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Effect of nitrogen concentration in the subtending leaves of cotton bolls on the

strength of source and sink during boll development

GAO Xiangbin, WANG Youhua, CHEN Binglin, LI Jian, ZHOU Zhiguo "
Key Laboratory of Crop Physiology & Ecology in Southern China, Ministry of Agriculture/ Nanjing Agricultural University, Nanjing 210095, China

Abstract ; Cotton ( Gossypium hirsutum L. ) fiber plays an important role in the textile industry. Cotton fiber comes from the
individual cotton bolls, so boll weight is a factor which can affect fiber yield. Boll weight is affected by genotype,
environmental conditions, management practices, and other factors. Today, with superior cultivars and stable climatic and
environmental conditions, management practices have become important in improving fiber yield. Nitrogen, the most
important crop nutrient, has a regulatory role in crop growth. Crop yield is very commonly controlled by regulating the field
application of nitrogen. The use of too much or too little nitrogen can decrease crop growth and yield. Thus, it is very
important to find the optimal nitrogen levels needed to maximize fiber yield. Boll weights are controlled by both source and
sink strength. Soluble sugar content, sucrose content and sucrose phosphate synthase activity are important indicators of
source strength in the leaves subtending cotton bolls. Also, sucrose content and sucrose synthase activity are important
indicators of sink strength in cotton fibers. Higher source and sink strength are beneficial in improving fiber yield, so
finding the optimal nitrogen level is necessary for each indicator of source and sink strength. The nitrogen status of a cotton
plant is more accurately reflected by the nitrogen concentration in the leaves subtending the cotton bolls than by the nitrogen
application rate. So we tried to establish a quantitative relationship between leaf nitrogen concentration and each indicator to

determine the optimal nitrogen level needed to achieve maximum boll weight. A field experiment was conducted to study the
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http ://www. ecologica. cn



14 PN A AR TSI AL R T A X A A X P R ) M ) 239

relationship between leaf nitrogen concentration and source and sink strength during boll development. Three cotton
cultivars ( Dexiamian 1, Kemian 1 and NuCOTN 33B) and five N application rates (0, 120, 240, 360 and 480 kgN/hm”)
were used. The result showed that as leaf nitrogen concentration increased, the indicators of source and sink strength
initially increased and then decreased when measured at 10, 17, 24, 31 and 38 DPA ( days post anthesis). As an
exception, fiber sucrose content decreased initially and then increased at 45 and 52 DPA. The relationships between each
indicator and leaf nitrogen concentration followed quadratic curves (Y=ax’+bx+c) , in which Y stands for the content or the
activity of source and sink strength indicators, x is the leaf nitrogen concentration, and a, b and ¢ are parameters
determined by the cotton cultivar. The results show there is a leaf nitrogen concentration for each indicator of source and
sink strength that is the optimal theoretical value. The optimal leaf nitrogen concentration for each indicator can be
determined by using the equations. The differences between the optimal leaf nitrogen concentration for each indicator were
small before 45 DPA (38 DPA for Dexiamian 1). The equations for the optimal leaf nitrogen concentration in relationship to
time ( DPA) for Dexiamian 1 ( before 38 DPA), Kemian 1, and NuCOTN33B ( before 45 DPA) were N,
7.2263DPA™ " (R*=0.9805"" ), N

Dexiamianl
comant = 7- 23DPA™ (R =0.9861"" ), and Ny, oma = 7- 0997DPA™ " (R* =
0.9807 " ), respectively. However, in the remainder of the boll development period, the optimal leaf nitrogen
concentration for source strength in the subtending leaf of bolls was quite different when compared with the optimal leaf

nitrogen concentration for sucrose synthase in the fiber. This research suggests that we could optimize leaf source strength

and fiber sink strength to improve boll weight by regulating nitrogen concentration of the subtending the leaf boll.

Key Words: cotton; cotton boll; subtending leaves of cotton bolls; leaf nitrogen concentration; source strength;

sink strength
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Table 1 Effects of nitrogen rates on boll weight

o F5 T Boll weight/g

Cultivars 0 kgN/hm? 120 kgN/hm? 240 kgN/hm? 360 kgN/hm? 480 kgN/hm?
TEEM 1 5 4.52bB 5.01abAB 5.44aA 5.13abAB 4.99abAB
BHf 15 4.89¢BC 5.56bcAB 6.56aA 5.76abAB 5.51bcAB
FA4H 33B 5.07¢B 5.55bAB 5.99aA 5.53bAB 5.39bcAB

[ =T AR AR R K /NS FRERY(E 53 314E 0. 01 5.0. 05 537K (LSD i)
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Fig.1 Dynamic response of nitrogen concentration in the subtending leaf of cotton boll to nitrogen rates
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Fig. 2  Relationships between the soluble sugar, sucrose content and sucrose phosphate synthase activity dynamic and nitrogen
concentration in the subtending leaf of cotton boll at different days post anthesis
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Table 2 The optimal nitrogen concentration for leaf source activity in subtending leaf of cotton boll at different days post anthesis

il EFR B AEXH UM E Optimal leaf nitrogen concentration/%
Cultivars Index 10 DPA 17 DPA 24 DPA 31 DPA 38 DPA 45 DPA 52 DPA
TEERR 15 Cpaziails 3.77 3.39 3.05 2.74 2.64 >2.41 —
T 3.78 3.41 3.06 2.71 2.66 >2.41 —
TR IR M 3.76 3.39 3.06 2.73 2.65 >2.41 —
B 15 RIS PENE 3.52 3.16 2.79 2.55 2.36 2.26 >2.16
T 3.52 3.14 2.79 2.56 2.36 2.29 >2.16
3.56 3.14 2.83 2.55 2.39 2.29 2.22
K7 338 3.62 3.29 2.97 2.68 2.53 2.41 >2.08
3.63 3.28 2.97 2.69 2.52 2.40 >2.08
3.63 3.27 2.98 2.69 2.55 2.42 2.26
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Fig.3 Relationships between the sucrose content, sucrose synthase activity dynamic in cotton fiber and nitrogen concentration in the

subtending leaf of cotton boll at different days post anthesis
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Table 3 The optimal nitrogen concentration in subtending leaf of cotton boll to fiber source activity at different days post anthesis

i kxR R AEXH MR BE Optimal leaf nitrogen concentration/ %

Cultivars Index 10 DPA 17 DPA 24 DPA 31 DPA 38 DPA 45 DPA 52 DPA

THEM 15 T 3.77 3.34 3.01 2.73 2.67 2.40 —
HENEG R 3.78 3.38 3.06 2.75 2.66 2.58 —

FHf 1 5 RN 3.49 3.15 2.77 2.53 2.38 2.22 2.11
REWE A UG 3.53 3.18 2.84 2.56 2.40 2.30 2.28

A 33B TR 3.60 3.27 2.99 2.66 2.54 2.35 2.19
HERE G 3.64 3.31 2.98 2.67 2.54 2.44 2.31
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