cucumber leaves

FERREH L Ab K Ca Fe Mn Cu Zn
i CINI1PI 40.8 ab 31.8¢ 11.9 def 0.097 a 0.180 cdef 0.033 be 0.120 b
CIN2PI 42.4 ab 37.2 de 13.2 bede 0.091 a 0.176 cdef 0.029 be 0.100 b
CIN3P1 349b 44.1 cde 0.055 a 0.126 f 0.024 be 0.081b
CIN1P2 41.5 ab 54.4 bed 15.2 bed 0.060 a 0.250 abc 0.047 be 0.135 ab
CIN2P2 49.5a 76.8 a 21.7a 0.093 a 0371 a 0.036 be 0.104 b
CIN3P2 42.6 ab 83.1a 12.6 cdef 0.060 a 0.158 def 0.010 ¢ 0.148 ab
C2NI1P1 39.7 ab 42.5 cde 15.3 bed 0.060 a 0.245 be 0.026 be 0.145 ab
C2N2P1 37.9b 42.4 cde 14.2 bede 0.120 a 0.178 cdef 0.024 be 0.150 ab
C2N3P1 35.6b 49.9 bede 10.6 df 0.116 a 0.144 ef 0.041 be 0.098 b
C2N1P2 39.3 ab 51.0 bede 16.6 be 0.074 a 0.265 ab 0.041 be 0.131 ab
C2N2P2 38.1b 54.2 bede 0.074a 0.198 bedef 0.015 be 0.084 b
C2N3P2 375b 75.1a 13.5 bede 0.068 a 0.157 def 0.030 be 0.082b
C3NIP1 42.4 ab 36.6 de 13.6 bede 0.077 a 0.226 bed 0.035 be 0.206 a
C3N2PI 40.2 ab 40.3 cde 13.6 bede 0.095 a 0.203 bede 0.053 b 0.127 ab
C3N3P1 37.8b 52.2 bed 10.6 df 0.080 a 0.160 def 0.032 be 0.129 ab
C3N1P2 36.7b 36.5 de 12.3 cdef 0.062 a 0.209 bede 0.104 a 0.140 ab
C3N2P2 40.5 ab 57.3 be 16.6 be 0.094 a 0.201 bedef 0.025 be 0.188 b
C3N3P2 42.9 ab 68.4 ab 12.8 cde 0.089 a 0.154 def 0.038 be 0.188 b
ER CINI1PI 68.3 abc 12.528 h 2.9 cde 0.028 a 0.061 cde 0.0025 abed 0.045 ab
CIN2PI 88.0 a 18.5 efgh 3.7 abede 0.029 a 0.073 bed 0.0024 abed 0.065 ab
CIN3P1 60.0 be 24.8 cdef 3.2 abede 0.023 a 0.055 de 0.0022 abed 0.051 ab
CINIP2 69.5 abc 22.5 defg 3.7 abede 0.014a 0.106 a 0.0029 abed 0.066 ab
CIN2P2 81.5 ab 19.2 efgh 43 ab 0.020 a 0.063 cde 0.0031 abc 0.040 ab
CIN3P2 76.2 abe 38.870 a 4.456 a 0.015a 0.079 de 0.0032 a 0.074 a
C2NI1P1 77.4 ab 19.5 efgh 3.7 abcde 0.023 a 0.088 abc 0.0031 ab 0.061 ab
C2N2PI 66.3 be 17.7 efgh 3.1 bede 0.017a 0.068 cde 0.0022 abed 0.045 ab
C2N3P1 557 ¢ 26.2 bede 3.2 abede 0.019a 0.049 de 0.0019 d 0.043 ab
C2N1P2 62.8 be 14.9 gh 0.024 a 0.061 cde 0.0028 abcd 0.041 ab
C2N2P2 77.9 ab 20.1 efgh 3.8 abed 0.019a 0.053 de 0.0028 abed 0.038 b
C2N3P2 79.6 ab 33.2 abe 4.0 abed 0.017 a 0.039 ¢ 0.0022 abed 0.033 b
C3NIP1 63.6 bc 16.3 fgh 3.2 abede 0.034a 0.096 ab 0.0032 a 0.072a
C3N2P1 74.3 abc 21.4 defgh 3.5 abede 0.030 a 0.077 abed 0.0023 abed 0.057 ab
C3N3P1 60.6 bc 30.0 bed 3.4 abcde 0.024 a 0.060 cde 0.0021 cd 0.055 ab
C3N1P2 64.7 be 14.4 gh 2.7 de 0.022 a 0.073 bed 0.0022 bed 0.052 ab
C3N2P2 75.2 abe 19.5 efgh 0.020 a 0.053 de 0.0029 abed 0.038 b
C3N3P2 70.5 abe 343 ab 4.0 abe 0.017 a 0.048 de 0.0022 abc 0.051 ab
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gLk
TR 2 b3 K Ca Mg Fe Mn Cu Zn

HREER CINI1P1 47.9 abed 16.0 ¢ 52¢ 0.714 be 0.163 ¢ 0.0124 ab 0.128 abed
CIN2P1 52.1 abe 17.6 ¢ 57¢ 0.783 b 0.171 be 0.0104 ab 0.162 a
CIN3P1 36.3 bedef 16.1 ¢ 59bc 0.423 be 0.135¢ 0.0084 b 0.123 abed
CIN1P2 56.7 a 159¢ S.lc 0.315¢ 0.347 abc 0.0131 ab 0.141 ab
CIN2P2 9.7¢g 347a 6.3 abc 1.328 a 0.517 a 0.0096 ab 0.062 ¢
CIN3P2 5.8 cdef 32.3 ab 52¢ 0.640 be 0.326 abc 0.0112 ab 0.137 ab
C2N1P1 559a 16.6 ¢ 54c¢ 0.616 be 0.288 be 0.0085 b 0.111 bed
C2N2P1 48.3 abed 17.4 ¢ 6.2 be 0.515 be 0.267 be 0.00089 b 0.138 ab
C2N3P1 44.1 abcde 19.6 ¢ 6.6 abc 0.460 bc 0.225 be 0.0083 b 0.023 abed
C2N1P2 53.7 ab 16.5¢ 5.0c 0.326 ¢ 0.244 be 0.0065 b 0.101 bede
C2N2P2 34.2 def 23.9 abc 6.7 abc 0.622 be 0.411 ab 0.0089 b 0.093 cde
C2N3P2 33.7 def 26.1 abc 7.6 ab 0.533 be 0.287 abc 0.0077 b 0.110 bed
C3NIP1 44.4 abcde 154c¢ 48¢ 0.551 be 0.220 be 0.0158 a 0.128 abcd
C3N2P1 42.6 abcde 163 ¢ 57¢ 0.738 be 0.184 be 0.0083 b 0.117 bed
C3N3P1 34.5 cdef 18.7 ¢ 5.9bc 0.621 be 0.155¢ 0.0075 b 0.115 bed
C3N1P2 41.8 abcde 17.5¢ 5.7c¢ 0.325¢ 0.319 abc 0.0077 b 0.130 abc
C3N2P2 29.7 ef 23.1 be 6.9 abc 0.610 be 0.358 abc 0.0082 b 0.108 bed
C3N3P2 19.5 fg 349a 8.6a 0.594 be 0.416 ab 0.0074 b 0.084 de

T RPEEAEIE; RS R/NG 5537 [l — 57 AL R 8] 22 537 P<0.05 K- 3% .
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Table 3 ANOVA of effcts of [CO,], N and P levels on element concentrations in cucumber roots

TR L Mz N P K Ca Mg Fe Mn Cu Zn
A CO, *| ns ns ns ns *| ns kg ok
HEA kg ) ns kg | ns | | |

L kg *1 ns kg kg ns *| ns ns

CO 4 ns ns ns ns ns ns ns ns ns

CO,xHERk ns ns ns ok ns ns ok ns ns

PER < fEw ns ns ns * ns ns ns *k ns

CO A it ns ns ns ns ns ns ns ns *

= CO, ns ok | ns ns ns ns ns ns ns

HEA kg k| ns kg kg ns | ns ns

ﬁ#@% ke o *4 kg kg ns *| kg ns

CO ML ns ns ns ns ns ns ns ns ns

CO < HERE ns ns ns ns ns ns ns ns ns

PR ns ns ok ns Hk ns ns * ns

CO LA <Lk ns ns ns ns ns ns ns ns ns

RAR CO, ok | ns ns wE | ns *| ns x| ns

HER HAEL HEE] Hkx | wAx ns ns ns ns ns
Jsinid kg kg k| kg ns ns kA ns |

CO<HEA ns ns ns ns ns ns ns ns ns

CO ik ok ns ns * ns ns ns ns *

HER = Lk ns ok ns HAE ns *k ns * ns

CO <t < fiEwh ns ns ns ok ns ns ns ns ns

e R BEMAKT T Z MR ns. FIRERARE(P>0.05)*, ** Fl =0 55I1R0R BE MK P<0.05. P<0.01 1
P<0.001. t A | 4rIEE/REE COL MR . LR kB KSF T T s AR . RIS

== C] =2 C3

2000 i ) v e
" 140F . T
l 750 I~ abede. l sbed o abed
120_ cde|
1500+ o bogef bedef :\g " bogef abedef
E 1250_ " . . ) cdef bodef E% 100- o ) u e [ mie(
%14 1000} [ i £ 8 I i
= 750} & oo
500+ 13 40r
250F 20+
NIP1 N2P1 N3P1 NI1P2 N2P2 N3P2 0 NIP1 N2P1 N3P1 NI1P2 N2P2 N3P2
hb3p Qb
0.301
0.28}
£
gi 0.26
i
024
B
=2
0.22

0.20

NI1P1 N2P1 N3P1 NI1P2 N2P2 N3P2
il

3 AR CORERFMBMEKTETERMEMRK. DRREARMRALHER

Fig. 3 Total lengths, total surface areas and root average diameters of cucumbers under different CO, concentrations, N and P supply levels
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Table 4 ANOVA of effects of [CO;], N and P levels on root growths of cucumbers

KA CO, HEA P CO it CO itk PRt CO It < fItif
B ns HAEL HEE| ns ns ns *
SRR ns k) ok | ns ns * ns
WP HR ns ns ns ns ns *k ns
3 it T A AN R R KT R 2 5 e G RN 43
JTE

FERRIE CO, 2MF FAK MY, kAN IT
Rl w TR IR W E CO, 45 N A KB
X— G A HLE A 2R R, Kb ma Rk
PEA IS R i T ARSI PR KL A R R 52
TR BB BEE AN CO, AR HERL Y
IR, 1 NE 2K AR R, AR R B )
HAVNIITCEWRIE . 1R CO, TATSE M3 it
PR AR ZA ARG R FAR ST AR 2
L R ARG R T & & R,

ARG RM, RRIZEHEAE T, CO, W E
AR A E Y Ay N ARG, HRR KA I
JE bt AU R A B s, MR AR N Sz
FAEACEAN B PR B A5, FERRE N &
LA B R, AR BRI T [ R 5y s

AR Eh, FEMREEA . KT, BEE COo,
WEERIRTIN, BUTREMRASTROLM N &5 TR
%, H CO, WREEXARIFA = AR R . e
HIFRMMEAE . Bk, BEE CO, WERH N, #IK
AL P E R R RS COL MR BE 1 T i AR
AT E ST R S a, (HUANFE LS
B, AWMRMELE CO ALK T, BRT N &,
HAth o S ME R AP LA 25k, B Zn AN
Mn A B R AR A p e nT O, R R -
RNEAYIERNT TR & B R AmE—PLEE . 240
WFFTIN R, BIRFG B R SE A — 2 R LRI o
TLESRE, HARESHE CO, MR 4RIt
IEARMFE R BLG20 JEHAl fe : OB BF
TEAE BRI 38 FHSE LB — MR R s 4%
T 5T G R AEAH D 1A D A WA P s AR A AR R 22
5 IR Z WL CRE I kAR T BE R R BIAR K
PEFRY, ML X 0 36 A WG 52 20 5
BiFeLm] . 3 e NOIR I KR A K B
SRR MR m R,

AARE R, 7B CO, e LB K- 25—
O, B LRV R3E R, BRI R 2550 AIR
RIEICE S A BN BN, 78 N3 &0

BCAGAF ST o s, AT DAPE A 5 i A I i, 4 s
BEACRI AR, e AR, 75 C1f1 P2 & F
O F T NT 3 N2 BLR €2, P1 &R & h N2
& N3 RO SR R —2

I HAEAE T, RTINS
FARBEAE T, SRR T R S 2 i 5T AR
WA o Wi R R AR AR — S B A 414y, AR
AR A 8 22 b R P A A 2R, Lt 2 2 A 1 T
. BUBRRE R SRR 2 BT AR R R A
T4y P2 B BERE KT T i (R B in AN G
PEEUK TS N SRR R, TRy AR
55 U BB KF , ELIC B KX 8 AR K 5
M) A d 3 P4

MR AR G g AL, CO, MRz | fit
BT SR AT X5 & A B0 3R B 1 78 2 IAE AR
KA TR o X T HE TARER, MRE N &b
CO, Vi BE T i b Sk 2RI, BE AT Rt KT 7
A G, H CO, W 5Bt E KA AEW] i
IS H AR o B TR 38 i e 25 s A #F 1
FRES P S mpsE i, I H P E A AN A A BAE
FH; HREBEY Ca 5 HEBE CO, e A T 1 i & FAAIK,
R A TR B s i T =5 &, H Co,
W EE 5 KT RS KT DL LG = Z A
AR RS BAE R o B AR (04 T A 2
PEE TR F o Ca 15 2 DA SCETR Mg 19 i,
HMFEAEN RN EAER. Ca Ry i Lefin
TR, S 20 B S 4 45 F4 A A BGRR 40, 3R LA
R FRA TS A5 ThRE; Mg 2 5E A MR
WA, LA B R M 2 R AT 1L, ca A
Mg B A . BT R4R S g in el Be 2 B T
MR RAE T R LA, L2 5
Yrig i B N TR R AR, MR fEE N, P
Ca. Mg %0 IR A pesh, B n] LA R
MR PSR , i nss L i gE 112 T g5 N
P 5 Ca. Mg JCE Z WA b ) 38 201 A 5P,

PR 2% 35 43 B W IR ) — T2 B R 4 1Y
KR CO T RAMET, MBS R TR &’
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F% 72 P 2 0 B A3 L B8 AR 2R A I e
TE, YRR IE S S ERSE WM BRI R B
JROTR MR E G RITR W . F2 ORI,
COMREAMT, HARARMIKEE | % M MR E
KB I RE S KA B A BUEPY S A g K B,
TEREE A HI R B9 25 F R, COL M EZ I TH Rt UK
SRR RGN T SR . BRI, Ry
HARI A BE . EHFE CO, ML FIfZIK
R, P T BEARICR SAR R AT P2 444
o BEBRKE XTSRRI | B FRAR R AR 1Y AR
S BT B 25 5, CO MR RE A . BE/KT-1Y
PP 58 T e = 5 PR A R A0 X A 1 v 0 P AR 2R
EESA AR,

ARG UL, JFBAR AR | R B
e LAY A R #EA T A TR AR 00T, —F S AR
TENLBAT 5 2t — L TR AL

4 it

CO, MR BEFIAN R HE AL Wi/ F X BTR R AR KA
FHA R ILR S LA E BE IR, COWE
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