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Effects of water and nitrogen under root restriction on photosynthetic characters

of cotton plants grown with under-mulch drip irrigation
TAO Xianping, LUO Honghai, ZHANG Yali, ZHANG Wangfeng "

The Key Laboratory of Oasis Eco-agriculture of Xinjiang Production and Construction Group / College of Agriculture, Shihezi University, Shihezi
832003, China

Abstract: Cotton ( Gossypium spp. ), which is of tropical origin, is the most economically important textile fiber crop
worldwide. Water and nitrogen are two major factors that limit the photosynthetic capacity and yield of cotton. The ability to
absorb water and nutrients is closely related to the size and growing space of the root system. In Xinjiang province cotton is
often cultivated at a high plant density with under-mulch drip irrigation, a method that saves both water and fertilizer
application. In addition, the growing space of the root system is suppressed to a certain degree. The aim of this study was to
evaluate the effects of nitrogen and water supply on photosynthesis and yield of cotton with a restricted root space grown with
under-mulch drip irrigation. An improved understanding of the physiological mechanisms by which cotton acclimates to
water, nitrogen supply and root restriction will be useful to improve the yield potential of cotton cultivated using this
method. The experiment was conducted in Xinjiang in northwestern China from March to October, 2011. Two upland cotton
cultivars, Xinluzaol3 and Xinluzao 33, were selected as the plant material. Plants of both cultivars were grown in soil

columns to restrict the depth of the root system and regulate the supply of water and nitrogen. We measured net
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photosynthetic rate ( P, ), stomatal conductance ( G,), maximum photochemical efficiency ( F /F, ), photochemical
efficiency of PSTT (@PSI), PSI photochemical quenching (g,), and the biomass of various organs at different growth
stages. Under the same water and nitrogen supply from the flowering stage to the full boll opening stage, the values of ¢,,
G,, and P, of root-restricted cotton plants were significantly lower compared with those of the control. This effect was greater
at later growth stages. No differences in F /F, and @PS 1l were observed between root-restricted and control plants. The
root weight of root-restricted plants at the full flowering stage and full boll opening stage was lower than that of the control.
However, the dry matter accumulation in the shoot and boll and the seed cotton yield were greater in root-restricted plants
than those of the control. From the flowering stage to the full boll opening stage, P,, G, F./F, , ®PSIl , and q, of plants

n m

with the same root system volume but treated with different rates of water and nitrogen supply were ranked in the following
order; W, N, (moderate water and nitrogen) > W N, (water deficiency) > W N, (nitrogen deficiency) > W N, ( water and
nitrogen deficiency). At the full flowering and full boll opening stages, the dry matter accumulation in the shoot and boll of
root-restricted plants supplied with moderate water and nitrogen was significantly greater than that in the other treatments.
Consequently, the boll number per plant, single boll weight, and seed cotton yield were markedly higher in this treatment
than in the other treatments. The root system of plants grown with under-mulch drip irrigation is confined to a limited space.
Therefore, effective methods to promote the yield of cotton cultivated with under-mulch drip irrigation include optimization of
water and nitrogen supply at all growth stages. Moderate supply of water and nitrogen can strengthen photosynthetic ability,
increase dry matter accumulation in the shoot, and increase the photosynthate distribution from shoot biomass to reproductive
organs. In practice, given the small drip volume but high frequency of application to cotton plants grown with under-mulch
drip irrigation, it is likely that the most effective approach to save water and increase yield simultaneously is to increase

plant density and adjust the inter- and intra-row spacing among plants in order to moderately limit root growth.

Key Words: cotton; root restriction; water and nitrogen supply; net photosynthetic rate; chlorophyll fluorescence; seed

cotton yield
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Fig.2 Effects of irrigation and nitrogen application regimes on leaves stomatal conductance of cotton cultivated under root restriction
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w33 5 ARBRRR S (H,) ) SRS T AR L, FEIRIA 51.90% Al — AR A LA T R IR K &4k 22
[ AR LRI W Ng>W N >WN >W N (1), = W N 2B B 5E H A B K AL B30 e
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B5 KEHEMITRERERIETFAUFERREE(q,) BEME
Fig.5 Effects of irrigation and nitrogen application regimes on the PS II photochemical quenching of leaves of cotton cultivated under

root restriction

F1 KEBERERFBETFYRBERESEHZIT
Table 1 Effects of irrigation and nitrogen application regimes on accumulation and distribution of dry matter of cotton cultivated under

root restriction

HEH A mi A Qb 2it/g B/ g H ER g W%R/g M 5eE b
Growth Variety Treatment Stemleaf Boll weight Shoot weight Root weight Root/Shoot
A BBER 135 HoWoN, 16.10+1.92ef 7.81£0.27de 23.91+2.19ef 13.14+0.64b 0.55+0.02b

Full flowering Xinluzao 13 Hy W, N, 25.18+2.82b  11.800.51b 36.98+3.33b 10.24£0. 60d 0.28+0.01d
Hy W, N, 23.09+2.58¢ 7.8620.37d 30.95+2.95d 10.58+0.52¢ 0.3420.02¢

Hy W, N, 34.73+3.23a 13.8820. 63a 48.61%3.86a 9.66=0. 48e 0.2020.01e

H, W,N, 15.57+2. 54f 7.37£0.37f 22.94+2.91f 18.25+0.85a 0.80+0.07a

H, W, N, 23.01+2. 13¢ 10.93+0. 53¢ 33.94%2. 66¢ 13.14+0.65¢ 0.390.02¢

H, W, N, 16.9422.57e 7.56+0.37ef 24.49+2.94e 13.50=0. 64b 0.55+0.02b

H,W,N, 22.0322.18d  13.77#0.67a 35.80+2.85h 9.890.55d 0.28+0.01d

Bk 33 5 HyWoN, 20.60+1.77f 7.99+0.37e 28.59+2. 14f 13.48+0.63¢ 0.47+0.03¢
Xinluzao 33 HyW,N, 25.08%2. 04c 13.7820. 63¢ 38.86+2.67¢ 10.50+0. 50f 0.27+0.01f
Hy W, N, 23.87+2.28¢cd  12.63+0.6lcd 36.50+2.89d 12.090. 74e 0.33+0.0le

HyW, N, 37.67+3.34a  23.32%1.24a 60.99+4.58a 10.12+0.73h 0.170.00h
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Growth Variety Treatment Stemleaf Boll weight Shoot weight Root weight Root/Shoot
H, W, N, 15.43+1.51g 7.53+0.27e 22.96+1.78g 18.46+0.87a 0.810.03a
H, W, N, 22.95+1.85de  12.57#0.86cd  35.53%2.71de  13.44x0.63d 0.380.01d
H, W, N, 22.57+2.43¢ 11.110.58d 33.68+3.0le 18.01+0. 83b 0.540.02b
H, W, N, 29.80+2.75b  20.14%1.01b 49.94+3.76b 10.99£0.75¢ 0.22+0.00g
BREW FRER135 HyWoN, 37.27+4.03d  27.14%1.31f 64.41+5.34e 35.94+1.90b 0.56+0.02b
Full boll  Xinluzao 13 HyWN, 47.15£5.88b  38.91x1.98c 86.06+7. 86b 18.710. 88¢ 0.22+0.01e
opening HoW, N, 36.29+4.82d  33.09%1.57e 69.38+6.39d 20.06+1.08d 0.29+0.01d
HyW, N, 49.22£5.22ab  44.86+2.82a 94.08+8. 04a 11.75£0.73f 0.13=0. 00f
H, W, N, 36.43+3.04d  20.86+1.75¢ 57.29+4.79f 41.40+2. 06a 0.72+0.03a
H, W, N, 41.79%4.68¢  35.75%1.79d 77.54%6.47¢ 24.131.05¢ 0.3120.01¢
H, W N 35.48x4.14d  32.90x1.69¢ 68.38+5.83d 38.64x1.87b 0.57+0.02b
H,W,N, 51.06+6.15a  40.98+2.88b 92.04+9.03a 19.03£0. 76¢ 0.2120.01e
Pkl 335 HyW,N, 34.63+4.27g  31.16+1.69¢ 65.79+5.96g 36.51+1.93b 0.56+0.02b
Xinluzao 33 Hy W, N, 54.92+5.25¢  41.26+2.91¢ 96.18+8. 16¢ 19.53£0.94e 0.20+0.01e
HyW, N, 47.49£5.21d  36.57£1.87d 84.06+7.08d 21.601.07d 0.26+0.01d
HyW, N, 80.09+5.41a  65.36%3.73a 145.45%9. 14a 14.74%0.63g 0.10+0. 00g
H, W, N, 33.70+3.71g  26.60+1.92f 60.30+5.63h 41.54%2.18a 0.69+0.03a
H, W,N, 43.42%5.2¢ 36.29+1.82d 79.72+7.02e 24.27+1.22¢ 0.310. 02¢
H,W,N, 38.90+4. 961 34.47+1.87de  73.38%6.83f 40.59+2.11b 0.55+0.02b
H, W, N, 69.56+6.06b  54.21%2.71b  123.77+8.77b 19.10£0. 83f 0.15+0. 00f

R VB N S bR 22 s BRI TR R KR 22 R R IK B AKCE (P > 0.05) s TREAIR H R R 22 RIBRFEKF(P <0.05)

57.39% \122.44% F1275. 57 % ; 7 W T KA 5 SRR e te s, AR SRS 5K R B AR N, BEAE I
FRAR AL W N, W N, W N, FITW N, KA HER 25 T AR e L30T BRI AR 57. 73% .61.30% ,39.90%
H135.88% , 2 K IR AR 26. 81% .105.36% 46.54% F1 58. 84% . W WL {EFRIRS5E T, Bl & K A ML fd
HR 5 LU R AT e e 4 it A 7 S i A fon
2.4 i KO AR AL

H 3R 2 W LAE H ARRR I (H, ) o 3 88 T AR AL DR R ™= 5 3 IR R 18.03% ., #5 7K B AL B T FF A = ik
I WN >WN, >W NGS>WNg W N AT R ™ 5 B 535 9 52.28% \77. 08% Fil 220. 58% ., AijI
BRI 5K R EAER I NTE W, N, W, N, W, N, Fl W, N, KR HE 50T, BRAR AL 34 7= b X B8 A4 7 i
23.71% \9.43% \18.83% 1 20. 14% ;#ifti 5 33 S By~ m & TR R 13 5, P HE mmH R,
RSB ] ( H, ) P 308 ve B B FBARR 25 B 40, B8 B M B RR 5 0 B8 i B 150 6. 50% FI1 13.41% 15 5 ol
PAES TR PARRGE S BAE R K FAL R RPN W N, >W, N, >W, N, >W, N, , 7£ W N, AT A9 B 4% 5 23 5 kb
JEHBEIARIKE 9. 54% 17. 3% F1 21. 57% , F bk 45 2 5000 )t H B2 AL B i 26. 03% 62, 87%
168. 65% . HRIFRH| S5K A EAERINTE W N, (W, Ny W N, Fl W N, KB AT BRAR A R bk 45
AR IR IR 5 1 7. 08% 16, 79% 15. 48% Fll 14.29% , B TR K & 1 7. 51% (10. 93% 3. 66% Fl
3.92% . M LA AT I 3 Y BRAR FC A 38 d /K ZUHER A R T4 i SRR S B SRR R Y, S AR
3 itig
3.1 MR R AR AL Fr ot A AR T B K i i i

Tschaplinsk ™' F1 Will " #F 57 B | 4R 28 A 4 32 BIR s B 7 7K A BE R 78 8 450 F o AS RE 2 it 36 I AL 9 1k
KT B TR RIK A3 DR AR SR SR il ek 55 1 AR R MSOK B S RE F7 , 7K o Wt JE AR SR BRI P, A A 32 22
[H ., Thomas Fl Strain""> BF5% & P, M BFR H1 P, B G, JoK ; MR AR /MR IR 258 FURS A5 R AR S 25
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UG A BEARPURE , DAy PERR ] S 5t il il BE 2 P, AR AL . AE 25 0F T ARIUA RBR il 4%
T P, A G, BEAR TR UV T P, FREATREZ th T 6, FRIR ', o, AR B R
WAL PR AR P, S fER L R A0 S ) P, 2R BRI, R B ol T BRARAL BEER ] 1R 28 76 - 3 )
PRETREE TR/ TR Z LSRR TR EAR R R R 20 K5 AR R RO D RE B A 24
FHT X AT AR H AT AR R IS AR AR A B S R AR R R AR Y SRR 2

®2 KEMER IR R HIARTE 2 R A A A #00

Table 2 Effects of irrigation and nitrogen application regimes on yield and yield formation of cotton cultivated under root restriction

i b FRRRES YR HRS T FFA 7
Variety Treatment Boll number per plant Boll weight/g Seed cotton yield/ (g/m*)
Bkt 13 5 Hy W, N, 3.00. 1f 4.5+0. 1de 192.5+1.1¢g
Xinluzao 13 Hy W, N, 6.020.1c 4.920.0b 354.1+3.5¢
HoW, N, 4.7+0.1d 4.520.1d 299.4+2.2e
Hy W, N, 7.320.1a 5.020.0a 453.9+4. 1a
H, W,N, 2.320.0g 4.2+0.0f 141.8+1.3h
H, W, N, 4.7+0.1d 4.520.0de 330.0+2.2d
H,W,N, 4.0+0.0e 4.4%0.0e 276.2+1. If
H,W,N, 6.620.21b 4.7%0.1c 411.8+6.8b
Bkt E 33 5 Hy W, N, 3.0+0.0g 4.6+0.0cd 205.5+1.4g
Xinluzao 33 Hy W, N, 7.020.2c¢ 5.520.1b 448.9+1. 1¢
HoW, N, 5.320.1e 4.820. 1cd 420.1+6.4d
H,W, N, 8.3%0.3a 6.220.4a 881.8+21.6a
H, W, N, 3.0+0.0g 4.620.0d 196.5+1.8g
H, W, N, 6.720.1d 4.920. 1c 402.4%2. 4e
H, W, N, 4.7+0. 11 4.620.0cd 325.0+7. 8f
H,W,N, 8.0+0.3b 5.820.1b 642.7+13.5b

RNV N S bR 22 s EEIEUIE TR R 5 KR 2 R R IK K (P > 0.05) s FREAIR H R 22 R8 B KF(P < 0.05)

IR ARE M M 135 55 3 A K, e AR I BR ) VR AR 2R A K e DR PR AR BT 5 R A R BB R sk
AT ST W ZEAR BRI T 32 P, WA, (AR 28905 Bk e i A v L o W s i B A A s
X Sk RIS B0 K U P A S R AR A AR I R P R TS | R IR IR o SRR D B U
PRSI KA R A RKEMRERSE, & P, RSN RN 2 — ) AR 45 8 58, &K A
AbHLE] P, G, YR W N, >W N, >W N >W N, FBARER G 2504~ & BUK BN 6, FhaE, SRR E
ARG A R AR R K BRI, SRR AR 7 e a1 w5 Rk R i S AR AR A K A ) A )
B, ERAEAE B IIGE S A KB 2%, R m et Ot & Re ) BRI A R RZ —,

3.2 HRBEBRE R R AR S SO SEE Ah B R K U ) i

IR, AR FENTFIE I BRI F /F, —HRELE0.78—0.89 (& 3) , Ui 0—60 cm +/ZHIFKR
IR AR AR R T s B e 2 SRR B AR S A AR IR W RRAR T ¢, (B (D S) (R
F/F, # @PS I (K 4) BTz, PIHGA S ARRER S i TR BB ¢, TRERE T P, BEAR, N[ it
6] F,/F, Fl @PS T JC 35 22 5 (HURRG . 33 511 ¢, W35 TRk 13 5 RUIHTRER 33 5006t K
FEOR B m T 13 45

T KO R BB TE — R L GEMR AL R A MR 4R R i m iy PS TR KOG 24 500% 1 5 PS
IS el it it BT G BE A e o e OB AR . AR F /F, @PS T g, 1E
FIK FAEFRRIFRR IR W N, >W N, >W, N, >W N, , %G HE 7K Z AL BB S A S8 SR ALt 7 PS T by A
DYCREFE ALRCR R4 VK B0, B C R AR AN A F 4% W 0 2 G RE FH THEsh G & A%k, I
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Eild 33 %

EOGE LR 0P
3.3 MBS TR EUHE R XA AL 7 BT 1 B HOXE 7K A i )3

2GR KB 2 X 6 AN ARIRAEA TR/ INAE SRR A AF 5% K B0, B 25 35 AT A C 3 1 30 947 S 0 o AR /N ) 4
o, B DIE 10 A KR SRR OIS B, MR 3ok PR ] S5 AR R L A AR o b3 A A S i RN R B —
PSR HEVE T o A v, AR 350 A ot SRR ORF A 7 o 14 3R 00 Ay BRUAR Ak 3 i 2 v o) R T AR 5 L
A S Z AR (R 1,36 2) o FIUL, AR PRI AR 1 AR G LL , BB AR 605 77 1y ) ML= 3 43 BC B4 I, /AR &
M TUAE R RINF IR T FE | 3K T B2 A5 T T E S5 A R AR AR R A K 2 BRI S , 28 5 7= KRB i i 32 22
Kz — Hrbhi 5 33 51 35 T4 ot SRR A ™ S 24 00 Sl i i i 13 5 AR e LL 2R T3 2 13 5 7T
S A TE S R B AR P/ TR R ITUAY IR, 308 A5 TV S A AR AR A6 S R 1 LA /N AR S L

ARWFFERB AR EA S T B R T B R AR B AR A K AL TR R WN, >WN, >
W N >W N, (£ 1,32), JkakiE R RGE D BF0AN  FEAKIBAER R AP ARG A 0F T, — 8 IR 425 ] 3 A
B R AR AE R TR R, AR BRAR (& S SE B A AE — 2 AR RITAR A KIS TURIR R & A RAR
b H THAR K G A =i ff L3R 52 B — e s PR AR Y RS & B, 7 K IR A A HHK P Y
B PRI v ARSI A TR A A A b L EHTAR A R R AR K B T AR BRI AR R AR
SN AKAEAE R BAF 3 2 A AR IR R ] 2 AR AR BB i A SR B e A W ) A B A% A B L, 2%
e B, S5 G T R R K I /D K OB B AR A 8 e 3N A % R | R R A T I T S i A
FERRMIARAEAR R 2B SR/ i 2 R BT BE A X AT BB SE BT /K3 7 I A R0 A
4 e

FEAEARIE BRI S BEAR T AR P SHL S 6, FOGI IR K R g, , W TE SO ERUR F L/
F,, PR 3eR ops T Ieszm B FAE T8 F5%8 TV B R oA e, AR A TR
M L,P, G F/F, PPSI g, b FERSHER T Y ERE P EIERKALE T YRR W N >W N, >
W, N >W, N, ZHIK A MR % 7L E  IHRE T PS I Bfb 24 e b RO 39 76 & 1E
I e fdi i S i e, AR B 5 K UL 26 B E AR P A, HR R i) T 3 f K SRR 07 Ak B A s L
WEER T Y B PARGSR A AR E S S T HE AR, Rt ZEAK AR R AT BT TR
FESRAET 3 Y AR RR P DAREARAR e b 3 B30 &9 o AR AR #1667 Wy ml A= Fl 4 B s 5%, JHL
= a5 8 5P N, w4 m
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