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Changes of Carbon and Nitrogen in the Subtending Leaf of Cotton Boll and Its Rela-

tionship to Biomass of Cotton Boll, Seed and Fiber

ZHAO Xin-hua?, QU Le&*, CHEN Bing-lin*, ZHOU Zhi-guo®™

(1. Nanjing Agricultural University / Key Laboratory of Crop Physiology & Ecology, Ministry of Agriculture, Nanjing 210095,
China; 2. Cotton Research Institute of CAAS, Anyang, Henan 455000, China)

Abstract: Two cotton cultivars (KC-1, AC-33B) were used, with three nitrogen application rates (0, 240, 480 kg-hm?, standing
for low, moderate and high nitrogen levels, respectively, in field experiments in Nanjing (118°50'E, 32°02' N, middle lower
reaches of Yangtze River Valley) and Xuzhou (117°11'E, 34°15'N, Yellow River Valley), Jiangsu Province, which stand for the
different ecologica conditions, to investigate the relationship between the changes of carbon and nitrogen in the subtending leaf
of cotton boll and biomass of cotton boll. The results showed that the changes of total carbon and total nitrogen content in sub-
tending leaf of cotton boll could be simulated with quadratic: Y=af+bt+c (Y stands for the total carbon or total nitrogen content
(%), t stands for boll age (d)). And the changes of C/N ratio could be simulated with Logistic equation. Correlation analysis indi-
cated: (1) The average rate of cotton boll, seed and fiber biomass during the speedy accumulation period could be improved, the
duration of cotton boll and fiber biomass could be shortened and the duration of the seed biomass speedy accumulation could be
prolonged when the date of reaching the minimum content of the total carbon was earlier and the minimum content of the total
carbon was higher. (2) The period of cotton boll and fiber biomass speedy accumulation could be prolonged as the date of reach-
ing the minimum content of the total nitrogen was later. And the minimum content of total nitrogen was higher, which resulted in
prolonging the cotton seed biomass speedy accumulation period. (3) The duration for cotton boll and fiber biomass speedy accu-
mulation could be prolonged by lengthening the speedy increasing duration and slowing the average rate of C/N ratio increase
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during the speedy increasing period. Therefore, the changes of carbon and nitrogen in the subtending leaf of cotton boll istightly

related to the cotton boll biomass, boll development could be improved by adjusting the content of carbon and nitrogen and the

CIN ratio in the subtending leaf.

Key words; Gossypium hirsutum L.; subtending leaf of cotton boll; changes of carbon and nitrogen; cotton boll; biomass

SRR (71 Y A e N Ty A1
B FEAS HOCE DI G PN AR BEA G A, R
HOE B AP T LR R AR, 4R
VEMI 8 55 il 9, BTSSRI KA /N2 A
FR TR B R B R A PR T2 2k A )
REM R E T, A LR E R T =50
AR LIEM Y BR ZACHRE ) 25
M Y3 7= 0 i) L B3 i B AR SRR, B
SO =i i O TE A, B AR AR R A5 S B
(e AR XS (L AR AL A B R IR AR
KB BT IE 85%LL ok FHRA M AR
TRBPIREL B AR B R 1 SR, A9k
AP OST  AfSp R B JoF 7 PR XH 65 v P e Qs 1
A HTHE AR AL AR e i) SRR, BRI e AR AR
PR A RAE R, IR SRR R A AT
LA N ZoC AL, FRESXH AL R A A |
RAEMR T 2F 4 iy REUE— R 20t
e, WIBAAR B XA e U2 ARl SRS A% 2
PR OC AR, A= R HGE B R PR 1, P
PEAREE XA e | R, 3R R AL 1, AR AT
Y R R L

AR ST T AE A [R] 7t 520 I JE o A % X
PR RAC2E 57, PTG 1A (1 (27 4E)
PRI ER, B A A T R AR e AR AR
i AR R AL i b TR R

1 #fe 7k
1.1 REEiET

SR ARG A A A S X R, R
2005 4EFEVT R EG AL (118° 50" E, 32° 02' N, K
TLIBC A X)) RN (117° 117 E, 34° 15 N, 7%
TAL AL S P A X)) AT, R AR MR R S
] g v A A A%+, 0~ 20 em HIES RIS A
ML 2.05%.1.92%, 4% 0.07%.0.04%, BRifif A
83.4mg-kg*.71.5 mg-kg*, #ERL#E 43.6 mg-kg®,
31.2mg-kg?, A 246.8 mg-kg*,183.4 mg-kg?,

VEHIRHE 15 5648 338 BEE M AL Al
R, MR 1% 0,240,480 kg-hm?2 3 4> 7K 081
I3 REREE A (No) A (Now) FI R AL (Nago) o JIT
FHERE MR 2 | Heiti 50% W) AEHIE i 50%, 7 41
St AR 225 kg- hm? | S BERES 750 kg-hm?,
IR B X BT, DL R X, BE AHEIX,
REAL 6 MEEA G 4 RER, BEVLIXALHES,
/NXTAFK 54 mA(9mx6m), T4 F 25 H &5
PRE,5 H 18 HE 4k, 170 0.75m, FEiE 0.25
m, H R P = e A R R A T

AR 6~8 JALES 1.2 AT TFAERT, Hfids
Y H AL, MHERARICE , WIS 10 d FFER E
Znt% 45 7d7E 9:00— 10:00 BV KA EH—H
FS 8~10 1, [RIITEARAR i RS 1 AT |
AT RILF4E =55y, FiRFER 105°CA T 30 min,
T0OCTHET RIHEFRE,, Fr e X i ki
JE D AR & i, IR 2k S 2R/ & 5
FABLAE AR AN I B AL (C/ND o
12 WEmMHE#Z®

FHEE AR TRET - B IR Ak Mo 2 Ak 7% i
FHBIL S AR SR B i,

13 SFitoiAx

% H Excel 2003 4 56 il 4= 5 2504 b 3 A0

YEIE, SPSS 11.5 et [k i T 45e it .

2 RGO
2.1 IR RRE TS
211 PR(EER) G, X2k (34
R) Fr a5 e N R e BT a3
(FEmE ), AN [t e A i ) 2 S T 4, 4l 75
Tt U AT IR, 22 B S U SR s 3
R X 57 i 4 i (B 4 R0 % = AR 1k vT
PRAL Y=af+bt+c TG [ Y(%) . 22k (B2 A )
T, t(d). B8, a boc. 80, AR LRI (R ]
FHERE f5e/IMAL( Yain) LA K B 5/ IME A I 1] (i)
FOR,IRAXT .



34 BB AEAT Rl AR AR £ X7 i S PR AR S5 B DG R IS 211

2
__b -4ac
Ymin_ Aa (l)
- b
tmin_ 2a (2)

S BT A X 07 P A ik (B 2R B AR Y

FAIEE AL (R 1), SR & HE A Vi, Bl S0 (Y
SR, RSB Yo AR 75 3 4N
AL RS R Y b YT REE ZR BOEIN TT
PRATEIL , 2R HAY tn WILL N 55238 No 27

x1 WEEMIHEHR(SLR) SERRRTUNUSHREGGEE, B/
Table 1 Dynamic equations of the total carbon or total nitrogen content in the subtending leaf of cotton boll along

with boll age in Nanjing and Xuzhou

. N Ym' t]ﬂ'n
A Hh REIKF W R?
1% /d
SR R B 15 N Y =0.0009£0.0394¢+37.5756 0.9531" 3714 21.90

N2o Y =0.0004£0.0164+37.2515
N Y =0.0012¢0.0489¢+37.2297
Y =0.0008¢/0.0330¢+37.5581
N2o Y =0.0009¢-0.0355¢+37.3560
Nao Y =0.0008/0.0275¢+37.1408

Y =0.0024£-0.1724t+38.0736
Noo Y =0.0022¢0.1503¢+37.4879
N Y =0.0019¢0.1148¢+36.5948
Y =0.0038¢-0.2335¢+38.6264
Noo Y =0.0038¢0.2251t+38.9136
Nao Y =0.0030/0.1618t+36.9157

Y =0.0009¢0.0752t+4.9858
Nao Y =0.0007#0.0605¢+5.1002
N Y =0.0005¢0.0392t+4.9666
Y =0.0011¢0.0873¢+5.1353
N2o Y =0.0012/0.0913¢+5.3569
N Y =0.0010/0.0819¢+5.3422

Y =0.0008/0.0730¢+4.6371
N2o Y =0.0006¢0.0665+4.8786
N Y =0.0007#0.0707+5.0628
Y =0.0007-0.0566t+4.6535
N2o Y =0.0006/0.0548¢+4.7675
N Y =0.0070/0.0587 ¢+4.9695

ek 338 No

(2 BHE 155 No

et 338 No
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5
e

(2B BHE 155 No

A 33B No

(2 BHE 155 No

A 33B No

09316 37.08 20.44
0.9365" 36.74  19.88
0.8884° 3721 20091
0.8743  37.02  19.09
09556 3691 16.77

0.9563" 3503 3533
0.9608" 34.93  34.00
0.9458" 34.82  30.86
0.9802" 3504 3072
0.8665 3556  29.78
09170 3473  27.06

0.9822" 345  40.86
0.9254" 371 4582
0.9346™ 418  39.98
0.9792" 335 4081
0.9690™ 355  39.69
0.9612" 360 4265

0.9403" 299 4507
0.9613" 315 5198
0.8303 333 4907
0.9623" 342 4352
0.9853" 352 4565
0.9474" 366 4448

T+ Y ARSI 2t (B AR B it Bt/ ML, s FRES X2 I 46k (B 420 B ik B/ IME R R] % 1 ** 2051 R
Jr R E ZENAE 0.05 F1 0.01 /K3 | B3 (n=7, Pys=0.7763, P,,=0.9000)
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Table 2 Dynamic equations of the C/N ratio in the subtending leaf of cotton boll along with boll age in Nanjing and

Xuzhou
. o . R R Tox Ve
i AP REKF Jife R
/d /dt
Fnt B 1= No C/N =12.3066/(1+0.7251e 7% ) 0.9764" 18.56 0.14
Nap C/N =11.6809/(1+0.6992e 2% ) 0.9890™ 18.61 0.13
Nego C/N =11.8599/(1+0.6220e 204 ) 0.9775" 23.78 0.09
F:A 33B No C/N =12.1052/(1+0.8676e°%™) 0.9959" 13.39 0.23
Nao C/N =11.0981/(1+0.7713g%0% ) 0.9923" 13.54 0.18
N C/N =11.1980/(1+0.5764¢20%) 0.9966" 15.50 0.11
3 B 15 No C/N =11.9970/(1+0.5834e20%2 ) 0.9923" 16.14 0.12
Nap C/N =12.4916/(1+0.6808e 0% ) 0.9694" 20.52 0.11
N C/N =12.4404/(1+0.6923e20+) 0.9735" 20.47 0.12
44 338 No C/N =11.8627/(1+0.5647 %) 0.9883" 14.81 0.12
Nap C/N =12.4801/(1+0.5970e %) 0.9818~ 23.36 0.09
N C/N =11.4743/(1+0.5809e20% 0.9947" 15.60 0.11
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Table 3 Biomass dynamic equations of the cotton boll, seed and fiber along with boll age
B BE REAT I Re ook oW
/d /d d o fg-dt
LS 5T BHE 15 N W=6.5648/(1+19.5822¢%%")  0.9809" 13.08 33.87 20.79 0.8
Nap W=8.0645/(1+20.6479¢%)  0.9859”  14.85 37.70 2286 0.20
N W=7.8111/(1+20.5721e%)  0.9676"  14.89 37.88 2298 0.19
FM 33BN W=5.6965/(1+22.1287¢¥ ) 0.9913™ 1331 33.00 19.69 0.17
Nap W=6.4380/(1+25.2363e™24)  0.9911"  14.92 3547 2055 0.8
Nao W=6.6004/(1+24.3142¢%2*)  0,9902" 1522 36.60 2138 0.18
o AR 15 N W=6.1060/(1+21.0879¢¥3 ) 09933 13.65 34.42 20.77 0.16
Nap W=7.1457/(1+19.4125e“™")  0.9774" 1476 3834 2358 0.17
N W=6.5057/(1+19.3725¢°1® ) 0.9700" 15.16 39.04 23.88 0.16
FEM 33BN W=5.8116/(1+19.9868e%2 ) 09773~ 1444 3712 2267 0.14
Nap W=6.2358/(1+21.7224e°%%)  0.9895" 1595 39.81 2385 0.5
N W=5.5870/(1+18.7642¢%™™) 09778 1456 38.30 2374 014
i i B 1S N W=3.1874/(1+9.9050e %7 ) 0.9728" 1115 41.23 30.08 0.061
Nao W=4.0236/(1+14.0214e°®™)  0.9809" 1521 4547 30.26 0.076
Nao W=3.8892/(1+14.9708e%%+)  0.9723" 1497 4582 30.85 0.073
M 33BN W=2.5200/(1+14.8342¢%1%)  0.9867" 12.36 3596 23.60 0.062
Ny W=3.7117/(1+16.3880e%%5 )  0.9896" 1652 4592 29.40 0.073
N W=3.4668/(1+16.9077€%%) 09892 15.88 4356 27.68 0.072
o AR 15 N W=2.4004/(1+12.7493e98") 09537 10.35 3255 22.20 0.062
N W=2.9504/(1+15.2073¢™™)  0.9641"  13.69 39.37 25.67 0.066
Nao W=2.6000/(1+16.0714e°™)  0.9829" 12,72 35.67 22.95 0.065
FEM 33BN W=2.4036/(1+20.4754¢%%)  0.9790" 14.83 37.78 22.95 0.060
Nap W=2.6974/(1+20.1343e™%)  0.9808" 1597 40.94 24.96 0.062
N W=25389/(1+16.3788e%"?)  0.9665"  13.80 3836 24.57 0.060
24k i B 1E N W=1.8039/(1+123.4253¢%™)  (0.9959"  19.84 34.78 14.94 0.070
Nap W=24320/(1+108.6062¢%%)  0.9943"  21.88 3898 17.10 0.082
N W=22102/(1+134.2037e%>) 09936 21.98 3815 16.16 0.079
%M 33BN W=16421/(1+153.3775e%84)  0.9982" 2049 3501 14.52 0.065
Nap W=2.0928/(1+165.9401e*™*)  0.9979"  21.94 37.17 15.23 0.079
N W=1.9834/(1+143.7469e°7™)  0.9915"  20.62 3549 14.87 0.077
B BHE 15 N W=1.8192/(1+93.5028¢%™*)  0.9896" 20.73 37.68 16.95 0.062
Nao W=2.0967/(1+77.0568e%*")  0.9959” 20.92 39.12 1820 0.067
N W=1.9818/(1+72.9369¢%")  0.9895"  20.27 38.23 17.96 0.064
FEME 33BN W=1.6366/(1+116.4818¢°%)  0.9749” 2157 38.08 1651 0.057
Nao W=1.8226/(1+136.6405e%5>)  0.9869"  23.38 40.48 17.10 0.062
N W=16642/(1+112.0754e%% ) 0.9984" 2143 3802 16.59 0.058

T e AR PR R AR AR ] | 6 A 4 F Dol RAH A RN, T A e Rl ERARH ARSI () | Vs AR ) i Rl
SRR RBER o FOR T REHE R EE 0.01 K E 3% (n=7, Poa=0.7653),

SR br O L O R VA AR s =8 S N R i
B YRR Yy o SR AR I Y 4 e ) k2 AR
A5 (P<0.05, P<0.01) , 5 28 Wy ik
SR A Hp LI [ B ik 25 1E AHOC (P<0.01) , Ui I
R X or it 2ok % it e /IME T, FTER AR 424
i PR R (R AR TR A4
PR SRR AR ST ]

R X 57 4 R0 b ik B dpe/IME Y B (8] 5
FRAS EF 2 A=y i D SR AR () 4R 2 I (1] fb 25
W I 25 T AH 56 ( P<0.05, P<0.01) , 72 I MR %437 -
SR IR B i/ IME R B E] B, AT RE AR AR 2T
Y= Py i et BRI AORFLERTE] AR X4
R/ MES A4 Y sl R ek
] 535 1F AH G (P<0.05) , 72 WA MR B8 S 42
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Table 4 Correlationship between the eigenvalues of carbon and nitrogen dynamic changes along with boll age in

SRS

the subtending leaf of cotton boll and the eigenvalues of cotton boll biomass dynamic changes along with boll age

ik liien 2T Yk

tic te Te Vie tis ts Ts Vis t tr T- Vir

REE tom 0169 0235 0426 -0.682° -0.425 -0.733" -0.740" -0.610° 0.004 0.537 0.759" -0.750"
Youn 0.051 -0436 -0.623 0.814" 0218 0.635 0.733" 0554 -0.056 -0.567 -0.759" 0.767"

SREGE  ten -0001 0475 0647 -0317 -0.135 -0.378 -0434 -0.148 -0.045 0595 0.879" -0.334
Yuin 0429 0372 0233 0408 0576 0.761" 0.686 0532 0431 0064 -0.253 0.539

AL Tow 0.247 0.600° 0.659° 0.123 0.097 0225 0.247 0142 0352 0581 0542 0.122
Von -0.441 -0.761" -0.754" 0.184 -0.199 -0.130 -0.056 -0.043 -0.336 -0.602" -0.585 0.085

TE : torin burin: FRES XS BLT 28K | 42 05 B BIA e/ IMEL BT ], Yovin, YViuin: H0E8 RS (2 2200 42 58055 /ML, Ton: FRES
X2 CIN AR K, Von: CIN AREESE I3, e, b, e MBS T 2T 4R2E W) DRk RV IR ], b, s t:
FEY AT T4y R SR ZAR I IR], Te, T, Te AR AT 27 44 Wy Dokt FAUIRF LI (8], Vie, Vis, Vi 5
Mg EPEEAE i DU RS2 SRR, > i+ 05 R A OE R K 0.05 A1 0.01 K-F I3 (n=12, Ry =0.576,

Roa=0.707) .
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